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In December 1992, agricultural scientists and researchers came together in
Amman, Jordan to review research achievements and discuss strategies for
increasing the productivity of barley, pastures, and sheep in the critical rainfall
zones of the Mashreq countries of Iraq, Jordan, and Syria. One of the important
outcomes of this meeting was a renewed call to improve crop-livestock integration
in the dryland farming systems of the developing countries in the Mediterranean
basin. To this end, an international symposium was held in Amman in November,
1995 with the combined support of the United Nations development Program, the
Arab Fund for Economic and Social Development, the International Fund for
Agricultural Development, and ICARDA. The symposium was attended by over 120
scientists and experts representing 14 countries and international research
organizations. This volume presents the proceedings of the symposium and
provides a state of the art review of progress being made in research and
technology transfer.

During the past three decades there has been considerable interest in crop-
livestock integration in the cereal-based farming systems of the developing
Mediterranean countries. Research has covered a wide spectrum of topics, from
straw quality improvement to fallow replacement in mixed farming to production of
forage shrubs on non-arable land as a fodder reserve for increasing numbers of
small ruminants. In recent years the effort has intensified, and crop-livestock
interactions are now seen as a critical point of entry for improving the productivity
of land in marginal agricultural environments while, at the same time, efficiently
managing and conserving the natural resource base. The subject is of particular
relevance given national concerns for improving the livelihoods and economic well-
being of million of people living in low rainfall areas in the developing
Mediterranean countries who continue to depend upon crop and livestock
production for their family income.

This volume covers both the promises and the constraints for improved crop and
livestock productivity, reflecting the great diversity among the dryland farming
systems and agro-ecological environments concerned. A welcome trend is the
increased emphasis being given to the socioeconomic aspects of the subject,
including the direct participation of the farmers and livestock herders themselves.
This reflects our conviction that technical feasibility and experimental results
should not be the only measures of technology performance. In the final analysis, it
is the land users themselves who will decide what technologies to adopt and
apply, and therefore they should be active participants in the technology
generation process from the beginning.

_‘__&‘:‘

Prof. Dr. Adel El-Beltagy
Director General
ICARDA
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The West Asia and North Africa (WANA) region is characterized by a high
population growth rate, large and rapidly increasing food deficits, highly variable
income levels both within and between countries, limited arable land, and
increasingly scarce water resources. In ICARDA Mashreq/Maghreb Project countries
(including Iraq, Jordan, Lebanon, Syria, Algeria, Libya, Morocco, and Tunisia), the
population doubled between 1960 and 1990, reaching around 100 million in
1990. Further increases are projected: another 32 million by the year 2000, 68.7
million by 2010.

Climatic features, especially low and variable rainfall, limit farmers’ options.
Traditionally, crop production and livestock production have been closely
interrelated, in ways that have maintained the producing population while
conserving the resource base. However, recent changes in production practices
threaten the region’s natural resource base.

Small ruminants (sheep and goats) represent the principal economic output in the
region, and constitute a large proportion of the income of small farmers and
nomadic or semi-nomadic herders. This income derives from the sale of live
animals, dairy products, and wool. The animals also provide a valuable dietary
contribution to the household. Livestock also plays an important role in reducing
the risk associated with climatic variability by acting as a buffer against uncertain
crop yield.

Livestock numbers have increased over the last two decades. On average, small
rurninants increased by 27% from 1972 to 1992 in the Mashreq, and by 14% in
the Maghreb. As a result, the livestock feed gap in the Mashreq and Maghreb
countries has widened substantially. A deficit of 8.9 million metric tons was
reported for the period 1988 to 1992. Future prospects are not encouraging. The
deficit is being met by imported feeds, principally barley, bran, and other
concentrates. The pressure on rangeland grazing has also increased, resulting in
serious degradation.

Integrated, sustainable, crop-livestock systems are needed to increase the quantity
of available feed, reduce the dependency on imported feed, and improve livestock
productivity, while protecting and regenerating natural rangelands, halting the
rapid degradation by which they are now seriously threatened.

The achievement of this goal requires the consolidation of research and
development efforts in the countries concerned. Technical solutions that are
acceptable to and adopted by farmers, herders, and other land users must be found
and implemented. The multidisciplinary approach used in the previous ICARDA
Mashreq Project is now being reinforced in the new ICARDA Mashreq/Maghreb
Project.

This symposium was organized to address the need for integration between crop
and livestock systems. It also promoted interaction and an exchange of experiences
and research findings among scientists from West Asia and North Africa in four
major areas important to sustainable dryland production systems. These include:



improvement of barley and forage crop production, improvement of small ruminant
production and management, marginal land and rangeland improvement, and
technology assessment and transfer. Crop-livestock integration was given special
emphasis.

The symposium was a regional scientific gathering, with the participation of 120
scientists from Jordan, Syria, Iraq, Lebanon, Morocco, Tunisia, Libya, Palestine,
Egypt, Cyprus, Turkey, Spain, France, and Pakistan, as well as representatives
from ICARDA programs and units, and from ACSAD and ILRI.

The symposium represented a bridge between the Mashreq Project and the new
ICARDA Mashreq/Maghreb Project, which now covers eight countries—four from
the Mashreq and four from the Maghreb. It addressed the development of
sustainable crop-livestock production systems in West Asia and North Africa.

We hope we have thus strengthened interaction and networking among scientists
and countries in West Asia and North Africa, and we look forward to similar
cooperative efforts in the future.

Nasri Haddad
Regional Coordinator
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Crop-Livestock Integration In the
Drier Areas of West Asla and North
Africa

R. Tutwiler, N. Haddad, and E. Thomson
ICARDA, Aleppo, Syria

Abstract

This paper examines integrated crop-livestock farming systems in West Asia and
North Africa (WANA) from conceptual and historical points of view. Prospects for
the continued existence of these systems are discussed in the light of contemporary
changes, particularly in relation to population growth, agricultural intensification,
and differentiation among farming household strategies. Divergent trends are
suggested for North African and West Asian countries. In North Africa, considerable
scope exists for intensifying the traditional crop-livestock system at the farm level.
In West Asia, future integration of crop and livestock may depend upon market
mechanisms operating at a higher system level than the individual farm holding.

Standard Conceptuallzation of Crop-Livestock
Integration

Crop-livestock integration is promoted as a desirable goal by many researchers
concerned with improving agriculture in WANA. It is a particularly important
objective for those international, regional, and national organizations advocating a
systems approach to agricultural development, the sustainable use of natural
resources, and self-reliance in food production. This paper reviews crop-livestock
integration as a descriptive and analytical concept, describes the traditional use of
the term to characterize the dryland farming systems of WANA, examines
contemporary development trends and their negative impact on crop-livestock
integration in selected countries, and draws tentative conclusions concerning the
location and scale of future efforts to achieve renewed crop-livestock integration.

As a convenient starting point, we set forth a simple definition of crop-livestock
integration, based upon Sandford (1988):

Crop-livestock integration is a production system in which
there are interactions between crop production and livestock
production within a farm where both the crops and livestock
are managed by the same economic unit (e.g., a household) in
which part of the land is used for feed production, including
grazing for animals.

Crop-livestock integration is accomplished within what is generally termed a
mixed farming system (i.e., a production strategy in which both crops and livestock



are produced by the same management unit). An important feature of mixed
farming systems is their association with the economic goal of economic security for
the household. Crop-livestock integration represents a diversified production
strategy in which a household makes the best use of its land, labor, and capital
resources by producing a variety of products while consciously maintaining an
internal balance among individual enterprises in order to preserve the flexibility
necessary to adequately respond to demographic, environmental, and
socioeconomic fluctuations.

Sandford (1988) distinguishes between economic interactions and biological and
physical interactions between crops and livestock. Examples of the former include:
(i) sale of livestock products to purchase crop inputs such as fertilizer and
improved seed; (ii) accumulation of livestock wealth “on-the-hoof” to offset vagaries
in crop production; and (iii) conversion of non-useable resources (e.g., crop
residue) into useful animal products. Examples of biological and physical
interactions include: (i) provision of feed to livestock from crop residues, fallows,
or non-arable land; (ii) livestock contribution to soil fertility through manure; and
(iii) use of animals for traction. When these linkages are maintained, the resulting
system is robust and resilient in the face of uncertainty and risk. More importantly,
the economic and biophysical interactions between crop and livestock enterprises
strengthen the productivity of both, and enhance the natural resource base upon
which both depend. Finally, integration between the two increases the marginal
returns to farm labor by making the best productive use of the fruits of that labor.

The integration of crop and livestock production by resource-poor smallholders has
recently become an important development goal, largely because of its potential
contribution to achieving sustainable agricultural intensification in areas of the
world where population pressure on a limited land base threatens economic
livelihood. Defined as increasing the annual returns to land, intensification is the
substitution of labor or capital for land by increasing the investment of human labor
and external inputs per unit of land. Although none of the definitions of
intensification require changes in agricultural technology, most emphasize the use
of improved technologies in intensification efforts (Boserup 1965; Netting 1993).
Acquisition of improved technologies implies possession of financial and
institutional resources not easily obtainable by the majority of poor farmers in the
developing world. Therefore, crop-livestock integration practices are often seen as
particularly appropriate for the poor, since improved mixed farming can often be
realized through more efficient use of household labor and better management of
existing capacities.

Because animals have the ability to reproduce themselves, productivity gains can
be accumulated and reinvested in the family herds and flocks. By increasing
allocative efficiency—making better use of crops and crop by-products to increase
livestock productivity—farmers should be able to intensify their production without
major external inputs.

With its emphasis on allocative efficiency, crop-livestock integration is seen as
imminently practicable in terms of sustainability (persistence within a variable
resource environment) and reproducibility (succeeding generations can follow the
same production system). Largely because of these attributes, agricultural research
scientists and development experts have been strong advocates of reinforcing



existing mixed farming systems and promoting further integration between crops
and livestock (Thomson et al. 1995).

Within WANA the dryland cereal and livestock farming system would appear t
offer the greatest scope for productivity gains through improved crop-livestock
integration. The thesis argued in this paper is that market forces increasingly
dominate population pressure and intensification. Instead of encouraging crop-
livestock integration, they can actually result in the disassociation of crop and
livestock enterprises at the farm level, with differentiated farm types emerging
based on production specialization rather than integration of farm enterprises. The
disassociation is not uniformly distributed across WANA countries. It is more
pronounced in situations where integration was originally maintained under
conditions of extensive land use, but where present intensification tends t
minimize on-farm forage production in favor of cash crops. Disassociation may be
mitigated and retarded in situations where emigration has reduced pressure on
the land or where farming households seek off-farm income to relieve dependence
on farm income and therefore insulate their farm production decisions from market
forces. However, the shift in economic reliance from on-farm to off-farm
employment may have adverse effects on the improvement of the technical and
allocative efficiencies of production.

Traditlonal Systems of Crop-Livestock Integration
in WANA

Crop-livestock integration is firmly rooted in the farming systems of WANA. Mixed
farming has evolved into a number of local variations and has been articulated
with other production systems, most notably nomadic pastoralism. Historically,
crop-livestock integration in WANA has been practiced within both intensive and
extensive land-use systems. This paper is primarily concerned with the extensive,
dryland cereal-livestock systems. However, intensive systems are briefly reviewed
for comparison.

There are two types of intensive agricultural systems. The first is irrigated year-
round. It is found primarily in river valleys and oasis settlements, where an
assured source of surface or shallow groundwater is used to produce a variety of
annual and perennial crops for humans and livestock. Farm size is typically quite
small, but assured water guarantees high productivity per unit of land. Two or
more annual crops are commonly grown on the same plot each year. The principal
forage crops are feed legumes—especially clovers and alfalfa—but animals are also
fed cereal, food legume, and vegetable crop residue. Large ruminants such as cattle
and buffalo are pervasive, but farmers often keep small flocks of sheep and goats.

The second type is found in mountainous areas. At higher elevations along the
Mediterranean coast and in southern Arabia, rainfall is sufficient to produce
cereals, food legumes, and tree crops. However, the topography and soil usually
demand a considerable investment in labor to create and maintain suitable
cultivation. Terraces, either constructed with stone walls or carefully laid sod
embankments, are common. As with irrigated agriculture, mountain farming in
WANA is characterized by small, intensively cultivated farms. But unlike the
irrigated valleys and oases, which are surrounded by desert or near-desert



conditions, mountain farms can make use of the extensive non-cultivated areas
surrounding farming communities to graze livestock and collect native forage
plants. Typically, both large and small ruminants are kept. In addition to grazing
on mountain pastures, they are fed with crop residues and collected forage. Large
ruminants are the primary source of traction for cultivation.

Intensive irrigated and mountain farming systems cover only a small proportion of
the cultivated land in WANA. The great majority of the arable land is found on the
plains and plateaus along a wide belt stretching from the Atlantic seaboard in
Morocco to the Jezira plains of Syria and Iraq. These areas receive an average
annual rainfall of 400-250 mm, concentrated between November and April. At the
wetter end of the rainfall spectrum, wheat is the principal crop, and at the drier
end barley predominates. In general, cereals constitute 60-85% of the annually
cultivated land. The remainder is made up of food legumes, some vegetables, and
a modest number of forage crops. Practicing annual fallow on a high percentage of
arable land has always been an important aspect of the farming system. Land is
often kept as weedy fallow for grazing. In the Levantine countries and Iraq, barley
is produced almost exclusively as feed for sheep and goats. In the North African
countries, barley supplements wheat as a human food, but also serves as the
principal forage crop for small ruminants. It is common for households in the
wetter areas to keep one or two cows for milk, but the drier areas are almost
exclusively the preserve of sheep and goats.

Below about 300 mm rainfall, the system has little crop or animal diversification.
Barley, almost the only crop grown, is used to feed the sheep upon which the
household relies for economic security. Traditionally, the sustainability of the
barley-livestock system in the drier areas has been dependent upon an extensive
land-use pattern. Fallowing large areas has been important for maintaining soil
productivity. Grazing the nearby natural rangelands in the semi-desert steppe
areas has always been an important component of the livestock feeding system.

Compatibllity of Agricultural Intensification and
Crop-Livestock Integration

For the past half century, WANA has experienced one of the highest population
growth rates in the world. The same period has witnessed a transformation of the
region from a net exporter of food to the largest net importer of food in the world
(Nordblom and Shomo 1995). The natural resource base for rainfed agriculture in
WANA is extremely limited. Only about 7% of the land area can be classified as
arable or potentially arable, and most of this has already been brought under
cultivation. The growing demand for cereals, meat, and milk has fueled a steady
rise in cropping intensity and livestock population, particularly small ruminants.
Increases in livestock are particularly significant in the extensive rangeland areas,
where high stocking rates have led to overgrazing and resulted in loss of
vegetation, soil, and water resources. Most observers recommend intensification—
improved production technologies and management practices designed to increase
productivity and integrate food, feed, and animal production in mixed farming—as
the only viable option for maintaining the economic livelihood and sustaining the
natural resource base of the region’s farming population (FAO 1994).



Boserup (1965, 1981) provides a useful model for understanding the dynamics of
agricultural intensification. Her approach differs from others because it implicitly
rejects notions of rigid environmental, technological, and economic determinism in
favor of a focus on the farmer’s adaptive responses to changing conditions. The
central theme of Boserup’s model is agricultural intensification as an adaptive
response to the need to produce more food for a growing population living on a
fixed land area. Intensification may take several forms. The first and most simple is
increasing the exploitation of the natural resource base. Often this starts with
reducing and replacing fallow with more frequent cropping, followed later by
double and multple cropping on the same field each year. Greater cropping
density on the land may require higher water use, which leads to the search for
sources of water for irrigation. Greater frequency of cropping and irrigation implies
higher labor inputs. As soil fertility and water quality begin to deteriorate as a
result of earlier intensification efforts, the farming population may seek to augment
its resource base with external inputs such as chemical fertilizers, improved seed,
and other forms of modern agricultural technology.

While increased land and water resource exploitation produces greater returns,
Boserup acknowledges that intensification can lead to resource degradation, and
thus undermine the long-term sustainability of the farming system. But she remains
optimistic that the carrying capacity has great elasticity, and that it can be
continuously stretched by technological advances. This is obviously a contentious
point. There may, in fact, be serious environmental constraints to continuous
intensification. Boserup recognizes that a continuously growing agricultural
population struggling to survive in a steadily degrading environment might, at
some point, have to reduce its numbers through emigration and other movement
out of agriculture and into different economic pursuits.

Intensification has other drawbacks. Most notably, there is an observed tendency
for intensification to result in diminishing returns to labor. While irrigated
agriculture has a great capacity to absorb labor, and to respond productively to
increased labor inputs, the marginal benefits in dryland agriculture decrease
sharply as the intensification process proceeds. This can be substantially
compensated through technological change, particularly mechanization of the
principal operations, but mechanization requires financial outlays that may not be
possible for many poor subsistence farmers. Livestock production, in contrast o
dryland cereal crop production, is much more responsive to additional labor
inputs, both in terms of total productivity and marginal returns.

The recent evolution of WANA's irrigated and mountain farming systems provides
excellent, if contrasting, examples of the logic of Boserup’s model. For irrigated
systems such as Egypt’s, intensification under population pressure has proceeded
much as the model would suggest. Seasonal flood irrigation gave way to perennial
irrigation with the construction of the Aswan High Dam and the extension of the
country’s freshwater and drainage canal systems. The agricultural sector continues
to absorb more labor and external inputs per hectare, with corresponding increases
in productivity The balance between on-farm crop and livestock production has
been maintained—although market prices are increasingly important for year-to-
year crop production choices, particularly since recent liberalization policies were
introduced (Okonjo-Iweala and Fuleiha 1993).



For terraced mountain agriculture, declining marginal returns to labor,
topographical restricions on mechanization, and off-farm employment
opportunities have produced considerable emigration, the response of a farming
population squeezed between its own demographic increase and a limited
productive base. In some areas, notably Yemen, this has resulted in the
deterioration of the traditional means of soil and water management due to lack of
continued labor investments, thereby threatening the sustainability of the
production system (Tutwiler 1990). In other areas, such as the mountains of Syria,
Lebanon, and Jordan, emigrant remittances have been used by the people
remaining in the villages to repair and even expand the terrace systems, but there
has been a change in cropping patterns from subsistence cereal and livestock
production toward the commercial production of tree crops, particularly fruit and
nut. There is also a growing tendency for “hobby farming,” in which household
members become increasingly engaged in off-farm work, returning to their land for
short periods to attend to the needs of the tree crops.

The intensification phenomenon is particularly relevant to the issue of continued
crop-livestock integration in dryland areas. The original development of the system
depended on the relative abundance of land to counter the problems of low and
uncertain rainfall. Once land availability becomes constrained by increased
population pressure, the issue arises of whether or not mixed farming will
continue, as well as—and perhaps more importantly from the development point
of view—whether or not crop-livestock integration at the farm level can serve as a
useful vehicle for both intensifying production and sustaining the natural resource
base.

Our thesis is argued through the presentation of country case studies. The first
involves the three North African countries of Algeria, Morocco, and Tunisia, where
dryland crop-livestock integration at the farm level appears to be most persistent.
The second involves Iraq, where intensification in dryland areas has become a
major focus of government policy. The third case is that of Jordan, a situation
where de-intensification is taking place (where an already extensive system has
become even more extensive in terms of land use). The final case study involves
Syria, the best example in WANA of intensification along the lines of the Boserup
model.

The Case for Continued Crop-Livestock
Integration Iin North Africa

The agricultural population in Algeria has declined by 12% since 1961. There has
been a corresponding increase in cropped land of 13%, accomplished mainly by
the use of tractors to expand barley cultivation onto rangeland in the drier areas.!
This means that land available per capita of agricultural population has increased
from 0.93 to 1.28 ha (almost 30%, indicating decreased demographic pressure to
intensify production. Off-farm employment, rather than intensification, was the

! Except where otherwise noted, all national statistics are derived from FAQ (1995).
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dominant farm household strategy in the 1970s and 1980s (Chaulet 1987).
Seeking to reduce dependence on food imports, the government nevertheless
promoted the goal of agricultural intensification through the use of improved and
labor-intensive technologies. There were modest gains in a few areas, most notably
wheat production, but agricultural employment continued to fall (Tutwiler 1995;
Bouaita and Chaulet 1990a).

The predominant land-use pattern in the rainfed areas continues to be cereals and
annual fallow (weedy fallow). Fodder and legume production occurs only on a
very limited scale. There has been a four-fold increase in the national flock of
sheep and goats, with a rise in the number of small ruminants from 0.77 to 3.53
animals per capita of agricultural population. This increase has taken place mostly
in the driest areas, where the larger flocks are fed primarily through increased
grazing on the rangelands, with supplementary feed brought in from farming areas
(Bedrani 1992).

In their study of privately owned farms in Tiaret province (chosen because it is
representative of the much larger High Plateau dry farming area), Bouaita and
Chaulet (1990a) conclude that farmers have returned to traditional mixed farming
after a period of specialization in cereal cultivation introduced by colonization.
Land use is roughly divided between cereals and fallow, with flocks being fed
primarily from on-farm resources. This is seen as economically rational under the
present circumstances, because livestock are much more profitable than cereals.
Although flock sizes appear to be increasing modestly, there is little intensification,
either of livestock or feed production. Bouaita and C haulet attribute the failure of
Algerian mixed farmers to intensify production to a variety of factors, many of them
external to the farm, such as market and credit conditions and input availability.
But other factors include the perceptions and attitudes of the farmers themselves.
The overall picture is one of stagnation, under-employment (for those remaining
on the farm), and under-investment in improved productivity, although crop-
livestock integration continues.

In Tunisia, demographics and land are similar to Algeria. The number of people
involved directly in agriculture has declined by 15%, while cropped land has
increased by 6%. However, Tunisia differs markedly from Algeria in that the area
under permanent crops (principally olive) has increased by almost 50% since
1961. Much of the expansion of tree crops has been at the expense of rangeland.
Overall, 29% of the cropped land in Tunisia is now planted to fruit trees. The
combination of decline in agricultural population and modest increase in cropped
area translates into a per capita increase in cropped area of 76% since 1961 (from
1.34 to 2.36 ha). Population pressure does not appear to be an inducement to
intensification in Tunisia.

Recent observers of farming systems in Tunisia (Hopkins 1990; Ben Achour 1990a;
Gana and Khaldi 1990a) stress the difference between large commercial farms
specializing in wheat production and a smallholder sector dominated by traditional
mixed farming. All observers note the importance of livestock enterprises for
smallholders, and all comment on the intensive use they make of the land. Rainfed
cropping densities are higher in Tunisia than in the rest of North Africa. Although
the national average is 0.73, farmers with less than 10 ha (almost 70% of farms),
commonly have a cropping density greater than 0.90 (Ministry of Agriculture
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1989). In large part, this high figure can be attributed to the increasing trend
devote land to tree crops, intercropped with cereals and legumes in wet areas.
Moreover, national figures can be misleading. While land-use intensity is certainly
high in the higher rainfall zones, in the drier areas intercropping is less common,
and much more of the land is planted to cereal crops if the system is left fallow in
alternate years. This is particularly so in the barley producing areas in the center
and south of the country. Ben Achour (1990) reports that farmers in the semi-arid
northwest commonly fallow up to half their arable land. In a somewhat more
humid area, Gana and Khaldi recorded a fallowing average of about 25% of the
agricultural area, with trees covering only 7% of the land. Both studies report an
almost universal incidence of sheep and goats on farms. Cattle are also prevalent,
but rarely above about three per household.

The number of small ruminants in Tunisia increased by about 25% between 1970
and 1990, but the number of large ruminants decreased somewhat (Nordblom and
Shomo 1995). Livestock are concentrated on the small farms, with about 40% on
farms smaller than 10 ha and another 20% on farms between 10 and 20 ha
(Ministry of Agriculture 1989). The average flock size is less than 50 head, but
stocking rates are very high, and the ability of the farmers to provide adequate feed
to sustain productivity from on-farm resources is questionable. Farm surveys
indicate considerable use of common grazing areas, scrub forest areas, roadsides,
and domestic areas. The use of purchased feed to maintain flock size may be on the
increase.

On the vast majority of Tunisian farms, the general conclusion is that livestock
production should not be considered a commercial enterprise. Although sales of
livestock and livestock produce can occasionally be an important source of income,
the keeping and management of livestock by small farmers is better understood as a
risk-management strategy. Livestock play an important income-stabilizing role
within the entire economic portfolio of the farm family in much the same way as
conceptualized by Sandford. In fact, all indications are that off-farm employment is
already a major, if not the major, source of smallholder income in the semi-arid
center and south of the country, and that the same situation is rapidly becoming
characteristic of the north (Hopkins 1990).

There is little differentiation among small farms in Tunisia, with some specializing
in tree crops, others in field crops, and still others, for example, in commercial
livestock raising. The pattern seems to be continued economic diversification among
all small farms, adding new enterprises (such as olive plantation), and seeking off-
farm employment whenever possible. Diversion of family labor resources into tree
crops and off-farm work may even detract from the ability to invest in further crop—
livestock intensification.

In contrast to Algeria and Tunisia, the agricultural population in Morocco has
increased over the past 35 years by 14%. There has been an expansion of the
cropped area that has more than matched the increase in agricultural population,
resulting in a modest per capita increase of 0.84-0.99 ha in land available to the
agricultural population. The increase in cropped area has largely been achieved
through a reduction in the amount of fallow land, indicating a limited degree of
intensified land use.
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Faced with mounting food import costs, the Moroccan government has sought to
promote agricultural intensification, mainly through the development of large-scale
irrigation projects (Swearingen 1988). Considerably less public investment is
being made in the dryland sector. In these less favored areas, durum wheat and
barley are the major crops, with durum wheat serving as both a subsistence and
cash crop, and barley as the major forage crop. Durum wheat showed substantial
yield improvement between 1964 and 1988, reflecting farmer input of fertilizer,
improved varieties, and improved cultivation practices (Tutwiler 1995). Barley
continues to be grown under very low input conditions, and little progress has
been made in increasing yield.

A nationwide study conducted in the early 1960s found that 76% of smallholders
in the so-called traditional sector practiced mixed farming, with 15% raising
animals and no crops, and 9% cultivating crops with no livestock (Azzam 1990).

A recent survey of Moroccan barley producers (Saade et al. 1994), in seven
districts receiving various amounts of rain, demonstrates the continuing importance
of mixed farming (barley is used to feed the farmer’s sheep and goats). Wheat is by
far the dominant cereal in the wetter zones—much of it destined for market. As
rainfall decreases, barley becomes more important and livestock production
increases.

In the driest areas, there is very little wheat, and barley covers 50% or more of the
cultivated area. Here, much of the land is left in fallow, although fallowing is not
uncommon in the wetter areas. In either case, fallow land is an important grazing
resource for sheep and goats, which are owned by almost all farmers. Less than
10% of barley production is sold. The rest is used for on-farm consumption, mainly
as livestock feed (60% of grain, 91% of straw), seed (23% of grain), and human
consumption (7%). The principal reasons cited for not adopting improved barley
varieties are low straw yield and poor grain quality for animal feed, which are
important considerations for mixed farming. Farmers are also concerned with the
performance of barley cultivars when used for green grazing in early spring, a
practice commonly used to supplement small ruminant diets.

The data show that North Africa is not experiencing extraordinary population
pressure on arable land. This is the result of the movement of people out of
farming in Algeria and Tunisia, and the decreased use of fallowing along with the
cultivation of vast areas of former rangeland in all three countries. Intensification of
cereal and forage production to feed increasing livestock numbers is not taking
place.

A tentative hypothesis, based on the evidence from the three countries, is that the
traditional cereal-livestock system of North Africa remains entrenched and viable,
bolstered by migration and the bringing of new land into cereal production. Crop-
livestock integration continues to rely on an extensive land-use pattern. Tunisia
presents a warning, however. The spectacular spread of olive plantations means
that the trees are absorbing an ever-greater proportion of farm labor at a time when
the agricultural labor pool is shrinking due to migration and off-farm employment.
The modestly rising animal population must be fed either by intensifying cereal
and forage production (which does not appear to be happening) or by increasing
grazing pressure on shrinking rangeland (reduced by the spread of tree
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plantations). Increased grazing pressure appears to have created serious soil
erosion and degradation problems, particularly in the drier areas, thus
undermining the future ecological stability of the entire system (IRA 1995).

The Speclal Case of Iraq

Iraq is different from other countries in West Asia because a large proportion of its
agricultural land is irrigated by the Tigris-Euphrates river system. It is also
different from Syria and Jordan in terms of the economic importance of petroleum
production, and its political fortunes since 1980: a decade of almost continual war
with its neighbors followed by the imposition of severe international trade
sanctions.

In the irrigated river valleys, crop-livestock integration traditionally follows the
pattern of the Nile Valley, with greater emphasis on smallholders and large
ruminants. In the large rainfed areas to the north and west, the traditional pattern
is akin to that of the plains of eastern Syria: an extensive system of cereal
production integrated with small ruminants.

Between 1961 and 1991, the agricultural population of Iraq remained steady:
between 3.8 and 3.9 million people. However, during the same period there was
extensive government investment in renovating and expanding the river and canal
system, and the irrigated area grew by 83%. At the same time, rainfed agriculture
was allowed to languish, and the area under rainfed production declined by 16%.
Indications are that the rainfed farming systems in Iraq grew more extensive, with
lower cropping intensities. Sheep and goats, located primarily in the rainfed areas,
declined by 25%. The number of large ruminants (catde and buffalo) in the
irrigated areas did not increase appreciably, although the number of chickens
produced by capital-intensive methods in the river valleys jumped twenty-fold,
from 4 to 80 million birds.

A recent survey (Shideed et al. 1995) of rainfed barley producers in northern Iragq,
conducted after the imposition of international sanctions, found major changes
taking place. Faced with the need to rely on domestic resources to feed its
population, Iraq has taken significant steps to encourage intensification of rainfed
agriculture. The survey shows a trend towards increased farm size in the drier
areas, as additional land is leased by commercial barley and wheat producers.
Small ruminants have been banned from cereal producing areas during the
growing season, reducing crop damage from grazing. Since about 60% of the
cereal farmers surveyed own sheep and goats, they must make arrangements to
shepherd their flocks in nearby rangeland for a large part of the year. As the
amount of natural pasture is declining due to overgrazing, flock owners have had
to transport barley grain and cereal straw to the rangelands to feed their animals.

Many of the larger cereal producers show little interest in trying to maintain both
crop and animal enterprises. Rather, they are focusing their efforts and
investments on increasing the production of cereals for direct sale. This indicates a
trend towards specialization, at least among the larger farmers.
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Jordan: Specilalization by De-intensification

Compared with the other WANA countries, Jordan has a small agricultural sector.
Its very limited arable land and water resources are being increasingly encroached
upon by a steadily growing urban population. Between 1961 and 1991, the
agricultural population fell by 50%. During the same period, more land was
brought under production through the use of tractors to expand cultivation into
drier areas formerly used as range. While annually cropped land increased by
30%, the irrigated area almost doubled and the area planted to tree crops tripled.
Although annual fallowing is a persistent feature of Jordan’s semi-arid dryland
farming, there is strong evidence that the arable area devoted to fallow each year is
actually increasing as entire farms are left fallow due to absenteeism and economic
disincentives (Aydin 1990). There has been a sharp decline in the wheat area,
while the area planted to barley remains fairly steady, with noticeable annual
variations due mostly to rainfall fluctuations.

The national sheep and goat herd has grown from 1.3 to 2.2 million animals,
although the number of large ruminants has declined slightly. As in Iraq, poultry
production has skyrocketed from 1 to 50 million birds. Much of the national animal
production is sustained with imported feed.

The Jordanian National Center for Agricultural Research and Technology Transfer
(NCARTT) and ICARDA have conducted a number of studies of dryland farming
systems. In 1988/89 a total of 432 randomly selected barley producers were
interviewed (Tutwiler et al. 1990). The responses show considerable differences
among farm types. About half the farmers reported that their farms produced 30%
or less of their annual household income. Of these part-time farmers, only about a
quarter owned sheep and goats, and about two-thirds of these said their crop
production was sufficient to sustain their small household flocks. Wheat and barley
were grown in roughly equal proportions. Just over half the farmers reported a
dependency on farm income (i.e., 70% or more of household income from on-farm
sources), of which 19% owned no livestock and sold their cereal production.
Interestingly, those farmers specializing in cereal production for sale had the
largest farm areas, and they averaged almost twice the farm size of cereal
producers who relied primarily on off-farm employment for their household
income.

The remaining 34% of farms fit into two categories, for which crop-livestock
integration is perhaps most relevant. Both categories share a dependency on
income generated from on-farm crop and livestock production. They differ (in
about equal measure) in terms of ability to feed their livestock from on-farm
resources. In terms of the balance between farm size (and cereal area) and flock
size, the two groups are almost identical. Farms without a feed deficit had an
average area of 60 ha, with an average flock of 125 head. Feed deficit farms
averaged 30 ha with flocks of 340 head. There were noticeable differences
between the two mixed farming systems in terms of crop mix and cropping
intensity. The non-deficit farms devoted 30% of their land to barley, 28% to
wheat, leaving the remaining 42% mostly fallow. Deficit farms, with less land and
more sheep, planted an average 53% of their land to barley, 23% to wheat,
leaving about 20% fallow.
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The most recent survey of barley producers in Jordan (Tutwiler et al. 1995) shows
similar differentiation. Of the 285 farmers surveyed, 42% stated that the major
portion of their household income comes from off-farm employment. Of these, half
sell almost all their barley production. Including all respondents regardless of
proportional sources of income, 52% of farmers are producing barley for sale, not
to feed their sheep. Only 7% report surplus production after feeding their sheep,
leaving 41% who either keep their feed production and flock size in balance or
experience on-farm feed deficits.

Flock ownership parallels barley production figures. Forty one percent of barley
farmers own no sheep or goats, and a further 23% maintain only small flocks for
household use. Those that expect to sell animals or animal products are
distinguished by flock size. Small commercial flock owners, who more or less
maintain a balance between animals and on-farm feed production, represent 15%
of the sample. Larger commercial livestock producers (at least 100 head, generally
many more) account for 21% of barley producers. These livestock-oriented farmers
must find off-farm feed sources. They cannot produce enough barley given their
land resources to maintain their commercial flocks.

The two studies reviewed above focused on barley producers. Two other recent
studies sampled sheep and goat producers who may or may not also grow cereals.
Nabulsi et al. (1993) interviewed 64 households across Jordan. Most of them
(70%) also have land, and only a few have permanent off-farm income sources.
Almost all these livestock producers were found to follow a transhumant strategy
involving a home where the flock is hand fed using concentrates of barley,
sorghum, and wheat bran, and seasonal movement of the flock to take advantage of
grazing opportunities on rangeland and, following the harvest, on cereal residue.
Purchased concentrates are estimated to constitute 55% of the variable cost of
sheep and goat production, with labor and transport accounting for 14% of the
cost. The average net return for livestock enterprises is 42% above variable cost.
Producers generally feel that sheep and goats are quite profitable, and labor and
transport costs per animal can be reduced by increasing flock size. However, the
herders noted that profit margins depend on the high market value of animals and
the then current government policy of subsidizing purchased feed concentrates.

A similar study of sheep production on the margins of cultivation in an area
receiving less than 200 mm annual rainfall produced results similar to Nabulsi's
study. In this area, barley production is intermittent and primarily designed to
provide modest amounts of green grazing for animals in spring. Flocks tend to be
large, often exceeding 500 head. Because there is little in the way of local cereal
production, and the surrounding rangeland is heavily degraded, animal nutrition
is dependent on purchased feed, mainly rough grains and bran used in
combination with straw, trucked in from distribution centers. Water is also brought
in on tanker trucks. Despite the fact that most livestock operations are little more
than open air feedlots on heavily degraded rangeland, sheep rearing is considered
very profitable. The average cost/benefit ratio for the flocks surveyed was 1.5.
Sheep production combined with barley cultivation was slightly less profitable for
the farmer than sheep production without barley cultivation.

The national statistics for Jordan and the various recent surveys of farming
households tend to confirm a general movement by the rural population away from
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economic dependence on agriculture. Roughly half the people engaged in farming
no longer depend on agriculture for the bulk of their household income. More
important for the thesis argued in this paper, there appears to be a growing
differentiation and specialization among the remaining farmers. Those with
adequate land tend to specialize either in high value tree crops or in cereals, while
reducing their investment in livestock to small flocks for household use. In contrast,
other farmers are effectively reducing their investments in crop production while
increasing flock size, more and more by increasing purchased feed. Crop-livestock
integration, to the extent that it can be said to occur beyond the 20% or so of
farmers maintaining an adequate balance between crop and livestock production,
takes place through market mechanisms or through government institutions (such
as the Jordanian Cooperative Organization and the Ministry of Supply, which
organize feed purchases and distribution on a national scale).

Syrila: An Example of Agricultural Intensification

Of all the countries in WANA, Syria presents the best example of intensification
under the combination of: (I) a growing agricultural population; (ii) a shrinking
arable land base; and (iii) expanding market integration. Between 1961 and
1991, the number of people directly involved in agriculture in Syria grew by 15%,
but the annual cropped area decreased by a staggering 22%. The fall in cropped
area is somewhat mitigated by large increases in land devoted to perennial crops,
particularly olives, vines, and other fruit and nut trees. Despite this, large areas of
formerly productive farmland have been absorbed into Syria’s burgeoning urban
areas and—as economic improvement has come to rural areas—to new homes,
shops, and service institutions in the villages as well.

The steep decline in arable land area per capita of agricultural population is a
result of the rapid increase in livestock population, from about 4.5 to 16 million
sheep and goats, i.e. from 1.8 to 5.4 head per person in the agricultural
population. The decreased rainfed farming area implies decreased supplies of feed
to meet rising demand. The shortage has been largely offset by several
developments: (i) increased grazing pressure on rangeland; (ii) greater use of crop
residue (particularly grazing cereal stubble in the higher rainfall areas); and (iii)
more intensive use of by-products from irrigated areas. These developments imply
a tl'ellld towards greater flock mobility in the seasonal search for grazing and feed
supplies.

The farming household has responded to demographic and economic pressures in
a number of ways. Perhaps the most important is off-farm employment. As in
Jordan, the incidence and economic importance of off-farm employment is
noticeably increasing, particularly in areas surrounding the major cities and towns.
Off-farm employment opportunities, particularly in combinaton with the
inheritance of small- to medium-sized holdings, has led to the phenomenon of
part-time farming, in which adult males spend little time in crop production
activities and even less in livestock rearing. Unlike field crops such as wheat and
barley, livestock requires daily attention. Although part-time farmers can still
maintain cereal production by arranging to be on the farm during the few peak
labor and supervisory periods—such as planting and harvesting—it is difficult for
them to maintain both an off-farm job and a substantial flock. It is usually possible
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for the women and children who remain on the farm to tend a small flock for
household use, but for them to provide for the needs of a large flock on their own
is difficult. The standard practice is to reduce the flock when the men are away for
prolonged periods. It is simply easier for them to continue cereal production alone,
and forego integrated crop-livestock production.

In the past few years, the Syrian Directorate of Agricultural Scientific Research
(DASR) and ICARDA have conducted a number of studies on the recent evolution of
farming systems in agricultural areas with an average annual rainfall of 200-350
mm. These are the areas where integrated crop-livestock production has
traditionally been practiced. Early diagnostic research by ICARDA characterized
these zones as practicing a barley-livestock system, in which the predominant crop
was barley, grown to feed the farmers’ flocks of sheep and goats. The studies done
in the late 1970s and early 1980s fully justified this description. Over vast areas,
barley was virtually the only crop produced, and barley grain, straw, and stubble
were used to feed the animals owned by almost every farmer. However, during the
1980s, changes in land use occurred. More land came into continuous production
as fallows began to disappear, the numbers of sheep seemed to increase, and here
and there new plantations of fruit trees appeared, along with well-irrigated wheat,
vegetables, and industrial crops. In 1994, DASR and ICARDA undertook a
reappraisal of the situation (Mazid et al. 1995).

Results confirm the trend of increased cropping intensity due to reduced fallowing.
Continuous cereal cropping now takes place, although in some locations food
legumes have increased modestly. Although it is not a qualitative change in the
production system, replacing fallow with continuous cropping requires additional
labor and material inputs to maintain productivity. Field crop operations have been
largely mechanized, and there is a distinct preference for cereal varieties that grow
tall enough, even with low rainfall, to allow combine harvesting. For food legumes,
vegetables, and certain industrial crops where mechanization is difficult due to the
physical nature of the crop, farmers are relying more and more on gangs of daily
paid workers (many of whom are women) for weeding and harvesting. Indications
are that rising market prices have more than compensated farmers for the
additional cost of both mechanized cereal production and hand-harvesting of
legumes (Salkini 1995).

Water resource development has proceeded in tandem with increased cropping
intensity. The area under permanent irrigation in Syria is reported to have grown
by 16% since 1965. Most of this official figure is due to government-installed canal
systems drawing water from the Euphrates, Khabur, and Orontes river basins.
However, there has been an even greater growth in the area irrigated by private
small schemes utilizing groundwater with drilled wells and sprinkler systems,
most often limited to single farms (Tutwiler and Mazid 1992). Well irrigation is
used in winter to supplement rainfall, and in summer for full irrigation. By
applying irrigation water during the critical spring months of crop growth, coupled
with the use of improved high-yielding varieties, fertilizers, and other modern
technologies, Syrian farmers have managed to double national wheat yield per
hectare in the past ten years.

Many farmers in the drier areas report a replacement of barley by wheat, spurred
by the higher value of wheat grain in the market. Once water for irrigation
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becomes available, there is an inevitable shift from dryland barley to irrigated
wheat. Moreover, as improved varieties of wheat become available, together with
technologies to lessen risks of low yield or crop loss under rainfed conditions,
farmers tend to shift from barley to wheat, especially on the more fertile fields.
This tendency works against on-farm livestock production since wheat grain cannot
substitute for barley as a feed crop, although it is reported that wheat straw and
stubble are increasingly being used in Syria as forage for sheep (Nordblom and
Shomo 1995). Although wheat is increasingly cultivated in the drier areas, either
through expansion of irrigation facilities or adoption of improved technology in
rainfed production, the national wheat area has not substantially increased. This is
due to the fact that the wheat area in the wetter areas is declining, to be replaced
by higher-value crops.

In locations where conversion to irrigated agriculture is not an option, farmers
have increasingly sought to diversify and intensify land use by planting perennial
crops, especially vines, and fruit and nut trees. Initially, these plantations were
often placed on land only marginally useful for cereal cultivation. But,
increasingly, perennial crops are replacing cereals and food legumes on more
fertile land. As farmers switch their emphasis to vine and tree crops, they report a
declining interest in livestock. Plantations on marginal land reduce the natural
grazing area around farms and villages, and may even require protective measures
against damage from casual grazing. As tree crops replace cereals and food
legumes, the amount of on-farm forage production is reduced, and the cost of
keeping livestock increases.

A recent survey (Tutwiler et al. 1995¢) of barley producers in the drier areas
confirmed the trend towards reduced fallowing in favor of continuous barley
cultivation. More significantly for the future of crop-livestock integration, the
results also show a trend toward commercial barley production. Fully two thirds of
the farmers interviewed stated that their purpose in producing barley was sale
through government and private marketing channels. The remaining one third use
their barley to feed their flocks. Slightly more than a third said they expected to
enjoy a surplus of barley grain and straw after they had met the requirements of
their flocks, which they would sell. Twenty percent of barley producers grow the
crop solely to feed their own flocks. About half this group said that they must
supplement their own production with purchased feed.

The survey suggests a tendency towards specialization, either in barley production
for sale, or commercial livestock raising, but not both on the same farm. Some 40%
of barley growers surveyed have no sheep or goats at all, and an additional 33%
keep only small flocks for household consumption. This leaves about 27% of barley
producers who can be considered commercial livestock producers. These farmers
have farms that are larger than average. The largest farms are about equally
divided between commercial barley and commercial livestock producers.

The market has become an important factor in producer decision making. Many
commercial barley producers still keep livestock, but they sell almost all of their
barley harvest. The livestock is fed with feed purchased in the market at prices
lower than the value of their barley production. The growing feed market has
encouraged the separation of crop and livestock enterprises.
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Further studies (Leybourne 1993; Wachholtz 1996) of livestock producers in Syria
report on the disassociation of the two enterprises at the farm level from the point
of view of those specializing in livestock production. Although commercial livestock
producers appear to be increasing flock size, they are not proportionately
increasing their on-farm feed production. Rather, they practice a strategy of
mobility, taking their flocks to areas where excess crop residue is available at
relatively low cost. Increasingly, industrial crop, vegetable, and wheat residues are
substituting for traditional barley grain and straw in the small ruminant diet.

Conclusion: Divergent Locatlons for Future Crop-
Livestock Integration

This review of the situation in selected countries of North Africa and West Asia
points to certain conclusions regarding the future of crop-livestock integration in
dryland farming systems under situations of rapid population growth, limited land
resources, and differing degrees of agricultural intensification. Although the
population has grown considerably in all the countries reviewed, the impact of
population growth on agriculture has not been uniform. In some countries,
demographic pressures that might otherwise lead to intensification efforts similar to
those predicted by the Boserup model have been mitigated by emigration and
movement into off-farm employment. This is particularly true in North Africa and
Jordan. In North Africa, crop-livestock integration characteristic of a traditional
extensive dryland production system has persisted despite major changes in
national economies, and there is little evidence that the productivity of the system
has improved. There is considerable scope for improvement and intensification
through improved methods of on-farm feed production.

In West Asia, the situation is very different. There has been substantal
intensification in Syria, which offers the closest approximation to the process of
agricultural system evolution presented by Boserup. But intensification in Syria has
produced results at odds with those sought by the proponents of crop-livestock
integration. Far from being a vehicle for intensification, crop-livestock integration
at the farm level in Syria becomes more tenuous as intensification proceeds. There
is an emerging disassociation of crops and livestock at the farm level. In Iraq,
indications are that a similar trend will develop. In Jordan, paradoxically, there
has also been a disassociation of crop and livestock production at the farm level,
but this is as a result of the de-intensification of land use. For all three countries,
future crop-livestock integration should be pursued at system levels higher than
the individual farm. The future focus for developing new and more productive
agricultural technologies and management systems should be on commercialized
feed production, adding value to crop by-products, and ensuring they can be made
available to livestock producers through market mechanisms at reasonable cost.

20



References

Aydin, Z. 1990. Agricultural labor and technological change in Jordan. In Labor and
Rainfed Agriculture in West Asia and North Africa (Tully, ed.). Kluwer, Dordrecht.

Azzam, A. 1990. Agricultural labor and technological change in Morocco. In Labor and
Rainfed Agriculture in West Asia and North Africa (Tully, ed.). Kluwer, Dordrecht.

Bedrani, S. 1992. Les Zones Seches en Algerie. CREAD, Algiers.

Boserup, E. 1965. The Conditions of Agricultural Growth: The Economics of Agrarian
Change under Population Pressure. Aldine Publishing Company, New York.

Boserup, E. 1981. Population and Technological Change: A Study of Long Term Trends.
University of Chicago Press, Chicago.

Boserup, E.. 1990. Economic and Demographic Relations in Development. Johns Hopkins
University Press, Baltimore

Bouaita, A. and C. Chaulet. 1990a. Agricultural changes on private farms of the Sersou,
Algeria. In Labor and Rainfed Agriculture in West Asia and North Africa (Tully,
ed.). Kluwer, Dordrecht.

Chaulet, C. 1987. La Terre, les freres, et la'argent: Strategies familiales et production
agricole en Algerie depuits 1962. OPU, Algiers.

FAO (Food and Agricultural Organization of the United Nations). 1994. Strategy for
Sustainable Dryland Development in the Near East. Twenty Second FAO Regional
Conference for the Near East. AGROSTAT-PC 2.0. Amman. Rome.

Hopkins, N. 1990. Agricultural labor and technological change in Tunisia. In Labor and
Rainfed Agriculture in West Asia and North Africa (Tully, ed.). Kluwer, Dordrecht.

IRA (Institut des Regions Arides, Medenine, Tunisia). 1995. Les Systems d’Elevage et
IExploitation des Parcours Collectifs en Zones Arides: Cas d’El-Ouara de
Tataouine. Medinine.

Leybourne, M. 1993. Links Between the Steppe and Cultivated Areas through Migration:
The Socioeconomic Organization of Production of the Semi-nomadic Agro-pastoral
Society of the Syrian Steppe. Diplome de Recherche No. 78. IUED. Geneva.

Mazid, A., R. Tutwiler, A. Rodriguez, M. Martini, H. Al-Ahmed and A. Kneifis. 1995.
Agricultural Production Systems and Resource Management in Agricultural Stability
Zone 2 in Syria. ICARDA, Aleppo.

Ministry of Agriculture (Tunisia). 1989. Enquetes Agricoles Tunis: Ministry of Agriculture.

Nabuisi, H., J. Ali, J. Abu Nahleh. 1993. Sheep and Goat Management Systems in Jordan:
Traditional and Feedlot, A Case Study. ICARDA, Aleppo.

Netting, R., 1993. Smallholders, Householders: Farm Families and the Ecology of
Intensive, Sustainable Agriculture. Stanford University Press, Stanford, California.

Nordblom, T. and F. Shomo. 1995. Food and Feed Prospects to 2020 in the West
Asia/North Africa Region. ICARDA, Aleppo.

Okonjo-Iweala, N. and Y. Fuleiha. 1993. Structural adjustment and Egyptian agriculture:
some preliminary indications of the impact of economic reforms. In Sustainable
Agriculture in Egypt (M. Faris and M. Khan, eds.). Lynne Reinner Publishers,
Boulder, Colorado.

Saade, M., A. Amri, H. Baghat, F. Nassif, A. Benyassine and K. Benahnia. 1994.
Constraints to the Adoption of New Barley Varieties in Morocco. ICARDA, Tunis.

Salkini, A. 1995. Mechanical Harvesting of Lentil in Syria: A Farm Survey on Adoption.
Farm Resource Management Program Annual Report for 1994. ICARDA, Aleppo.

Sandford, S. 1988. Integrated cropping-livestock systems for dryland farming in Africa. In
Challenges in Dryland Agriculture: A Global Perspective (P. Unger, W. Jordan, T.
Sneed and R. Jensen, eds.). Agricultural Experiment Station, Amarillo, Texas.

21



Shideed, K., J. Hameed, N. Haddad, M. Jones, R. Tutwiler and M. Martini, 1995.
Socioeconomic Characteristics of Farmers in Rainfed Areas of Iraq. IPA, Baghdad.

Swearingen, W. 1988. Moroccan Mirages: Agrarian Dreams and Deceptions, 1912-1986.
1.B. Taurus, London.

Thomson, E., F. Bahhady, T. Nordblom and H. Harris 1995. Model farm approach to
research on crop-livestock integration. IIl. Benefits of crop-livestock integration
and a critique of the approach. Agricultural Systems 49:31—44.

Tully, D., ed. 1990. Labor and Rainfed Agriculture in West Asia and North Africa. Kluwer,
Dordrecht.

Tully, D., ed. 1990a. Labor, Employment and Agricultural Development in West Asia and
North Africa. Kluwer, Dordrecht.

Tutwiler, R. 1990. Agricultural labor and technological change in the Yemen Arab
Republic. In Labor and Rainfed Agriculture in West Asia and North Africa (D.
Tully, ed.). Kluwer, Dordrecht.

Tutwiler, R. and A. Mazid. 1992. Impact of modern wheat technology in Syria. In Farm
Resource Management Program Annual Report for 1991. ICARDA, Aleppo.

Tutwiler, R., I. Khreisat and M. Oglah. 1993. Results of Surveys of Jordanian Barley
Producers. ICARDA, Aleppo.

Tutwiler, R. 1995. Discovering the quality incentive for increasing durum production in
West Asia and North Africa. Options Mediterraneennes No. 22.

Tutwiler, R., I. Khreisat, M. Martini, Q. Mamdouh and N. Haddad. 1995a. Farmer
Adoption of Improved Barley Production Technologies in Jordan: Impact of the
Mashreq Project. ICARDA, Aleppo.

Tutwiler, R., M. Martini, M. Hamdan, I. Hattar and S. Arabiat. 1995b. Economic
Activities in the Muwaqar Catchment (Jordan) and the Potential Application of
Water Harvesting Techniques. In FRMP Annual Report for 1994. ICARDA, Aleppo.

Tutwiler, R., M. Martini, A. Kneifis, Y. Sweidan and N. Haddad. 199Sc. Adoption of
Improved Barley Production Technologies in Syria: Impact of the Mashreq Project.
ICARDA, Aleppo.

Wachholtz, R. 1996. Sociceconomics of Bedouin Farming Systems in Dry Areas of
Northern Syria. PhD Thesis. Hohenheim University, Stuttgart.

22



M. Harb: You limit yourself with your definition. You did not look at sheep
production under extensive systems. The integration should be done at other
levels, and not according to your definition.

R. Tutwiler: We recognize that in the past, as well as perhaps now, much or
most livestock production may have taken place outside the on-farm crop-livestock
integrated systems. The focus of our paper was on the stability and sustainability of
these systems over time.

We agree with your observation that future integration between crop production
and animal production within the region, particularly in West Asia, needs to take
place at a level higher than that of the farm itself.

H. Nabulsi: Where and how may integration be achieved? And do you have a
development recommendation?

R. Tutwiler: Achievement of integration may actually depend on development
objectives. For example, if the development goal is to reduce resources on
rangelands and increase provision of feed to livestock owners, then integration
may have to be at the national level, linking feed producers with livestock
producers. The mechanism of integration may be the marketplace, for example. On
the other hand, if the development objective is to improve arable cropping by
inserting a feed legume into a cereal monocropping system, then integration
should be sought at the farm level, relying on incentives within the same
household to feed its flock with its own feed resources.
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Agro-pastoral Systems, Feed
Calendars, and Feed Resources In
the Arab Countries of the
Mediterranean Reglon
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Abstract

After centuries of equilibrium, the societies of the Arab World have recently
undergone a rapid evolution. Traditionally, they survived in spite of unpredictable
feed and fodder resources hinging on unreliable rainfall. They survived by
migrating (nomadism and transhumance) from one range to another. They had
little contact with the neighboring crop lands in wetter areas. Each group lived
under an autarchy. Famines, raids, and epidemic diseases regulated natural feed
and fuel resources. Stocking rates were close to 4 ha/sheep. But increasing
demographic pressures and their devastating consequences on natural resources
have altered the old equilibrium. Rangeland feed has dwindled, forcing nomadic
groups to find other means to feed their animals—the cornerstone of their income
and their problems. The isolated pastoralists have had to move towards another
system, seeking alliance with the farmers.

After reviewing and describing the worsening steppe conditions, the increasing
dependence of small ruminants on crop residues and the cropping zone,
deciphering livestock and feed trends in the Arab countries, the authors make the
case for rangeland rehabilitation, and better rangeland—-cropping zone integration
whereby the former is the breeding base while the later is the fattening ground.

From Bedouln Rule to Settlement

With changing political and economic systems, along with motorized
transportation, the life of the nomadic Bedouin has greatly altered since the end of
the Second World War. Previously, sheep and goats were the main animals herded
and the main source of income. Rangelands were under Bedouin authority, with
access controlled by tribal law.

Then, long-distance movements were licensed by the colonial authorities. Land was
allocated to tribal leaders to force tribal settlements, as in Saudi Arabia (Shamekh
1977). Raids (ghazu in Saudi Arabia) and the khuwa system, by which villagers
had to pay protection money to Bedouins, came to an end. Under forced control,
Bedouins were forbidden access to cultivated lands at the better margins of the
steppe (Denis 1989). With the spread of mechanized cultivation and expanding
settlement, larger steppe districts came under barley cultivation (Thalen 1979).

24



Private entrepreneurs, in partnership with tribal leaders, provided capital for seed
and machinery. Bedouin partners would receive 25-50% of the crop, and the crop
residue for their flocks. Soon after, Bedouins started purchasing their own supplies
to plow the steppe (Leybourne 1993). Cultivation expanded to the detriment of
rangeland resources.

But in low rainfall areas, pastoralists remained nomadic. They migrated in fixed
annual patterns as seasonal grazing became available in wetter areas (Kabbali and
Berger 1990). In North Africa, the yearly achaba of Bedouins between the steppe
and the cereal zone matched the farming calendar. Bedouins provided a cheap
labor force in exchange for grazing rights on crop residue and weedy fallows. In
the Mashreq, between 1946 and 1958, the steppe was soon classified as mawat
(“dead” or “empty”), and by plowing it for ten years, one could claim ownership
(Hamide 1959 and Thalen 1979).

Tolerance of cereal cultivation encroachment in the steppe amplified natural
resource degradation. From an unlimited nomadic and pastoral system, the region
underwent a change towards greater dependence on the farmers and their crop
production.

Steppe Resources In the Arld Zones of the Arab
Countries: a Resource under Fatal Threat

The Mediterranean arid zone stretches between the 100 and 400 mm isohyets (Le
Houérou 1995). In Arab Countries, this zone covers 10-15% of a total of 974
million ha (Table 1). There is a precarious rangeland-arable land frontier. There,
the probability of harvesting a cereal crop ranges from 50% in the wetter zones ©
10% in the arid zones. This is the steppe, where agro-pastoral systems have
developed. The 350-400 mm isohyet is considered the lowest limit for reliable
rainfed cereal cultivation. Below the 150 mm isohyet, native vegetation, once
destroyed or overgrazed, has little chance to recover or to be restored (Le Houérou
1969, 1991). The 100 mm isohyet is the lowest rainfall limit where permanent
rangeland vegetation can be found. This is the real desert. Today, flock and water
transportation by trucks to remote desert areas has slimmed down these valuable
resources (Lewis 1987). As much as 50% of the arid rangeland may have lost its
vegetation since World War II, as the human population has increased fourfold in
North Africa and the Middle East (Le Houérou 1991). The sheep population has
increased by 75% and the stocking rate jumped from 1 sheep/4 ha to 1 sheep/ha
between 1950 and 1989. This came about through uncontrolled and government-
subsidized supplementary feeding (Boutonnet 1991), transforming rangelands
into open-air feed lots, and allowing pastoralists to maintain their flocks in spite of
worsening rangeland conditions. This trend is reflected in the feeding calendars of
the different livestock owners involved in agro-pastoral activities in northern Syria.
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Table 1. Arid steppe zones and desert areas in WANA below the
400 mm isohyet (1,000 km?).

100400 Less than Totalarea % Steppe % Desert

mm 100 mm
North Africa
Morocco 120 303 620 19 49
Algeria 210 1,990 2391 9 84
Tunisia 55 €60 164 34 37
Libya Q0 1,670 1,760 5 %5
Egypt 0 910 1,001 3 o1
Sub-total 505 4,933 5,926
Near East
Egypt 5 55 €0 8 ®
(Sinai)
Iraq 291 96 435 67 2
Palestine 5 7 21 24 3
Jordan 40 43 98 4 4
Kuwait 18 0 18 100 0
Oman 12 198 212 6 2 <]
Qatar 0 2 2 0 100
U.AE. 0 84 84 0 100
Saudi 200 1,940 2,150 9 0
Arabia
Syria 157 10 185 85 5
Yemen 160 312 530 0 59
Sub-total 888 2,767 3,815
Total 1,393 7,700 9,741 14.3 79.0

WANA steppe (100-400 mm/yr) = 139,000,000 ha.
WANA desert (less than 100 mmy/yr) = 770,000,000 ha.
Source: After Le Houérou (1991).

Sheep Grazing and Feeding Calendars In Northern
Syria

Agro-pastoral systems can be defined by a feeding calendar that includes feed
origin and when it is utilized. Interview and data summaries for the feeding
calendars developed in this study are from a 1991/92 survey of 128 flock owners
in the marginal farming and rangeland districts of Aleppo and Hama Provinces
(Wachholtz et al. 1993). Three major groups were identified. Group 1 is settled
with permanent crops and houses. Group 2 has larger cultivated areas of barley,
larger flocks of sheep, and sustains a migratory pattern of grazing and feeding in
the steppe for the winter, remaining near their barley fields in the spring, and
moving to available crop residues in the wetter agricultural areas for the summer
and autumn. Group 3 is contains nomadic herders with no significant cultivation
who spend the winter and spring months in the steppe and, like Group 2, move
their flocks to the higher potential areas for summer and autumn months. Due t©
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their cultivation of barley, and because they depend on settled farmers’ resources,
these groups are called agro-pastoralists, found from Morocco to Balochistan.

Sheep Dlet Calendars In the Arid Syrlan Zone

The diet calendars for the flocks of Groups 1, 2, and 3 are summarized in Figure
1. Feed reported at 1% or higher is listed separately. A strong seasonality in
livestock diets is revealed by the flock owners’ flexible use of a variety of cheap
hand-fed feeds, including chopped cereal straw (tibin) and grazed materials.
Expensive grains, legume straw, and concentrates are hand-fed in winter, before
and during lambing and lactation. Wheat straw is not important as a feed source.
In the summer months, dry ewes are able to survive on cheap cereal residue. Flock
mobility makes these flexible diets possible. Only from March to May does grazing
of native pastures and rangelands make up a significant portion of the sheep diet.
Other minor components of the winter diet have been reported, such as sugar beet
pulp, cottonseed (whole, cake, and hulls), wheat and legume straw, and bread
(Thomson et al. 1989), which is consistent with reports of earlier studies (Jaubert
and Oglah 1987; Thomson and Bahhady 1983; Nygaard et al. 1982; Tully 1984).
Barley straw is an important ingredient in the winter diets (40%) of all three
groups in the 1991/92 survey. Strict pastoralists cannot rely only on rangelands.
The farmers’ contribution to the small ruminant diet is increasingly important. This
is confirmed by the trend towards increased rainfed and irrigated cropping in the
arid zone.

Feed Calendars for Full Nomad Fiocks

Wachholtz et al. (1993) provides the first quantification of year-round sheep diet
calendars for fully nomadic flocks (Group 3). This is generally consistent with
Bahhady (1981) and Chatty (1986). However, in the grazing of the barley crop is
an important difference between nomadic flocks and those of the sedentary and
semi-sedentary agro-pastoralists; it remains a very minor part of the nomadic
(Group 3) flock diet, but a major feed source for flock owners (Groups 1 and 2)
growing barley for their own sheep.

The grazing of standing barley in lieu of harvesting has been well documented
(Nordblom 1983; Somel et al. 1984; Tully 1984). The finding that fully nomadic
flocks make little use of this source is new. Grazing of marginal lands (mountain,
village/site, and open steppe) was concentrated in March, April, and May of the
dry 1990/91 season. This made up a minor proportion of the annual sheep diet:
12, 13, and 18% for Groups 1 and 2, and nomadic Group 3, respectively. This is
the first quantitative estimate of the contribution from marginal land in recent years
in Syria. It reflects the extent to which the contribution of native pastures to the
sheep diet has decreased since the 1950s, when little, if any, winter supplement
feed was used (Thalen 1979; Bahhady 1981; Chatty 1986; Lewis 1987; Le
Houérou 1991).
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Figure 1. Sheep diet calendars for Bedouin Groups 1, 2, and 3 in Aleppo and

Hama Provinces, northwest Syria (1991/92).



Decreasing Utllizatlon of Steppe Vegetation

Open-access steppe provides less than 1% of the agro-pastoralist flock’s diet, and
less than 3% of full nomadic flock’s diet. Of secondary importance is marginal land
grazing in mountain areas with higher rainfall. More important is the village
grazing area in the dry farming zones, and grazing areas in the steppe where
native pastures are used in common by local households, but less by outsiders'
flocks. There are indications, however, that the latter may enter these areas after
the local flocks have moved away to higher rainfall zones in late spring or summer.
This raises serious questions about the economic viability of rangeland
improvement where access is uncontrolled throughout the year.

Open-access Grazing: a Calamity for the Steppe

There is a distinction between open-access and common grazing (Bromley and
Cernea 1989). Full open-access grazing is of little importance in terms of the
quantity of feed, although the land areas involved may be quite large. The best
grazing lands have been taken over by barley cultivation and agro-pastoralist
settlements, with little feed left over for flocks. Open-grazing practices do not allow
the nomad to leave anything to spare for later. He is condemned to graze the range
to the last twig and straw. This is one of the reasons for the poor condition of the
rangelands in WANA.

The issue of sustainability of substitute feed sources is important, since feed and
grazing sources which appear cheapest in the short run (e.g., from barley
cultivation in the steppe) lead to loss of native vegetation and soil in the long run.
This is seen in the decreasing share of rangeland in the small ruminant diet. But
how does this relate to the feed conditions in WANA?

Livestock and Feed: a Macro-perspective on WANA
Rangelands

Feeds in WANA present a challenge to anyone wishing to describe them briefly.
Crop residues of all sorts are used in addition to grazing of native pastures, feed
grains, and other concentrates. Quantitative estimates of crop residues are derived
from crop statistics. Grazing of off-take is estimated according to pasture area (FAO
1993) and then by country-specific kg/ha assumptions (ACSAD/AOAD 1985). Feed
grains and other concentrates comprise the smallest feed category for most
countries in WANA, with the exception of Saudi Arabia, Jordan, and Libya, where
feed imports have increased spectacularly over the past 20 years.

FAO (1993) livestock population data are summarized in five-year averages
between 1970 and 1990, using a factor for conversion to a standard Livestock Unit
(LU) equal to a 500 kg bovine at maintenance.

The 20-year aggregate trends, balances of all feeds (crop residues, natural grazing,
and feed grains), and all livestock units (small ruminant, bovine, draft, and
poultry) are plotted in millions of metric tons of dry feed matter and millions of
aggregate LUs (Fig. 2). The band of annual dry matter consumption, with feeding
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levels between 1.5 and 3.0% of live weight per day, covers the middle range of
the region’s feed and livestock balance.

Ly
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Figure 2. Livestock units and feeds in selected countries of WANA, 1970 and
1990 (log-log scale). AF=Afghanistan, AL=Algeria, EG=Egypt, ET=Ethiopia,
IN=Iran, IQ=Iraq, J=Jordan, =Lebanon, LY=Libya, M=Morocco,
OM=Oman, P=Pakistan, SA=Saudi Arabia, SU=Sudan, TN=Tunisia,
TK=Turkey, Y=Yemen. 1970 and 1990 values are five-year averages for 1968-
1972 and 1988-1992, respectively.
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There are three feed categories: (i) crop residue and forage crops; (ii) natural
pasture grazing; and (iii) feed grains and concentrates. These add up to 100% of
feed use for any country at a given time. Thus, a 20-year trend is plotted for each
of the countries in a composition graph (Fig. 3) similar to a soil texture chart,
Contrasts in the feed resource endowments and general shifts toward greater
proportions of feed grains and crop residues, away from marginal land and
rangeland grazing, are apparent, most spectacularly so in Jordan, Lebanon, Libya,
and Saudi Arabia. Except in Afghanistan and Yemen, all countries show rangeland
as a diminishing proportion of diet without accounting for degradation of
rangelands, an important factor to be considered for the future of the regicn.

Quantities of both domestic crop residues and feed grains should increase, as
should better management of cereal crops in rotations including forage and food
legume crops (Osman et al. 1990).

1988-92

Nordblom & Shome / ICARDA 2020

1968-72

Natural Pasture Grazing as percent of diet
Figure 3. Composition of livestock diets by feed category: 20 year trenc!s for
selected countries of WANA (1968-1972 to 1988-1992). AF=Afghanistan,
AL=Algeria, EG=Egypt, ET=Ethiopia, IN=Iran, IQ=Ix.'aq, J=Jordant
LN=Lebanon, LY=Libya, M=Morocco, OM=0Oman, P=Pakistan, SA=Saudi
.Arabia, SU=Sudan, TN=Tunisia, TK=Turkey, Y=Yemen.
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However, domestic feed production is unlikely to keep up with demand in most
WANA countries. Assuming increases in crop production are associated with
increases in crop residue, forage crops, and feed grain production in equal
proportions allows us to make simple projections of the number of LUs supportable
by domestic feed sources in the future. Our projection of total domestic feed
supplies, given 1, 2, and 3% annual rates of increase in crop production, allows
us to bracket a plausible scope of possibilities for each country (Fig. 4). Subtracting
feed imports from the total feed resources of each country (five-year averages
around 1990 for crop residue, rangeland, and feed grain) and dividing the result
by 3% of live weight per day for our 500 kg LU, gives an estimate of the number of
ruminant LUs supportable by domestic feed alone. A WANA-wide median of 0.2 LU
per capita for 1990 was found by Nordblom and Shomo (1993). To derive the LU
and feed projections (Fig. 4), a constant demand of 0.2 LU per capita is assumed,
ande UN population projections (1993) are used. Some countries show surpluses
well above 0.2 LU per capita (Sudan, Ethiopia, Pakistan, and Turkey).

The deficit in LUs may be satisfied either by importation of livestock products or of
feed. Or such deficits may simply remain unsatisfied. Beginning with a node at
1990, branches spread out to nodes for the years 2000, 2010, and 2020 for the 1,
2, and 3% rates of increased crop production in relation to human population. The
larger populations of Syria and Algeria, already showing feed deficits in 1990,
may face what appear to be very large deficits by 2020 (11 and 23 million tons of
feed, respectively) given a 3% rate of increase in crop production. Even such
substantial increases in crop production may not, for most WANA countries, turn
the tide of decline in per capita LUs supportable by domestic feed production.

Rangeland and Marginal Land Degradation: is there
Hope for Rehabllitation?

The causes, processes, and the consequences of the degradation of grazing land
(rangeland and marginal land) in WANA and possible corrective measures are well
documented (Le Houérou 1969, 1975, 1986, 1991; Gintzburger and Bayoumi
1977; Osman and Cocks 1992). Degradation of vegetation is often accompanied by
severe soil erosion, especially wind erosion as in Tunisia (Novikoff 1983; Floret
and Pontanier 1982). In addition to rangelands, marginal lands exist within the
cropped lands and cover 30-40% of the land in Syria and Lebanon and 1 million
ha in Jor_dan. They are endlessly overgrazed by village flocks, and suffer from
severe s01l. erosic_m (Osman and Cocks 1992). Marginal lands are particularly
important in spring, when large amounts of supplementary feed are provided.
Improving productivity of these range and marginal lands may reduce
supplementary needs and lessen cultivation of rangeland and marginal land.
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Figure 4. Projected surpluses and deficits in livestock units and feeds, assuming
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2019, and 2020 and annual increase in crop production of 1, 2, and 3% for 18
WANA countries.
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Prospects for Rangeland and Marginal Land
Improvement

In almost every country of the region there is an irritated and impatient concern for
natural resource conservation and rehabilitation of rangelands to halt degradation
and/or to improve productivity. Energetic national and international agencies in
WANA have launched large-scale shrub plantations (Le Houérou 1992). Planting of
fodder shrubs and trees (Atriplex spp., Salsola spp., and Acacia spp.) may alleviate
the pressure (Le Houérou 1980), reduce wind erosion, and secure a fodder
reserve when the nutritional value of grass is low (McKell 1980). In spite of
encouraging results in several WANA countries, the local agro-pastoralists have
benefited little from these plantations (Leybourne et al. 1994), which require
prudent management from inception to maturity. In several countries, plantations
established at a high cost (US$ 300-2,000/ha) have been damaged or totally
destroyed in a few grazing seasons, or after a drought, by uncontrolled flocks. In
most cases, land tenure and grazing management are the key issues (Draz 1978).

Other potential techniques are available. The work carried out around the
Mediterranean basin and at ICARDA has indicated prospects for technical
improvement of degraded rangelands even in extremely low rainfall zones
(Gintzburger 1979). On the marginal lands in northern Syria in the 350 mm/year
rainfall zone, annual applications of super-phosphate, even at 25 kg/ha, may
improve pasture and sheep productivity and prove profitable (Osman et al. 1994).

Likewise, the use of small-seeded local pasture legumes and their pods is effective
in enriching the seed bank of the degraded marginal land and in improving
pasture productivity (Christiansen et al. 1994). Rangeland soils may become
eroded or compacted so that early plant establishment is difficult or impossible
unless micro water catchments are created to collect water, soil, seed, and organic
material (Gintzburger 1987) to facilitate early establishment. It is of prime
importance that rangeland rehabilitation techniques remain low cost, low input.

However, as we have seen, rangeland and marginal land in their present
condition cannot supply the required feed. Research on forage crops to improve
crop-livestock integration between the steppe and the farming zones is needed.

Improving Pasture and Forage in the Cropping
System

Rangeland improvement programs on degraded lands, such as reseeding or shrub
plantations, require animals to be excluded for one to three years. Therefore, more
emphasis may placed on feed supply from other sources, especially arable lands.
With such forages, it should be possible to take large numbers of young animals off
the range to be raised entirely on arable land (Le Houérou 1969; Huss 1978);
rangelands would be used for breeding stock and croplands for fattening.

At present, livestock move to the range at the beginning of the rainy season,

causing great damgge to the newly emerging or sprouting vegetation. This will not
be the case if feed in the form of conserved hay or medic pasture is made available
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on arable land to support animals through the winter and beyond. WANA countries
have varying capabilities to produce pasture and forage on arable lands. Carter
(1978) assumes that 23 million ha of fallow in the WANA region could be planted
with forage and pasture legumes, such as annual medics, to support the equivalent
of 86 million ewes a year.

Studies at ICARDA, in the 350 mm rain zone of northern Syria, indicate that
adapted medic species such as Medicago rigidula and M. noeana can produce 40-
50 kg DM/ha/day during winter, easily supporting 10-12 sheep/ha. Spring
productivity of the same pasture raises to 100-160 kg DM/ha/day, giving enough
feed for 12 sheep/ha and at the same time allowing high seed production. The
excess spring production could provide an additional 100 days of grazing in
summer, thus carrying 12 sheep/ha for most of the year (Osman et al. 1990). But
this system is not easily adopted by local farmers (Nordblom et al. 1994), who
plant most of the fallow land available to continuous cereal or cash crops. Carter
also stated that over 20 million tons of forage DM could be produced under
irrigation, supporting an additional 26 million ewes or equivalent/year. But in
WANA countries irrigated forages are not in favor, because of the limited water
supply and better return obtained from irrigated cash and food crops.

All this can only mean that we should expect increasing pressure on the remaining
rangelands of WANA. Hence there is an urgent need to invest in rangeland and
marginal land rehabilitation with balanced technical and socioeconomic measures.

Conclusions

Small ruminant diets vary among agro-ecological zones according to seasonal
rainfall, local feed resources, and the way resources are managed. From early
summer through early winter, grazed residue of dryland and irrigated crops
provides much more feed than native pastures in spring.

Rangeland grazing, a free and therefore cheap feed resource, is highly unreliable
because of climatic hazards and extreme degradation. The data reviewed in this
paper demonstrate the diminishing contribution of rangeland and marginal land to
the small ruminant diet. The hypothesis that the presence of adequate feed on
arable land would induce a deferred grazing system, whereby the range and
marginal land would be allowed to set adequate seed and still be used for limited
grazing, has yet to be proven. Experience in the region tends to demonstrate that
feed increases on cropping land do not necessarily decrease the pressure on the
rangeland. Backup research on techniques and plant development, with strong
socioeconomic support and user participation, is essential, as is development of
low cost and reliable methods that rangeland users can employ.

Political decisions are needed to secure tenure of grazing rights while reducing the
amount of time spent grazing on the range and matching grazing pressure to
carrying capacity. This a major challenge with no simple answer. The arrangement
should consider both the national interests of conserving natural resources and
enhancing productivity, as well as the interests of range users, who are likely to
continue the migratory system to exploit crop residue in higher rainfall zones, and
the free seasonal pasture on the steppe—a clear example of crop-livestock—

rangeland integration by agro-pastoralists.
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Abstract

Most of the pastures in the central highlands of Turkey have been replaced by
cereals over the last 50 years. Mismanagement of the existing pastures by early
grazing and overstocking has resulted in severe degradation of pasture species.
This study is part of a multidisciplinary project that includes botanical and
socioeconomic surveys, improvement of village-based feed resources, and realistic
livestock feeding schemes that put limited feed resources to best use. The main
components of the project—farmers, livestock, and common pasture—interact with
each other in unpredictable and conflicting ways. Combined with objective
methods to diagnose village structure and the botanical state of the rangeland, a
participatory approach helps to broaden potential solutions to livestock feeding
problems by including land users, extension agents, and scientists in the dialogue
on natural resource use. Results of surveys and biodiversity studies in selected
villages are presented as prerequisite information for the initiation of a forage,
livestock, and range rehabilitation project.

introduction

In the central highlands of Turkey cereal agronomy techniques and levels of
production have significantly improved since the establishment of the Turkish
Republic in 1923. The development of cereal culture displaced common pastures,
a side effect of which has been increased environmental degradation. As a result,
many of the permanent pastures have been converted to cropped land in the last
50 years (Bakir 1971). This may not, however, be sustainable in the long term
because of severe water and wind erosion.

According to government statistics, the pasture area, which had decreased from
44.3 m ha in 1935 to 21 m ha in the 1970s, decreased still further to 12.4 m ha
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in 1991. Rapid increases in human population have encouraged the conversion of
pasture to cultivated land. Simultaneous increases in livestock have concentrated
more animals on a smaller area. This trend is not sustainable without the
development of feed resources such as forage crops to counterbalance the loss of
pasture to cereal cultivation, or without the rehabilitation and improvement of
marginal grazing land.

The mismanagement of pasture lands by overgrazing and overstocking has resulted
in a reduction in the number of pasture species. The rangeland is grazed from
early spring to winter. However, the ideal grazing season, which enables pasture
species to recover, is between 15 May and 15 September (Bilylikburg 1983a). As a
consequence of this extended use, the grazing capacity of the common land has
been dramatically depleted.

Socioeconomic constraints often restrict the sustainable use of common lands.
Because of traditional and excessive use, rangelands never reach their full
productive capacity, and farmers are not aware of the gains that could be obtained
by adopting better management techniques. Common ownership of rangeland
prevents land users from investing in improvements because there is no guarantee
that they will receive the benefits from the investment.

In the past, development projects on rangeland consisted of on-farm studies and
demonstrations of seeding, fertilizing, and feeding. The seeded pasture
demonstrations, initially accepted by villagers with great interest, failed because of
the relatively high cost of establishment and the subsequent mismanagement of the
pastures (Munzur 1989). Therefore, in 1995 the Central Research Institute for
Field Crops (CRIFC) of the Turkish Ministry of Agriculture and Rural Affairs
(MARA) and the International Center for Agricultural Research in the Dry Areas
(ICARDA) initiated a multidisciplinary research project on the management and
rehabilitation of village rangeland in three districts in Ankara Province.

The project has the following objectives: (i) to identify representative villages for a
participatory project; (ii) to increase feed resources through range rehabilitation
and the use of forage crops and perennial legume/grass mixtures; and (iii) to
develop feeding recommendations for livestock based on local resources and
practical livestock management techniques that will improve flock or herd health.
Highlights of this approach and the initial results obtained are presented below.

Methods

Description of the Study Area

The central highlands of Anatolia, comprising 13 provinces, contain about one
third of the range in Turkey, and are characterized by severe drought combined
with temperature extremes in both summer and winter, and average rainfall of
350-mm. The most important plant species are Thymus squarrosus, Artemisia
fragrans, Festuca ovina, and Poa bulbosa var. vivipara. Thymus and Artemisia
species are predominant, and grasses constitute about 40% of the vegetation (Bakir
1971). Biiytikburg (1983a) reports that pastures of the Anatolian central highlands
originally consisted of legume, grass, and other genera. However, due to
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continuous, heavy, and early grazing, the pastures have been invaded by weed
species with low nutritional value. High-quality legume species make up less than
1% of the plant cover.

Twelve million sheep and goats and approximately 2 million cattle depend on
these rangeland pastures for feed.

The project study area was divided into two distinct localities—plateau and
mountain. Three districts—Polatli, Kalecik, and Gubuk—were selected as a pilot
area in collaboration with the extension service of the Provincial Agriculture
Directorate of Ankara. From these districts, 14 villages were identified as potential
locations, two of which were finally selected for feed resource interventions:
Kargali in Polatli County and Gé6lkdy in Kalecik County.

Description of the study

The study focuses on a descriptive diagnosis of villages, current feed practices, and
the botanical composition of the rangeland.

Diagnosis of village structure

The first focus of the study was the whole village, followed by the collection of data
at the farm level to identify and describe the pilot area and associated constraints.

Preliminary survey with village leaders (muhtars)

Surveys were conducted in the 14 villages: six in Polatli and eight in Gubuk and
Kalecik. Details included the number of households and livestock owners, a
livestock inventory, the distribution of land and the area of arable and fallow, the
ratio of income derived from crop and animal production, forage crop production,
food and feed legume cropping, and the utilization of rangeland.

General Survey

A general survey, based on a pre-tested questionnaire, was conducted to learn
more about the individual users of rangeland and interventions which are feasible
for implementation at a village level. Factors such as farm structure (land size,
number of parcels, rotations, etc.), land tenure, farm income, dependence on
livestock, and interest in participating in fallow replacement, rangeland
rehabilitation, and livestock activities in the next stage of the project were
quantified.

Fifty four farmers from four villages on the plateau (Kargali, Seyhahmetli,
Yagcioglu, and Omerler) and 62 farmers from seven villages in the mountains
(Karaman, Sarikoz, Hacilar, Yukari¢avundur, Deliéren, Go6lkdy, Ahmetadil, and
Yenigbte) were questioned.

Farmers were questioned about components of livestock diets for each month of the

year. Feeding calendars based on the method of Goodchild et al. (1994) were
constructed.
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Blodiversity of Pasture Species on Range

Plants were collected in seven villages, with the location and habitat type recorded
at each site. Slope was estimated by eye, location was determined with a global
positioning instrument, and height above sea level with an altimeter.

The vegetation and its distribution were described for each site in a number of
ways. The general habitat type (meadow, rangeland) and dominant species were
recorded. Visual estimates were made of the percentage of vegetative cover and of
annual legumes and grasses. Aspect, i.e., the position of the hillside with relation
to the sun, was converted to a numeric value (0-7) with north=0, east=2,
south=4, and west=6.

Soil pH was measured with a test kit on a bulked sample taken from several places
at each site. Degradation of the land was described by assessing grazing pressure,
the amount of plant debris on the soil surface, and trampling. Each site was visited
twice, with approximately one month between visits. Herbarium specimens and
seed of legume and grass species were collected.

SAS was used to cluster the 23 locations, with Ward’s minimum variance
procedure, into four groups containing 7, 5, 5, and 6 sites. Clustering variables
included percentages of plant cover, annual legumes, perennial legumes, grasses,
woodland, and rocky outcrops. Slope (degree), soil pH, and aspect were also
included as variables. F-tests were carried out to identify variables contributing
significantly to the cluster analysis.

Results

Village Survey Resuits

There were considerable differences between the plateau of Polatli and the
mountains of Gubuk and Kalecik in terms of the amount of arable and fallow land
per household and the dependence on animal production (Table 1). There are
141 households in the plateau survey and 47 in the mountains. On the plateau,
about 84% of the households own livestock that depend on rangeland pastures. In
the mountains, 95% of the households surveyed depend on rangeland to graze
their animals, although there is a smaller area of rangeland per household than on
the plateau. The plateau villages have 21.2 ha of arable and 9.0 ha of fallow land
per household, compared with 8.7 ha and 0.7 ha, respectively, in the mountains.
Almost 45% of the arable land was left fallow in the plateau, compared with less
than 10% in the mountains.

The major crops in the plateau are wheat, barley, and sugar beet. Melon, cumin,
and onion are also important. Cereals are grown for home consumption in the
mountains, but are the mainstay of agriculture on flatter lands where mechanical
harvesting is easier. Food legumes are grown on 39 ha (0.3 ha/household) in the
plateau villages, but no feed legumes were found. The opposite was true in the
mountains, where vetch was found on 100 ha (2.1 ha/household) while only 4 ha
(0.1 ha/household) was used for food legumes.
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According to village leaders, livestock production contributes about three quarters
of the annual income in the mountains but only one third on the plateau. There
are twice as many small ruminants as cattle on the plateau and twice as many
cattle as small ruminants in the mountains (Table 1).

Table 1. Mean values from 14 villages (plateau and mountains) as
described by village leaders.

Characteristic Plateau (Polatli) Mountains (Cubuk, Kalecik)
Number of households 141.0 470
Households using range 119.0 400
Rangeland area (ha/household) 11.0 7.7
Stocking rate (AU'/ha) 4.1 1.2
Arable land (ha/household) 21.2 86
Fallow (ha/household) 90 0.7
Food legume sown (ha/household) 03 0.1
Feed legume sown (ha/household) 0.0 21
Cattlepvillage 225.0 345
Sheepvillage 2550 1011
Goats/village = <) 21
Percentage annual income: livestock b 71
Percentage annual income: crops 65 3

* AU = Animal Unit (500 kg live weight).

Table 2. Mean values for farm size distribution and livestock
herd size in 11 villages in the plateau and mountains.

Characteristic Plateau (Polatl)  Mountains (Cubuk, Kalecik)
Number of households 54 e
Land distribution (% of households)
No land 14.8 8.1
0-5 ha 0.0 354
5-10 ha 11.1 274
10-50 ha 59.3 29.1
>50 ha 93 0.0
Number of small ruminants
0 297 50.0
1-10 17 48
11-80 241 16.1
51-100 16.7 6.5
101-500 260 178
>501 18 48
Number of cattle
0 206 0.0
1-5 40.7 177
6-10 259 323
11-50 38 50.0
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General Survey Results

According to the general survey, the field size of the farm holdings varies in the
two areas. There are more landless farmers on the plateau (Table 2). More than
one third of the farms in the mountains are <5 ha, while there are no farms in the
0-5 ha class on the plateau. The average farm on the plateau is much larger than
in the mountains—more than two thirds of plateau farms are larger than 10 ha.

A third of the plateau households are crop farmers. Each household in the
moutnains has at least one cow, and half have more than two, highlighting the
greater dairy potential s, although 50% have no small ruminants (Table 2).
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Figure 1. Grazing calendars of small ruminants in mountains and plateaus of
the Turkish central highlands. Ingredients of diets are as reported by farmers:
each symbol represents 4% of the diet in each month. Upper-case symbols
denote hand feeding: C = cereal straw; B = barley; N = concentrates; V = vetch
straw; H = hay; X = wheat grain. Lower-case symbols denote that animals were

grazing: s = cereal stubble; m = meadow; g = pasture and rangeland.



Feeding Calendars

Small ruminants in the mountains are more dependent on rangeland, whereas—
not surprisingly—much more cereal stubble grazing was found on the plateau. On
the plateau, rangeland is grazed to some extent throughout the year, while in the
mountains grazing starts in March and ends in mid-November. Vetch straw is used
as a supplement in the mountains, while barley grain and concentrates are more
common on the plateau (Fig. 1).

Cattle depend on rangeland more in the mountains than the plateau, but in the
mountains their diet is supplemented by a more diverse feed mix, including hay,
vetch straw and grain, and smaller amounts of barley grain. Cattle start grazing on
rangeland at the beginning of April, one month after small ruminants (Fig. 2).
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Figure 2. Grazing calendars of large ruminants in the mountains and plateaus
of the Turkish central highlands. Diet ingredients are as reported by farmers:
each symbol represents 4% of the diet per month. Upper-case symbols denote
hand feeding: C = cereal straw; B = barley; N = concentrates; V = vetch straw;
H = hay; X = wheat grain. Lower-case symbols denote that animals were
grazing: s = cereal stubble; m = meadow; g = pasture and rangeland.
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Pasture Species Blodiversity on Grazing Lands

Plateau

Biodiversity was estimated at 910-1,200 m alt at 11 sites—sites 3-6 in Kargall, 7-
9 in Yagciogluy, and 10-13 in Seyhahmetli. Annual legume species include
Trigonella crassipes, T. monantha, T. astroides, T. monspeliaca, Medicago minima
and Pisum sativum. Perennial legumes such as Astragalus creticus, A. vulnerariae,
A. creticus, and A. lydius spp. are frequently found. However, perennial grasses
such as Bromus spp., Festuca spp., Stipa spp., Dactylis glomerata, and Agropyron
cristatum are more common. Artemisia, Euphorbia and Thymus species are found
at Kargall, and Euphorbia, Verbascum, and Thymus at Yagcioglu.

Mountains

Twelve locations were surveyed at altitudes between 1180 and 1790 m: sites 14—
18 in Golkdy, 20-22 in Hacllar, 23-24 in Sarikoz, and 25-26 in Karaman. Some
annual legumes, Medicago minima, Vicia villosa, and Trigonella spp., were
observed. The perennial legumes Onobrychis armena, Medicago sativa, and species
of Trifolium and Astragalus were common. Festuca, Bromus, Dactylis, Phleum,
Stipa, and Poa were common grasses. Associated species were Sanguisorba and
Euphorbia, and, less frequently, Lotus and Hedysarum spp. Low-growing thorn
bushes were also observed at site 18.

Cluster analysis

A canonical discriminant analysis was performed on the member sites within the
clusters to determine which quantitative variables were significant in creating the
groups (see F-tests in Table 3). In the present analysis, four clusters (Table 4) were
created, using percentages of plant cover, annual legumes, grasses, and degree of
slope. Cluster 4 contains the sites with the highest percentage of annual legumes,
high plant cover, and greater slopes. Cluster 3 contains sites with the highest
percentages of grass and plant cover. Cluster 2 includes the most degraded areas
with high slopes, and Cluster 1 is intermediate with low slopes.

Table 3. Mean, standard deviation, minimum, and maximum
values of parameters at sites of botanical surveys (n=23) and
their statistical significance in a cluster analysis.

Variable Mean  Std Dev Min Max P>F
Plant cover (%) 83.7 15.8 30.0 80.0 <0.01
Rocky outcrops (%) 11.0 10.3 0.0 400 0.23
Wooded (%) 54 55 0.0 200 082
Annual legumes (%) 42 59 0.0 400 <0.01
Perennial legumes (%) 88 6.4 0.0 200 0.56
Grasses (%) 448 127 30.0 800 <0.01
Slope (degree) 25.1 15.2 0.0 500 <0.01
Aspectt 36 24 0.0 80 047
Soil pH 8.1 0.8 6.5 9.5 0.81

'N,E, S, and W =0, 2, 4, and 6, respectively. Std. Dsv. = Standard deviation.
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Table 4. Means and significant differences for site characteristics
after separation into clusters using Ward's minimum variance
method.

Variable Cluster
1 2 3 4

Plant cover (%) 46.6° 35.6° 7.7 62.0°
Rocky outcrops (%) 13.0° 4.0° 9.0° 16.1%
Annual legumes (%) 1.6° 1.4° 3.2° 10.4°
Perennial legumes (%) 5.6° 8.1° 9.7% 12.5°
Grasses (%) 42.8° 39.3° 59.4° 39.4°
Slope (degree) 10.0° 34.2¢ 19.8° 39.4"
Aspect NSEW=0,2,4,6 2.7 4.3° 2.7° 4.9°
Soil pH 8.0° 8.2* 7.9 8.4°

Values within a row followed by different superscripts are significantly different (P<0.05).

Since in a small-project with a limited budget it is best to concentrate resources,
Golkoy and Kargali were chosen as representative villages because they contained
sites from all four clusters. Figures 3 and 4 show a schematic representation of

these villages.
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Figure 3. Schematic representation of Kargali and Polatli Counties, in the
central Anatolian plateau of Turkey.
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Figure 4. Schematic representation of Gélkdy and Kalecik Counties, in the
central Anatolian mountain region of Turkey.

Discussion

Thus, there are remnants of vegetation that could form the basis of a rehabilitation
program. Rehabilitation involves grazing management on sites with good plant
cover and botanical composition, phosphate fertilizer to encourage annual legumes,
over sowing, fertilization, and rest from grazing for the most degraded areas.

There are constraints to implementation of such programs. Livestock owners want
more feed from the range, but increased grazing results in less and less off-take,
degradation of the land, and a reduction in the number of plant species.

Questions remain. Is it possible to improve productivity and use of feed resources
in a sustainable manner under free access management of the resource? Is it
possible to conserve in a sustainable manner pasture resources that might
otherwise be lost forever? Past failures suggest that a new approach is needed to
rangeland rehabilitation. In the past, the full participation of farmers and
integration of feed and livestock production have been lacking. This problem must
be studied using an approach that combines socioeconomics and the management
of livestock and feed resources, including rehabilitation of rangeland, improvement
of permanent pastures, and inclusion of forage crops in rotations.
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Farmers in the mountains have much less arable land, and their dependence on
livestock and range is greater than farmers on the plateau. Vetch straw and grain
contribute significantly to winter livestock feeding (Figs. 1 and 2). The current use
of forage legumes in this farming system suggests an avenue for delivery of
improved forage legume varieties that are winter sown and more productive than
common vetch, such as Hungarian vetch (V. pannonica).

The small ruminant population is generally believed to have declined in the
central highlands by 30-40% since 1991. This may explain the low grazing
pressure—about 4.1 ha/AU on the plateau. In the mountains the stocking rate is
1.2 ha/AU, similar to that reported by Biiyiikburg (1993b). In the mountains there
are shifts in population that should be monitored for their effect on livestock
numbers, as young people move to cities and fewer older people are left to tend
the livestock. Shepherding is becoming a difficult problem and the raising of
livestock may decrease or become more specialized.

It appears that range species are less depleted in the mountains than on the
plateau, which could be due to fewer small ruminants, higher altitudes, and more
favorable climatic conditions. The results of the biodiversity study clearly indicate
differences in the pasture species in the two areas. Bakir (1971) reports that the
most predominant species of the common grazing lands of central Anatolia are
Thymus squarrosus, Festuca ovina, Poa bulbosa var. vivipare, and Artemisia
fragrans, all of which were observed. The density of annual legume species on the
plateau is very low, less than 1%, similar to the figure reported by Biiyiikburg
(1983b).

The botanical survey and classificaton of sites based on vegetation cover and
composition in the present study confirm that range degradation is not uniform.
The cluster analysis will help to classify the sites according to the degree of effort
needed to rehabilitate them. Less degraded sites could be used to start
rehabilitation programs.
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Discussion

M. Tahir: What are the reasons/factors responsible for reduction in livestock
production in Turkey during the last few years?

H. Firincioglu: The number of small ruminants has decreased 30-40% since
1991. The main reasons for this are because prices have decreased dramatically
and because farmers have shifted from small ruminants to big ruminants.

M. Saxena: Why these has been no adoption of feed legumes on the plateau?

H. Firincioglu: The farming systems are different in the two areas. The farmers
on the plateau grow barley over a large area. We are trying to introduce autumn-
sown vetch (narbon vetch) for fallow replacement because it is suitable for
mechanical harvesting. Labor-intensive interventions are rejected on the plateau.

T. Treacher: What success have you had in starting the participatory approach
to improvement of rangeland?

H. Firincioglu: So far we have conducted, as I said before, two surveys in the
target area. We explained about degradation of the rangeland, forage crops, and
livestock husbandry. The farmers were very interested in the ideas and we
convinced them to work in participation with us. We know that there are
difficulties. We acknowledge the studies conducted in the past, but we are
approaching the farmers differently. It is a multi-disciplinary, systems approach
consisting of farmers, researchers, and extension agents. The key point is that there
must be full participation from farmers, extension personnel, and researchers.
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Abstract

Lamb fattening trials on common vetch were conducted on the ICARDA research
station for 13 years in two trials (the first from 1980 to 1983, the second from
1987 to the present) and on vetch and chickling in northwest Syria (from 1987 ®
1992). The objective of the experiment was to assess the value of introducing
legume crop rotations into wheat- or barley-based farming systems in northwest
Syria, and of using forage legumes to fatten lambs. Weaned lambs were grazed in
spring until the pasture was consumed. Average rainfall was 339 mm/yr at the
research station. Thirty six lambs/ha were grazed for an average of 42 days,
resulting in a mean daily gain of 196 g and a live-weight production of 263 kg/ha.
In the farm trials, the average rainfall was 275 mm/year. Forage legumes supplied
33 days grazing at a stocking rate of 33 lambs/ha, resulting in mean daily gains of
184 g and a live-weight production of 196 kg/ha. Lamb fattening on forage
legumes provides several benefits. The plants add nitrogen and organic matter w
the soil, and a rotation with cereals gives farmers a solution to the problems of
cereal monoculture. Grazing avoids the difficulties and expense of harvesting
forage legumes and, because the plants are grazed earlier (when green), leaves
more water in the soil for the subsequent cereal crop.

Iintroduction

Pressure on agricultural land is forcing farmers in parts of West Asia to use
monoculture rather than the traditional cereal-fallow rotation (Jones and Singh
1995). Programs to encourage the growing of annual forage crops on fallow land
started over 50 years ago in North Africa, and more recently in West Asia. Research
shows that forage legume crops increase organic matter and total nitrogen in the
soil (White et al. 1994), increase the production of feed for ruminants, and result
in only small reductions in yield in the cereal phase of the rotation (Nordblom et
al. 1992, 1994).

On-farm testing of forage legumes, such as common vetch (Vicia sativa) and

chickling (Lathyrus sativus), is an essential step in attempts to get farmers to adopt
these crops in West Asia. At the same time, it is important to confirm the
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information flowing from on-station studies in on-farm trials. On-station and on-
farm trials starting in the early 1980s at ICARDA have shown the potential of
forage legumes grown on fallow land (Thomson and Bahhady 1995a, 1995b;
Thomson et al. 1992, 1995), and confirmed that livestock can be integrated into
such trials.

Common vetch and chickling were included in on-farm testing because of their
high digestibility and high daily intake of dry matter in the green stage: reaching
2.4 and 2.1 kg/head/day in pen-fed animals (Table 1). In addition, forage
legumes have dry matter digestibility values above 75% prior to flowering, and
high daily live-weight gain. These gains were, however, exaggerated due t
positive gut-fill adjustments (Table 1). When common vetch was fed at the green
stage and compared with other vetch species, it registered higher intake and
digestibility compared to the other forages (Table 2). By comparison with lambs
grazing forage legumes, lambs fed on concentrate feeds averaged 0.23-0.25
kg/day gain using barley with various amounts of soybean and cottonseed meal
(Thomson and Bahhady 1986).

Table 1. Ad libitum intake and live-weight changes of Awassi
sheep offered fresh herbage of forage legumes.

Barley  Vetch Pea Chickling  SED!

Daily intakes (g)

Dry matter 1954 2411 506 2080 3202

Met. energy (MJ) 193 25.6 47 22 358
Digestibility (%)

Dry matter 68.7 768 63.6 76.1 294

Live weight change gg)* 309 395 -210 383 112.9

' Standard error of difference.
! Subject to gutfill changes.
Adapted from Thomson (1985).

Table 2. Ad-libitum intake and live-weight changes of Awassi
sheep offered common vetch (CV), narbon vetch (NV), and

woolzgod vetch (WPV) harvested at gre-ﬂowerlng.

cv NV WPV SED!
Daily intakes
Dry matter (g) 1599° 1351° agyt 159.9
Met. energy (MJ) 17.8° 14.7° 4.1° 1.83
Digestibility
Dry matter (%) 81.3° 77.2® 75.3 208
AD fiber* (%) 72.8° 64.6° 62.7° 374
Daily gains (g)* 71° 24° -28° 33.1
! Standard error of difference
* Acid detergent fiber.

' Subject to gut-ill changes.

Means followed by different superscripts are statistically different (P <0.05) within each row of
means.

Source: after Thomson et al. (1986).
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At least two distinct generations of on-farm trials have been conducted using forage
legumes during the life span of ICARDA in Syria. The first effort consisted of
several on-farm, scientist-managed trials over six years in Breda (Thomson et al.
1992). Critical appraisal towards the end of these trials indicated that greater
farmer involvement was desirable. For this reason, a new project started in the
district of El Bab.

The new project had the following objectives:

e To use on-farm trials to compare the output of grain, straw, and feed energy
from a traditional barley-fallow rotation with barley-barley and barley—forage
rotations.

e To compare the benefit of applying nitrogen during the barley phase of the
rotation, and to determine if the response changed following legumes, fallow,
or barley.

e To assess the growth of lambs grazing the forage crops.

e To monitor the opinions of farmers towards the new technology and its
adoption potential.

This paper focuses on the growth of lambs grazing forage legumes.

Project Background

A baseline survey was conducted in El Bab area in 1983 (Tully 1984). It indicated
that about half of the cultivable land was in a barley-fallow rotation. Moreover,
almost no legumes were grown on the shallow (<40 cm) and stony soils covering
roughly the southern half of El Bab district, where annual rainfall is 250-300 mm.
In the northern half of the area, where there are deeper soils combined with
higher rainfall, 9% of the land was sown to lentils, chickling, and vetch.

Many changes have taken place during the years since the 1983 survey, the most
worrying being the widespread replacement of the barley-fallow system with
continuous barley cultivation. This change is related to several factors. The first is
the need to provide alternative sources of feed because of the loss of cultivable and
grazing lands to olive and fruit tree plantations and land degradation. Second, the
multi-purpose nature of barley makes it attractive to farmers and difficult t
replace. It provides green grazing in spring; it can be conserved as grain and straw
for winter use; stubble can be grazed after harvest; and in bad years the barley can
be left as a standing crop for later grazing by sheep. Finally, availability of tractors
and combine harvesters makes it easier to plant and harvest larger areas. Flock
owners in El Bab utilized the steppe in the past, but nowadays they remain in
their villages. With almost no weeds on fallow land for grazing, more sheep and
goat flocks are concentrated on the remaining communal village pastures, leading
to more overgrazing.

Most farmers in the area are now aware of the connection between barley
monoculture and a disease in which plants develop normally but bear no grain at
maturity. The farmers call this problem Abou Alouwei. Pathologists are working ©

53



identify the problem, and the lack of a solution has awakened farmers to the
advantages of rotation. :

At the time of Tully’s survey it was not anticipated that the barley-fallow system
would be replaced by barley monoculture in the short span of 10 years. The survey
recommended that forage legumes be grown on the fallow land to provide
additional animal feed. However, the main agronomic and economic problems
associated with these legumes were appreciated. These included high start-up
costs due to expensive seed, and the view that high seeding rates were needed for
a successful crop (180, 150, and 120 kg/ha for chickling, vetch, and lentil,
respectively). Yields were generally low, approximately 0.4 t grain and 1.0 t
straw/ha, and variability in yield was high. Moreover, a brief period of time was
available for hand-harvesting the legumes, after which they shed both leaf and
seed. Successful harvesting necessitated a concentrated mobilization of 10-15
laborers/ha at a time when the lentil crop was also being harvested.

In the earlier project in Breda, farmers preferred to use the crop as seed and
straw, rather than as hay or for grazing (Thomson et al. 1992). The reasons for
this were: the high cost and poor availability of seed; the need for straw t
decrease winter feed deficits; the difficulty of making hay (Rihawi et al. 1987);
and the lack of machinery.

A new survey was conducted in El Bab with a view to gaining an updated and
comprehensive view of the farming community in general, and to compare the
innovative farmers in the project with their neighbors.

Materials and Methods

On-station Lamb Grazing Trials

The first experiment on lamb growth took place on the Tel Hadya research station
from 1980 to 1983. Unreplicated plots of 2 ha on shallow soils (10-20 cm) were
tilled with a duckfoot cultivator and drilled at a seeding rate of 120 kg/ha.
Common vetch was grazed by lambs to compare a traditional barley-fallow system
to an alternative barley-vetch land-use practice (Thomson and Bahhady 1995a,
1995b; Thomson et al. 1995).

The second experiment on lamb fattening took place between 1987 and the
present. In this experiment, vetch was rotated with wheat, with plot cultivation
and vetch seeding rates as mentioned above. Soils were deeper (<40 cm) at the
on-station location.

On-farm Project Site and Farmer Participation

The on-farm project started in October 1986 and ran through to the 1991/92
season in villages near El Bab. Farmers were selected based on their interest but
also on their ability to adapt the ideas coming from the ICARDA on-station trials.
Owning sheep was an obvious requirement. The experiment was replicated on six
to eight farms, and the plots were located on shallow (<20 cm) soils, although
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some sites had medium (20—40 cm) and deep (>40 cm) soils. Farmers were given
the option to use the forage legumes as they wished. Results in this paper are
based on three to five farms that used the grazing option between 1987 and 1992.

On-farm Land Preparation, Sowing, and Fertilization

Ducksfoot cultivators on tractors belonging to the farmers, or hired and farm labor,
were used to prepare the land and sow the crops. If farmers wanted lambs to graze
the forage, they sowed 160 kg/ha of uninoculated forage legume seed. If they
chose to use forage legumes for seed and straw, they sowed 140 kg/ha. The latter
option was preferred on deeper soils. Local landraces of vetch and chickling were
used, sown by drill. All fertilizer was applied in the barley phase. Triple super-
phosphate was hand-broadcast depending on the phosphorus status of the soils,
measured at the start of the season. Soils with more than 15 ppm were not
fertilized; soils with 6-10 ppm were given 14.4 kg P/ha, and soils with less than
6 ppm were given 28.8 kg P/ha.

Crop Rotations and Trial Management

The on-farm project compared fallow or barley with common vetch or chickling in
rotations with barley. On each of the farms, rotations were established on about
four hectares, half sown to feed legumes, continuous barley, or left fallow, and half
sown to barley each year. Harvest operations were managed by the farmers in both
forage and cereal phases of the trial.

On-farm Grazing Management

Vetch and chickling plots were both grazed by a single group of lambs on the farms
that chose the grazing option. Forage was fenced and grazing started between mid-
March and early April, depending on the season. Stocking rates were between 20
and 30 lambs/ha, depending on the farm. Lambs received a daily supplement of
300 g barley grain.

Experimental Design and Statistical Analysls

Each farm included both a cereal and non-cereal phase of the rotation in each year.
Farms were considered a blocking factor. Analysis of variance and regression
techniques were used to predict lamb off-take as a function of annual precipitation.

Survey of 100 Farmers in El Bab

To update our knowledge on a broader segment of the farming community of El
Bab, we surveyed 100 farmers to assess the applicability of our results. The area
surveyed is a 250-350 mm rainfall zone in the El Bab district in northeastern
Aleppo Province, an area known to be typical of integrated barely-livestock farming
systems. Households were selected by a two-stage stratified sampling process. The
study area consists of 106 villages, from which 20 were randomly selected. In each
of these villages, 10% of farmers, with a maximum of 10 from the large villages,

55



were randomly selected, using two separate lists of names based on a
representative ratio of farmers haying land with some supplementary irrigation
versus those who had only rainfed land. The total sample included 43 farmers
with some supplementary irrigation and 57 rainfed farmers. Single visits to
farmers to solicite answers to a standardized questionnaire covering qualitative and
quantitative information about the farming system took place in April 1995.

Results and Discussion

Results of the on-station and on-farm trials are shown in Tables 3 and 4. They are
quantitatively better than what was achieved on the farmers' fields for two reasons.
First, the rainfall was better, averaging 339 mm instead of 275 mm per year.
Second, the deep soils of Tel Hadya have much better water-holding capacity,
permitting better forage growth. In El Bab, the areas with deeper soils are usually

planted to higher value crops or, if forage legumes are used, they are grown to
maturity for seed and straw.

Table 3. Growth rate and feed conversion ratio of male lambs
offered diets containing barley grain, and different proportions
of soybean and cottonseed meal during a 70-day period.
Soybean:Cottonseed ratio
100:0 67:33 3367 0:100 SED!

Feed conversion ratio* 46 47 46 47 0.64
Number of lambs 8 9 9 9

Initial live weight (kg) 285 248 231 23 1.19
Dailx gain {s)] 249 228 242 229 24

! Standard error of difference.
* kg feed DM per kg daily gain.
Source: after Thomson and Bahhady (1986).

Table 4. Performance of lambs grazing forage legumes between
1980-1983 and 1987-1995 Tel Hadya.

1980 1981 1982 1983 1987 1988 1989

Rainfall per year 450 372 338 34 358 504 234
Grazing days /4 61 70 56 31 43 S
Number of lambs/ha 20 16 7 30 68 30 50
Daily gain (g/lamb) 255 238 151 188 144 249 200
Live weight (kg/ha) 139 232 260 310 280 322 250

1990 1991 1992 1998 1994 1995 Mean SD
Rainfall per year X33 287 352 277 373 200 339 75
Grazing days ! 44 42 38 K 49 42 13
Number of lambs/ha 30 30 40 2] 52 36 36 14
Daily gain (g/lamb) 25% 182 208 174 150 185 196 40
Live weight (kg/ha) 219 240 350 261 274 2713 263 50
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Data from the first four years were from unreplicated plots on shallow soil (10-20
cm). Results from 1987 to 1995 are averages of three replications, all of which
were located on deep soils (>40 cm). No supplemental feed was offered to lambs.

In both on-station experiments, it was found that grazing should be initiated at an
early stage of vetch growth with high lamb stocking rates of 20-30 head/ha. This
practice requires common sense, a consideration of the climatic conditions in each
year, and proper estimation of the necessary grazing pressure and timing of
grazing. The recommendation is to begin grazing when the vetch reaches a height
of about 15 cm, a stage of growth that generally occurs between mid-March and
early April.

High stocking is designed to consume the vetch in an efficient manner. If grazing
starts too early the leaf area of the crop is limited and maximum productivity is not
achieved. If grazing starts too late the forage is trampled and wasted. These
practices were later extended for use in the on-farm trials.

Table 4 shows the average lamb live-weight gains obtained while grazing forage
legumes over a period of six years on three to five farms. Although the vetch and
chickling were not grazed individually, farmers reported that chickling was chosen
before vetch by lambs grazing in the plots.

The grazing of lambs on forage legumes fits nicely into the forage calendar in El
Bab area because it provides high quality feed following weaning. Lambs averaged
a growth rate of 184 g/day. By weaning lambs early and grazing them on forage
legumes and having ewes on natural pasture (supplemented by straw and barley
in bad years), the farmer can sell more milk products.

Regression analysis was used on the relationship and fit between lamb off-take and
rainfall for on-station and on-farm results (Fig. 1). Both quadratic and linear
models were used to describe the relationship between off-take and rainfall. The
best results were obtained using a linear model (R*=75%). The effect of rainfall
was significant (P <0.01), but location (farm versus station) was not (P = 0.08). If
the additional on-station results from 1993 to 1995 are added to the comparison, a
significant difference is detected between the slopes of the line in Figure 1.
Therefore, each of the predicted lines was plotted. The flatter slope of the line at
Tel Hadya reflects the higher moisture-retaining ability of the deep soils on the
station, in that more off-take was achieved when rainfall was lower at Tel Hadya.

One drawback to the direct comparison between on-farm and on-station results for
1987 to 1992 is that animals were fed 300 g/head/day of barley in the on-farm
trial. This amount of barley contains sufficient energy to meet maintenance
requirements for a 20 kg lamb and falls to 74% of maintenance requirements for a
35 kg lamb (Goodchild, personal communication). Therefore, even though lambs
were supplemented in on-farm trials, the live-weight gain was supplied by the
forage legumes they grazed. Conversely, vetch grazed on-station provided all the
nutrients needed for both maintenance and growth.
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Figure 1. Relationship between lamb off-take and yearly precipitation on-

station (triangles) at Tel Hadya (339 mm average annual rainfall) and on-farm
(circles) in El Bab area (275 mm average annual rainfall).

Results of the 1995 Survey

The 1995 survey in El Bab district shows that the farms in this study are generally
larger and have more sheep than the average for the area (Table 5). The survey
also shows that 72% of El Bab farmers no longer use fallow; 61% of respondents
said they stopped fallowing their land less than ten years ago. A significant
proportion of the farmers (46%) said they need the land that was fallowed to grow
more barley, and 30% said that fertilization makes it unnecessary to have a fallow
phase. The percentages of land used for barley, forage, and fallow for the farmers
in the El Bab study are shown in Figure 2. The results suggest that they are fairly
typical of the broader trend toward increased barley cultivation and minimal
dependence on fallow.

Table 5. Performance of lambs grazing forage legumes between
1987 and 1993.

1987 1988 1989 1990 1991 1992 Mean SD
Rainfall/year 62 465 201 X7 275 240 25 8
Grazing days B 48 24 31 40 21 3 9
Number of lambs/ha 0 39 2 36 37 S 3B 5
Daily gain (g/lamb) 210 172 139 186 177 217 184 26
Live weight (kg/ha) 200 324 104 208 209 107 196 76

Data are averages of five farms, all of which had shallow soils (<20 cm). Lambs were
supplemented with 300 g/day barley grain.
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Six farms in the El Bab Area of NW Syria
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Figure 2. Percentage barely, forage, and fallow use on six farms that
participated in vetch grazing trials in El Bab.

The formerly fallowed land was mostly sown with barley, and 52% of the farmers
grew no legumes at all. However, 26% of farmers surveyed had started growing
legumes in the past five years. For the 48 farms that did grow legumes, the three
species reported were lentl, vetch, and chickpea (65, 15, and 12% of
respondents, respectively). When asked if they grow less legumes now than in the
past, 83% said they increased or kept the same area, while 17% said they
decreased the area, the main reason being the increased labor cost for hand-
harvesting.

When asked about the main problems in animal production, the three most
common answers were: lack of natural grazing land (23%), high cost of purchased
feed costs (22%), and inability to find shepherds (18%).

Today in El Bab, continuous barley cultivation is recognized as the cause of yield
reductions due to disease and pests, and crop rotations are known to be a solution.
The northern part of the area surveyed in El Bab receives >300 mm rainfall, and
lentil can be grown there, but the southern half receives <275 mm and is only
suitable for chickling or vetch. In this area, grazing is a suitable option because the
crop is exposed to much less risk of spring drought than a crop grown to maturity.
The grazing option does not necessitate rolling or mechanical harvesting; however,
it does require the farmer to purchase new forage legume seed and find someone
to shepherd the sheep.
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The grazing option is also useful when growing legumes on shallow soil. There are
several reasons for this: (i) grazing eliminates the need for weeding, and this is
important in El Bab where there are no selective herbicides available for
elimination of broadleaf weeds in forage legumes; (ii) grazing eliminates the need
for hand-harvesting a mature crop; and (iii) grazing the legumes prior to normal
maturity is less risky than the mature crop option. Extension workers could try t
introduce low-cost electric fencing that can be taken to and from the field with the
sheep, thereby reducing the need for a shepherd.

The use of forage legumes for seed and straw will not be widespread until
inexpensive and efficient mechanized harvesting methods are available to avoid
the high cost of hand labor. Farmers are now experimenting with a cutterbar
mower to cut the forage legume stem close to the ground, after which the crop is
gathered from windrows for threshing at a convenient location. Even mechanized
harvesting, however, will face problems: in dry years plants are short, resulting in
poor recovery of straw; in wet years the forage legumes tend to lodge, effectively
doubling the time necessary to cut because cutting can only be done opposite the
direction of lodging.

Research can contribute to the solution of some problems. Non-shattering varieties
of forage legumes with drought and cold tolerance, early maturation, less leaf drop
and higher harvest index contribute to increasing farmer interest in forage legumes
(Abd El-Moneim et al. 1988; Abd El-Moneim 1993). In addition, scientists are now
designing a box that attaches to the cutterbar, catches the forage, and drops it in
piles to further simplify harvest.

As far as is known, forage legumes have not previously been grown in this area.
Indeed, the trials include several non-traditional practices. For example, Tully
(1984) reports that threshing is generally a problem because the owners of
threshers are usually geared for the harvest of barley, and forage legumes require
a different threshing calibration and speed. Now that legumes are more commonly
grown, the skills and experience of the operators has risen, and the locally
available machines have improved in design and efficiency.

Returning to the survey: farmers were asked if they would be interested in
growing forage legumes in rotation with barley, with ICARDA's assistance. Only
30% were interested. Of all comments elicited from those who were positive, a
third said their soils were too shallow for forage legume cultivation, another third
said their farms were too small and they needed the area for barley, and the
remainder said they would try forage legumes as an experiment if cheap seed and
a cutterbar were provided.

There is a role for forage legumes in El Bab, mostly because farmers need a rotation
to arrest the cereal yield decline on barley fields that are being cultivated
continuously. An economic analysis of lamb grazing is not a part of this paper, but
is a subject of future interest. A whole farm model from ICARDA (Nordblom et al.
1992, 1994) can be used to compare the profit of forage legumes for seed and
straw versus forage legumes used for lamb fattening. We also wish to assess the
economic benefits of mechanical harvesting compared to grazing the crop while
green. These efforts must be evaluated over both phases of the rotation and in the
context of other resource use on the farm.
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Discussion

A. Lahlow-Kassi: I am concerned about the comparison made between on-station
and on-farm in terms of explaining the difference. Off-take is due mainly to

rainfall. The genetics of the flocks, the disease encountered, explain the major
differences.

S. Christiansen: Your concerns are pertinent. However, let me say that the Tel
Hadya flock is not selected for high performance, so it should be representative of
the general situation in El Bab. Perhaps you are right about diseases, because our
management on-station would make a difference in the comparison. Nevertheless,
the results of 13 years on-station and six years on-farm rate the regression of off-
take versus rainfall at an overall R®=75%. We mentioned that barley was fed on-
farm, and that this should be considered in the interpretation of results. We still
feel the paper presented useful information.

A. Goodchild: What is the maximum proportion of the farm that is needed
provide vetch grazing for the lambs produced by the ewes kept on that farm?

S. Christiansen: The area will depend on the farmers’ strategies. Some receive
considerable income from taking lambs to market early. Vetch grazing for ewes can

increase milk production. It also help ewes conceive earlier and produce more
lambs.

The area depends on the farmer strategy and diversification of activities. It
depends on the area of land available and the size of the flock. It depends on
whether the farmer depends on livestock as a main source of income or whether he
uses livestock products for family consumption. It also depends on whether the
farmer has off-farm sources of income.

M. Ayyadi: Did you carry out economic analysis for this trial?

S. Christiansen: These results have not yet been subjected to Dr Thomas
Nordblom's whole-farm linear programming model. However, we are in line t
receive some attention from Tom's group. The LP model has been developed on the
Tel Hadya station, and we would now like to validate the results on-farm. The
model does easily accommodate various options for forage legume utilization, such
as vetch used for hay versus vetch for seed and straw, versus vetch grazed by
lambs. This is a good question and focuses on the need to put the results of this
paper into the overall economic setting of farms in El Bab.

A. Al-Rawi: The regression coefficients of lamb off-take on amount of rainfall is
higher for on-farm than on-station. What is the reason for that?

S. Christiansen: The main differences for the two lines shown in the figure
dealing with regression of lamb off-take versus rainfall are related to greater
rainfall and deeper soils at the Tel Hadya on-station location.

E. Ahmed: What were the criteria used in choosing your farms?

S. Christiansen: In 1986 the farmers were chosen because of their interest in
working with ICARDA. I did not contact the farmers against the results shown in
the 1995 survey because of lack of time. However, when you look at the survey
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results you will find that two farms were considered small, two medium, and two
large in terms of land size and sheep flock. Overall averages are distorted upwards
because of the two large farmers. Our methods now attempt to be more systematic
in assuring that our selected farmers adequately represent the farmers in the target
zone.

Y. Sweidan: What is the reason for the gap between the live weight of lambs on-
farm and on-station? Is there any new technology applied on-station?

S. Christiansen: If you recall the figure that showed the regression of lamb off-
take in kg/ha versus annual rainfall (mm), you will notice that the lines tend ©
converge at higher values of rainfall. This is an accurate reflection of vetch growth
on-farm (where the soils were shallow) and on-station (where the soils were
deep). This means that when 250 mm falls at Tel Hadya, it is used more efficiently
in creating forage dry matter because of the greater moisture-holding capacity on
the Tel Hadya soils. Also, variability of rainfall within a season is more damaging
on-farm, where the soils are shallow.

E. Thomson: It is important to highlight the term “common sense” used by
Christiansen. This implies how difficult it is to define stocking rates for a particular
situation. This is also true of rangeland situations.

S. Christiansen: I'd like to add that not all lambs are born and weaned by the
time vetch is ready to graze. Some times we start with 20 and increase to 30 or 40
lambs, depending on the number weaned and the growth of vetch in the field.

A. Mohamed: What system of grazing did you use and when did grazing start
on-station?

S. Christiansen: We started grazing between mid-March and early April,
depending on the rainfall and temperature affecting growth of vetch each year.
The lambs are grazed in groups of 20 to 30 head, depending on how many are
already weaned in the flock.

A. Salman: Is it better to use forage legumes as hay rather than grazing directly
by the animals?

S. Christiansen: Over 15 years of work at Tel Hadya in Syria, we have found
that hay is often spoiled by rainfall in April and the equipment for making hay is
not generally available in the region. We would say that the choice of grazing
versus harvesting vetch when mature depends on the needs of the farm. It would
be wise to have both options on the same farm so as to fatten lambs by weaning
them early. Mature seed and straw can be saved for winter to decrease costs
associated with purchase of supplemental feeds from the market.
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Crop-Livestock Integration Through
Better Use of Feed Resources In
Tunisia

Ali Nefzaoui
Department of Livestock and Forage Sctences,
INRA Tunisia, Artana, Tunisia

Abstract

The growing demand for cereals, for both human and animal consumption, pushes
crop cultivation into the rangelands, resulting in the plowing of more and more
marginal land every year. Livestock production systems are extensive and
diversified, but are fragile and suffer from feed gaps. Competition between
cultivated and grazing land, farmers and livestock owners, continuously increases,
bringing with it considerable friction, as well as change in the production system.

Of some 376,000 farms in Tunisia, 229,910 raise livestock. The breeder ratio
increases with farm size (43% of small farms do not have livestock). More than
73% of large farms have livestock. The large breeders are located mainly in the
northern part of the country. Sixty three percent of cattle are located in the north,
58% of sheep are located in the central part of the country, as are 55% of goats.
The mixed (sheep and goat) flocks are located mainly in the center. In the south,
flocks are more specialized: only 16.6% of flocks are mixed.

In the past it was thought that cereal and livestock production were incompatible
in the Mediterranean basin. It was also supposed that pastoralists were the
enemies of farmers, who were mainly cereals producers. However, under favorable
climatic conditions, agreement is found between farmers and transhumants. But
under unfavorable climatic conditions (drought), conflicts occur frequently.

There are two levels of crop-livestock integration. At the macro-level, the
integration of livestock has not been a great success. Livestock contribution to feed
resources remains below 20%. At the national level, statistics indicate that the
contribution of pasture and rangelands is decreasing dramatically, while the
contribution of cereal grain, straw, and crop residue is increasing.

At the farm level, success stories of livestock—crop integration are limited. Cereal
producers are not livestock owners, nor are forage crop producers always livestock
owners. Moreover, most small ruminants are on farms with limited forage crops.
Existing integration is mainly based on the need to make better use of feed
resources, especially barley cropping (green forage, grain, straw, and stubble).

For all these reasons barley-based systems are predominantly animal production
systems. Dependence on barley is increasing; as fallowing is reduced, cultivation
encroaches on grazing lands and the remaining rangeland is over-exploited.
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Barley cultivation has increased significantly during the last 30 years (Fig. 2). This
increase is not only explained by the area increase (40%), but also by increased
yield (average yields were 5.6 q/ha for 1971-1977 and 11 g/ha for 1991-1993).
Most of the barley produced and/or imported is used for animal feed. The amount
of barley consumed by humans is in constant decline (4.3 kg/person in 1980, 2.6
kg/person in 1990). Barley is produced mainly on small farms (50% of the total
barley area is on small farms, and 30% on medium farms).

In most arid and semi-arid areas where barley and sheep are in a mixed farming
system, fodder by-products from cereal (stubble, fallow, and straw) represent the
largest resource in quantitative terms and also have the best seasonal availability.
Therefore, any future reduction of cereal area in the marginal zones will
immediately diminish the feed bank for livestock.

Is there an alternative to this situation? Fallowing as a global strategy is based on
improved practices for barley production, fallow replacement with legumes, the
improvement and protection of natural grazing, and efficient residue utilization.

General Description of Current Agricultural
Activities

Agriculture in the Mediterranean basin is characterized, outside the irrigated
areas, by dryland cereal production, orchards and vineyards, and small ruminants,
based mainly on rangeland. The increase in human population has raised the
demand for meat, milk, and cereals. An increase in the sheep population has
resulted from favorable ratios between the prices of sheep meat and cereals, but
the growing demand for cereals for both human and animal consumption has
resulted in the cultivation of more and more marginal land every year (Boutonnet
1989). Major degradation has resulted from increased grazing pressure on the
remaining rangelands.

Until the end of the last century, well-defined territories were assigned to different
tribes. More recently, marginal lands have been under pressure from a number of
social and economic developments, including growth in the agricultural
population, changing definitions of cultivated and grazing land, and friction
between farmers and livestock owners.

Livestock Production Systems

Livestock production systems are extensive and are based largely on marginal
lands. Productivity is low and the systems are not very profitable, partly because of
the use of breeds which are less productive but well adapted to the environment,
which have persisted for many centuries. A large variety of feed resources is used,
including grassland, shrubland, forest, pasture, stubble, fallow, wetland, lowland,
and upland. The resources are more limited in arid areas. Farm income in semi-
arid Mediterranean areas is derived from cereals, vines, fruit, and livestock,

making the system very adaptable to changing environmental and economic
conditions.
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There are two major forage gaps due the Mediterranean climate. One is in winter
for about 2-4 months, when plant growth is inhibited by low temperatures, and
the other in summer for about 3-6 months, when high temperatures and lack of
moisture result in the drying out of herbaceous plants (Papanastasis 1993). The
systems are now fragile because of the increasing use of animal supplements,
leading to increased production costs. The majority of these systems collapse, and
farmers move to urban centers, thus depopulating the rural areas.

The Livestock Sector In Tunisia

Table 1 summarizes the general characteristics of the livestock sector. There are
376,000 farms, of which 229,910 (61%) have livestock. Forty three percent of
small farms (<5 ha) have no livestock, whereas more than 73% of large farms
(>50 ha) have livestock, with an average of 76 livestock units (LSU).

Table 1. General characteristics of livestock in Tunisia 519862.

Farm size Small Medium Large
(0-20 ha) (20-100 ha) (> 100 ha)
Number of farmer/breeders (1000) 191 354 35
Total arable land (1000 ha) 1165 1400 862
Available rangelands (1000) 1180 1609 576
Livestock (1000 and % of total)
Cattle 4154 (665) 113.7(182) 95.2(15.3)
Sheep 2797 (51.7) 1753 (32.4) 859 (15.9)
Goat 618 (59) 364 (34.8) 64.8 (6.2)
Average size/farm
Arable land 6.1 39.6 244
Rangelands 6.2 455 163
Cattle 22 3.2 74
Sheep 14.6 495 243
Goat 32 10.3 18
Livestock percentage (SBU) 54.9 276 175
ha/SBU ratio 28 71 53
Average size (SBU) 44 11.9 76

Table 2 shows that 63% of cattle are located in northern Tunisia; 58% of sheep
and 55% of goats and mixed flocks are located in the center of the country. Flocks
in the south are usually of one type, with only 17% mixed.

Table 2. Number of livestock owners bz livestock and reﬂon.

North Center South Total
Cattle 57950 32740 790 91490
Sheep 53240 113380 28500 195300
Goat 17700 51310 24330 93340
Mixed livestock 28070 79430 7620 115120
Mixed livestock (%) 2 67.3 16.6 43.3

Source: Sarniguet et al. (1994).
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It is generally assumed that the number of small sheep flocks has decreased
because of a shortage of feed resources. In fact, a survey in 1993 shows that the
number of sheep on small farms is increasing (Table 3).

Table 3. Percentage of sheep according to farm size.
0-20

Farm size (ha) 20-50 > 50
Percentage of sheep (1980) 499 224 277
Percentage of sheep (1993) 54 19.9 26.1

Source: Sarnigust et al. (1994).

Livestock-Cereal Crop Relationship

It has often been suggested that cereal production and livestock are incompatible in
the Mediterranean basin (Kayser 1992). In reality, the situation is more
complicated, as the farmer is often a livestock owner, and animals play a key role
in the farming system.

Crop farmers and livestock owners compete for space (Kayser 1992). If climatic
conditions are favorable, there is no problem, as livestock provide organic fertilizer
for poor soil, and income by renting fallow. During drought, conflicts occur
frequently as feed becomes scarce and animals cause damage to crops and compete
with the farmers’ livestock for the meager grass.

integration of Crops and Livestock

Integration at the regional level has had limited success for several reasons.
Rainfed forage crop production has not succeeded. The cultivated area has
remained constant in the last 15 years. Its contribution to animal feed is about 10%
(Fig. 2, Table 4). Increasing forage production from irrigated areas is only
practiced on state farms and by some a few farmers for summer forage crops of
sorghum and maize. Although irrigation has been extended to increase fodder
production, farmers have opted for tree crop production for economic reasons.

National statistics show that the contribution of pasture and rangelands to the feed
calendar is decreasing dramatically (<30% during the 1990s), while the cereal
grain, straw, and crop residue contribution in general is increasing (Table 4).

Successful integration of crops and livestock is rare in Tunisia. Production systems
where cereals predominate are complex, and even if both crops and livestock
belong to the same farmer, the production objectives are different. Integration is
limited for a number of reasons. On the large farms of Beja and Kef, the cereal
producers are not livestock owners. Forage crops are often grown by farmers
without livestock to produce hay for sale, and most livestock is on small farms with
limited forage crop resources. Existing interactions are mainly dictated by the need
for better use of feed resources, especially barley used as green forage, grain,
straw, stubble, or alley cropping in association with atriplex, acacia, or even cactus.
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Table 4: Contribution of feed resources to ruminant requirements
in a wet year (1992) and a dry year (1994).

Feed resource 1992/wet year (%) 1994 /dry year (%)
Rainfed forage crops 147 6.0
Irrigated forage crops 7.0 11.3
Straw and stubble 150 8.4
Fallow 7.7 5.0
Rangelands 205 138
Shrubs and fodder trees 1.3 35
Bran 6.6 8.9
Concentrates 6.6 121
Olive tree twigs 5.1 6.9
Agro-industrial by-products 08 1.6
Barley 147 19.9
Dehydrated 0.0 25
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Figure 1. Areas (1,000 ha) of fallow, cereal crops, forage crops, pulses, and

vegetables.

Animal Production Systems are Predominantly Barley-

based

According to Jones (1992), sheep and goat flocks traditionally grazed hillsides,
steppe, and stubble. Today, although this occurs, it is much less important.
Increases in income have boosted the demand for animal products and resulted in
the development of more and more intensive livestock production units, including
peri-urban feedlots and the widespread use of supplementation. These production
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systems consume large quantities of cereal and cereal by-products (grain, straw,
and stubble). Rising imports of feed such as maize, barley, and soya bean meal,
etc., have an adverse effect on the country’s balance of payments and, in order to
limit this, more feed must be produced internally.

Jones (1992) discusses the dangers of increasing feed production internally at the
expense of food crops, especially wheat. The greater profitability of the livestock
sector encourages the cultivation of more and more marginal land, resulting in the
destruction of natural vegetation and soil.

Wheat and barley are the predominant winter cereals in the rainfed systems in
Tunisia and North Africa. Broadly speaking, wheat is more productive in wetter
areas, and less productive in drier areas, and the distinction between wheat-based
systems in wetter areas and barley-based systems in drier areas appears to be
valid. Although animals are found in both systems, their contribution to farm
incomes generally increases as rainfall decreases. Barley systems are therefore
predominantly animal production systems, where barley is used as green pasture,
stubble, and stored grain and straw. Dependence on barley rises as the area of

fallow is reduced, cultivation encroaches on grazing land and the remaining
grazing is over—exploited.

Eighty percent of barley is produced on small to medium-sized farms. In spite of
relative decreases in barley prices, barley production (Fig. 2) has increased by
30% in the last 30 years as a result of a 40% increase in the cultivated area and
better yields. Average yields were 5.6 g/ha in 1971-1977 and 11 g/ha in 1991-
1993. Sarniguet et al. (1994) attribute this increase to subsidies on fertilizers and
machinery, etc., and to the ease of barley production, harvesting, transportation,
and storage techniques, in comparison with forage production. Human

consumption of barley decreased from 4.3 kg/person in 1980 to 2.6 kg/person in
1990.
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Figure 2: Amount (1,000 ton) of barley produced, imported, and used for

human consumption and available for livestock feeding (adapted from INS and
Minagri 1994).
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Cereal By-products

In most arid and semi-arid areas, by-products from cereals, stubble, fallow, and
straw are the largest feed resource and represent about 20% of the total available
feed units. Their feed value and seasonal availability are also important (Table 4).
Any reduction in the cereal area in marginal lands will immediately affect the
amount of feed available for livestock, an alternative unacceptable to livestock
owners.

For example, a typical small farmer will produce, on poor soil, 600-800 kg of
barley per ha, of which only 30-40 kg will be for human consumption. The
remaining 560-760 feed units from grain and 120-180 from straw will be used to
feed the flock. This will supply 25% of the requirements for about 20 sheep or
goats.

Agro-pastoralism and sylvo-pastoralism can help mitigate land degradation
(Boyazoglu et al. 1988), but certainly cannot solve the problem (Le Houérou
1990). Boyazoglu et al. (1988) discuss two scenarios. First, faced with the
difficulty of improving the productivity of ecologically fragile marginal lands,
intensive, specialized meat and milk production units can be developed (Flamant
and Cocks 1989). Alternatively, the productivity of existing sedentary mixed
cereal-livestock systems can be increased by altering the traditional grazing of
fallow by introducing annual legumes and thus increasing grain and straw yield.
Both scenarios should be part of a global strategy for reducing the pressure on
rangelands.

Jones (1992) suggests that the following strategies be considered:

e Improved practices for barley production. The use of fertilizer,
particularly phosphate, was shown to be effective even where rainfall is the
main limiting factor (Cooper et al. 1987).

* Replacement of fallow with legumes. Some annual feed legumes,
including vicia, lathyrus, and pea show potential (Abd El Moneim et al.
1988). Local varieties of medicago could play a key role in dry areas if seed
production is increased to reduce their cost.

» Improvement of natural grazing. Phosphate fertilizer applied annually
at 11 kg/ha greatly increases the yield of herbage, especially of legumes
(Osman et al. 1990). Regeneration of degraded rangelands by planting shrubs
such as Atriplex and Acacia species is being attempted in some areas, but
establishment is expensive. Regeneration of large areas using low-cost seeding
techniques is promising, but more trials are necessary.

o The efficient utilization of residues.

* Integration of fodder trees and shrubs with cereal production
and the use of alley cropping.
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Efficient Utilization of Residue

Utilization of tree crop residues (two examples from olive
by-products)

Example 1: Survival diet for extreme dry years. Barbarine ewes fed 35% olive cake
ad libitum with 300 g/day straw from mating to lambing had similar performances
to those on a diet based on bran (Table 5). Replacement of bran by olive cake,
supplemented with molasses and urea, resulted in the survival of the ewes, with
reductions in live weight and birth weight.

Example 2: Replacement of oat/vetch hay with olive leaves and twigs in yearling
diets resulted in similar performance (Table 6). This alternative is suggested for
central and southern Tunisia, where forage production is low, in the pruning
season from January to March, or in summer and autumn, after air-drying the
leaves.

Table 5. Use of olive cakes to feed Barbarine ewes.

Diet composition Qlive cake in the diet (%)

0 35 70
Bran 70 'St 0
Molasses % % 2%
Urea 2 2 2
Mineral mixture 2 2 2
Intake, g DM/kg LW°7® 76 105 8
Initial LW (kg) 523 52.2 525
Final LW (kq) 57.3 57.3 428
Lamb birth weight (kg) 35 3.3 2.6

Source: Nefzaoui and Ben Dhia (1978).

Table 6. Performance of yearling Barbarine sheep fed oat/vetch
hay or olive leaves and twigs.

Oat/vetch hay + Leaves and twigs +
concentrate concentrate
Intake (g/day) 761-829 786-859
680 650
Initial LW (kg) > 5
Final LW (kg) 40.7 424
ADG (g/day) 171 188

Ben Rouina (1986).

Cereal crop residue

Cereal straw. Extensive research has been carried out on the use of straw in
small ruminant feeding and on methods of improving its nutritive value, using
NaOH initially and ammonia gas or urea later. Two examples are presented:

. l-!eifer diets, based on oat/vetch hay or straw treated with 3% ammonia, gave
similar results (Table 7). Long-treated straw reduced feeding costs by 30%.
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* Table 8 shows that covering stacks of urea-treated straw with plastic or mud
results in material with similar intake and performance characteristics.
Covering stacks with mud may be a suitable technique for small farmers. In
addition, it reduces pollution by utilizing waste plastic sheeting.

Stubble. In themixed crop-livestock systems of North Africa, stubble is a key feed
resource, particularly for small ruminants. Stubble is available in summer, when
other natural resources are limited. In Morocco, Guessous (1992) found an
average stubble biomass of 4-6 tons/ha immediately after harvesting, with 100-
120 kg of grain. Grain was consumed during the first four weeks of grazing. The
sheep selected a high value diet in the first weeks of grazing, but this gradually
decreased. Live weight increased during the first month of grazing, but then
decreased, especially at higher stocking rates. It was necessary, therefore, to
supplement diets with a protein source initially and with both energy and protein
later. Wheat stubble grown with supplementary irrigation in areas with 250 mm
rainfall maintained 20 sheep/ha for 80 days, and Guessous (1992) concludes that
the stubble supplied 700 feed units (UFL)/ha.

Table 7: Intake and performance of heifers fed diets based on

ammonia-treated straw or oat/vetch hay.

Diet 3% Ammonia-treated straw Oat/vetch hay'
Unchopped Chopped

Intake (kg DM/day):
Concentrate 2.18 218 218
Straw 3.86 364 4.89
Initial live weight (kg) 173.6 174.7 187.0
Final live weight (kg) 3121 2869 324.2
ADG (g/day) 657 532 650

' CP of concentrate, hay, and treated straw were 19.7, 10.3 and 6.9% of DM, respectively.
Source: Rokbani and Nefzaoui (1993)

Table 8: Intakes and mean daily gains of untreated, ammonia-
treated and urea-treated straw, with plastic or mud covered
stacks (Ben Salem et al. 1995).

us ATS UTSp UTSm
CP (g/kg DM)31 78 76 78
Straw DM intake (g/day)720 910 816

ADG (g/day)57 906 xR B

US = untreated straw; ATS = ammonia (3% NH,) treated straw; UTSp = urea (5.6%) treated
straw covered with plastic; UTSm = urea (5.6%) treated straw covered with mud.

These results indicate the value of stubble and the need to prevent plowing of
stubble soon after harvest. A better utilization of stubble may occur when cereals
are planted between widely-spaced rows of atriplex bushes. This is quite frequent
in the semi-arid areas of Tunisia, where atriplex has been planted to control
erosion on slopes. This may be a sustainable way of establishing shrub plantations.
Use of atriplex as a protein supplement is discussed below.
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Integration of Fodder Trees and Shrubs with Cereal
Production and the Potential of Alley Cropping

Correal (1993) recommends the following strategies for the use of fodder shrubs
plantations in low rainfall areas.

In rangeland, fodder shrub plantations could be used to reduce the grazing
pressure on degraded areas where plant cover is very poor. If rest periods
between grazing are sufficiently long, vegetation may recover, increasing plant
density, species diversity and biomass production.

In semi-arid areas, where cereals occupy a large proportion of the land,
atriplex plantations could be used as a protein supplement for cereal stubble
during summer. If the cultivated soils are prone to erosion, saltbushes can be
planted in widely-spaced rows along the contour to reduce erosion.

In the rangeland, where the currently available species are very poor (e.g.
Stipa tenacissima, Artemisia sp., Rosmarinus officinalis, Thymus sp.) fodder
shrubs can be used as a supplement to increase intake of native resources by
the sheep. Plantations can also be used to defer grazing of native rangeland
until after the opening rains, thus permitting greater production on the native
rangeland in autumn and winter.

Although fodder shrub plantations already occupy several thousand hectares in
Tunisia, they have many problems:

They cover a small area compared to the native rangeland.

Most plantations have been established on marginal areas where poor plant
cover, soil erosion, and severe grazing are common problems.

Foresters, more interested in soil conservation, often prevent grazing of the
plantations, while in other areas, uncontrolled communal grazing leads w
degradation.

Plantations showing most persistence are those harvested by cutting rather
than grazing.

Research has concentrated on agronomic studies to evaluate primary
productivity and persistence of shrubs, and has ignored their utilization by
animals. These screening procedures have resulted in recommendations to
plant species which are unpalatable or do not recover well after grazing.

The nutritive value of fodder shrubs is frequently measured by chemical
analysis of parameters, such as crude protein, fiber, and in vitro digestibility.
Antinutritional factors, essential oils, saponins, phenolics, etc., which can cause
low intake, have generally been ignored.

Examples of the use of fodder shrubs:

1.

Figure 3 shows the value of atriplex shrubs as a source of protein to increase
intake by ewe lambs.
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Figure 3: Intake of diets based on atriplex or cactus and restricted amounts of
hay. Daily gains: 52, 63, 73, 57. Nefzaoui et al. (1995).

2. Figure 4 shows that cactus and atriplex fed ad libitum with 200 g/day of straw
provide 1.5 times the maintenance energy requirements of sheep.
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Figure 4. Diet composition and intake of digestible organic matter and
digestible crude protein (Nefzaoui, 1995)
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Discussion

B. Al-Rawi: Regarding crop-livestock integration, 1 would like to see our
researchers take into account government policy and the educational level of the
farmer. Using fodder legumes becomes a problem in the following season if not
properly managed. As a result, farmers lose their barley crop in the next season. As
for atriplex, it has to be well managed. Otherwise it will spread as a weed in land
that is not intended for grazing.

M. Juneidi: What subspecies of atriplex is used in Tunisia for range
improvement?

A. Nefzaoui: Atriplex halimus and Atriplex mummularies are used in most cases.

M. Tahir: The increase in barley area is more than in marginal lands. Therefore,
to ensure sustainable livestock production we need to work out the right balance in
barley and livestock production to avoid uncertainties and to increase livestock
production.

A. Nefzaoui: Indeed, the system is highly unstable. We have not worked out the
right balance between barley and livestock. Nevertheless, environmental conditions
(rainfall) do regulate this balance. When there is drought or feed shortages,
breeders sell part of their flock. This is a natural regulation.
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Constraints on the Adoption of
Integrated Farming Systems

Bassam Mawlawi
Directorate of Agricultural Scientific Research, Douma, Syria

Abstract

The area of Syria is 18.15 million ha, of which 6 million ha is cultivable. There
are 4.7 million ha under rainfed agriculture, while 10 million ha are in the
steppe. Small ruminant production and cereals are the main farm enterprises in
the dry areas, where rainfall is 200~-350 mm. With increasing demand for meat
and milk, there has been a significant increase in livestock population, especially
sheep, of which there were 15 million in 1993. This increase is leading to the
degradation of the rangeland, an expansion in cereal cultivation and the
elimination of the fallow system. This paper discusses the problems of introducing
integrated crop and forage systems.

Introduction

The cultivable area in Syria is 6.13 million ha. Steppe and pasture account for
8.06 million ha, and forests 0.66 million ha. Of the cultivated land, 18% is
irrigated and the remainder rainfed. There are five agricultural stability zones
designated according to average annual rainfall (Table 1).

Table 1. Agricultural stability zones.

Zones Rainfall (mm) Area (x 1000 ha) Percent of total area
1A > 600

1B 350-600 2,701 14.5

2 250-350 2,470 133

3 250 1,306 7.0

4 200-250 1,832 9.8

5 < 200 10,207 55.1

Source: Ministry of Agriculture, Statistical Directorate.
Land Use

There are 10.2 million ha of rangeland in Syria, where annual rainfall is less than
200 mm. The rangeland is unsuitable for cultivation, but provides a native pasture
that is grazed by increasing numbers of livestock. As a result of degradation, the
percentage of feed supplied to flocks by grazing could now be as low as 20%,
which leads to an increasing need for cultivated crops, especially barley. The area
sown to barley increased from 177,000 ha in 1980 to 507,000 ha in 1990. In the
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same period, yield decreased from 860 kg/ha to 31 kg/ha (SMAAR 1990). Where
barley cultivation has expanded into the rangeland, it is often not harvested. The
expansion of cultivation with tractor-drawn implements into the steppe has
removed pasture and shrub species and accelerated erosion. According to an
ACSAD report (Elaiwi 1990), the soil affected by wind erosion in Syria is about 2
million ha, or 20% of the steppe.

Marginal lands make up 10% of the area and receive 200-250 mm annual
rainfall. Barley is now grown continuously in this area to feed livestock. In years of
normal rainfall, straw, grain, and stubble are all used to feed sheep after a normai
harvest. In dry years, when the crop is too short to be combine-harvested, it is
usually grazed as a standing crop. Occasionally, when the price of straw is very
high, it may be hand harvested. In good years, barley is often grazed for a short
time in winter.

Barley monoculture results in declining soil fertility, fluctuations in yield—
especially in very dry seasons—and a high incidence of disease and pests.

The major agricultural aim in the better areas is to grow crops, some of which are
kept for household use and some sold (Jones 1988). Table 2 shows the crop areas
under rainfed farming in 1980 and 1990. Wheat is grown in the wetter areas
(Zones 1 and 2) and barley in the drier areas (Zone 3). In the wetter areas, a
three-year rotation of wheat, grain legumes, and summer crops, is commonly
practiced (Table 3). Tables 4 and 5 show the yield of barley grain and straw in
different rotations in trials at sites in Zone 2, in northern Syria. Similar results are
shown in Table 6 for wheat grain and straw in different rotations in 1992/3 at the
Hemo Station in northeastern Syria.

As a result of cereal price subsidies and the input supply, the fallow system has
almost been eliminated, and continuous cereal cultivation is prevalent. The area
sown to wheat and barley has increased to 3.79 million ha, 80% of the total
cultivated rainfed area in 1990 compared to 73% in 1980. Food legumes declined
from 5% to 1.2%, and forage crops 1.2% to 1% (Table 1).

In conclusion, there is an urgent need to improve forage and pasture legumes,
well-adapted to this area, to break up the continuous barley cultivation.

Table 2. Area of main crops in Syria, and percentage of rainfed
land (1980 and 1990).

Crop 1880 1990

Area Percentage of Area Percentage of

(x 1000 ha) rainfed (x 1000 ha) rainfed
cultivated land cultivated land

Wheat 1,275 38 1,066 223
Barley 1,198 35 2,725 57
Chickpea 91 2.7 70 14
Lenti 8.2 24 130 27
Grain vetch 8 0.23 12 0.24
Grazed vetch 2 0.04 12 0.24

Statistics from SMAAR (1980, 1980).
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Table 3. Planned and applied rotation in the different stability
zones in 1993.

Zone Pianned Rotation Intensifica- Applied Rotation
(%) tion (%) (%)
1 Wheat 58.2, Barley 5.7, Lentil 17, 100 Wheat 38, Barley 9,
Chickpea 4.5, Summer Crop 14.5 Chickpea 3.2, Lentil 5.7,
Forage legume 1.05
2 Wheat 36, Barley 42.3, Lentil 4.2, 100 Wheat 24, Barley 53,
Chickpea 3.9, Summer crop 13.9 Chickpea 3.2, Lentil 2.7,
Forage legume 1.06
3 Wheat 10.2, Barley 73, Lentil 0.1, 85 Wheat 9, Barley 80,
Forage legume 1 Chickpea 0.29, Lentil
0.68, Forage legume 0.3
4 Wheat 1.1, Barley 61 &0 Wheat 3, Barley 67,
Chickpea 0.002, Lentil
0.17
5 Wheat 5, Barley 95 50 Wheat 6, Barley 92.

SMAAR, Directorate of Statistics.

Table 4. Barley yield (kg/ha) in different rotations in trials in El
Bab (Zone 2) from 1986 to 1993.

After fallow Barley Lathyrus Vetch
Grain 1,162 877 1,272 1,189
Straw 1,803 1373 1837 1,874

Scientific Cooperation Program Report, 1992-1993, ICARDA-DASR.

Table 5. Barley yield (%) in different rotations in Zone 2.

After Tel Hadya/Aleppo Breda/Aleppo
Grain Straw Grain Straw
Fallow 100 100 100 100
Lathyrus & & 81 %
Vetch 84 83 & %
Barley s3] o] 64 67
Sheep

There are an estimated 15 million Awassi sheep in Syria, of which 80% are in
flocks that spend a major part of the year in the steppe. The Government Office for
Feed (GOF) distributes forage rations to sheep for 4-6 months a year. In good
seasons, grazing lasts until the barley harvest, when the flocks move to the
agricultural areas to graze cereal stubble. At the end of October, grazing on the
residue of irrigated crops such as sugar beet and cotton begins. In dry seasons,
flocks move to the marginal lands to graze barley.

About 20% of the sheep are raised in agricultural areas and are more integrated

With the fa1:rning system. Forage legumes, such as vetch and lathyrus, have been
introduced in rotations with cereals and wheat, and barley may be sown to be
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grazed at the green stage. Marginal lands in agricultural areas which cannot be
cultivated because of shallow or stony soils, or steep slopes, provide natural
grazing in spring, particularly in March and April.

Find Alternative Feed Resources

This paper focuses on the integration of livestock, forage, pasture, and cereal
production as a solution to the increasing shortage of feed and the need for a
sustainable system. An integrated system improves soil fertility, enables weeds and
diseases to be controlled more easily, and increases livestock and crop production
(Cocks 1991).

Research has been conducted in cooperation with ICARDA to study the possibility of
applying the integrated system, including forage legumes and annual medics. In
spite of the success achieved in some locations, the application of the integrated
system is still very rare because of a number of constraints, including:

» The small size of holdings. The legislative degree of 1980 restricts the size of
land holdings to 55 ha in areas with rainfall above 500 mm/year, 85 ha in
areas with 350-500 mm, and 140 ha in areas with less than 350 mm. The
inheritance laws also lead to smaller and fragmented holdings, which lead to
difficulties in applying an integrated system and in the transfer of technology.

* Flock size. The main reason for early and overgrazing, especially in dry
seasons, is the large size of the flocks and the unwillingness of farmers w©
divide them because shepherding is expensive unless family labor is used.

¢ Poor grazing management. The lack of management experience has contributed
to the failure of integrated systems. Proper grazing management, particularly
of medic, is considered the key to the success of the integrated farming system.
Poor grazing management leads to the degradation of the seed bank, low
productivity, and the growth of weeds, which all limit stocking rates or the
number of grazing days.

* Marketing. The lack of centers for the collection, processing, and marketing of
livestock products leads to low prices and fluctuations in production,
particularly of milk. The low price for sheep during dry seasons makes farmers
more dependent on growing crops, especially cereals, and flock sizes are
reduced to the needs of the family.

* Lack of qualified extension staff. The first attempt to introduce an integrated
farming system was made by an FAO project in 1967, followed by projects run
by ICARDA in collaboration with SADR. Some of these projects achieved
technical success in both station and on-farm trials, but the lack of qualified
extension staff has prevented their expansion to farms.

* Government policy. As a result of cereal price subsidies and the supplying of
inputs in an attempt to achieve self-sufficiency, farmers were encouraged to
increase cereal production and eliminate food and forage legumes whose
prices fluctuate from one season to another while production costs, particularly
those of hand-harvesting these crops, increase annually.
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e The technical and economic advantages of the integrated system can only be
seen in the long term. This contrasts with technology transfer in crop
production, particularly cereals, where transfer of new practices such as new
seed varieties, seeding rates, or fertilizer application, can be achieved in one
season. The adoption of integrated systems is also limited by traditionally
accepted grazing rights. Some farmers have started to use integrated systems,
but have quickly abandoned them for this reason. For example, one farmer
gave up a successful, established area of medic because he thought it was not
profitable, as it was regularly grazed by other flocks.

Table 6. Wheat grain and straw yield in different rotations at
Hemo station (1992/93).

Rotation Grain (kg/ha) Straw (kg/ha)
Wheat/fallow 4555 7,068
Wheat/lentil 4,345 6,325
Wheat/vetch 4,208 6,108
Wheat/medic (low S.R) 4,195 5,988
Wheat/medic (medium SR) 3,740 6,078
Wheat/medic (high SR) 3,735 5,830
Wheat/wheat 1,526 2,475

Scientific Cooperation Program Report ICARDA-DASR (1992/93).
SR = stocking rate of sheep grazing annual medic pasture
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Discussion

A. Goodchild: In response to Dr. Ababneh's comment “let us graze forage
legumes only,” we need the output of forage legume crops all year round. It is a
valuable source of nutrients.

B. Mawlawi: I agree with you, and this is why we are conducting the on-farm
trials. But we need qualified extension staff to disseminate and apply the
integrated farming system.

A. Al-Rawi: You mentioned that one of the constraints to the integrated system is
government policy. What is the proper policy you suggest to improve the integrated
system?

B. Mawlawi: As a result of cereal price subsidies, farmers were encouraged to
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increase the cereal areas and eliminate the food and forge legume area, whose
prices fluctuate from one season to another while the production costs rise. |
believe that changing and modifying the pricing and subsidy policy, and improving
marketing facilities, would improve the integrated system.

E. Thomson: Which is needed, more technology work on annual forages, or
more work on policy?

B. Mawlawi: We need both. As researchers we should identify improved forage
and pasture legumes that are well adapted to dry areas to break up the barley
rotation. As you know, ICARDA’s efforts have focused on the high rainfall area in

the last decade. Also, the policy should be changed to encourage farmers to grow
forages.

M. Ababneh: Why don't we encourage the cultivation of forage legumes to break
the continuous barley rotation, and use it for direct sheep grazing?

B. Mawlawi: This is what we prefer when we work with farmers at Al-Bab, east

of Aleppo. However, there are still some constraints that limit the adoption of this
system.

82



Production Technology and Systems



Preliminary Economic Analysis of

Medic Pasture and Other Dryland

Crops In Two-year Rotatlons with
Wheat In Northeast Syria

F. Shomo!, T. Nordblom!, S. Nasser’, G. Malki’, F. Bahhady', S.
Christiansen!, D. Pannell* and E. Redman*
'JCARDA, Aleppo, Syria
2pepartment of Planning, Syrian Ministry of Agriculture and Agrartan Reform (SMAAR),
Damascus, Syria
*ttemo Station, Kamishly, the Directorate of Agricuitural Research, SMAAR.
Department of Agriculture and Resource Economics, Faculty of Agriculture, University of
Western Australia, Nedlands W.A, Australia

Abstract

The economic role of annual medic (Medicago spp.) pasture in rotation with wheat
is compared with other crop rotations (wheat—fallow, wheat-entil, wheat-wheat,
and wheat-vetch), based on an eight-year study in Hassakeh Province, in the
dryland area of northeastern Syria. A whole-farm linear programming model was
designed to assess interactions between crop, pasture, and livestock activities,
prices, and household requirements and resources. Results indicate a minor but
positive role for annual medic pastures on good farmland in northeastern Syria,
particularly where access to hired labor is limited and fallow-wheat rotations play
a major role. Where there is unlimited access to hired labor for harvest, the labor-
intensive lentil-wheat rotation is more profitable.

introduction

The introduction of self-regenerating annual medic pastures into rainfed farming
systems in West Asia and North Africa has been one of the major research goals of
ICARDA's Pasture, Forage, and Livestock Program. The objective of this paper is to
demonstrate under what conditions the medic-wheat rotation is economic.

Hassakeh Province has a rainfed area of about one million hectares, 24% of the
country's total. Crop rotations are predominantly cereal-cereal (75%), or mixed
cereal-legume, cereal-summer crops and cereal-fallow (25%). In 1993 the
province’s animal population was estimated at 1.7 million sheep, 0.2 million goats,
and 90,000 cattle, 13, 17, and 12% of the national animal population,
respectively (SMAAR 1992).

Data from the long-term crop rotation trial at the Hemo experimental station and

from farm and market surveys were used in the model. Precedents for this sort of
multidisciplinary modeling are the MIDAS modeling in Western Australia

85



(Kingwell and Pannell 1987) and the whole-farm modeling work of Nordblom et
al. (1994).

The long-term crop rotation trial (L34) begun in 1986 at the Hemo experimental
station, near Kamishly, was set up to:

1. Assess the productivity of the wheat/medic rotation, compared with typical
local wheat rotations with vetch, lentil, and fallow, and with continuous wheat
production.

2. Monitor the effect of three stocking rates on medic and sheep production.

3. Provide a basis for determining the profitability and economic risk of the
rotations.

Results from eight seasons (1986/87-1993/94) were used. Farmer surveys were
used to specify costs and returns (Nordblom et al. 1993)

For wider distribution of locally proven cultivars of medic to farmers, it is important
to prove that medic can play a significant role in increasing farmer income. In
addition to the local physical conditions, the socioeconomic conditions must be
appropriate for the medic/wheat rotation to compete with other rotations
(Springborg 1990). Among the socioeconomic conditions considered to play an
important role in the success of a farming system on a given farm are:

¢ Family labor available.

*  Cost of family and hired labor.

*  Availability of hired labor.

* Prices for farm outputs and inputs.

* Farm size and inherent productivity.
* Farmers’ attitudes towards risk.

The effects of various combinations of these factors on yield were quantified using a
whole-farm linear programming (LP) model. It was assumed that farmers had, or
could develop, skills for managing medic pastures in the rotation.

Feed, sheep product, and crop prices over the eight-year period were collected
from the Kamishly markets and adjusted to the value of the Syrian lira in 1992
(Table 1) using the wholesale price index from the Central Bureau of Statistics,
Syrian Arab Republic (CBS 1994).

Assessment of the availability of family labor, and the labor requirement for
managing and milking shepherded flocks, was based on survey results and
previous experience. Labor costs and opportunities for off-farm work are important
variables in the economic analysis. A typical farm (16 ha) and a large one (64 ha)
were examined. The model optimizes sheep numbers at a constant level across the
eight years, assuming that the production of milk and lambs is constant.
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Table 1. Eight-year means and coefficients of variation of prices
of inputs and outputs, deflated to 1992 levels.

Mean (SL/kg) CV (%)

Barley grain purchase 8.70 18
Cottonseed cake 13.05 24
Wheat grain sale 7.28 13
Wheat straw sale 1.45 114
Wheat stubble sale 0.24 114
Vetch hay sale 1.77 86
Vetch grain sale 10.11 14
Vetch straw sale 295 85
Lentil grain sale 14.12 2%
Lentil straw sale 1.47 3
Milk sale 18.93 2
Lamb sale (Spring) 82.29 21
Cull ewe sale 54.34 11
Lamb sale (Early Summer) 65.77 20
Hired labor 125.00 per day

SL = Syrian lira.
SL 42 = US$ 1.00.
CV = coefficient of variation.

Cost of Different Rotations

Details of the crop budgets are given in Shomo et al. (1995). It was assumed that
the cost of establishing and growing wheat was the same in all the rotations. It
included the purchase and application of seed, fertilizer, and herbicide. Labor
requirements were considered separately. Costs of combine harvesting and labor
requirements were adjusted for yield recorded for each year and rotation.

Fallow-Wheat

Wheat is alternated with clean fallow. It was assumed that maintaining a clean
fallow required cultivation in autumn, winter, spring, and summer, each at the
same cost and labor requirement.

Wheat-Wheat

Wheat is grown every year in this “rotation.” The cost of establishment of 2 ha is
twice that of 1 ha.

Vetch-Wheat

Costs and labor requirements for cultivating vetch were calculated for 1 ha. These
were combined with wheat costs and labor requirements for a 2 ha rotation.
Farmers have three options for use of vetch after establishment: harvesting it for
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hay and grazing the stubble, harvesting by hand for seed and straw, or grazing it
as spring pasture. The three options are considered in the model.

Lentlil-Wheat

This rotation was established in 1991. Lentil yield for the previous four years was
estimated by multiplying vetch yield by the ratio of lentil and vetch yield from
1991 to 1994.

Medic-Wheat

Since medic pasture self-regenerates from the seed bank in alternate years in
rotation, its establishment costs and labor demands are spread over a number of
years. It was assumed that pasture survives for 10, 8, and 6 years at low, medium,
and high stocking rates, respectively, and costs were calculated accordingly.

Yield

Wheat

Wheat straw plays an important role as fodder in the sheep diet, and stubble is the
main grazing source. Mean wheat grain and straw yields in the rotations are
presented in Table 2,

Table 2. Eight-year means and coefficients of variation of wheat
grain _and straw biomass yields.

Rotation Grain Straw
Mean cv Mean cv
(kg DM/ha) (%) (kg DM/ha) (%)
Fallow-wheat 1,896 4 3,585 31
Wheat-wheat 1,647 55 3,814 A
Vetch-wheat 1,359 67 3,075 K 7)
Lentil-wheat 1,392 70 3,008 34
Medic(low)-wheat 1,349 74 2,785 38
Medic(med)-wheat 1,338 76 2,708 43
Medicghigh)-wheat 1,354 77 2,823 36

CV = cosfficient of variation.

Vetch and Lentll

Hand-harvested vetch seed and straw, and lentil yields are summarized in Table 3.
Medic Pasture

Medic pasture off-take was estimated from the number of ewes and lambs grazing
in each period. Adjusted ewe grazing day equivalents were calculated and
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converted to pasture off-take (Table 3), using Nordblom et al. (1992) assumptions
of daily dry matter intake for each season and stage of the ewe’s annual production

cycle.

Table 3. Eight-year means and coefficients of variation (CV) of
estimated pasture offtake and other crop yields.

Mean cv
(kg DM/ha) (%)
Medic pasture, low stocking: Spring 906 55
Summer 558 54
Medic pasture, medium stocking:  Spring 1,067 40
Summer 600 56
Medic pasture, high stocking: Spring 1,198 42
Summer 533 0
Other crops grown in rotation with wheat
Vetch hay 1,018 3
and Vetch stubble 424 3
or Vetch seed 928 51
and Vetch straw 2,07 55
or Vetch pasture 2,071 55
Lentil grain 1,099 48
and Lentil straw 2,089 68

Sheep Nutrition

Several types of information were used to quantify the nutritional parameters in
this analysis: (i) ewe weight and weight change over the year; (ii) the production
phase in each season, assuming late pregnancy in autumn, lambing and early
lactation in winter, milking in spring, and dry and mating periods in summer; (iii)
typical ewe diet; and (iv) published nutritive requirements of sheep. Three
nutritive parameters were used as constraints that needed to be satisfied w
maintain given sheep performance levels (Nordblom et al. 1994): (i) maximum dry
matter intake; (ii) minimum requirements for metabolizable energy (MJ); and
(iii)minimum requirements for crude protein (CP).

The model allows for the purchase of concentrate feeds, barley grain, and
cottonseed cake. These, together with the other feed sources available on the farm,

are used to supply the estimated energy and protein requirements of the flock at
minimum cost while optimizing ewe numbers.

The Whole-farm Model

The analysis is based on a whole-farm linear programming model, using a discrete
joint-probability distribution of yields and prices. The model was designed t
identify combinations of farming practices, rotation, and flock size which provide
the optimal balance of activities to maximize household income, using variations in
prices and production shown in Tables 1, 2, and 3. It also allows for consideration
of labor constraints and costs, and cash flow.
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The main activities in the model are:

1.

6.

Rotation. All rotations are two year, with wheat alternating with fallow, wheat,
lentil, vetch, or medic.

Feeding in each season. Feed includes crop residue, grain, pasture, hay, and
straw from the farm, and purchased barley grain and cotton seed cake.

Product sale.
Sheep. The number of sheep and flock labor requirements.

Labor market. Labor may be hired to meet seasonal shortages, and family labor
hired out during times of excess labor availability.

Cash-flow.

The main constraints in the model are:

1.

10.

The objective. Finding a farm plan which maximizes total net return in relation
to family resources of land, labor, and capital, and management is met as the
LP solver works towards maximizing the sum value of this row.

Land. Farm sizes of 16 and 64 ha are used, since most farms in the area are
less than 64 ha. A unit of one ha is used in the model, representing 0.5 ha of
wheat and 0.5 ha of the other phase of the rotation. Combinations of crop
rotations are possible in the model.

Labor. There is a constraint on the availability of family labor in each of five
periods of the year (autumn, winter, spring, early summer, and late summer).
This may be supplemented with hired labor at times of peak need in some
solutions of the model.

Income accounting. One for each year.

Crop product. Sale and uses of the various crop products are tied to production
activities by transfer rows.

Feed quantity and quality for sheep. Limits on maximum dry matter intake and
minimum metabolizable energy and crude protein levels are defined on a per
ewe basis, per season.

Consumption of cottonseed cake. This cannot exceed 10% of the diet.

Livestock product transfer. The flock is assumed to have four marketable
products: milk, weaned lambs, fattening lambs, and culled ewes. Sales
activities in each year are linked to the EWE activity by transfer rows.

Flock labor requirement. A constraint sets the flock labor requirement to
appropriate levels, or to zero if sheep are excluded from a model solution.

One family. The family’s mininum cash needs for essential purchases are
specified in the family activity, which is constrained to exactly one unit. This
constraint also provides quantities of family labor.
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Results and Discussion

The results for each crop rotation, assuming unlimited access to hired labor, are
presented in Table 4. Figure 1 shows the relationship between annual income and
standard deviation for the crop rotations with and without sheep.

Most dryland crop rotations in the Kamishly area include wheat, with lentil and
vetch found in some areas. Continuous wheat cultivation, the least profitable option
in the model (Table 4), is widespread because farmers are required by law to grow
wheat on two thirds of their land, and fallows, which give a more profitable
rotation in the model, are not allowed.

Predicted income from fallow-wheat and vetch-wheat rotations is lower than from
lentil-wheat, but the fallow-wheat rotation is more stable.

Where vetch pasture cannot be sold for use by other flocks, vetch-wheat with sheep
is more profitable than without sheep. Only vetch hay, seed, and straw can be sold
in this model. There is flexibility to choose among the options for using vetch.

The medic-wheat rotation is less profitable than fallow-wheat on both 16 and 64
ha farms.

Although a lentil-wheat rotation appears, from the model, to be more profitable, in
practice it is less common than other rotations because it requires high labor input.
Labor availability and the impact of machine harvesting of lentils, which is just
starting in the area, require examination in a district-level model.

Table 4. Mean and standard deviations of whole-farm income and
optimal ewe numbers for 16 and 64 ha farms (with and without
sheep) for_crop rotations with wheat gKamishlz area, NE SEiaz.

Rotation Whole-farm income Optimal Whole-farm income
(with sheep) constant (no sheep)

Mean000SL SD  no. of ewes Mean 000 SL SD

16 ha

Lenti-Wheat 129 113 121 142 110

Vetch-Wheat o1 100 515 8 67

Fallow-Wheat 86 47 0 100 47

Wheat-Wheat K 48 0 48 49

Medic-W(heatL) 70 71 366

Medic-Wheat(M) K4 78 416

Medic-Wheat(H) 4 77 420

64 ha

Lentil-Wheat 428 444 483 437 430

Vetch-Wheat 280 392 207.2 201 57

Fallow-Wheat 283 181 0 29 181

Wheat-Wheat 70 184 0 88 185

Medic-Wheat(L) 24 278 146.2

Medic-Wheat(M) 24 306 166.6

Medic-Wheat(H) 26 301 169.3
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Figure 1. Eight-year means and standard deviations in the whole-farm income.
L=lentil-wheat; V=vetch-wheat; W=wheat-wheat; F=fallow-wheat; Ml, Mm,
Mh=medic-wheat with low, medium and high stocking; n=no shepherd or

sheep allowed in plan.
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Table 5 shows the results of the model when a combination of crops in the rotation
are permitted, with and without access to hired labor. Without hired labor, the
lentil area is much smaller and largely replaced by fallow. Plans for farms without
sheep or hired labor have a large area of fallow, but include some lentil. Optimal
plans for farmers with a flock and no hired labor are more diversified, with fallow,
medic, and smaller areas of lentil and vetch.

Table 5. Optimal allocation of land to crop rotations on 16 and
64 ha farms with and without sheep, and with and without access
to hired labor.

Optimal allocation of land No. Annual income
(ha) of ewes (000 SL)

F \'/ L Mh Mean SD
Unlimited hired labor
16 ha + sheep 07 153 11.53 129 134
No sheep 16.0 142 110
64 ha + sheep 1.2 581 4.7 46.95 430 488
No sheep 64.0 437 430
No access to hired labor
16 ha + sheep 46 1.2 49 5.2 40.03 101 86
No sheep 13 47 112 59
64 ha + sheep 447 0.2 3.1 15.8 76.64 218 161
No sheep 60.3 3.7 244 130

F= fallow-wheat; V= vetch-wheat; L= lentil-wheat, Mh = medic-wheat, high stocking rate.

When hired labor is unavailable, mean annual incomes are reduced by about 27%
on 16 ha farms, and 50% on 64 ha farms. On the 16 ha farm family labor alone is
sufficient. On the 64 ha farm, when no hired labor is available, most of the farm is
fallow. Where hired labor is available, both small and large farms allocate larger
proportions of their land to lentils (Table 5).

Sheep/No Sheep

But what of the effects of sheep on whole-farm income? Lower mean incomes, with
higher variations, are found when shepherd and sheep are included in the farm
plan. Sheep numbers are optimized at a constant level across the eight years in
each run of the model when their performance (milk and lamb production) is also
constant over time. Thus, the lower mean incomes are due to lost opportunities for
sale of crops and family labor which are “consumed” along with purchased feed.
The greater variations in income with sheep are due to the effect of having to feed
a constant number of sheep through the poor years (when feed prices are highest)
and through the abundant years when not all home grown feed can be used, and
any amounts sold fetch only their lowest price. This is an artifact of the model;
farmers in real life are free to adjust their flock size according to changes in the
feed situation.

Sheep in the model are internally financed by the farm in the sense that all ewes
are recruited from unsold female lambs; they are in, in a sense, “purchased” at the
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cost of lost opportunities for the sale of female lambs in addition to the cost of
feeding the replacement animals and shepherding time. With all these costs, sheep
have the important benefit of being a store of wealth with real value, the minimum
of which is their value at liquidation. If we add this internally-generated store of
wealth to the mean annual income values, the negative gaps between the
sheep/no-sheep options are closed. Until the flock is liquidated, it holds the
potential to be sold off by the farmer at any time.

Conclusions

This model captures the complex interactions within the crop-livestock economy. It
reveals a limited role for medic pasture in northeastern Syria, particularly where
access to hired labor is limited.

We have not exhausted the usefulness of the model with this short paper.
Hopefully, we have provoked interest in exploring further questions at the farm
and district levels. The model summarizes a considerable data base and the organic
links among the variables and constants of the study area and will be of direct use
in quantitative policy analyses.
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Nearly Three Decades of Using
Medics to Introduce Ley Farming in
Tunisia

Mongi Ben Younes
Ecole Supérieure dAgriculture, Le Kef Tunisia

Abstract

Annual medics have been used for nearly three decades in largely unsuccessful
attempts to introduce ley farming in Tunisia. The main constraints are inadequate
grazing management, the poor performance and high price of medic cultivars
imported from Australia, inappropriate tillage methods and implements, and lack
of weed control. Although ley farming is economically feasible and can be adapted
to some areas in Tunisia, the low adoption rate raises the question of technology
transfer and the need to modify the system to suit Tunisian conditions. Successful
ley farming requires the management of medic—cereal rotations as a farming system
that integrates cereals and livestock rather than using medics to replace fallow.

Introduction

Since the 1960s, the number of small ruminants in Tunisia has increased,
resulting in imports of large quantities of feed, such as barley grain, corn, and
soybean. The shortage of livestock feed, particularly for small ruminants, has also
put great pressure on rangeland. Environmental degradation in most semi-arid
areas through overgrazing, deforestation, and erosion, is leading to desertification.
In addition, the increase in cereal yields has not been sufficient to satisfy the
increased demand for wheat and barley grain.

Ley farming was first introduced in Tunisia in 1970 with the start of the
Tunisian/Australian Agriculture Development Project in the semi-arid region,
making use of Australian experience with cereal-medic rotation.

Annual Medicago species (usually called medics, or nefla in Arabic) were proposed
as an alternative to improve the cropping system in Tunisia, which is traditionally
based on fallow—cereal (Haddad 1982). The new system integrated livestock in
farming systems in areas with average annual rainfall of 300-500 mm. An analogy
was made with the deliberate introduction of annual medics in Australia, starting
in the early 1940s with screening and improvement (Halila et al. 1990), followed
by the adoption in the 1950s of cultivars in ley farming systems which were
particularly successful on large farms in southern Australia where cereal and
livestock production were integrated (Doolette 1975). As early as 1970 attempts
were made to transfer ley farming to Tunisia and other Mediterranean countries
(Gachet and Elmir 1972).
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Main Agricuitural Areas In Tunisia

Rainfed agriculture in Tunisia occupies a major part of the cultivated area, which
can be divided into the following major agro-ecological zones:

+ Northern zone: a mountainous area with forests, with mean rainfall over 500
mm/year, suitable for improved crop production and yield. Most cattle are
raised here.

e Semi-arid zone: more than 60% of cultivated land is in semi-arid areas, with a
mean rainfall of 300-500 mm/year. Crop production and yield are determined
by the amount and distribution of rainfall during the season.

s Arid zone: mainly in central and south Tunisia, with a mean rainfall of 100~
300 mm. Crop production potential is limited because of low rainfall and hot
summers.,

Climatic and Edaphic Conditions

Tunisia has a Mediterranean climate with mild winters and hot, dry, summers.
Rainfall is poorly distributed and yield is unpredictable. There are wide variations
in temperature, ranging from mild winters in the coastal areas to continental
conditions in many inland areas, where most of the semi-arid regions are. Frost
occurs in many areas and low winter temperatures are a limiting factor for the
growth of many forage legumes, including clovers and medics. Temperatures rise
in early June, and July and August are very hot and dry (Rouz 1994).

Most Tunisian soils are clay loams (Dahmane 1984), which are neutral to slightly
acid in the northern zone and alkaline and infertile in the semi-arid zone.

Land Occupation In Tunisla

Tillable land represents 30% and rangeland 21% of the total area (Table 1). More
than 60% of small ruminants graze the rangeland, but the potential is very low
because of environmental degradation as a result of overgrazing (Seklani 1981).

Table 1. Land occupation in Tunisia.

Land occupation Area (ha)
Total area 16,273,000
Tillable land 4,856,000
Rangeland 3,430,000
Forest and alfa 1,115,000

Ministére de I'Agriculture, Annuaire des Statistiques Agricoles (1975-1 992).

Table 2 shows that cereals are the main rainfed crop. There is about as much
fallow every year as the area used for grain legumes and forage crops combined.
This indicates a problem of crop sequence and rotation, which limits increases in
yield.

96



Table 2. Average areas of important rainfed crops in Tunisia.

Land use Cultivated area (ha)
Cereals 1,600,000
Forage crops 260,000
Grain legumes 130,000
Fallow 360,000

Ministére de 'Agriculture. Annuaire des Statistiques Agricoles. 1975-1992.

Assessment of the Livestock Situation

Table 3 shows that small ruminants are the most important livestock in Tunisia.
There are five times as many sheep as goats. Cattle are mainly raised in the
northern areas, while small ruminants are located in the central-southern part of
the country where feed resources are limited for most of the year owing to low and
poorly distributed rainfall.

Table 3. Cattle, sheegI and goat populations in Tunisia,

Livestock Females Total number
Cattle 348,000 670,000
Sheep 3,312,000 6,290,000
Goats 692,000 1,313,000

Office de IElevage et des péaturages.

The large livestock population is increasing land degradation with obvious changes
in the botanical composition. Legumes are scarce and weed species are more
frequent. Soil fertility has not been maintained in many cultivated areas.
Mismanagement and overgrazing have led to severe degradation of natural
resources and to desertification in many areas.

Table 4 shows serious shortages in milk and meat, and large quantities are
imported every year. Deficits in milk and meat production are reported as 38%
and 10%, respectively. However, the true deficit is the percent increase in milk or
meat production required to meet the demand. True deficits are estimated as 60%
and 11% for milk and meat, respectively.

Table 4. Milk and meat production, consumption, and deficits in
Tunisia.

Product Production Consumption Reported deficit True deficit

(tons) (tons) (%) (%)
Milk 450,000 720,000 38 5 0]
Meat 148,000 164,000 10 1

Ministére de I'Agriculture. Annuaire des Statistiques Agricoles (1975-1992).

The 1991 World Bank report and Nordblom (1993) project that Maghreb countries
will face substantial food deficits in the coming three decades due to the steady
increase in population and demand for food. The major constraint preventing
substantial increases in meat and dairy products has been the shortage and poor
quality of feed. The period from May to early October is critical, as it coincides with
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mating and pregnancy of small ruminants. Unfortunately, during this period small
ruminants feed only on cereal stubble.

The second critical period in feeding small ruminants is October to February, when
no annual forage or grassland is available for lambing ewes. Shortages and poor
quality of grazing also affect cattle. Irrigated areas of forage crops are limited, since
farmers prefer high return vegetable crops to forages, if irrigation is possible. The
only time when feed is sufficient for livestock is in spring in favorable years.

Tunisian Experience with Medics

Considerable extension efforts were made to introduce the Australian ley farming
system in Tunisia as early as 1970 (Dahmane 1984) by a number of institutions,
including the Office des Cereales, the Office de I'Elevage et des Paturages (OEP),
GRAFOUPAST, the Extension Service (CRDA , and teaching and research
institutions (INRAT, INAT and ESAK).

Achlevements

Soll Fertllity

Ley farming in Tunisia has been found to improve soil fertility. Dahmane found
that in addition to the increase in organic matter, annual medics increase soil
nitrogen from 77 to 311 kg/ha, depending on annual rainfall (Table 5).

Table 5. Estimated bioloﬂcal nltrogen fixed by annual medics.

Rainfall (mm) Nitrogen (kg/ha)
124 77
248 203
353 311

Source: After Dahmane (1985).

Forage Production

Trials conducted at INRAT research stations using medic-wheat rotations yielded
quantities of forage equal to mixtures of vetch-oat, which continues to be the main
source of hay production in Tunisia (Nefzaoui and Chermisti 1984). Annual
medics are nutritious, palatable, and high yielding when appropriately managed.
Medic forage is well accepted by animals and highly digestible (Table 6). It has a
total nitrogen content ranging from 20 to 25%, depending on the stage of growth.
The fiber content is low and similar to that of alfalfa.

Table 6. Yield and forage quality of annual medics.

Fresh weight Dry matter Dry Total N Crude Digest-
(ton/ha) (ton/ha) matter (%) content (%) fiber (%) ibility (%)
15 4 7 20-25 20-25 70

Direction de I'Enseignement de la recherche et de la Vulgarisation (1985).
Nefzaoui and Chermiti (1989).

98



Medic and Livestock Performance

Grazing trials conducted in 1975 by INRAT at its Bou Rabia research station
indicate the importance of annual medics. Average daily gain for grazing lambs
ranged from 94 to 160 g/lamb. The grazing period lasts between 94 and 139 days
per year (DERV and OEP). When appropriately managed, the estimated return of
using medics for grazing is equivalent to a yield of 15-34 Qx/ha of wheat (Table
7).

Table 7. Livestock performance and estimated economic return of
annual medics.

Livestock performance Recorded level
Stocking rates (lambs/ha) 6-20
Average daily gain/lamb (g) 94-160
Days of Grazing 94-139
Estimated return (dinar/ha) 260-590
Equivalent return of wheat: (Qx/ha) 15-34

Cereal Yield after Medics

Comparison of wheat yield after medics and after fallow, made by the Office des
Cereales, indicated better yield after medics (Table 8).

Table 8. Comparative effect of medic ley and clean fallow on
wheat yield in various locations with different nitrogen fertilizer
applications.

Rotation Nitrogen fertilizer (kg/ha)
1982/83" 1984/85*
0 33 66 0 33 66
Medics—cereals 1.67 1.86 1.53 275 2.06 3.25
Fallow—Cereals 1.38 1.53 1.58 2.32 2.63 3.10

! Average of seven sites with annual rainfall 350-500 mm.
* Average of two sites with annual rainfall 400-500 mm.

Table 9 shows how areas sown to annual medics have evolved since the
introduction of ley farming in the early 1970s. The area sown to medics did not
exceed 2-6% of planted acreage—far below expected levels. There were significant
fluctuations each year, with a maximum of 7,574 ha in the 1985/86 season. Most
of these areas were on state-controlled farms, and private farmers remained
reluctant to use medics in rotation with cereals or for pasture improvement.
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Table 9. Areas sown to medics since 1970 in Tunisia.

Season Medic/cereal Pasture Regenerated Total
rotation improvement medics

1971772 15 15
1972/73 468 468
1973/74 492 492
1974/75 2,665 115 2,770
1975/76 2,525 603 3,128
1976/77 2,200 2,350 550 5,105
1977/78 2,691 400 1,366 4,457
1978/79 1,780 1,641 896 4,317
1979/80 1,563 641 1,234 3,438
1980/81 905 508 2,215 3,628
1981/82 954 n 2,227 3,452
1982/83 1,243 n 215 1,669
1983/84 1,030 400 1,445 2,875
1984/85 1,050 1,671 2,693 5414
1985/86 6,665 4,802! 11,467
1986/87 4,368 2,119 500 6,987
1987/88 2,568 640 4,680 7,574
1988/89 2,350
1989/90 2,513
1900/91 2,150
1991/92 2,270
1992/93 2,300 1,600 3,900
1993/94 1,897 383 2,280
1994/95 1,820 300 2,120

' Over-estimated.

DERV and OEP (1985).

Office des Cereales.

Office de FElevage et des Paturages.

Ley Farming Setbacks in Tunisia

The transfer of Australian ley farming to Tunisia has encountered a number of
different constraints at the farm level:

¢ Climatic and edaphic. A comparison of climatic and edaphic conditions in semi-
arid areas in southern Australia and Tunisia reveals that altitudes in Tunisia
are higher, temperatures are lower in winter with more frequent frosts, and
summers are hotter. Soils in semi-arid areas of Tunisia are clay loam alkaline,
similar to those in southern Australia.

* Australian medic cultivars. Medic cultivars, selected and developed for the
milder conditions of southern Australia, performed badly in Tunisia (Halila et
al. 1990). Frost is frequent in a number of areas in the semi-arid zone as a
result of high elevation. Research is needed to select adapted, productive
cultivars for Tunisian conditions. Australian (Jemalong and Harbinger)
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cultivars of Medicago truncatula also have spiny pods that stick to the sheep
and reduce wool prices.

e Management. Inadequate grazing management limits seed production of
annual medics and, therefore, regeneration. The establishment of medic
pastures during the first year was poor, due to inadequate seedbed
preparation and insufficient phosphate.

There was a lack of appropriate tillage implements such as plows and
cultivators. Farmers continued to use traditional deep soil preparation for
cereal crops after medics, using a moldboard and disk plow, burying seed too
deep and limiting regeneration.

Weeds were rarely controlled and reduced medic growth. Bloat occurred in
small ruminants grazing medic pastures, causing death in some cases.

e Socioeconomic. Ley farming was difficult for many Tunisian farmers because of
the careful management needed for medics, cereals, and livestock on the same
farm. Farmers’ concerns and perception of these three components were
different from those of farmers in Australia. Farmers were not involved fully in
projects to introduce ley farming and the system was not clearly presented to
them. There was insufficient emphasis on the need to integrate livestock in the
cropping system to optimize the use of medics in ley farming. Land ownership
and subdivision of inherited farms of a few hectares also limited the use of ley
farming, which was successful on large farms in Australia.

Medic seed is imported from Australia and is expensive: $2.3/kg, 8-10 times
the price of barley. The germination rate is often low because of storage and
delays in shipment. In addition, the production of medic seed in Tunisia has
not been developed because of the lack of suitable equipment.

Farmers in many areas found reductions in cereal yield after medics, compared
to yield after fallow (Table 10). They were, therefore, reluctant to use the
medic—cereal rotation and raised questions about the relevance of medics in
rotation with cereals.

¢ Extension: Extension workers need training in the use and management of
annual medics in the ley farming system. Extension is needed to improve and
fine tune the system. There was no follow-up of ley farming projects at the
farm level after the introductory phase.

Table 10. Yield comparison of wheat and barley cultivars grown
after medic and fallow at several sites in Kef province, Tunisia.

Locations Wheat Barely
cv Ben Bachir cv D58-25 cv Martin
Medic  Fallow Medic Fallow Medic Fallow
Nebbeur 135 14.0 7.5 14.0
Dahmani 5.0 6.0 6.0 7.0 7.0 225
Sers 8.0 15.0 10.0 13.0 8.0 20.0
Tajerouine 9.0 10.5 9.0 12.0 6.0 11.0

Ministére de 'Agriculture. Annuaire des Statistiques Agricoles. 1975-1992.
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Summary and Conclusions

Annual medic species have become an important component of an efficient
cropping system in many semi-arid regions of the world because of their value in
producing palatable, nutritious and high quality feed. Medics are a good
alternative to fallow and suitable for biennial rotation with cereals. They also
improve soil fertility and help to control soil erosion.

Annual medics have also become an important issue in Tunisia. Reports indicate
the possibility of converting about 300,000 ha of fallow each year into forage
legumes and improving more than 500,000 ha of rangeland with annual medics
(Gachet 1979). This would reduce the need for milk and meat imports. Medic
species deserve more attention and care to improve the cropping system in these
areas of Tunisia.

Experience with annual medics on state farms indicates that ley farming is
economically feasible and can be adopted in areas with appropriate climate, soil,
and farm structure. Some modification of the Australian system, however, is
necessary before it can be adopted by Tunisian farmers:

* Better extension is needed of management techniques for annual medics in a
biennial rotation with cereals that integrates livestock and optimizes the use of
annual medics.

» Weed control must be carefully considered, since annual medics are poor
competitors with weeds in Tunisia.

* Medic seed production in the country must be developed to provide an
adequate and cheaper supply of seed.

* Breeding programs must be developed to select productive species and
cultivars of medic adapted to Tunisian climatic and edaphic conditions.

*  Efforts must be focused on range and marginal land improvement where medic
pasture improvement, soil and water conservation, and livestock production
are easier and more successful.
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Discussion

U. Optiz: You have been trying to introduce ley farming in Tunisia for the past
25 years. Imported Australian cultivars proved to be expensive and not adapted to
local conditions. Why did you not try to utilize endemic, adapted species?

M. Ben Younes: When the ley farming project started in Tunisia, medic seeds
were 100% subsidized by the government to encourage and help farmers to adopt
ley farming. Farmers had no problem or complaints about seed prices.

Ley farming projects were Australian/Tunisian, and obviously Australian experts
wanted to export their medic seed production.

Seed production equipment is expensive, dusty, and heavy. Farmer cooperatives
can't afford them. The Australian/Tunisian extension people pushed for medic self-
regeneration rather than its production every year.

Research institutions and their staff are mostly trained. There was a lag phase in

research programs in forages in general and particularly forage germplasm
collection and evaluation.
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Iinvestigation of Forage Alternatives
Following Wheat Harvest Under the
Rainfed Conditions of Central
Anatolla

Mehmet Munzurand Hiiseyin Kabakgi
Field Crops Central Research Institute, Ulus, Ankara, Turkey

Abstract

A two year wheat-fallow rotation system has been used in Central Anatolia t
overcome the water deficit in the wheat year. However, past research indicates that
fallow could be replaced with legumes, particularly with those annual forage crops
that are grown for hay. Since forage crops have low hay yield when grown alone,
cereal/forage mixtures need to be tested to improve dry matter production. The
present study was conducted to determine hay and crude protein yield of
cereal/vetch mixtures under the rainfed conditions of Central Anatolia. Barley
(Hordeum vulgare L.), rye (Secale cereale L.), Hungarian vetch (Vicia pannonica
Crantz.) and hairy vetch (Vicia villosa Roth.) were grown alone and as mixtures
with each other in different seed compositions following barley harvest. Overall,
hay yields for all treatments in 1979/80 were higher than in 1980/81. Cereals
grown alone produced 20% less hay and 46% lower crude protein, and vetches
52% less hay and 28% lower crude protein than the mixtures. Increasing the ratio
of cereals in the mixture increased hay yield but not crude protein.

Cereal and vetch mixtures for hay seem to be a better alternative feed source than
vetches grown alone. Higher crude protein content and hay yield from mixtures
can be explained by a positive association between vetches and cereals, and by the
amount of N fixed by vetches for cereal use.

Introduction

Wheat-fallow is the major two year rotation system practiced in Central Anatolia,
covering almost 5 million ha. Since precipitation in Central Anatolia is low (350~
425 mm/year) and sporadic, farmers use this rotation in order to provide more
moisture to wheat by storing the fallow year precipitation. However, fallow
efficiency is low because of improper husbandry and shallow soil depth. Most of
the time fallow lands are used as a feed resource for sheep, particularly in early
spring. Consequently, first soil cultivation is deliberately postponed or eliminated
to allow weed growth and stubble for utilization by animals. Grazing of the fallow
land causes insufficient moisture storage and inadequate seedbed preparation.
Therefore, in many cases in the region, fallowing does not serve the farmers'
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needs. Moreover, the increase in the small ruminant population and decreasing
yield from the rangelands due to heavy grazing compel farmers to find new feed
resources. Presently only about 3% of the arable land is devoted to forage crops,
and total forage production is far below feed demand.

Replacing the fallow year with legume crops, particularly annual winter forage
crops, is a promising practice in terms of profitability and better land use. The time
to harvest winter forage legumes for hay is much earlier than the time to harvest
the seed of spring food legumes. Vacating fields earlier permits higher soil moisture
storage and better seedbed preparation for the subsequent wheat crop.

Research indicates that even where annual precipitation is less than 400 mm,
vetches could be grown for hay in the fallow year without any wheat yield
reduction in the subsequent year (Durutan et al. 1988; Kurt et al. 1989). In
particular, cold-resistant vetches provide early winter and spring soil coverage that
increases water-use efficiency via reduced run-off. However, growing vetches alone
puts the crop at risk of late spring drought, which usually causes lower hay yield.
Vetch and cereal mixtures seem to provide a way to overcome this low hay
production (Elgi et al. 1976; Kurt and Tan 1984). Since the feeding value of
cereal/hay is lower than legume/hay, rates of the components need to be
investigated to bring quality up to acceptable levels. Therefore, the objective of this
study was to study replacement of fallow with winter forage legumes mixed with
cereals in a two year cereal-fallow rotation. This new alternative should also

increase hay yield as well as crude protein, without restricting subsequent cereal
production.

Materlals and Methods

Field trials were conducted in 1979/80 and 1980/81 after barley harvest at
Lodumlu, Ankara, which has a typical continental climate. The soil is fine-textured
with a high lime content. Average organic matter content is 1.3 and pH is 7.8.

Average annual precipitation in the region is 375—-400 mm. Precipitation received
during trial growing periods is shown in Figure 1. The total precipitation received
during the first year was higher than the second year. Furthermore, most of the
rain fell in April and May in 1979/80, a period when vegetative grow in normal
years is prone to drought. In 1980/81, most of the precipitation fell from
November to March.
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Figure 1. Monthly and cumulative precipitation received during field trials in
1979/80 and 1980/81.

After barley harvesting, seed bed preparation was done twice, using a duckfoot
cultivator. Seeding took place in early October. Vetch and cereal mixtures were
sown with a seeder in cross rows 35 cm apart for vetch species and 17.5 cm apart
for cereals. Diamonnium phosphate (18% N, 46% P) at a rate of 80 kg/ha was
applied during seeding.

Treatments and seed rates used are given in Table 1. The amount of seed used was
based on previous research concerning sole crop hay yields.

All of the treatments were harvested in late May, and samples were taken from
each plot to measure crude protein (CP) and dry matter (DM). Treatments were
laid out in a complete block design with three replications and results were
analyzed for one and two years. Treatment means were grouped using LSD.

Results and Discussion

Hay Yield

Hay yields for each treatment are summarized in Table 1. The first year was better
in terms of hay production than the second. This is probably because of high
precipitation during the vegetative period of April and May in the first year. The
amount of precipitation in that period during the second year was only half as
high. This indicates that late spring rains are important, especially for dry matter
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production. In other words, moisture deficit during the vegetative stage shortens
the vegetative period and lowers hay production.

Mixing vetches with cereals increased hay production above vetches and cereals
alone. Although N utilization was not studied, high mixture hay yields probably
result from the N fixed by vetches for cereal use. Thus plots where cereals were
grown alone produced lower hay yields than plots where vetch and cereal were
grown as mixtures. It was also observed that post-harvest losses were lower in the
plots where crops were grown in mixtures. When vetches were grown alone,
lodging was the main problem, particularly with mechanized cutting. Vetches are
cdimbers, and the cereals prevent lodging and may also enforce vegetative growth
and consequently enhance DM production.

Table 1. Seed rate and average dry matter yield from different
treatments.

Treatment Seed rate Average dry matter yield (t/ha)
(seed/m?d)  1979/80  1980/81  Average
1. Rye/Hungarian vetch (20:80) 80+160 6.22a 320bc 4.76a
2. Rye/Hungarian vetch (40:60) 160+120 641 a 320bc 480a
3. Rye/Hairy vetch (20:80) 80+160 542ab 383ab 468a
4. RyefHairy vetch (40:60) 160+120 3.79de 347abc 3.63abc

5. Barley/Hungarian vetch (20:80) 60+160 548ab 3.15bc 4.32a
6.Barley/Hungarian vetch (40:60) 120+120 500bc 395ab 4.48a

7. Barley/Hairy vetch (20:80) 60+160 4.82bcd 3.55abc 4.19ab
8. Barley/Hairy vetch (40:60) 120+120 454bcd 4.16a 435a
9. Hungarian vetch 100 200 265f 1.46d 2068¢c
10.Hairy vetch 100 200 273ef 1.53d 213¢
11.Rye 100 400 417cd 3.34abc 3.76abc
12.Barley 100 300 3.82d 294c 3.38 abc
LSD (0.05) 0.107 0.087 0.292

In the dry year (1980/81) barley in the mixture (Treatment 8) produced the
highest dry matter yield, whereas rye (Treatments 1 and 2) was best in the wet
year (1979/80). Barley is probably able to tolerate late spring drought better than
rye because of earlier completion of the vegetative stage (Table 1).

Crude Protein Content

The CP content of each treatment was determined to investigate the nutritional
value of the hay (Table 2). As was expected, vetches grown alone had a higher CP
content than the other treatments. Overall, the CP content of the barley mixtures
were higher than the rye mixtures. Slightly higher CP measurements were found
with mixtures containing Hungarian vetch.
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Table 2. Crude protein content of different treatments.

Treatment Crude protein content (%)
1979/80 1980/81 Average
1. Rye/Hungarian vetch (20:80) 0.078¢c 0.092de 0.085e
2. Rye/Hungarian vetch (40:60) 0.081a 0.100 cde 0.090 de
3. Rye/Hairy vetch (20:80) 0.098 bc 0.107 bed 0.103 bed
4. Rye/Hairy vetch (40:60) 0.080¢c 0.102 cd 0.091 cde
5. Barley/Hungarian vetch (20:80) 0.103b 0.114 bc 0.109b
6. Barley/Hungarian vetch (40:60) 0.098 be 0.111 bc 0.104b
7. Barley/Hairy vetch (20:80) 0.086 bc 0.120b 0.103 bc
8. Barley/Hairy vetch (40:60) 0.083 be 0.109bc 0.096 bede
9. Hungarian vetch 100 0.144a 0.153 a 0.149a
10. Hairy vetch 100 0.135a 0.159a 0.147a
11. Rye 100 0.054d 0.061 f 0.058¢g
12. Barley 100 0.056d 0.085¢ 0.070
LSD (0.05) 0.021 0.015 0.012

Crude Protein Yield

The amount of protein harvested per unit area is also important when considering
the nutritional value of hay. Although there is no extra payment for higher protein
in hay mixtures, it is important for the farmers to know about it. Crude protein
yields were calculated by multiplying the values in Table 1 by Table 2, and are
expressed as t/ha (Table 3). In general, higher CP was found in the barley/vetch
and rye/vetch mixtures than in the sole crops. Twice as much CP was found in the
barley/Hungarian vetch mixture than in the sole cereals, and 34% more than sole
vetches. CP of rye mixtures was similar irrespective of mixture components and
vetch species, and was about 10% less than the barley/Hungarian vetch mixtures
(Table 3).

Table 3. Mean crude protein yields of different treatments.

Treatment Crude protein yield (t/ha)
1979/80 1980/81 Average
1. Rye/Hungarian vetch (20:80) 0.48 abcd 0.29de 0.39bc
2. Rye/Hungarian vetch (40:60) 0.52 abe 0.32cd 042ab
3. Rye/Hairy vetch (20:80) 052 ab 041ab 047a
4. Rye/Hairy vetch (40:60) 0.30 ef 0.35 bed 0.33cd
5. Barley/Hungarian vetch (20:80) 058a 0.36 bc 047a
6. Barley/Hungarian vetch (40:60) 0.49 abed 043a 046a
7. Barley/Hairy vetch (20:80) 0.42 bede 0.42a 0.42ab
8. Barley/Hairy vetch (40:60) 0.38 cde 045a 0.41 ab
9. Hungarian vetch 100 0.38 bede 0.22f 0.30de
10. Hairy vetch 100 0.37 de 0.24 ef 0.31de
11. Rye 100 0.23f 0.20f 0.22f
12. Barley 100 0.21f 0.25 ef 0.23 ef
LSD (0.05) 0.14 0.06 0.11
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Conclusion

Growing vetches alone is a good alternative to the fallow year in a two year cereal-
fallow rotation. However, problems such as low hay yield due to early spring
drought and high post-harvest losses due to lodging still need to be solved.
Growing vetches with cereals as a mixture is a promising way to address these
problems. Specifically, the low seeding ratio of barley in a mixture with Hungarian
vetch showed that hay as well as crude protein production can be increased over
sole vetches and cereals. However, rainfall during the vegetative period determines
the performance of the mixtures.

Although inserting vetch into the cereal-fallow rotational system does not reduce
subsequent cereal production, the effect of various mixtures on subsequent cereal
production should be approached with caution.
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Discussion

A. Osman: Are the seed rates used in your experiments comparable with those
used by neighboring farmers? It seems to me that the CP percentages are too low,
probably the authors have missed some decimals!

M. Munzur: Parmers prefer high seed rates because of the seed bed preparation

and seeding equipment. In some locations seed mortality is high due to cold. But
you are right, we have missed some decimals after pointing out the percentage.
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Cloning of Barley Genomic DNA
Fragments Into the Hind 11l Site of the
Plasmid pGEM-7Zf(-)

Jaladet M. S. Jubrael, Suhaila A. Ibrahim and Harb A. Abed
IPA Agricultural Research Center, Baghdad, Iraq

Abstract

A molecular biology program was established with the aim of detecting naturally
occurring polymorphism at the DNA level in six barley varieties/lines grown under
natural saline conditions.

A number of barley genomic DNA clones were prepared, which form the basis of
this work. To achieve this, barley genomic DNA was isolated and completely
digested with the Hind III restricion enzyme. The mainly single-copy barley
genomic DNA fragments were inserted into the bacterial plasmid pGEM-7Zf(-)
prepared and cleaved with the same enzyme. The work also included the
reintroduction of recombinant plasmid molecules into bacterial host Escherichia coli
strain XL1-blue, via a transformation system. An average efficiency of about 10" 6
CFU for normal plasmid and 10”3 CFU for recombinant plasmid was obtained.
Recombinant colonies were easily identified by means of two selectable markers
(ampicillin resistance and colony color) encoded by the plasmid vector.

introduction

Naturally occurring variations in salinity tolerance have been observed in many
plant genotypes, including barley (Aspinall et al. 1981). The molecular basis for
this is not well understood. Thus, any molecular investigations related to
differences in salinity tolerance in barley are useful. For instance, Ramagopal
(1987) reports that salinity stress induces specific protein changes in both roots
and shoots of one barley genotype, California Mariout (CM 72), as a salt-tolerant
and salt-sensitive barley genotype ratio.

Differences at the DNA level, called restriction fragment length polymorphisms
(RFLPs), have been demonstrated in a large number of plants since first described
by Botstein et al. (1980). In barley, RFLPs have been used by different authors
(Graner et al. 1991) for construction of linkage maps. The unavailability of such
linkage maps and markers in our laboratories encouraged us to start this project.

A number of probes (normally radioactively labelled DNA fragments) are required
(Wu et al. 1983) for this experiment.. These probes are able to detect differences
between individuals in the length of a particular restriction fragment.
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The first aim of this investigation was to prepare single-copy barley DNA fragments
by restricting barley genomic DNA to completion with the Hind IIl hexa-nacleotide
restriction enzyme (Gill et al. 1991). These fragments were inserted into the
plasmid vector pGEM-7Zf(-) cleaved with the same restriction enzyme via a ligation
experiment using a T4 DNA ligase enzyme (Fig. 1). The recombinant plasmids
were introduced into the bacterial host cell, E. coli strain XLI-blue, via a bacterial
ransformation system, using a heat shock method (Cohen et al. 1972; Hanahan
1983). The recombinant colonies were selected by planting transformants onto LB
agar containing ampicillin, X-gal and IPTG substrates.
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Figure 1. Restriction map of the plasmid pGEM-7Z(-) cloning vector, showing
the polylinker sequence within the lac Z gene, ampicillin resistance gene. From
Promega catalogue (1987/88).

Materials and Methods

Leaves of six different barley varieties (California Mariout, Numar, IPA-2, IPA-7,
IPA-99, and IPA-265) were collected at the IPA experimental station at Fudheilia.

DNA lIsolation and Restriction Enzyme Analysis

Total genomic DNA was isolated from barley samples separately, following the
protocol described in the CIMMYT Applied Molecular Genetics Laboratory Manual
(Hosington 1992). Fresh leaves (4-5 g) were ground in liquid nitrogen. Then DNA
was extracted using CTAB extraction buffer. The DNA preparations were further
purified by phenol/chloroform after RNase treatment. Following Sambrook et al.
(1989), DNA was precipitated with two volumes of cold 96% ethanol in the
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presence of 0.3 m sodium acetate. The DNA samples were quantified and qualified
spectrophotometrically at 260 nm and 280 nm wavelengths, then checked on 1%
agarose gel under ultraviolet light after electrophoresis in 1x TBE buffer at 3-
5V/cm, and stained with ethidium bromide.

Plasmid DNA was isolated from a 25 ml culture of E. coli strain XL1-blue grown
overnight using the mini-preparation (STET) method according to Sambrook et al.
(1989). A 20 ug sample of California Mariout DNA and vector DNA were
separately digested to completion with Hind III restriction enzyme according to the
supplier's recommendations, followed by agarose gel electrophoresis analysis.

Preparation of Barley Clones

A sample of California Mariout DNA digested with Hind III enzyme was ligated to
the plasmid pGEM-7Zf(-) cloning vector, cleaved with the same enzyme and
treated with calf intestine alkaline phosphatase CIP (Boehringer; Mannheim). The
ligation ratio (4 inserts:1 vector), the enzyme T4 DNA ligase, and reaction setup
were carried out according to Maniatis et al. (1982). Competent cells of E. coli
strain XL1-blue were prepared according to Cohen et al. (1972) and Hanahan
(1983), with minor modifications. Twenty five ml of exponentially-grown bacterial
cells were pelleted and re-suspended in 10 ml of cold TF1 solution (10 mM CaCl,
and 10 mM Mops pH 6.8). Bacterial cells were then repelleted and resuspended
in 1 ml of TF2 solution (75 mM CaCl; and 10 mM Mops pH 6.0). To enhance
transformation efficiency, the cells were kept for 24 hours at 4° C (Dagert and
Ebrtlich 1979). Each 100 pl of competent cell was mixed with 10 pl (120 ng) of
recombinant plasmid molecules and 90 pl of TF3 (75 mM CaCl,, 50 mM Mops pH
7.5, 1 mM EDTA, 100 mM KCl, 5% glycerol). After incubation of this mixture on
ice for 45 minutes, it was heat-shock treated at exactly 42° C for five minutes. One
ml of LB media was added to each tube and then incubated at 37° C for one hour to
allow for expression of encoded, resistance ampicillin. One hundred pl of each
sample was plated on lA agar containing ampicillin, X-gal and IPTG (Sambrook et
al. 1989). Three control experiments were set up, the first containing normal
pGEM-7Zf(-) plasmid. The second was the religated plasmid after digestion and
C1P treatment, and the third control experiment was a sample of competent cells.

Results and Discussion

Results were positive. An average yield of 200-350 pg DNA was isolated from
fresh barley leaves with a purity of 1.8-1.9, according to the 260/280 nm
wavelengths. Results of digestion experiments of both barley genomic DNA and the
plasmid DNA are shown in Figure 2 (lane b), which represents a mixture of both
DNA. The long smear shows that the barley DNA was successfully digested,
whereas the single band (3kb) shows that the multiple circular plasmid bands
(lane a) were linerized due to cleavage by the Hind III restriction enzyme.

The results of the ligation experiment are shown in Figure 2 (lane c), which again
shows reasonable efficiency. This is indicated by the intensity disappearance of
both vector band and barley DNA smear and the faint bands.

These results are somewhat similar to those obtained by Rodriguez and Tait (1983)

115



in their ligation experiment between the plasmid pBR 329 and E. coli bacterial
chromosome cleaved by Pstl restriction enzyme. However, since ligation between
two DNA sources is generally inefficient (Dahl et al. 1981), this may explain why a
faint residual of the plasmid band may still be seen in Figure 2 (lane c).

¢c b a

Figure 2. Agarose gel electrophoresis of DNA samples using 1x TBE running
buffer and run at 3-5vem. a = represents the undigested plasmid DNA bands. b
= a mixture of digested barley and plasmid DNA with Hind III restriction
enzyme (without ligase enzyme); ¢ = one result of ligation experiments
between barley and plasmid DNA.

The average efficiency of the transformation was calculated according to Mohan
(1991) and was found to be in the range of 6x10° CFU/per ug of recombinant
plasmid DNA and 10° CFU for normal plasmid. These transformation efficiencies
agree with the expected average suggested by Dahl et al. (1981) for the well-
known plasmid pBR322. Although the former transformation efficiency is lower
than in the first control experiment, this is to be expected due to a number of
factors reported by Dahl et al. (1981). These factors include the inefficient ligation
between vector and target DNA (barley), which resulted in less efficient
transformation. Another factor is the size of the vector molecules containing an
insert (DNA fragment) larger than its normal size and therefore with lower
transformation efficiency. Nevertheless, the numbers obtained were sufficient for
the purpose of the following investigations.

The recombinant colonies were distinguished according to their color by plating a
sample of transformants on to X-gal ampicillin agar (Fig. 3). The colony color is
attributed to the fact that the plasmid pGEM-7Zf(-) carries a copy of the lac Z gene.
Normal colonies thus appeared blue (the first control experiment), whereas
recombinants formed clear colonies due to inactivation of the lac Z gene by
insertion of barley DNA fragments.
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Figure 3. One result of the bacteria transformation experiments plated on LB
agar containing ampicillin, X-gal and IPTG. a = recombinant colonies with
clear appearance; b = the transformation experiment using normal plasmid
(first control) sowing blue colonies.

The results of the second control experiment, which formed the plasmid pGEM-
7Zf(-) digested with Hind IIl and alkaline phosphatase, did not (as expected) form
any colonies. This may have be due to the efficient removal of the five phosphate
groups which impeded the recerculization (Chanchos 1971) of plasmid DNA and
may not, therefore, be functional. This may explain why no blue colonies appeared
within recombinant colonies (clear).
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The third control experiment, which represented competent cells only, did not
form any colony on ampicillin X-gal plates, as was expected. To this end, a
sufficient number of barley clones have successfully been prepared for use in
further experiments involving the detection of DNA polymorphism between barley
varieties.
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Discussion

B.A. Al-Rawi: Would you go a step further to select the E. coli that carry the
different plasmid to screen them for salt tolerance, for instance, if your aim is to
breed salt-tolerant varieties?

J. Jubrael: The E. Coli bacteria used in these investigations are genetically
engineered as host cells and are not salt-tolerant.

B. de Hoop: Why don’t you use randomly amplified polymorphic DNA instead of
RFLP? This avoids the use of a probe.

J. Jubrael: Unfortunately we have neither a thermo-cycler nor the required

chemicals (primers, DNA polymerase enzymes, etc. ). Also, the RAPD markers may
be difficult to use with cereals.

Bram de Hoop: Using molecular biology is it possible to: (i) cross barriers
between species using gene transfer; and (ii) support conventional breeding of
crops using genetic markers for diagnostic purposes?

J. Jubrael: Yes, this is what is known about such techniques, and was topuched
on briefly in my previous answer.

M. El-Shazly: Do you think we really need to spend a lot of money working in
this high technology field, instead of concentrating on the classical methods?

J. Jubrael: Both types of work should go hand in hand, and the new technique
can be used side by side with the classical methods.

Classical breeding has been and stll is successful. However, these methodologies
need time, labor, and large areas for cultivation. Molecular marker technology will
be very helpful in assisting selection, thus reducing the time and labor involved.
Plus the fact that introducing such techniques in our countries is necessary to
familiarize us with new and sophisticated techniques applied in the developed
countries. Moreover, these techniques have many advantages over classical
breeding methods, such as the possibility of overcoming the genetic barriers
between species, the introduction of individual genes, etc. But this is to say that
molecular biology techniques would replace classical breeding methodology.
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Screening Barley (Hordeum vulgare L.)
Genotypes for Salinity Tolerance
under Naturally Salinized Field
Conditions

A.M. Al-Shamma, B.A. Al-Rawi and S. Saeed
IPA Agricultural Research Center, Baghdad, Irag

Abstract

An experiment was conducted at Fudheilia (30 km southeast of Baghdad) and
Dalmaj, Wasit Province (180 km south of Baghdad) over two growing seasons
(1984/85 and 1985/86). The aim of the experiment was to devise a screening
methodology to test barley genotypes for salinity tolerance in naturally salinized
fields. The screening test was based on planting frequent checks alternated with
the cultivar under study. Six barley cultivars—CM-67, Numar, Prior, Clipper,
Weeah, and Arivat—were used, and a check cultivar, California Mariout. Plot size
was 3.2 x 4 meters. The seeding rate was 100 kg/ha in rows spaced 20 cm apart.
Fertilizer (NPK 18:18:18) was applied at a rate of 100 kg/ha. The setup of the
experiment was a randomized complete block design with three replications.

Results show non-significant differences between the check cultivar and cvs CM-67
and Numar in terms of grain yield and other characteristics at both locations in both
seasons. On the other hand, differences between the check cultivar and the rest of
the cultivars were significant with respect to all studied characteristics in most
environments. The reduction in yield under saline environment appears to be due
mainly to the decreased number of kernels per head. Relationships among the
various characteristics and their consistency under salinity are discussed.

Introduction

Although barley (Hordeum vulgare L.) shows considerable tolerance to salinity
when compared with other cereal crops, efforts have been underway to develop
new lines with improved yield and quality under saline conditions. Variability of
tolerance to salinity among barley lines is widely reported and therefore provides a
prerequisite element for initiating a proper breeding program to develop highly
salt-tolerant lines of barley. In general, the detection of variability for physiological
traits requires accuracy in both the selection and the utilization of the test scheme.
The identification of a cultivar or genotype with a potential to tolerate a given
stress requires that all lines be subjected equally to the stress, otherwise breeding
efforts may prove unsuccessful.

Workers in this field often rely on testing genotypes under controlled environments
using, in particular, salinized nutrient solutions. These have proved to be more
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reliable than other types of media (Al-Shamma and Sabir 1986). However, the
response of a given cultivar or genotype to salinity may vary from one environment
to another. This may be due to the fact that plant salt tolerance is largely affected
by the environment. Environmental factors such as temperature (Francois and
Goodin 1972), relative humidity (Hoffman and Jobes 1978), soil fertility
(Bernstein et al. 1974), soil moisture (Wagnet et al. 1980), oxygen level around
the plant (Aubertin et al. 1968), and light (Nieman and Poulsen 1971) have all
been reported to alter plant response to salinity. Therefore it would seem logical to
have genotypes tested on naturally salinized fields to ensure that all plants are
subjected to salinity under variable and changing environmental conditions. After
all, the final destination of any recommended cultivar is the farmer’s field.

There is, however, one major obstacle to accurate identification of truly tolerant
cultivars or genotypes, and that is the lack of uniform distribution of salt ions in the
soil. In fact, this has been the breeders' excuse for using screening techniques
which provide fairly uniform ion distribution in the media such as those which rely
on salinized nutrient solution.

This work proposes a screening methodology for the identification of salt tolerant
genotypes in naturally salinized fields. It also discusses the inter-relationships
among yield components under these conditions.

Materlals and Methods

The experiment was conducted at two locations in Iraq’s central irrigated zone over
two consecutive seasons (1984/85 and 1985/86). The two locations were
Fudheila Experimental Station (30 km southeast of Baghdad) and Dalmaj
Experiment Station (180 km south of Baghdad). At both locations, experiment sites
were selected in fields with soil electrical conductivity ranging from 15 to 25 Ds/m.
The test scheme is based on planting frequent check rows alternated with the
cultivar under study. This provides an opportunity for taking more readings in a
single plot. The idea is to minimize the experimental error which may arise from
the lack of uniformity of salt concentration in the soil. Seven spring barley cultivars
were used in this study—California Mariout (CI 1455), CM-67 (CI 13782), Numar
(CI 13683), Arivat (CI 6573), Clipper (WI 2095/10), Prior, and Weeah.

The first four cultivars originate in the United States, while the rest come from
Australia. California Mariout was used as a rotating check, since it is known to be
tolerant to salinity throughout its life cycle. Two rows of each cultivar alternating
with two rows of the check cultivar were planted. A total of eight rows of each
cultivar and its check were planted in 3.2 x 4 meters plots. Seeding rate was 100
kg/ha and rows were spaced 20 cm apart. A chemical NPK fertilizer (18:18:18)
was applied at a rate of 100 kg/ha. The setup of the experiment was a randomized
complete block design with three replications.

Experimental fields received 420 mm of irrigation water in each of the two
growing seasons, which lasted from 1 November to 15 April. At harvest, one meter
long samples were taken from each cultivar and from its adjacent check at two sites
within the plot. Readings were recorded for grain yield, biological yield, number of
heads/one meter length, number of kernels/head, and 1,000 kernel weight. Data
on every cultivar were individually and statistically analyzed as unpaired
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observations with the data of the check cultivar following the procedure devised by
Steel and Torrie (1960). Coefficients of correlation among the various
characteristics were calculated using different data sets (whole data set, location
data set, data on cultivars, and data on check cultivar).

Results

The performance of the six cultivars varied when compared with their
corresponding check cultivar California across the four environments (location and
season). Tables 1 and 2 show that cvs CM-67 and Numar performed as well as the
check cultivar in terms of all studied characteristics in the four environments.
Arivat, a widely grown cultivar in Iraq, showed a sensitive reaction in contrast with
the check in all environments except in Dalmaj in 1984/85, when no difference in
grain yield was found between the cultivar and the check. The rest of the
cultivars—Clipper, Prior, and Weeah—showed sensitive reactions to natural
salinization when compared with their corresponding checks in terms of most of
the studied characteristics (P <0.05 or P <0.01). In general, the reduction in yield
among these cultivars appears to be due mainly to a decrease in the number of
kernels per head. Differences between most of the cultivars and their checks were
significant (P <0.05 or P <0.01) in the four environments. The other two yield
components, number of heads per meter and 1,000 kernel weight, showed better
stability with few exceptions, especially in the sensitive cultivars.

In this study, coefficients of correlation among the various characteristics were
calculated to show whether relationships differ under changing environmental
conditions (Table 3).

Eleven groups of data were analyzed, with degrees of freedom ranging from n-2 =
70 to n-2 = 286. The interrelationships among yield components represent the
final products of all biological processes under such conditions. Harvest index is
also considered, since it reflects the ability to transport and accumulate
photoassimilates in the grains.

We assumed that the correlation coefficients calculated from data Group 1 were
more realistic than those calculated from other data groups, since Group 1 has the
highest degree of freedom (n-2 = 286). It was accordingly used as the base for
comparison. Table 1 shows that the harvest index is positively correlated with all
other characteristics (P <0.01). When data Group 1 is considered, however, and
when other data groups are taken into account, the picture changes, especially
with the 1,000 kernel weight, since only five out of 10 data groups show
significant correlation (P <0.05 and P <0.01). Correlation coefficients between
number of heads/m and grain yield are highly and positively significant in all data
groups (P <0.01). However, no significant correlation is found between number of
heads/m and 1,000 kernel weight and number of kernels/head in most of the data
groups, including those calculated from data Group 1.
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Table 1. Performance of six barley cultivars and corresponding check cultivar California Mariout,

grown on naturally salinized fields in Dalmaj in 1984/85 and 1985/86.

Cultivar 1984/85 1985/86
Jcheck
HI BY(gm) GY(gm) Hds/m Knis/hd 1000kwt HI BY(gm) GY(gm) Hds/m Knis/nd 1000
_gm) lowt(gm)
CM-67 0.40 2100 84.65 820 40.33 39.80 035 150.17 5248 5017 4110 36.16
CM 0.39 165.17 63.83 72.33 37.50 40.80 037 1420 5247 48,67 4485 3664
Numar 0.34 216.0 73.40 96.5 3949 37.00 038 17217 66.12 58.67 4483 37.10
CcM 0.40 191.83 77.93 85.17 41.07 40.33 038 1965 74.89 57.50 4203 3744
Arivat 0.44 24517 107.82 11583 37.83 38.60 033 14183 46.86 48.17 4717 3578
*% *k *
CcMm 0.40 26283 10432 11967 36.32 4347 037 20667 76.05 64.15 5055 36.50
ClipperC 0.14 251.67 4082 104.75 34.80 4045 0.17 14483 24.32 5233 2028 3552
*% *% x% ** x &
M 043 236.0 10222 10850 37.70 38.13 037 2080 76.63 67.0 4420 3754
Prior 0.24 171.67 4047 82.50 22.03 36.13 0.16 99.67 16.33 36.40 2193 3403
%* % *k *k *k *k *%k * %k £ 2
CM 0.39 22767 8827 9517 4080 4453 031 16683 51.71 5433 4602 3565
Weeah 0.33 206.33 68.10 96.33 18.67 41.33 025 12117 29.97 36.83 4239 3659
*% * N L2 * * *
CM 0.45 147.83 67.00 68.17 36.10 44.07 037 183.10 68.44 58.83 4288 3757

HI = harvest index; BY = biological yield; GY = grain yield; Hds/m = number of heads per meter long; Knls/hd = number of
kernels per head, 1000 kwt. = 1000 kemnel weight.

*P <0.05
** P <0.01
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Table 2. Performance of six barley cultivars and corresponding check cultivar, California Mariout,
grown on naturally salinized fields in Fudheilia in 1984/85 and 1985/86.

Cultivar /check 1984/85 1985/86
HI BY GY Hds/ Knisth 1000 HI BY GY Hds/m Knis/hd 1000 kwt
(s)! {e)) m d l;w)t (@ {e)) (@
9
CM-67 0.33 2227 7352 6260 4383 4060 0.23 17.017 39.50 4233 37.34 40.87
CM 0.36 21617 7753 63.00 4320 41.97 0.20 15517 30.74 3280 39.00 39.59
Numar 0.34 2090 7060 6025 4223 37.78 0.28 1495 4114 48.00 40.77 375
CM 0.30 20183 6072 4750 4168 4280 0.30 1800 54.86 55.83 43.85 39.59
Arivat 0.21 13533 2892 2767 3830 3780 0.22 143.17 3140 42.83 39.85 3544
* %k *% *%k k& * *% * *k
CM 0.38 20867 7960 6258 4413 39.80 0.3t 203.83 6250 57.80 41.90 38.81
Clipper 0.22 11817 2610 3200 3353 3680 0.16 1165 1832 46.17 16.83 33.58
* i *k x% Jo % * *% *k * %* ¥k x®
CcM 0.37 2575 9615 7533 4807 3813 0.28 20467 56.71 56.17 43.10 39.41
Prior 0.20 1650 3360 5500 2083 3867 0.21 11467 2452 49.33 19.72 34.33
** *% *% *%k *% * *k
CM 0.39 24267 9448 69.17 4433 3843 0.25 22017 54.78 52.17 42.50 38.89
Weeah 0.25 141.5 35.10 4800 2202 3860 0.24 18267 43.26 46.00 46.70 33.95
* % * *% *%
CM 0.39 18267 70.62 5800 3873 3973 0.27 28058 754 65.00 4885 38.58

HI = harvest index; BY = biological yield; GY = grain yield; Hds/m = number of heads per meter long; Knlsthd = number of
kernels per head, 1000 kwt. = 1000 kernel weight.

*P <0.05

** P <0.01



Table 3. Coefficients of correlation among certain characteristics
in 11 groups of data on barley extracted from four different

environments.
Characteristic Group Harvest Heads/m Kemels/ 1000 kwt
Index head
Heads/m 1 0.40**
2 0.39**
3 0.39**
4 0.63**
5 0.21**
6 0.26*
7 0.53**
8 -0.05
9 0.38**
10 0.55**
11 0.72**
Kernels/head 1 0.41** 0.0
2 0.41** 06
3 0.05 0.7
4 047 0.27**
5 0.41** -0.14
6 0.34** -0.06
7 0.60** 0.27**
8 0.20* -0.08
9 0.69** 0.22
10 0.49** 0.26*
11 0.51** 0.29*
1000 kwt 1 0.26** 0.10 0.10
2 0.21** 0.04 0.07
3 0.09 0.09 -0.29**
4 0.16 0.07 0.26*
5 0.38** 0.13 0.05
6 0.24* -0.10 0.11
7 0.18 0.06 0.23*
8 0.32* -0.31* 0.02
9 0.34* 0.21 0.28*
10 0.12 0.09 0.30*
11 0.03 -0.03 0.24*
(continued next page)
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{continued from previous page)

Characteristic Group Harvest Heads/m Kernels/ 1000 kwt
Index head
Grain yield 1 0.75** 0.75** 0.40%* 0.26%*
2 0.78** 0.72**0.0. 0.63** 0.20*
3 0.61** 83** 0.14 0.09
4 0.83** 0.80** 0.60** 0.28**
5 0.66** 0.75** 0.24** 0.25**
6 0.69** 0.72** 0.36** 0.10
7 0.78** 0.75** 0.63** 0.21*
8 0.54** 0.74** 0.21 -0.02
9 0.77%* 0.68** 0.59** 0.34**
10 0.83** 0.79** 0.62** 0.23
11 0.79** 0.83** 0.67*8 0.19

Group 1: Overall data n-2 = 286.
Group 2: cultivars only n-2 = 14.2,
Group 3: checks only n-2 = 142
Group 4: Dalmaj location n-2 = 142,
Group 5: Fudheilia location n-2 = 142,
Group 6: 1985 data n-2 = 142,
Group 7: 1986 data n-2 = 142,
Group 8: Dalmaj 1985 n-2 = 70
Group 9: Dalmaj 1986 n-2 = 70.
Group 10: Fudheilia 1985 n-2 = 70.
Group 11: Fudheilia 1986 n-2 = 70.
*P <0.05; ** P <0.01.

The number of kernels/head is positively correlated with grain yield (P <0.01) in
all data groups except Groups 3 and 8. Significant correlation between number of
kernels per head and 1,000 kernel weight was not detected in Groups 1, 2, 5, and
6. However, they are positive and significant in the rest of the data groups (P
<0.05 and P <0.01), except in Group 3 (checks), which is significantly negative
(P <0.01). Finally, 1,000 kernel weight and grain yield are positively correlated
(P <0.05 and P <0.01) in data groups 1, 2, 4, 5, 7, and 9, while no correlation
was detected in the data of other groups. To indicate whether correlation
coefficients computed from data from Groups 2-11 are different from those
computed from Group 1 (overall correlation), a test of homogeneity of correlation
coefficients was conducted. The results are shown in Table 4. Significance in the
differences between correlation coefficients varies with data groups. None of the
correlation coefficients estimated from Groups 2 and 6 differ from those of Group 1.
Data Group 3, which represents those of the check cultivar (n-2 = 142) shows the
least consistency with those of Group 1, since only three out of 10 correlation
coefficients do not differ from those of Group 1.

The three relationships involved are harvest index with number of heads per
meter, number of heads per meter with number of kernels per head, and number
of heads per meter with 1,000 kernel weight. The consistency of relationships in
other data groups with data Group 1 is variable, and no systematic pattern can be
detected as regards data source.
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Table 4. Statistical differences between correlation coefficients
of certain characteristics estimated from different data groups
(overall correlation, Group 1 vs. Groups 2-11).

Correlated Levels of significance between data groups?
characteristics! 12 13 14 16 16 1-7 18 19 110 1-11
HI

Hds.m™ ns ns ** * nNs ns ** ns ns **

Knis/hd ns ** ns ns ns ** ns ** ns ns

Kwit. ns * ns ns ns * ns ns ns *

GY ns ** * * ns ns ** ns ns ns
HDS.M"

KnLs/d ns ns ** ns ns ** ns ns * *

Kwt. NS NS ns nNs ns ns * ns ns ns

GY ns * ns ns ns NS NS ns ns ns
KnLs/hd

Kwit. ns * * ns ns ns NS ns ns ns

GY ns * % *% * ns * % ns * * %k
Kwt.

QY ns * ns nNs ns ns * ns ns ns

" HI = harvest index, Hds.m™ = number of heads per meter long, knils/hd = number of kernels
per head, kwt = 1000 kernel weight, gy = grain yield.

! For data groups, see footnotes of Table 3.

*P <0.05

** P <0.01

ns = non-significant.

Discussion

A salt-tolerant line must maintain a stable performance across and within
environments. The screening method discussed here provides information on the
ability of a given cultivar to withstand and perform under variable and changing
environmental conditions in salinized fields. The check cultivar California Mariout
is registered in the United States as an introduction from Egypt, and has been
widely used by researchers as a check, since it is well known for its superior
tolerance to salinity among other barley genotypes.

The fact that the two cultivars CM-67 and Numar performed as well as California
Mariout in this study was not surprising, since both cultivars were bred from
crosses involving California Mariout (Arias et al. 1983). In addition, Numar, a
cultivar released in Iraq in the early 1970s, is well known among farmers for its
considerable tolerance to salinity. This has been confirmed experimentally
elsewhere (Al-Shamma and Sabir 1986). Arivat, another released cultivar,
responded sensitively to salinity in this study, although an earlier report (Al-
Shamma and Sabir 1986) indicated that it had a moderate response compared
with cv Numar when grown in salinized nutrient solution in a controlled
environment. This discrtepancy may explain the belief that reaction of plants to
salinity, per se (where all other factors are fixed) differs from their reaction to
salinity when grown under variable and changing environmental conditions, i.e. in
a naturally salinized field.
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In general, the reduction in grain yield among the sensitive cultivars (Arivat,
Clipper, Prior, and Weeah) appears to be due mainly to a reduction in the number
of kernels per head. Previous study found that salt stress caused a decrease in the
duration of the reproductive phase of apex development and a decrease in the
number of spikelet primordia on the main spike of durum and bread wheat (Mass
and Greive 1990). This may contribute to the development of shorter spikes with
fewer spikelets (Grieve et al. 1992) and eventually result in fewer kernels. The
other two yield components, number of heads per unit area and 1,000 kernel
weight, seem to be more stable. Such findings suggest that the number of kernels
per head could be considered an indicator of saline sensitivity.

Stoy (1975) states that in barley, as in other cereal crops, the flow of assimilates to
the grain may be subject to limitations in the source, the sink, or the assimilate
transport system, depending on the particular combination of genotype and
environment. He provides evidence that modern varieties of barley represent types
which Evans (1975) considers as “likely to have their photosynthetic capacity and
their storage capacity fairly closely balanced in the environments to which they are
adapted.” In saline environments, however, source limitation seems to be absent,
especially in the sensitive cultivars, as indicated by the lower harvest index values.
Similar results were demonstrated by Stoy (1975) for primitive types of barley and
for modern barley cultivars grown under sub-optimal incident radiation.

The flow of assimilates from the source to the sink (the grain in this case) seems to
be the limiting factor in maintaining high grain yield under salinity. Soil salinity is
known to exert osmotic effects on plants. For a plant to grow under such conditions,
it must make certain adjustments to maintain a proper potential gradient with the
external solution. In glycophytes (among which are cereals), the major osmotic
components are potassium salts of organic acids and sugars (Hellebust 1976).
However, these groups of plants, unlike halophytes, cannot tolerate and
accumulate high levels of salts in their cells as a major part of the osmotic
adjustment (Greenway 1973). At moderate salinity levels, tolerant barley cultivars
(e.g., California Mariout) are better able to exclude sodium as well as chloride ions
from the shoot than are sensitive cultivars (Storey and Wyn Jones 1978). The
system is probably more complex than one can imagine. Plants grown under salt
stress are expected to expend much energy to compensate for the accumulation of
salts and the maintenance of higher osmotic pressures (Nieman 1962). Under
these circumstances all metabolic processes must proceed with, most likely, lower
efficiency, leading to decreased grain yield.

Yield component compensation occurs in plants, which leads to negative
correlation. Adams (1967) considers this negative correlation to arise primarily
from developmentally-induced relationships, i.e. developing structures of a plant
body competing for a common, possibly limited nutrient supply. He concludes that
plant yield systems show what he calls "developmental flexibility" in the sense that
components develop sequentially with an overlapping pattern. The first component
to develop (number of tillers in cereals) draws upon the resources it needs, but by
the time the next component (number of kernels per head) begins to develop, the
resources may not be available for optimum development.

But do these interrelationships hold true under salinity? There are only two cases
where component compensation is cited in this work. One is between the number
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of kernels per head and the 1,000 kernel weight in Group 3 (representing data on
the check cultivar, n-2 = 142) and the other is between the number of heads per
meter and the 1,000 kernel weight in data Group 8 (data from Dalmaj location
1985, n-2 = 70).

In general, two types of response seem to dominate: (i) where components behave
independently (zero or no significant correlation), as in the case of the number of
heads per meter and the 1,000 kernel weight; and (ii) where there is a tendency
for positive correlation, as with the number of kernels per head and the 1,000
kernel weight. Interestingly, we found similar results in another work (Table 5).
Even in a non-saline environment, compensation among components was not
evident, rather, behavior was independent, except for the number of kernels per
head and the 1,000 kernel weight, where correlation was high and positive (P
<0.01). Lack of correlation among the three components in a non-saline
environment has also been reported (Al-Shamma et al. 1989). In the
Mediterranean, the growing season of cereal crops is rather long, especially in the
irrigated areas and rainfall areas with supplemental irrigation where planting
begins in early November and the crop matures in mid to late April. Development
of the apical meristem proceeds at a slower rate and may require at least 100 days
before anthesis takes place for spring cultivars. This suggests that each of the yield
components has enough time to develop at a pace that does not create competition
high enough to cause compensation among them. As to why compensation among
yield components was absent in saline environments, the information obtained
from this work cannot provide answers and further work should be carried out to
clarify this matter.

Table 5. Coefficients of correlation among yield components in
barley under saline and non-saline conditions.

Type of field 1,000 Kerne! wt. Kernels/head
Non-saline heads/m 0.05 0.02
Kernels/head 0.63*

Saline heads/m 0.34 0.41*
Kemels/head 0.44
*P <0.05.

Unpublished data of Al-Shamma and Al-Rawi, 1989.

Finally, consistency of relationships among the various characteristics under salinity
may vary with data group (location, year, cultivar, check). From Table 4 one can
classify these relationships according to their stability as follows:

¢ Highly stable. These include relationships between number of heads per meter
and 1,000 kernel weight and grain yield, between number of kernels per head
and 1,000 kernel weight, and between 1,000 kernel weight and grain yield.

¢ Moderately stable This includes the relationship between harvest index and
grain yield and its components, in addition to number of heads per meter and
number of kernels per head.

¢ Unstable. This involves the relationship between number of kernels per head

and grain yield, where only two data Groups (6 and 8) were consistent with
data Group 1.
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Such results may help plant breeders to come up with improvement strategies for
the development of salt-tolerant barley lines. Breeders consider those components
which have a highly stable and positive relationship with grain yield, such as
number of heads per unit area and 1,000 kernel weight, as dependable criteria for
selection in a saline environment. Number of kernels per head seems to have a
weak relationship with grain yield under such conditions and breeders may choose
not to utilize this yield component as a selection criterion.

Conclusions

Screening genotypes for salinity tolerance must be carried out in naturally
salinized fields (in at least two locations and probably over two seasons). Under
such conditions, genotypes are exposed to salinity effects as well as the interactive
effects between salinity and other variable and changing environmental factors.
Only those genotypes which make it through these conditions are truly salt
tolerant. This screening methodology can also be used for selection using
segregating populations.

In general, reduction in grain yield in a saline environment appears to be due to a
decrease in the number of kernels per head.

Yield component compensation under salinity is not evident. There are two types
of relationship: (i) zero correlation, where components behave independently, as
with number of heads per meter and 1,000 kernel weight; and (ii) a tendency for
positive correlation, such as number of kernels per head and 1,000 kernel weight.

Consistency of relationships among the studied characteristics varies across location,
year, cultivar, check, etc. Among the highly stable relationships is that between
number of heads per meter and 1,000 kernel weight and grain yield. A fragile
relationship exists between grain yield and number of kernels per head.
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Discussion

Y. Sweidan: Did you measure the degree of salinity before planting? How high
was the salinity and did you measure it during the growing season? Was there any
change in the degree of salinity throughout the growth season?

A. Al-Shamma: Yes, it ranged from 15 to 20 Ds/m. Throughout the season
salinity fluctuates. It goes down after irrigation, and as the soil dries out it goes up.
By the end of the season it maintains a similar range.

N. Hrimat: What was the design of the experiment and the type of analysis?
A. Al-Shamma: The layout was according to randomized complete block design

N. Hrimat: Was the reduction, due to salinity, in number of kernels per head a
result of the existence of unfertilized florits or abnormal kernels?

A. Al-Shamma: The decreased number of kernels was due to less developed
spikes, and sterility was due to salinity effects.

M. Tahir: What should the level of salinity be so that major salinity areas are
covered? What should the composition of saline soil be?

A. Al-Shamma: The salinity barley can tolerate is 15-25 Ds/m. Saline soils in
Iraq contain sodium, calcium, potassium, chlorides, carbonates, and bicarbonates.
The composition of saline soil (although important) may not be critical. The main
factor is to achieve osmotic levels at which cultivars can be differentiated for
tolerance. We do not want levels where toxic effects predominate.
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Breeding Barley for Hay

Andreas Hadjichristodoulou
Agricultural Research Institute, Nicosia, Cyprus

Abstract

Hay is becoming increasingly important as intensive management of ruminants and
improved breeds are introduced into dryland farming systems. Improved barley
varieties for hay production are a major objective in increasing hay yield in the low
rainfall areas of WANA.

An improved hay variety must have high palatability, high digestibility, and high
crude protein content, but also high grain yield to secure low seed cost. Thus, in
breeding for hay, all selection criteria used in breeding for grain, plus additional
criteria for hay, must be employed.

Only limited work on breeding for hay has been done world-wide, especially in the
WANA region. Special hay varieties, including hooded types, are grown in certain
countries, including Cyprus. This paper outlines a breeding procedure for breeding
hay barley, starting from evaluation of local germplasm, introduction of improved
material, and hybridization. Special emphasis is given to the genetics of the
hooded gene, a trait which increases hay palatability. Hay made of smooth-awned
barley is more palatable than that of rough-awned barley. A simple technique is
suggested to distinguish lines giving high hay and grain yield from those giving
only high hay or grain yield. The paper then goes on to summarize the results of
the long-term breeding effort in Cyprus. The authors emphasize that it is possible,
though difficult, to breed for hay barley in the driest areas of WANA and the
Mediterranean countries.

Introduction

Scientists are paying increasing attention to barley breeding. The objectives vary
according to ultimate use. Barley is one of the few crops which satisfies a variety of
needs and is adaptable to a wide range of environmental conditions. It is grown in
the dry and hot climates of West Asia and North Africa (WANA) for its grain (used
as livestock feed, human food, and malt for beer), forage (fed green or conserved as
hay and, rarely, as silage), and for grazing. Grazing takes place at the tillering
stage, either continually after regeneration or in a dual-purpose farming system
(Sprague 1963; Hadjichristodoulou 1983; Yau et al. 1989).

Recently, breeders have engaged in "reverse evolution,” aimed at establishing
barley as a permanent pasture crop. This has been attempted by using the wjld
barley gene of brittle rachis in crosses with subsp. vulgare barley and by selecting
for wild seed to enable self-regeneration of the pasture (Hadjichristodoulou 1995).
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Hay making receives special attention in WANA countries because the surplus
spring forage production is easily conserved as hay for use in late summer and
early winter, when there is a severe scarcity of forage. During this period sheep
and goats are at the critical stages of pregnancy and lambing.

In some cases, varieties normally grown for grain are harvested at an early stage of
growth for hay. However, these varieties may not produce the highest hay yield.
Therefore, special hay varieties must be developed. A good hay variety must have a
high yield in dry matter, be rich in protein, and be high in digestibility.
Furthermore, it must be palatable (to reduce losses during feeding) and produce
satisfactory grain yield for low cost seed supply. A high percentage of disease-free
leafage increases the quality of forage, and the replacement of awns by hoods
increases the palatability of hay (Hadjichristodoulou 1979, 1985, 1994a). Smooth-
awned varieties are more palatable than rough-awned ones.

Only limited work appears to have been done on breeding barley varieties for hay
production under dryland conditions. Recent work in Cyprus is reported by
Hadjichristodoulou (1994b). Hooded hay varieties have been released recently in
the USA (Day et al. 1974; Hockett et al. 1990). There is considerable literature on
improved management techniques of barley for hay, such as optimum cutting stage,
seed rate, etc. (Hadjichristodoulou 1976a; Droushiotis and Wilman 1987).

In this report, the information on breeding barley for hay in drylands will be

reviewed and breeding strategies will be suggested for increasing the availability of
hay in WANA.

Materlials and Methods

The studies included in this report were conducted in Cyprus under rainfed
conditions from 1970 to 1995. During this period long-term annual precipitation
was around 300 mm, but with significant fluctuations from year to year, ranging
from 200 to 500 mm. Detailed methodologies are described elsewhere
(Hadjichristodoulou 1976a, 1976b, 1994a, 1994b). Results are presented on the
following topics:

¢ Evaluation of local landraces and wild genetic resources.

e Evaluation of introduced barley germplasm for hay.

e Selection criteria when breeding for hay.

e Studies on the effects of the hooded gene in breeding for yield.

» A crossing program aimed at developing high yielding hay varieties.

+ Maintenance of high grain yield potential in improved hay lines, with the aim
of reducing the cost of seed production.

Both published and unpublished data are included in this report.

The screening procedure followed was generally the same in all studies. At the
initial stages, leafy, tall, and disease-resistant lines were visually selected. Special

133



attention was given to optimum heading date to secure the adaptation of the lines
to the dryland environment of Cyprus. The selected material was then evaluated
for grain and hay yield. Researchers also recorded heading date, plant height,
tiller number per m? disease resistance, total biological yield, crude protein
content, and digestibility of dry organic matter. Material for hay evaluation was
harvested at the milk-to-dough stage of the grain, which earlier studies have shown
is the optimum harvesting stage (Hadjichristodoulou 1976a).

Results and Discussion

Evaluation of Landraces

Barley landraces were compared for grain yield with the improved grain varieties
Athenais and Kantara. One, Exadjio (ARI-22), gave yields approaching those of the
improved varieties (Hadjichristodoulou 1995). Two of the landraces were
evaluated for hay production with the commercially grown hay variety Morocco
628 and the promising hooded line, Sanokrithi 80-79 (Table 1). Landraces gave
slighdy lower hay and crude protein yields than Morocco 628. Total biological
yield (grain plus straw) of the landraces was 11-12 t/ha and straw yield was 5.5-
6.0 t/ha, similar to those of the commercially grown variety Athenais.
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Table 1. Hay, grain yield, and other traits of landraces compared with hay varieties (means of two
locations, 1992/93).
Grain yield Hay Heading date Plant height Lodging
{t/ha) (1=1st March) (cm) (%)
Dry matter Crude protein
(kg/ha) (%) {t/ha)

Moroccco 628 7.03 18.76 8.7 1.60 K 5] 128 84
Sanokrithi 80-79* 6.43 14.70 11.0 1.76 7 121 24.7
Exadijio (LR) 7.07 16.79 84 1.50 24 124 156
Paphitico (LR) 6.40 13.98 9.3 1.36 35 122 30.1
Mean (25 lines) 6.95 14.52 9.3 1.41 2 119 16.1

' Hooded variety.



Introduced Germplasm

When hay barley improvement began in Cyprus in 1968, the variety Athenais was
used for both grain and hay production. When barley material was evaluated for
grain yield, some lines were found to be leafy, and produced large quantities of
forage, though their grain yield was not among the highest. It was decided to
evaluate all these lines, most introduced from other countries, in a special trial,
and harvest them for hay production at the milk-to-dough grain stage.

Two varieties were subsequently selected, Morocco 628 and 48 Alger, introduced
from Morocco and Algeria, respectively (Hadjichristodoulou 1976b). Morocco 628
outyielded Athenais in dry forage matter yield by 17% (Table 2). In 1975, Morocco
628, which is leafy and disease resistant, was released as a hay variety. No variety
has since then been superior to it. The grain yield of Athenais (7.5 t/ha) was 20%
higher than Morocco 628'’s grain yield.

Table 2. Yield and other data of Athenais compared with forage
barley during 1970-75.

Dry matter yield Crude protein Heading date
(t/ha) yield (1=1st March)
_(kg/ha)
Athenais 572 666 23
48 Aiger 6.22 644 35
Morocco 628 6.69 688 34
Beecher 4.78 640 7

Data obtained from Hadjichristodoulou (1976b).

It is evident that at the initial stages of a varietal improvement program for hay,
leafy varieties rich in vegetative growth should be evaluated for hay. The chances
of success are limited, because of WANA's specific and fluctuating climatic
conditions. Such varieties may not give satisfactory grain yields, and will thus
increase the cost of seed and ultimately the cost of hay production. However, this is
a step in the whole strategy, which should be pursued before, or simultaneously
with, the more expensive hybridization program.

Selection Criteria

Criteria must be identified before selection program, especially a hybridization
program, begins. Certain traits are considered important in breeding for hay,
namely, dry matter yield, digestibility of organic dry matter, and palatability.

Hay made from smooth-awned and hooded barley is more palatable than from
rough-awned barley (Sprague 1962; Hadjipanayiotou et al. 1981). Likewise,
leafiness (higher fraction of leaves over stems) and high crude protein content are
desirable, as they increase nutritive value. Disease susceptibility affects both yield
and hay quality. Breeding must therefore aim at disease resistance. Hay barley is
not grown for its high grain yield, but selected hay varieties must have a high grain
yield to produce low-cost seed.
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The difficulties in breeding varieties which give both high hay and high grain yield
are discussed by Hadjichristodoulou (1994b). Because of the unpredictable
fluctuation of the dryland environment, it is very difficult to breed barley for
consistently high grain yield (Hadjichristodoulou 1990, 1992, 1994c; Ceccarelli et
al. 1991). The situation becomes even more difficult when including selection
criteria for hay production.

The "hooded" barley gene

The hooded trait, which is controlled by a single dominant gene, is very useful in
breeding barley for hay. Day et al. (1974) emphasizes this point, stating that awns
are undesirable in forage breeding. Other studies, however, point out the positive
effects of awns in assimilating in a hot, dry climate such as is found in WANA
(Grundbacher 1963; Blum 1985). The negative effects of the hooded gene have
been studied in California and in Cyprus (Hadjichristodoulou 1994a). These
studies show that the magnitude of the negative effects of the hooded gene varies
with environment. In Cyprus, hooded barley performs better in the central plain
(Athalassa) than in a coastal area (Dromolaxia).

Table 3. Comparison of ten awned and hooded selections at two
sites in 1992/93 (means of six crosses).

Dromolaxia Athalassa Means
Hooded Awned Hooded Awned Hooded Awned
Grain yield (kg/ha) 5262 6360 6140 6982 5701 6671

Heading date (1=1st 236 253 304 309 270 28.1
March)
Plant height (cm) 1102 1127 1348 1324 1225 1225
1000 grain weight (g) 37.9 420 36.0 40.4 369 41.2
Volume weight 56.6 58.6 58.2 59.3 574 58.9
g/
After Hadjichristodoulou (1994a).

The studies in Cyprus show that the choice of parents may also produce hooded
genotypes giving yields close to the awned genotypes from the same cross. In the
six crosses, the mean yield differences between hooded and awned genotypes
varied from 13 to 30% (Hadjichristodoulou 1994). The best awned selection
outyielded the best hooded selection by 4% in cross No. 2 and by 26% in cross No.
5 and by 41% in cross No. 4 (Table 4). For the other traits (total biological yield,
harvest index, and 1,000 grain weight) the best awned selection was superior to
the best hooded selection in all six crosses.

The mean grain yield (four trials) of the 10 awned selections from the cross CYB
87-4725 was 37% higher than the 10 hooded selections from the same cross.
Awned selections were shorter (by 7 cm), had higher weight by volume (by 4
kg/hl), higher 1,000 kernel weight (by 4 g), but earliness was similar to the
hooded lines.

Four hooded lines selected from the cross CYB 87-4725 outyielded their hooded
parent by 2-10%, and their 1,000 kernel weight was higher by 3-5 g (Table 5).
However, the awned selections had higher grain yield than the hooded lines.
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Table 4. Comparison of best hooded and awned selections from six crosses in two trials (1993/94).
PH VW TKW NGPSP

Best GY TBY HI TN HD (1 = 1st
lines  (kg/ha) (kg/ha) (%) (per m?d) March) (cm) (kgh) (@) (No)
Cross No. 1 H 4,218 10,938 33 317 19 105 59 32 43
A 4,991 13,198 41 361 2 106 59 42 34
Cross No. 2 H 4,704 12,255 39 317 14 109 58 35 4
A 4,907 14,756 3 321 19 110 53 34 47
Cross No. 3 H 4,002 11,278 35 347 2 109 52 3 36
A 4,446 11,450 42 321 17 113 58 43 33
Cross No. 4 H 4,167 11,396 K 2] 300 18 112 5 35 4
A 5,890 14,725 4 352 20 105 58 42 4
Cross No. 5 H ,3885 10,291 K ¢) 33t 19 107 80 K 40
A 4,904 12317 4 328 2 113 57 48 34
Cross No. 6 H 3,960 11,130 36 291 S 113 5 35 40
A 4,837 13,648 40 323 14 108 58 45 35

H = hooded; A = awned; GY = grain yield; TBY = total biological yield; HI = harvest index; TN = tiller number HD = heading
date; PH = plant height; VW = volume weight; TKW = 1000-kernel weight; NGPSP = number of grains per spike.



Table 5. Agronomic performance of five hooded and five awned

selections from the cross Mari/Aths//BC/3/ Sanokrithi 80-79,

CYB 87-4725 (means of four trials, 1992-94).

Selection Grain Heading Plant  Volume 1000 grain
yield date 1=1st height weight weight (Q)
(kg/ha) March {cm) (kg/hl)

Hooded
4725-3A-0A 4,776 20 118 54 38
4725-7A-0A 5122 21 128 57 K ]
4725-4A-0A 5,372 2 119 58 38
4725-20A-0A 5,239 2 122 5 38
4725-23A-0A 5,001 19 115 54 36
Awned
4725-85A-0A 6,901 2 116 63 47
4725-67A-0A 6,731 17 107 58 41
4725-78A-0A 7,021 17 110 65 4
4725-72A-0A 6,821 20 121 61 46
4725-54A-0A 6,240 2 116 &3 39
Parents
MarifAths// /BC (A) 7,100 21 119 61 49
Sanokrithi 80-79 (H) 4,884 2 111 60 K<)

In spite of the negative effects of the hooded gene, a hooded variety, Sanokrithi-94,
was released in Cyprus between 1980 and 94. This variety gives the same or
slightly higher hay and grain yields than the awned Morocco 628
(Hadjichristodoulou 1994b). The steady progress in breeding of hooded forage
lines which also have a higher grain yield is shown in Figure 1. Selected hooded
genotypes give lower yields than Morocco 628, but hooded genotypes give equal
hay yield and higher grain and crude protein yields than Morocco 628. Today,
with the exception of Cyprus, very few WANA countries are using hooded genes in
their crossing programs. With more input in this field, it is expected that the
hooded gene will be incorporated into WANA breeder programs.

Hybridization

A crossing program is the most efficient way to develop high-yielding hay varieties
with desirable traits. However, this requires special knowledge of the genetics of
the selected traits. Also, an important prerequisite for the crossing program is the
existence of useful genetic variability on which breeders can build.

There has been very little experience in breeding technologies for hay barley.
Likewise, there is a shortage of improved germplasm when breeding for grain
yield. However, experience gained in breeding grain barley in WANA countries can
be exploited in breeding barley for hay. Ceccarelli (1994) and Hadjichristodoulou
(1994c) presented such information at the 1992 Amman workshop.
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Figure 1. Relative performance of the best hooded lines compared to best
awned hay variety from 1968 to 1995 (Grain = grain yield; DM = dry matter
yield; CP = crude protein yield).

A hybridization program has been underway in Cyprus since the early 1980s,
aiming at developing hay varieties for the dryland conditions of Cyprus. The most
common parents were the high yielding varieties Morocco 628 and other leafy
varieties with high biological yield, and hooded genotypes obtained from the
Composite Crosses CCXX1 developed in California. Smooth-awned, disease-
resistant, leafy, tall, and lodging-resistant genotypes were also used as parents.
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The highest yielding lines selected through this program are:

1. Sanokrithi 94. Pedigree Mor 628*2/Sanokrithi 80-50, CYB85-4019-OD Sel
A. This line was released in Cyprus because of its high grain, hay, and crude
protein yields. It is a hooded, six-rowed variety.

2. Lysi. Pedigree Mor 628/Att CYB85-4012-OD-Sel B. Lysi was released in
Cyprus in 1994 and is a smooth awned, six-rowed variety.

The following lines were found very promising and will be used in future crosses:

1. Assia. Pedigree Kantara/Sanokrithi 79-No2 CYB81-1726-3D-3D-1D-2D-0D.
Assia is a two-rowed hooded line with a long, very strong stem. It has the
highest hay yield among all the material developed in Cyprus, but its grain
yield is very low. Thus the cost of seed for this variety is high and the line will
be used in crossing programs to increase grain yield.

2. Vatili. PedigreeSanokrithi-80-26/48 Alger CYB 82-3153-2D-1D-2D-0D. Vatili
is a six-rowed awned line with very high grain yield and high hay yield. It has
great potential as a parent in crosses.

In a breeding program aimed at high hay yield, it is necessary to select at the same
time for high grain yields. A variety with very low grain yield is unlikely to succeed
on the open market. The implications in breeding for both hay and grain yield are
discussed by Hadjichristodoulou (1994b).

The results of a trial conducted at two sites in 1994/95 illustrate the procedure
followed in such a program (Fig. 2). Two lines, passing through the means and
parallel to the X or Y axis, divide the 25 lines into four groups. Lines in group G
are high-grain but low-hay yielding; lines in group H are high-hay but low-grain
yielding; lines in group G + H are high in both grain and hay yield; lines in group
-G-H are low in both grain and hay yield. Line 2 is Morocco 628, the commercial
hay variety. Line 3 is the recently released hooded line Sanokrithi-94. Both lines
are between hay and hay + grain types. Thus, they need further improvement of
their grain yield potential. Line 1 is the commercially grown grain variety,
Athenais. Line 16 combines both high grain and hay yield and was included in this
trial after two years of testing for grain yield. Line 12 gave the highest grain yield
and will be promoted to grain yield trials. However, Line 22, a high-hay-yielding
line selected from a cross involving four parents (including Morocco 628 and
Athenais) is not suitable for release, but only as a parent to improve grain yield.
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Figure 2. Forage grain and dry matter yield of 25 barley varieties in 1994/95. G
= grain type; H = hay type; G+H = grain + hay type; -G-H = low in grain and
hay yield; a = means of two locations; b = Dromolaxia; ¢ = Athalassa.

The data in Figure 2a are the means of two locations. However, by comparing the
data in Figures 2b and 2c, it can be seen that the relative position of the 25 lines is
not necessarily the same at Dromolaxia and Athalassa. This is the result of a
genotype x environment interaction, which affects the efficiency of selection in
drylands. Ways to alleviate these effects are recommended by Hadjichristodoulou
(1987, 1990, 1992) and Ceccarelli et al. (1991).
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Discussion

M. Al-Ayadi: How can you make hay from barley and vetch more palatable for
sheep, and what seeding rate do you recommend for hay production.

A. Hadjichristodoulou: Breeding barley for high hay palatability is necessary.
Growing hay barley in mixture is another way of increasing palatability, but long-
term studies in Cyprus showed that barley grows fast and suppresses the vetch,
which has slow growth in the center. The result is to harvest mainly barley with
litle contribution from the vetch even if the seed rate of the mixture is 20$ barley
and 80% vetch. Triticale is a more suitable companion species to grow in
combination with vetch. When barley is grown in a pure stand for hay, the seeding
rate is 150 kg/ha, and it is harvested at the mild-to-dough stage of grain.
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Abstract

A diallel set, including eight genetically diverse barley varieties, was used
estimate the type and magnitude of gene action involved in the inheritance of
barley’s principle yield components. The results underscore the importance of both
additive and non-additive genetic effects in controlling these traits, except for
number of spikes per plant, which is mainly controlled by the dominance effect.
The proportion of positive and negative alleles was unequally distributed among
the parental populations for the studied traits, except for number of spikes per
plant and number of kernels per spike, which were equally distributed among the
studied parents. The dominance effect of inheritance with asymmetrical gene
distribution in the genetic background of the parents was detected for most
characters. The additive variance percentage appreciably exceeded dominance
percentage for number of spikes per plant and number of kernels per spike,
particularly in the F, generation. Consequently, successful selection for those two
characters among early generations is feasible. Estimates of heritability were
moderate for all characters except for number of spikes per plant and grain yield,
which were low. Completely recessive parents were higher than completely
dominant parents for number of spikes per plant, number of kernels per spike,
1,000 kernel weight, and grain yield per plant.

Introduction

The area planted with barley in Egypt decreased from 192,000 fed (1 feddan =
0.42 hectare) in 1990 to 115,000 fed in 1993. Average yield increased from 0.77
t/ha to 1.04 t/ha during the same period. The barley crop in Egypt ranks twelfth
in priority in the Old Lands (Delta and Nile Valley). However, barley is considered
the main cereal crop in rainfed areas, which are scattered along the northern coast
and the Sinai Peninsula. Barley is the best-adapted field crop for drought, salinity,
and low soil fertility in the New Lands (newly reclaimed areas).

Several researchers have studied the genetic nature and the relative magnitude of
each possible source of genetic variability for the polygenic traits of barley.
However, most analyses found in the literature were conducted on a fixed model
basis. Their conclusions apply to those populations as constituted by their plant
materials. This study involves genetic analysis of principle yield components in
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barley using the diallel approach (Hayman 1954). The aim was to understand the
genetic behavior of polygenic traits help formulate breeding procedures to
achievem maximum genetic improvement within a set of barley varieties.

Materials and Methods

The breeding materials in this study comprised eight barley genotypes. These
were: (i) Aramir; (i) Bonus; (iii) Tyra; (iv) Impala; (v) Rupal; (vi) Georgia; (vii)
Bomi; and (viii) Proviners. The first two were imported from Holland, while the
others come from Denmark. All are two-rowed Hordeum distichum L., except for
Proviners, which is a six-rowed H. vulgare. The eight genotypes were crossed in all
possible combinations (excluding reciprocals). The eight parents and the 28 F, and
F, populations were planted in a randomized complete block design with four
replications. In each replicate, every cross was represented by one row for each
parent and F, generation, and by two rows for each F,. Rows were three meters
long and 30 cm apart. Plants were spaced 20 cm apart within rows.

Number of spikes per plant, number of kernels per spike (on the main stem),
1,000 grain weight (gm), biological yield (gm), and grain yield per plant (gm)
were recorded for each plant. Before proceeding with the biometrical analysis,
significant differences among genotypes were tested by carrying out regular
variance analysis of the randomized complete block design. The diallel cross
procedure developed by Hayman (1954) and Mather and Jinks (1971) was used
to detect the relative magnitude of the genetic components and to provide
information on the genetic mechanism by which traits are inherited.

Table 1. Mean performance of the eight barley genotypes used in
diallel crosses.

Parents No. No. kernels 1,000 kemel  Biological  Grain yield
spikes per wt. (g) yield (g) per plant
per plant spike

Aramir 42.00 28.50 40.20 143.00 26.30
Bonus 45.70 31.20 45.44 191.00 46.04
Tyra 54.90 32.30 44.50 143.00 43.05
Impala 46.80 29.30 41.49 135.00 29.17
Rupal €0.80 34.90 31.19 163.50 43.94
Georjia 46.20 31.30 37.02 144.50 37.16
Bomi 60.80 33.50 50.41 180.00 57.83
Proviners 37.60 72.00 30.08 268.00 97.95
Sign. *x *x *n *n * %

L.S.D (0.05) 9.79 0.95 0.47 33.59 12.23
L.S.D (0.01) 14.47 1.41 0.70 49.69 19.21

** Significant at 0.01 level of probability.

Results and Discussion

The present investigation endeavored to study the genetic behavior of the principle
yield components in barley, and the impact on barley breeding programs.
Therefore, genetic nature will be discussed separately for each component.

146



Lyl

Table 2. Mean squares for principle yield components in F, and F, diallel crosses and test of

validity.
Source of Generation Spikes/Plant Kernels/Spike 1,000 kernel wt. Biological yield Grain yield/plant
variance
Replicants F1 2723 3.923 0.034 2901.620 8.657
F2 42.426 0.560 0.253 616.433 10.737
Genotypes F1 599.790** 183.275** 0.882** 6407.180** 861.887**
F2 547.905** 648.414** 0.707** 5005.476** 1112.700**
Error F1 62.070 1.678 0.543 878.665 87.232
F2 83.823 12107 0.354 525.772 83610
t? F1 2815 1.760 0.054 0.999 0.334
F2 54.996** 1.046 1.040 0.031 0.072
b-/+ SE F1 0.550+0.161 0.9531+0.0186* 0.110+0.475 0.21310.266 0.75740.370**
F2 0.0175+0.210 * 0.55410.203 0.10440.020 0.06610.438 0.87310.173**
Ha:b=0 F1 3416 51.236** 1.007 0.801 2043
F2 0.083 2.526* 20.400** 0.151 5.046
Ho:b =1 F1 2795 2729* 1.407 2.958* 0.621
F2 4678 2.198 25.300** 2135 0.734

* Significant at 0.05 level of probability.
** Significant at 0.01 level of probability.



Number of Splkes per Plant

Parental genotypes differed significantly in terms of number of spikes per plant, as
shown in Table 1. The two-rowed variety Bomi gave the highest number of spikes
per plant (60.80), while the six-rowed variety Proviners had the lowest number
(37.60). Highly significant differences in the number of spikes per plant were
recorded among the F, and F, genotypes (Table 2). The significant value of mean
square due to genotype revealed the presence of genetic variability among the
materials under investigation. However, the ¢ estimates were non-significant,
indicating the correctness of the assumption underlying the diallel analysis. The
insignificant value of the regression coefficient (b) may support the presence of
non-allelic interaction among the studied parents.

Additive and dominance gene effects for number of spikes per plant are shown in
Table 3. Additive gene effect (D) is non-significant in both F, and F,, whereas H1
and H2 components (due to dominance) are highly significant in both generations.
These results reflect the lower magnitude of additive effects compared with
dominance action in controlling the number of spikes per plant.

Positive estimates of F values, which measure the relation between dominant and
recessive alleles, indicate that the dominant alleles are more frequent than the
recessive ones at most loci.

For better comparison between variance components, partitioning of variance to its
main components, additive (DR), dominance (HR) and environmental (E) were
considered. These values illustrate the high contribution of dominant gene effects
in F,, whilst in F, additive effects are more important. Popescu (1985) finds that
dominance genes predominate in controlling the inheritance of number of spikes
per plant. However, Asaad (1983), El-Sherif (1991), and El-Shazly et al. (1992)
state that the additive gene is the major factor in controlling that trait.

Estimates of dominance degree (3.322 and 2.492 for F, and F,, respectively)
suggest over-dominance, and hence preponderance of non-additive gene effects.

The same conclusion was previously mentioned for partitioning of variance (Table
3).

Estimates of the average frequency of positive versus negative alleles U:V at all loci
show that they are not distributed equally among parents. Estimates of the ratio of
dominant and recessive alleles in the parents, KD/KR, are greater than the unity in
both generations. This implies an excess of dominant genes in the parents for
number of spikes per plant.

Number of Kernels per Splke on Main Stem

Highly significant differences among the genotypes, including F, and F,, in number
of kernels per spikes were found (Tables 1 and 2). The six-rowed variety Proviners
significantly surpassed the other parents in number of kernels per spike (72.00).
However, the test of validity (t-value) confirms the validity of the assumptions of
diallel analysis (Table 2).
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Estimate of gene action and the genetic mechanism for number of kernels per spike
found that values of D and H1 were highly significant in both generations, showing
the importance of both additive and non-additive types in conditioning this trait.
The component of variation due to dominance effects correlated with gene
distribution (H2) was highly significant in both generations, showing the effect of
dominance genes with asymmetrical gene distribution in the genetic background of
the parents. Frequency of dominant alleles was higher than recessive alleles in the
parents, since F values were positive and highly significant in both generations.
This finding is supported by the increasing proportion of dominant to recessive
genes in the parents, KD/KR, as shown in Table 3.

Regarding partitioning of variance to its main components, the results reflect the
low contribution of additive effects (DR=23.80) in comparison to dominance gene
effects (HR=74.75) in the F, generation, whereas in F, there was a higher
magnitude of additive effects (DR=78.45). The remarkable role of additive genetic
effects in F, may help in successfully isolating promising lines during early
generations.

Thousand Kernel Weight

Highly significant differences between genotypes, including parents and their
respective crosses, were detected in 1,000 kernel weight. Except for the Rupal
variety, the other two-rowed varieties significantly surpassed the six-rowed variety
Proviners in 1,000 kernel weight (Tables 1 and 2). However, a test of validity for
F, and F, was non-significant, confirming the validity of the assumptions of diallel
analysis. The genetic components of variation in F, and F, show that D and H
values were highly significant in both generations. These results indicate that
genetic variation is caused mainly by additive and non-additive gene effects. The
estimates of average value of dominance effect in loci with unequal positive and
negative allelic frequency were highly significant in F, and F,, suggesting
dominance with symmetrical gene distribution in the parents. The number of
dominant and recessive genes was more or less the same in the parents, as
indicated by the highly significant values of F in both generations. This agrees with
the KD/KR scale shown in Table 3. These results agree with those reported by
Yadav et al. (1986). The estimates of h? were highly significant and positive in
both generations, suggesting the prevalence of positive genes in governing the
inheritance of 1,000 kernel weight.
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Table 3. Genetic components and ratios between components in F, and F, generations for the
principle yield components in barley.

Spikes/Plant Kernels/Spike 1000 Kernels Wt.
F, F, F F, F, F,
Variance components
£ 15.106+.495 20.668+23.163 0.435+1.877 3.382+17.859 0.0133+1.465 0.0213.327
D 563.229+28.799 47.667+69.180 501.28845.608**  498.341153.338** 35.936+4.374**  35.930+0.935**
F 48.764167.303 2.9551+164.194 899.649+13.310** 559.5211126.596** 42.3131£10.381** 38.442+23.581**
H1 587.479+65.480** 429.887+159.742** 502.770+£12.949** 519.538+123.163** 58.914+10.100** 64.358+22.942**
H2 489.648+56.969** 354,7781138.979** 90.072+11.266** 459.204+107.154** 38.5648.787**  43.316+19.96**
h? 31.977438.206 162.167+93.207* 25.504+7.556** 103.920171.864 70.39445.893**  278.94713.386**
Variance percent
E 8.006 27.348 1.450 2273 0.079 0.100
DR 27111 43.125 23.800 78455 42,160 46.062
HR 64.883 29437 74.750 19.272 57.671 53.838
Other genetic ratios
Dom.
degree 3322 2492 1.001 1.021 1.280 1.338
Dom.
deviation 0.338 0.025 0.989 1.613 0.782 0.699
uv 0.208 0.2063 0.045 0.221 0.1636 0.1682
KD/KR 1.302 1.0173 18.233 3.443 2726 2331
YD -40.015 45.725 37.765 -84.523 44768 20.386
YR 11.434 47.300 991.868 455.708 43.788 40.781

* Significant at 0.05 level of prcbability.
** Significant at 0.01 level of probability. {Continued next page)
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(Table 3. Continued)

Biological yield Grain yield/Plant
F, F, Fy F

Variance Components

E 233.010+£272.585 132.073+£292.627 21.256429.265 20.396+16.222

D 1738.850+814.113* 1840.4971876.958 4890.973+88.766** 490.833+48.450**

F 1519.722+1932.243 2878.75112081.402* 738.606+207.450** 393.7161114.992**

H1 6401.438+1879.850** 6201.438+1879.850** 921.295+201.825** 754.656+111.875%*

H2 5612.744+1635.515** 4588.380+1761.764** 595.524+175.592** 621.006+97.333**

h? 2452 853+1635.515** 22.881+18.153 156.364+17.762 55.91645.277*
Variance %

E 10.899 8432 10.185 7.009

DR 23.543 18.345 18.479 39.634

HR 65.558 73.223 71.335 53.357
Other genetic ratios:

Dom. degree 1.919 1.835 1.371 1.24

Dom. deviation 0.6488 0.8353 0.924 0.768

uv 0.2192 0.1849 0.1614 0.2057

KD/KR 1.598 2.484 1.443 1.956

YD 43.880 189.197 -37.552 -529.201

YR -48.660 143.520 434117 132.040

* Significant at 0.05 level of probability.
** Significant at 0.01 level of probability.



For a better comparison between variance components, the relative magnitude of
both additive and dominance effects were considered. The relative importance of
additive effects in terms of heritability was clear.

The average degree of dominance at each locus was 1.28 in F, and 1.33 in F,,
indicating that 1,000 kernel weight behaved as a dominant character. Dominance
deviation values were 0.782 in F, and 0.699 in F, (Table 3). These low values
may stem from the existence of dominance at some loci, although not the majority.
This provides further proof of the unequal distribution of alleles over loci (U:V
ratio). U:V estimates were 0.1636 in F, and 0.1682 in F, (Table 3). These values
were less than the maximum value of 0.25, which arises when U = V = 0.5. The
low estimates indicate that the positive and negative alleles at the loci exhibiting
dominance are not present in equal proportion.

Biological Yield

Biological yield (total plant weight excluding roots) was significantly different
among the studied genotypes (Tables 1 and 2). The components of variation
suggest that both additive and non-additive effects are significant. This illustrates
the importance of both additive and non-additive gene effects, with non-additive
effects prevailing in the inheritance of biological yield (Table 3). The component of
variation due to dominance gene effects in correlation with gene distribution was
highly significant in F, and F,, indicating asymmetrical distribution of dominant
genes in the genetic background of the parents. Thus it may be difficult to get the
best allelic combinations in early generations.

However, DR heritability values were 23.543 and 18.345% in F, and F,
respectively. These values suggest that selection from these populations is generally
low. Low values of heritability were also reported by Khalifa (1980), Osman
(1985), and Ismail (1986).

Grain Yield per Plant

Grain yield per plant is a metric character which is highly susceptible to
environmental conditions. Breeding high-yielding genotypes requires information
on the nature and magnitude of genetic variation. Significant differences were
detected between genotypes, indicating the presence of variability (Tables 1 and
2). A test of the validity of diallel assumptions proves the validity of this type of
analysis.

Estimates of the genetic variation component in F, and F, show that D and H1
values are highly significant in both generations (Table 3). This shows the
importance of both additive and non-additive gene effects in governing the
inheritance of grain yield per plant. The estimate of average value of dominance
effect in loci having unequal positive and negative allelic frequency was highly
significant in both generations, indicating the dominance of asymmetrical gene
distribution in the genetic background of the parents.

Estimates of DR and HR suggest only a small contribution by additive effects when
compared with dominance effects in F,. However, the study detected an important
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role for additive effects in parallel with dominant effects as a result of new
segregates in F,. Khalifa (1980), Ismail (1986), and El-Shazly et al. (1992) report
that both additive and non-additive gene action are important in controlling grain
yield. Thus, the small amount of additive effects in both generations makes
isolation from early generations of promising lines unfeasible.

The distribution of alleles over loci was unequal. The recessive parents were
present in greater proportion than the dominant parents. This indicates that
selection among the generations for this character is not efficient because the best
combinations might be found in heterozygotic forms. If selection is practiced in later
generations, a large population to recover the desirable recombinations will be
needed.
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Discussion

A.M. Al-Shamma: What are the heritability figures obtained on yield
components? What are your recommendations for selecticn in terms of components
and generation?

M. El-Shazly: Estimates of heritability were moderate for all characters except
for number of spikes per plant and grain yield, which were low. Therefore,
selection for grain yield per plant and number of spikes per plant in early
generations is not recommended.
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Barley Improvement for Feed and
Forage Use In Continental
Mediterranean Environments to
Increase Livestock Production

M. Tahir, A. Goodchild, H. Pashayani and G. Kashour
ICARDA, Aleppo, Syria

Abstract

In the continental Mediterranean environments of West/Central Asia and North
Africa the predominant farming system is cereal-livestock-pastoralism. During the
last 15 years the population of this region has increased from 302 to 426 million
(41%). Yet the number of milk and meat producing animals has increased by only
4.9%. This has resulted in a shortage of milk and meat. Immediate steps are thus
needed to increase livestock production.

Barley as feed and forage plays a major role in livestock production in this region.
Barley is grown on 18.2 million ha, with an average yield of 1,225 kg/ha.
Therefore, ICARDA has placed special emphasis on barley improvement for feed
and forage. At Tel Hadya, it is possible to select lines that are superior for both
traits, i.e., total biomass and grain yield in facultative and spring barley.

The new barley lines, with grain yield of 3.7-4.7 t/ha and protein content of 10-
13.8% in dry areas, have been identified by several national agricultural research
stations (NARS). With the adoption of new cultivars, yield per hectare can be
increased by at least 50%, and grain production could jump from 22.9 to 34.4
million tons. Straw production could increase to 68.7 miliion tons. The availability

of a larger quantity of high-quality feed could support the equivalent of another
41.3 million ewes.

Introduction

The cultivation of barley is an essential and integral component of the cereal-
livestock-pastoralism farming system in the highlands of WANA and central Asia,
where a continental Mediterranean climate prevails. Barley is the biggest source of
animal feed, especially during winter, when no other feed source is available and
the land surface is covered with snow for several months.

During the last 15 years the human population in this region has increased by
41%, i.e., from 302 to 426 million (FAO 1994). The livestock (milk and meat
animals) population has registered a nominal increase of 4.9% during the same
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period (Table 7). These figures indicate a shortage of milk and meat in the region.
Immediate steps are needed to correct this situation. However, this requires
increased availability of animal feed.

Barley, which plays a major role in livestock production, registered a production
increase of 10.3%, i.e., from 20.8 to 22.9 million tons, between 1980 and 1994
(Table 1). This increase is largely the result of an expansion in the area planted
with this crop (+13.6%). Barley production in this region fluctuates enormously
due to severe abiotic (thermal, moisture deficiency, and problematic soils) and
biotic (disease and insect) stresses, in addition to several other factors which
reduce production drastically in certain years. Stable barley production is necessary
to assure resource-poor farmers a stable income and livestock production.

The areas with continental Mediterranean climates are however, highly diverse
and agro-climatically variable. Therefore, to enhance sustainable barley production,
a well-defined strategy has been developed in close cooperation with scientists in
the national programs to develop germplasm of feed and forage barley with high
yield potential and quality.

The process of introduction of desirable genes and their subsequent identification,
selection, and performance is intensively carried out. Once the material has gone
through careful genetic manipulation, the best-performing lines are provided to
collaborating NARSs in the form of nurseries for evaluation, testing and selection
under specific environments. Some of the results of work on the improvement of
grain and forage yield and quality, and implications for livestock production in the
region, are presented in this paper.

Performance of Improved Feed-barley Germplasm

Newman and Newman (1992) states that is not practical to define a single
ideotype of barley which will be ideal for feeding various animals and fowls for
different production requirements. Therefore, they conclude that feed-barley
improvement should focus on increasing the available energy, which can be
accomplished by selecting for high starch plus free sugars (>65%), high fat (4-
5%) and low non-starch polysaccharides (<12%). However, in areas of the world,
such as WANA, where protein is deficient, high protein barley should receive due
consideration. The average yield of barley in the countries of North Africa and
West/Central Asia is 1,225 kg/ha, compared to the world average yield of 2,188
kg/ha. This low productivity is often attributed to lack of suitable variedes.
Therefore, one of the major objectives is to supply the NARSs with improved winter
and facultative (W&F) germplasm which can better withstand abiotic and biotic
stresses and give stable high grain yield and better grain protein. The improved
germplasm is supplied in the form of international nurseries for local testing,
evaluation, and selection by NARS scientists. The results of some of these nurseries
for 1993/94 are summarized below.
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Table 1. Area and production of barley in North Africa and
West/Central Asia.

Country Area (000 ha) Production (000 tons)

1980 1994  Percent 1980 1994 Percent  Yield

change change kg/ha

Algeria 875 1,00 +257 502 800  +35.1 727
Morocco 2,190 2,582 +17.9 1,712 3,720 +117.3 1,440
Tunisia 457 5128  +120 279 478 +71.3 933
Afghanistan 296 170 42.6 313 180 425 1,089
Azerbaijan 175" 158 9.7 art 238 -35.8 1,506
Iran 1,727 2,100 +21.6 1,558 3,100 +98.9 1,476
Iraq 858 1,400 +63.2 726 1,002 +38.0 716
Kazakhstan 5718' 6,044 +5.7 8,511" 5497 -35.4 909
Kyrgyzstan 263! 170 35.4 582! 300 485 1,765
Pakistan 199 151 -24.1 141 146 +35 967
Tajikistan 55t 40 -27.2 42t 34 -19.0 850
Turkey 2,846 3,400 +19.5 5,480 7,000 +27.7 2,059
Turkmenistan 61’ 52 -14.8 124! 108 -129 2,063
Uzbekistan 280" 292 +4.3 3611 340 5.8 1,164
Total 16,000 18,171 +13.6 20792 22,943 +10.3
! Figures for 1992.
! Figures for 1993,

Source : FAQ Statistics Year Book (1994).

International Winter and Facultative Barley Observation
Nursery

This nursery (IWFBON) comprises 150 entries of the most advanced material. It has
gone through several cycles of selection at key locations in the highlands of WANA.
Characteristics of entries selected five times or more at 16 locations are presented
in Table 2. The yield of the most frequently selected entries ranged from 3,496 to
4,656 kg/ha. The protein content of these high-yielding lines was 9.9-13.7%,
compared to 10% (Tokak) and 9.2% (Zarjou) for the most widely grown cultivars
in Turkey and Iran, respectively. A great majority of the crosses at ICARDA are
made using cultivars from WANA countries with very diverse germplasm
originating from other ecological regions but possessing one or more desirable
traits. From these data it is obvious that the selected lines, except entry Nos. 71,
61, and 47, contain locally adapted germplasm in the recombination of desirable
genes. These data clearly indicate the tremendous scope for increasing the present
yield level.

International Winter and Facultative Barley Yleld Trial

This replicated trial (IWFBYT) comprises 24 of the best, most widely tested entries.
Like IWFBON, this trial is also distributed globally on request. The results of three
highland sites of Iran are summarized in Table 3.
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Table 2. Characteristics of IWFBON entries selected five times or more at 16 locations in 1993.

Entry Name/Cross Sum  Avg. Yield DH DM PH({cm) PM Lodging Protein
No. Sel. (kg/ha) (%6) (%)
4 Rihane/Lignee 640//ICB 7 4,389 153 203 78 4 40 10.7
102854
108 Bkf/Magnelone 1604//Aloutte 6 3,899 160 204 61 3 0 11.4
54 Lignee 131/Soufara-02 6 3,771 157 203 76 2 2 115
B  Kitchen/Mullers Heydla/Salmas 6 4,588 155 208 74 3 % 123
58  YEA455-25//4679/105 6 3782 158 204 83 3 6 1.9
76  GB3433/TOKII 5 4,076 164 206 88 3 58 105
71 Alpha/Quinn 5 3,948 164 205 8 4 4 13.3
51 Lignee131/5/Cq/Cm//Apm/3/12 5 4,584 155 204 75 4 2 99
410/Giza 134

| 26106 5 4,088 159 205 81 3 16 1.2
61 Kitchen/Mullers Heydla 5 3,496 158 204 a8 3 6 1.6
47 Victoria 5 4,356 160 204 79 3 19 109
14  CWB22-6-13/ICB-102893 5 4,441 162 206 79 3 53 13.7
12  Roho/MazurB-103020ka//IC 5 4518 157 202 79 2 60 125
48 Roho/Mazurka 5 4,656 159 205 77 2 0 114
126 ICB103515/80-5144 5 3,954 156 202 " 3 33 13.1
84 Roho/Alger/Ceres 362-1 5 4,458 159 201 79 3 38 10.4

PM = powdery mildew (scale = 1 resistant, 10 susceptible); protein for Zarjan was 9.2%; DH = days to heading; DM = days to
maturity; PH = plant height.



Table 3. Characteristics of top yielding winter barley lines in Iran
(1993/94).

Variety/cross DH DM PH TKW  Yield Check
cm) (9@ (t/ha) (%)

Ardabil
YEA 1276/132TH//5053 YEA... 209 248 &9 4 273 108
Hj 33-81/Malta//YEA 196-3... 200 247 75 42 285 110
YEA 422.1/YEA 455.25/]... 205 246 70 41 3.83 148
Boyer/lj-126/6/Cm14,F1/3/... 202 247 83 45 341 132
Zarjow (check) 2056 249 59 34 221 87
Star (Improved check) 205 250 K4 36 258 100
cv 25.05
LSD at5% 0.87
Zanjan
1246/78//1246/105 23 254 56 1.23 185
Tokak 221 248 58 1.68 253
Bulbul 21 252 61 205 308
132 TH/Tokak 20 250 63 1.55 23
YEA 560.2//Luther/BK259 22 251 61 1.75 263
Gorgan-4 (check) 217 248 50 0.66 100
Ccv 13.53
LSD at5% 0.31
Karmanshah
Lignee 131/5/Cq/Cm//Apm... 173 215 75 34 6.04 123
CWB117-77-9-7/ICB 104073 173 213 8 37 6.27 127
Robur/J-126//OWB
753431D/513 173 221 8 41 594 121
Roho/Mazurka//ICB 103020 173 215 85 4 6.6 135
YEA 560.2//Luther/BK 259 187 221 106 K] 5.68 118
National Check 182 2 110 40 492 100
cv 15.61
LSD at 5% 1.32

DH = days to head; DM = days to mature; PH = plant height.

The three sites represent different ecological regions. Ardabil is very cold and
moderately dry, whereas Zanjan is a very cold and moisture-stressed site with a
short rainfall season. Karmanshah is not very cold and enjoys adequate rainfall and
good distribution and relatively high production. At each location the check was a
local improved variety.

The yield at Ardabil ranged from 1.76 to 3.83 t/ha. Two lines—YEA 422.1/YEA
455.25//..., and Boyer/1j-126/6/cm 14, F1/3/—gave significantly higher yields,
3.83 and 3.41 t/ha, respectively, than the two checks—Zarjou and Star— at 2.21
and 2.58 t/ha, respectively (Table 3). The high-yielding lines have a higher 1,000
kernel weight and are more cold tolerant than the local checks. The other
agronomic characteristics, such as days to heading, maturity, and plant height are
similar to the improved check cv Star.
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At Zanjan all the entries ouryielded the local check cv Gorgan-4. The yield of the
top five lines ranged from 185 to 308% of the check cultivar (Table 3). The better
performance is due to the high level of cold and drought tolerance. Variety Gorgan-
4 is highly susceptible to cold and does not seem to be adapted to moisture stress.

The agronomic data for top yielding lines at Karmanshah are presented in Table 3.
Though there was an increase of 115-135% over the national check, only two
entries, CWB 117-77-9-7/ICB 104073 and Roho/Mazurk//ICB 103020 ICB
103020, gave significantly higher yields (6.27 and 6.6 t/ha, respectively) than the
check cultivar (4.92 t/ha).

These data confirm that the three sites are very different from each other. None of
the best performing lines was among the top yielders across all sites. All the
selected lines have been included in the national trials for wide-scale testing.

From these results, it is evident that the strategy of multi-locational testing, and the
use of locally adapted germplasm to introduce desirable genes, is the best course of
action for rapid germplasm improvement for grain production.

Grain Protein and Thousand Kernel Welight

In view of the feed and food value of barley in the highlands, the emphasis is on
developing germplasm not only with high grain yield but also of better quality than
the varieties most widely cultivated in the region.

All the material supplied to the NARSs—in the form of various nurseries (IWFBON,
IFBON), yield trials (IWBYT, IFBYT) and the advanced elite winter barley lines
(EWBL)—is tested for 1,000 kernel weight (TKW), which is an important yield
component, and protein content. In total, 1,851 lines/cultivars from various
nurseries, along with three checks (Tokak, Bulbul, and Arabic Abiad), were
evaluated during 1993/94. The data on protein and TKW distribution are
presented in Figures 1 and 2. The majority of the tested material had higher
protein and TKW than the checks. Line 1233 was selected on the basis of high
protein, and 1087 on the basis of high TKW. A great majority of these lines also
gave significantly higher grain yield than the local check varieties. The amount of
genetic variability observed in the tested material clearly shows the scope for
improvement in these traits in combination with high grain yield.

Performance of Forage Barley Germplasm

Before evaluation for forage and grain production, forage barley germplasm, like
feed barley, is categorized into spring, facultative, and winter types, based on
response to vernalization. In the continental Mediterranean, predominant cultivars
are either winter or facultative. Therefore two separate experiments, with 44
entries each, including checks, were carried out to evaluate forage and grain yield
potential at Tel Hadya. Forage yield was determined by clipping just before
heading. The ratoon crop was also harvested to identify dual-purpose lines (forage
cum grain). The data on growth habit (scale 1 spring-5 winter type), days to
heading and maturity, green forage yield, crude protein (%), total dry biomass,
grain yield (unclipped), and grain yield of the ratoon crop are described below.
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Figure 1. Protein content in winter and facultative barley.
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Figure 2. Thousand kernel weight in winter and facultative barley.

Facultative Barley

The data on the top 10 forage yielding lines out of the 44 tested entries, along
with two check cultivars (Tokak and Arta), are presented in Table 4. All top forage
yielding lines except two were significantly earlier in days to heading and maturity
than the winter type check variety Tokak, whereas only one line was later in
maturity than local check cv Arta. Though no significant differences in plant height
were observed in these lines compared to Tokak (except line Rihane 3/Rihane 08,
which was significantly taller than all the entries) all lines had significantly higher
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forage yield than the check varieties Tokak and Arta. Forage yield ranged from
11,595 kg/ha to 15,840 kg/ha, indicating major genetic differences in forage
production. Seven out of the 10 lines gave significantly higher grain yield than cv
Tokak. Generally, all these high forage producing lines also had high total biomass,
except one line, ICB 100709/Rihane 03.

In the evaluation of wheat and barley germplasm from Ladakh, Kashmir, Misri
(1989) found major differences in fodder and grain production. Similarly, Kang
and Kang (1991) observed significant differences in forage and grain production.
They emphasize that higher production is obtained in early fall sowing than in late
planting.

In all these high forage producing lines the grain yield from the ratoon crop was
very small. In earlier studies, Hadjichristodoulou (1991) and Khaldoun (1989)
found reductions in yield and yield components after grazing and clipping during
winter. Purushotham et al. (1991) also reports variable responses of different
genotypes in ratoon crop after clipping, whereas Kang (1987) and Kang et al.
(1989) conclude that winter defoliation does not affect grain yield but reduces
lodging. These conflicting results are due to differences in environment, sowing
date, and cultural practices. The response of a defoliated crop is highly dependent
on the stage of the crop at the time of clipping. Late clipping reduces ratoon yield,
crop soil fertility, and availability of moisture in spring.

Crude protein (CP) content ranged from 9.4 to 22.5% in all 44 entries. However,
in the top forage yielding lines, CP ranged from 13.6 to 21.3%, compared to
19.6% in the check cultivars (Table 4). Crude protein is highly influenced by soil
fertility, stage of the crop at the time of harvest, and genotype, as reported by
Varma et al. (1990), DiRienzo et al. (1991), and Pahl (1990).

Based on these studies we have classified the lines into three groups: grain,
fodder, and dual purpose types. From these studies it is obvious that early
maturing lines give higher forage yield when clipped in early spring than late

maturity types. However, the grain yield from the ratoon crop drops drastically at
final harvest.

Winter Barley

The data on agronomic traits, and forage and grain yield for the nine top-yielding
lines, along with three check cultivars (Arta, Tokak, and Zarjau) are presented in
Table 5. There are major differences in forage production and crude protein,
which is in conformity with earlier studies (Kang et al. 1989; Kang 1987). The
majority of the lines included in this trial have a relatively high vernalization
requirement and are responsive to long day length. Though significant differences
in days to heading were observed, they all matured at almost the same time.
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Table 4. Characteristics of tog-ﬂeldingz facultative-me forage barley lines.

Variety/Line GH DH DM PH Forage yield! cp Grain  Total dry
(cm) (kg/ha) (%) yield biomass
(kg/ha)
Rihane 03/Rihane 08 3 120 159 120 15,840 (510) 162 4,814 15,150
ICB100708/Rihane 03 3 115 155 80 15350 (645) 181 3,154 8,830
ICB105932/Marageh 3 120 161 100 13485 (925) 136 3,486 11,566
ICB102998/3/Roho/Alger/Ceres 362 3 120 159 PO 12,750(1,190) 213 4233 13,620
Salamas 3 117 160 Q0 12540(570) 182 3,735 11,080
KV/Alt/Arr/Esp/Alger/Ceres 362 2 112 156 & 12540(860) 136 5229 12790
Deir Alla 106/Cel=ICBH88-0134 2 119 155 % 12510(470) 148 3,901 12,240
Salamas/3/KV/Alger/Ceres 362 3 124 170 PO 12138(770) 179 4814 10,806
Rihane/Lignee 640//ICB102854 4 120 160 5 12,138(990) 143 4,233 14,200
CWB 117-77-9-7/ICB102411 3 126 159 PO 11,585 (670) 171 4,150 11,610
Tokak (winter type check) 4 130 172 D 8,388 (1,105) 196 3,154 10,240
Arta, local check 3 115 151 80 10388(750) 196 2,158 10,720
LSD at 5% 9 11 10 1,132 (231) 745 1,252

'Total biomass yield of the ratoon crop at maturity.



Table 5. Agronomic traits of top forage yielding winter barley

lines.

Variety / Line GH DH DM PH Forage CP Totaldry Grain
(cm) vyield" (%) biomass yield

(kg/ha) (ka/ha) _(kg/ha)

Roho/Mazurka// 3 131 178 & 16345 135 11,160 4,690
ICB 10320 (300)

Salmas 3 130 178 6 16,110 195 8350 3,030
(240)

Roho/Mazurka// 3 129 178 & 14,160 187 7,650 3,154
ICB 102411 (400)

Arta-Check 2 132 172 75 13955 118 7,940 2,935
(265)

BMG-86 3 138 172 75 13425 105 8,540 3,569
(239)

K247/2401- 4 137 178 75 13,000 131 8500 2,573
10//Vavilon (205)

Kitchen/Muller 4 144 178 & 12995 132 10020 3818
Heydla/Salmas (685)

K247/2401/Navl 3 132 178 &0 12960 102 9,960 4,150
on LF7 (280)

Torrent 4 142 180 70 12900 103 10,620 3,528
(560)

CwB117-77ICB 4 137 178 7 11,580 109 11,610 4,565
104078 (990)

Tokak - Check 5 159 180 6 6,505 11.6 10350 3192
(850)

Zarjou - Check 3 130 178 &0 8270 132 8,760 3,818
(330)

LSD at 05% 11 NS 12 1,245 1,156 731
(85)

! Figures in parenthesis are total biomass yield of ratoon crop at maturity.
CP = Crude Protein (N x 6.25).
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Table 6: Correlation between total biomass yield and agronomic
characteristics in different types of barley.

Traits Total biomass
Spring Facultative Winter

Grain yield 0.57** 0.62** 0.41*
Days to maturity 0.55** 0.57** -0.47*
Days to heading 0.62** 0.53** -0.40*
Plant height 0.31 0.28 0.22
Harvest Index 0.22 0.17 -0.42*

* P <0.05.

** P <0.01.

Interaction between Barley and Livestock
Production

In West Asia and North Africa the crop often suffers due to terminal moisture stress
and high temperature, which forces the crop to mature rapidly. In this experiment
the winter types, which otherwise would have taken longer to mature, had forced
maturity due to moisture and high temperature stress.

From the forage yield results it appears that under the Tel Hadya environment, the
lines with moderate vernalization perform better than lines with strong
vernalization requirements, which suffer more from receding available moisture
and high temperature.

However, the yield data on the ratoon crop show that facultative types give higher
forage yield and lower grain yield than lines with strong vernalization
requirements.

The correlation between total biomass yield and agronomic characteristics in
different groups of barley shows that in the spring and facultative types, grain
yield, days to maturity, and heading are significantly correlated with total biomass
yield. No strong correlation was found between plant height, harvest index, and
total biomass yield. In winter types, only grain yield was positively correlated with
total biomass, whereas a negative correlation was found between days to
heading/maturity and harvest index with total biomass yield (Table 6). Jedel and
Helm (1992) also found a highly significant positive correlation between total
biomass yield and grain yield. However, they found a highly significant negative
correlation between days to anthesis/maturity and total biomass. In the present
study, a highly significant correlation was found between total biomass and days to
heading/maturity in spring and facultative types, contrary to Jedel and Helm. In
winter types, significant negative correlation was found between these traits. From
these studies it appears that spring and facultative types can make best use of the
available moisture. Therefore it should be possible to select lines that are superior
for both traits. However, under Tel Hadya conditions, the winter types are not
suitable because of their long growing season. They also suffer badly in spring and
early summer due to moisture stress coupled with high temperature. However,
they seem to provide a big genetic resource for the development of superior dual-
purpose barley varieties.
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In North Africa and West/Central Asia, a major portion of barley (grain + straw) is
utilized to feed livestock, and a small portion is used for malt and human
consumption. In WANA countries the natural pastures currently have low
productivity due to overgrazing during the last several years. Therefore sheep and
goats depend on grazing barley during winter, and barley fields after harvesting
provide excellent grazing ground. In the highlands of WANA, when the ground is
covered with snow, the livestock is largely stock fed on barley straw and grain.
Therefore, barley is an extremely important crop in these countries.

Due to rapidly increasing population and improvement in living standards, the
demand for food (bread, milk, and meat) is growing. To meet this increasing
demand, two-way efforts (i.e. expansion in area and per unit increase in
production) are being attempted. However, the expansion in cultivated area is
taking place at the cost of pastoral land. Since barley gives higher production
under moisture stress and low soil fertility, it is being pushed further to marginal
areas. During the last 15 years (1980-1994) the area under barley has increased
by 13.6%, but the production increase was only 10.3%, i.e. from 20.8 to 22.9
million tons (Table 1), with an average yield of 1,225 kg/ha. The average barley
yield for the world is 2,188 kg/ha. The production figures in Table 1 show that
none of these countries are getting yield equal to the world average, and 50% of
the countries are not even obtaining one half the world average.

During this period, the population in these countries increased by 41%, from
302.1 to 426 million (FAO, 1994). However, livestock (milk and meat animals)
production registered only a nominal increase of 5.5%, from 390.2 to 411.6
million head (Table 7). Eight countries had negative growth for livestock
production. These figures clearly indicate a seriously aggravated situation. The gap
between demand—which can only be met by increasing local production and by
imports from other parts of the world—and supply is widening,.

To increase local production, Tahir (1993) notes the possibility of increasing cereal
production vertically, and the introduction of ley farming (cereal-legume) instead
of the cereal-fallow system. There is a significant possibility of both of these options
in this region. The experimental results on the performance of new high-yielding
lines (Tables 2 and 3) show an average yield of 3.5 —4.7 t/ha across environments,
compared to 1,225 kg/ha for this region. There is a big yield gap between the
experimental farm and farmers’ fields. If the present available technology is
transferred to farmers, barley production can easily be increased by 50%. From the
present area, 22.9 million tons of grain and 45.8 million tons of straw could be
obtained on the basis of a 33.3% harvest index. If we succeed in increasing
production by 50%, grain and straw production would increase to 34.5 and 68.7
million tons. If we use the calculation basis of Carter (1978), this additional 11.5
million tons of grain, plus 34.5 million tons of straw, would be sufficient to feed
41.3 million ewes or equivalent.

In addition to the above option, the introduction of forage legumes in the cropping
pattern will not only increase the availability of feed but also greatly benefit the
following cereal crops by increasing soil fertility.

Therefore, it is not a matter of chosing either cereal or livestock production in a
given area (Tahir, 1993); rather it is the integration of the two, i.e. cereals
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(especially barley) with livestock, which will contribute to the economy of dryland
farming in North Africa and West/Central Asia.

Table 7. Status of livestock production (000 head) in North
Africa and Central/West Asia.

Country Draft animals! Milk and meat animals*
1880 1994 % Change 1980 1994 % Change

Algeria 1,037 633 -39.0 17,234 22,046 +28.0
Morocco 1,857 1,591 -143 24370 22,466 -7.8
Tunisia 498 598 +20.1 6,060 10,957 +80.8
Afghanistan 2,003 1,748 -127 25,268 17,850 -29.4
Azerbaijan 70° 65 7.1 7,166° 6,285 123
Iran 2,747 2428 -11.6 54,753 76,300 +39.4
Iraq 592 211 -64.4 17,784 8,570 -51.8
Kazakhstan 1,615 1485 74 46598° 46,105 -11

Kyrgyzstan a7st 360 4.0 10894° 8522 -21.8
Pakistan 3816 5,456 +43.0 75638 10,7348 +41.9
Tajikistan 134% 135 0.7 4,290° 4,135 36
Turkey 1,661 1465 -11.8 81,465 59,909 -26.5
Turkmenistan 86° 85 -1.2 6,650° 7,577 +13.9
Uzbekistan 279* 290 +3.9 15055 15,263 +1.4
Total 17,901 1,656° -7.5 390,225 411,634 +5.5

! Horses, mules, asses, and camels.

* Cattle, buffaloes, pig, sheep, and goats.
$ Figures for 1992

Source: FAO Year Book (1994).
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Discussion

Bram de Hoop: Is there no risk of loss of biodiversity due to barley being
expelled from its original crop lands to marginal lands?

M. Tahir: The straight answer is “yes,” unless it is conserved.

M. Ben Younes: Since the 1980s, barley yield has not increased very much in
many WANA countries. My understanding is that we have no doubt about the
performance of the new varieties developed by plant breeders in the region, but
that we need vertical yield increases through the use of better agronomic practices
to increase barley yields. What do you think?

M. Tahir: There is no doubt that better producton technology is the basic
requirement to increase production. In the production package, new varieties are
just one—albeit very important—component. Therefore, if a new variety is released
with better production technology, the production will increase significantly. The
shift in barley cultivation in more marginal and stressed area is primarily
responsible for low and unstable production. Therefore we should raise this issue
at a higher level to draw lines demarcating where it is economical to cultivate
barley.

A. Osman: How can the feed gap be closed by introducing or growing new barley
varieties at a time when no control or check is imposed on livestock numbers?

M. Tahir: The feed gap cannot be reduced without some form of control to
restrict the increase in livestock numbers. However, by increasing feed availability,
and by introducing high yielding, better quality barley varieties, this rapidly
widening gap can be narrowed to a certain degree, which will be proportional to
the increase in area under new variety production technology on the one hand,
and livestock number on the other hand. Unrestricted increases in livestock number
will undoubtedly result in a bigger feed supply-demand gap.
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The Future of Landraces

Amor H. Yahyaoui
ESA Kef Tunisia

Abstract

The barley grown in most of the semi-arid regions (SARs) of Tunisia is almost
exclusively local cultivars. The productivity of these cultivars is very low, hence
there is a need to select for improved agronomic types and better yielders within
these populations. A serious limitation to barley production in the SARs is the
narrow genetic base of the new cultivars and their lack of adaptability to harsh
environmental conditions. The exploitation of existing genetic variability within the
landraces will allow researchers to develop stable and adapted varieties that can
survive the SARs’ harsh environmental conditions. The low productivity of the
landrace cultivars can be improved by extracting individual cultivars or by crossing
them with high-yielding lines. Improved landrace cultivars have been tested at
different locations in Tunisia’s SARs. A number of selected lines and populations
outyielded the local check, Rihane, during favorable and unfavorable crop seasons.

Use of Landraces In Breeding Programs

Semi-arid regions cover large parts of northwest, central, and southern Tunisia.
The SAR area currently under cereal production represents 71% of the country's
total production area (Ministry of Agriculture 1992). In these regions, barley is the
most adapted crop, representing about 40% of the cereal area in the SARs. The
cultivated barley in the center and south is almost exclusively local cultivars that
have become, over time, adapted to local growing conditions. The productivity of
these landrace cultivars is very low, therefore selection for improved agronomic
types, for better yield, is needed to improve barley production in these areas.

In the SARs, stable varieties are needed, cultivated under traditional management,
which are also responsive to whatever improved management farmers can afford.
National and international programs have developed varieties that perform well
under optimal growing conditions, particularly in the north, where improved soil,
water, and crop management techniques have increased production (Hepworth et
al. 1975). But the genetic potential of the newly developed germplasm cannot be
realized in the SARs due to the lack of good management practices.

Another serious limitation to increasing yield under the harsh environment of the
SARs is the narrow germplasm base of many high-yielding varieties. Narrowing the
genetic base is a common trend in many plant breeding programs, and is
accompanied by heterogenicity (Simmons 1983). There is a need to recover and
maintain genetic variability and to exploit this variability to stabilize and increase
production in the marginal areas. In the SARs, this genetic variability gives the
landrace an adaptive advantage over pure line varieties. The landrace is a
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heterogeneous mixture of different genotypes, giving the cultivar the flexibility to
produce grain under adverse environmental conditions.

Certain authors recognize that landraces will consistently yield at least something,
despite stress factors. They have an excellent general fitness for local conditions
and a wide spectrum of resistance to disease (Harlan 1976). Barley landraces from
many collection sites in Syria and Jordan have been evaluated for agronomic
characteristics (Ceccarelli et al. 1987) and for disease resistance (Van Leur et al.
1989). High diversity for all characteristics studied was found among and within
collection sites. Landrace cultivars collected in Tunisia show high variability in
maturity (Fig. 1) and adequate resistance to scald and powdery mildew (Fig. 2).

_ 80,

2 50 .

>

o

€ 40 .

g 20

E ‘

b 0 .i !..’ J_.i. <[ ] [ ]

110 115 120 125 130 135 140

Days to matutrity

Figure 1. Frequency distribution of maturity range for 157 landraces.
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Figure 2. Reaction of 157 landraces to scald and powdery mildew.
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Locally adapted germplasm has low yield potential and is quite often susceptible to
disease, particularly when evaluated as a population and grown under favorable
climatic conditions. This can change when individual genotypes from landraces are
evaluated (Ceccarelli et al. 1987; Van Leur et al. 1989; Weltzien 1982).

Figure 3 shows the yield performance of barley lines extracted from landrace
populations and pure selected barley lines. The average yield of the local check
variety Rihane was 1m006 kg/ha at Krib and 737 kg/ha at Kef.
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Figure 3. Yield performance, improved barley landraces at Kef and Krib (1995).

The productivity of landrace cultivars can be improved by crossing them with high-
vielding lines. Figure 4 shows the yield performance of 16 accessions from
landrace x high-yielding variety crosses; 11 lines outyielded Rihane at the Kef
station. Improved landrace genotypes were tested, together with both commercial
barley varieties and advanced pure lines, over four years in regional on-farm trials
at five locations in areas of Tunisia receiving less than 350 mm annual rainfall
(Fig. 5). Varietal improvement based on the use of landraces as parents is
impressive (Fig. 4). Landraces contribute to yield increase by transferring the
gene(s) for disease resistance (Yahyaoui 1986) and through drought tolerance and
some genetic components for adaptation (Chang 1985).

Landraces have a substantial amount of variability within the population for a
variety of traits (Grando and McGee 1990). Adaptation and stability performance
under adverse and variable conditions are both likely to be associated with genetic
heterogeneity. An adequate level of heterogeneity has to be maintained in the
landrace populations. This can be accomplished by creating mixtures of superior
lines extracted from landraces. The efficiency of selection is high when direct
selection is applied on lines extracted from landraces grown in the target
environment (Ceccarelli and Grando 1989), and where adapted germplasm can
fully show its advantage.
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Figure 4. Yield performance of landraces and pure lines at Kef (1995).
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Figure 5. Average grain yield (kg/ha) over four years (1990-1994) in the SARs.

Figures 3, 4, and 5 show the relative yield variability within Tunisian landraces
and improved cultivars. Landraces are recognizable morphologically. They differ in
optimal seeding date, date of maturity (Fig. 2), and height. Farmers have
designated names for the cultivated landrace in their area. Variability within the
population allows it to tune itself and respond to the unpredictable and variable
environmental conditions it may encounter during the crop cycle. The yield
performance of landraces during the 1994/1995 season is encouraging (Fig. 4).
The average yield of the lines tested was higher than the check cultivar Rihane.
Eleven out of the 16 lines tested for yield outyielded Rihane.
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Concluslions

Landraces are genetically diverse and have a certain genetic integrity (Harlan
1975). The genetic variability of landraces provides an insurance against possible
hazards in a plant’s environment. Their ability to adapt to a fluctuating
environment underlies the long-term nature of their stability and dependability.

Growing locally-adapted material in stressful environments is extremely important.
International centers need to put more emphasis on producing advanced breeding
stocks rather than finished varieties for national programs to use in their own
research programs. In conclusion, it is appropriate to quote from the work by
Harlan and Martini, originally published in 1936:

“In the great laboratory of Asia, Europe, and Africa, unguided barley breeding has
been going on for thousands of years. Types without number have arisen over an
enormous area. The better ones have survived in the hinterlands of Asia where
there were probably barley fields when man was young. The progenies of these
fields with all their surviving variation constitute the world's priceless reservoir of
germplasm. Unfortunately, from the breeder’s standpoint, it is now being
imperiled. When new barleys replace those grown by the farmers of Ethiopia or
Tibet, the world will have lost something irreplaceable.”
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Baha A. Al-Rawi: Regarding development of pure lines from landraces, we have
tried this method and developed about 720 lines from three different landraces in
Iraq. Nonetheless, we ended up with lines that are not as productive as the
landraces from which these lines were extracted.
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A. Al-Shamma: When crossing local lines with improved cultivars, do you expect
to widen the adaptation capacity and, if so, will that have an effect on yield under
stress environments?

A. Yahyaoui: It possible to widen the adaptation capacity of the improved
cultivar, which would allow it to perform better under stress environments. Crosses
of landrace x Rihane, F; (fixed selection) have given better yield than Rihane in
the semi-arid area for the past four cropping seasons, including bad years
(1993/94 and 1994/95). They have given better yields than the landrace parents
during the good, average years, but slightly less than the original improved
population.

B. Jamal: Don't you think that using two-rowed barley genotypes will provide
more drought tolerance genes for low rainfall areas than the six-row material? In
Syria, we have succeeded in selecting high-yielding barley cultivars from the two-
row landraces.

A. Yahyaoui: Your statement is correct for the approach in using local adopted
material in breeding programs. To my knowledge the landrace cultivars lose their
adaptive advantage if you grow them under different climatic conditions. Selection
must be made under new environments.

The use of the Syrian landraces in our areas would be possible, but [ would not
assume that they will have a yield advantage over our local barley. It is not always
true that two-row barley outyields six-row barley. On the other hand, farmers in

our region prefer six-row barley, and even reject the idea of trying to grow two-row
barley.
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Iintroduction and Spread of Rihane 03
in Northern Iraq

Adnan H, Adary
IPA Agricultural Research Center, Baghdad, Iraq

Abstract

The Rihane 03 barley cultivar was introduced into Iraq in 1985 in cooperation
with ICARDA. During the initial replicated yield tests (1986-1989) at Hammam Al-
Alile (250-350 mm average annual rainfall) it exceeded the local Aswad barley by
33% the first year, 124% the second year, and 54% the third year.

In 1991 implementation began on a plan to spread this cultivar in the limited and
moderate rainfall regions of northern Iraq. The cultivar was planted at seven
locations (22 ha) in farmers’ fields. It exceeded the local variety by 14% in straw
yield and 31% in grain yield. Total production in 1992/93 was 129 tons. The
area was expanded to 494 ha in 1994, with total production of 761 tons and an
average yield of 1,544 kg/ha (the range was 600-2,597 kg/ha). During 1994/95
the area was expanded to 5,000 ha with 78 farmers. Production was over 4,000
tons and the range of grain yield was 528 to 2,572 kg/ha. Rihane 03 exceeded the
local average by 13-206% at different locations and with different farmers. The
plan calls for expansion onto 250,000 ha by 1997. The cultivar was favored by the
farmers for its lodging resistance, high potential yield (up to 4,000 kg/ha under
good rainfall and fertilization), good protein content (13%), and suitability for
breadmaking (a 50% mix with wheat flour or even baked alone). Also, it is a dual-
purpose barley that can be grazed and still give good grain yield.

Iintroduction

Barley (Hordeum vulgare L.) is considered the second largest cereal crop after
wheat, in both area and production, in the rainfed areas of Iraq. In 1994, it was
planted on 0.776 million ha and produced 0.132 million tons. It is more highly
adapted to the limited rainfall zone (200-350 mm) than wheat (Al-Fakhry 1981;
Ceccarelli 1984).The local Aswad (LA) is the principle barley variety planted across
the different rainfall zones. It is a landrace with different grain colors (ranging
from white to black), and is highly susceptible to lodging and powdery mildew. Its
yield potential rarely exceeds 600 kg/ha.

Rihane 03's main use is for grazing and sheep feeding. It is not suitable for
breadmaking in the area. The limited barley cultivars in the region justify
introduction and breeding of new barley cultivars with wide adaptation to the local
environmental. Breeding efforts also produced Mosul 72 (Tamimi et al. 1975).
Gezire 1, Gezire 2 (1992), and Tuwiatha (1992) are not yet widespread enough
to affect production levels for various reasons.
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Method of Introduction and Study of Rihane 03

During 1985 an observation nursery for barley was obtained from ICARDA. The
nursery included 90 lines, which were planted at the Hammam Al-Alil station of
the College of Agriculture and Forestry, University of Mosul (25 km south of
Mosul). Rihane 03 was one of the best lines selected. It produced 1,830 kg/ha.
The variety was tested in replicated yield trials from 1986 to 1989 (Adary 1989).
The rainfall at the station was 252, 204, 540, and 250 mm annually during the
four years of the experiment. The local two-rowed black barley was used as a check
variety. Rihane 03’s performance, together with Harmal and the LA, was evaluated
using fertilization (NP) and supplementary irrigation during 1988 and 1989
(Adary et al. 1991).

In 1991/92, Rihane 03 was planted on large-scale on-farm demonstrations in
seven locations throughout the Mashreq Project, with Gezira 1 (six-rowed black)
and LA as checks. The plots were 2-5 ha, planted using modern equipment to drill
the seed (120 kg/ha), and fertilized by 160 kg/ha of a compound NPK fertilizer
(27:27:0). The area was expanded during 1992/93 to 107 ha at various locations
in Al-Gezira, including two irrigated sites at Baghdad and Al-Wota (on the
Euphrates Bank near Ana). Table 5 presents the number of farmers, areas, and
production for Rihane during 1991-1995. The target of the project is to reach
60,000 ha by 1997. The Rihane 03 cultivar was officially certified for release in
1993. During the 1992/93 season, heavy rain led to widespread lodging in the
local variety throughout Al-Jezira, whereas Rihane 03 fared well.

A list of over 200 farmers willing to plant Rihane 03 in 1995/96 was prepared.
The project purchased the total production during 1995 in order to redistribute it
to a large number of farmers in the region. A variety maintenance program was
initiated in 1995 to get high-quality seed to maintain the purity of the cultivar.

Results and Discussion

Productivity of Rihane 03 in 1986-1989 at Hammam Al-Alil station is presented in
Table 1. Yield ranged from 700 to 2,127 kg/ha, significantly exceeding the LA.

Table 1. Productivity of Rihane 03 compared to the LA and
percentage increase over LA at Hammam Al-Alil (1986-1989).

Season Rihane 03 LA Increase (%) Remarks

1986/87 1,344 1,008 3 no fertilizer
1987/88 700 308 124 no fertilizer
1988/89 2,124 1,360 54 with fertilizer

Source: Adary (1989).

Table 2 shows the response of Rihane 03 to supplementary irrigation and NP
fertilization in comparison with LA. Rihane 03 had a higher response to good
environment and reached 4,440 kg/ha with 80 kg/ha of NP and one
supplementary irrigation. LA had a much lower response to fertilization or
irrigation. This result is very significant to northern Iraq, where supplementary
irrigation facilities have been undertaken and could be utilized.
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Table 2. Response of Rihane 03 to fertilization and
sugglementg_l_'x irrigation _at Hammam Al-Alil (1986/87).

Variety NP Rainfed + one Rainfed
kg/ha supplementary irr.
Rihane 03 0 1,804 1,891
40 2,772 1,753
80 4,440 3,736
Average 3,005 2,460
LA 0 1,720 2,412
40 2,656 1,696
0 2,206 2,679
Average 2,224 2,353

Source: Adary et al. (1930).

In large-scale demonstrations during 1991/92 (Table 3), Rihane 03 production
ranged from 1,200 to 3,400 kg/ha, proving its high production potential in the
farmers’ fields.

Table 3. Farmers, area planted with Rihane 03, and total
production (1991/92).

Farmer Location Area(ha) Total production Average
yield
M. Abdul Rahman Fasta 20 2828 1,414
N. Jalood Hukna 20 4,083 2,041
J. Hasani Kahriz 25 3.100 1,240
A. Zugair Ain Husan 20 3.850 1,925
M. Sadoon Tel-Morak 1.5 3.180 2,120
Kirkuk Station Kirkuk 125 25.000 2,000
Mosul Station Rashidia 0.250 m? 0.085 3,400

Source: Mashreq Project Annual Report (1992).

Rihane 03 was superior to LA both in grain (31%) and straw yield (14%) at most
locations. It also exceeded Gezira 1 (improved six-rowed black variety) by 19% in
grain yield and 42% in straw yield (Table 4).

Table 4. Straw and grain yleld (kg/ha) for Rihane 03 compared
to Gezira 1 and LA (1991/92).

Rihane Gezira 1 LA Increase
over LA (%)
Location QY Str Gy Str Gy Str. GY Str.
Fasta 2828 2504 1,624 1,888 1510 2246 &7 1
Hukna 2832 2790 2274 2,052 1,862 1,908 52 46
AinHusan 1,814 4362 2468 2,692 2120 3850 4* 13
Kahriz 2580 3,238 2088 2474 2168 3296 19 -1
Mean 2513 3,223 2108 2,276 1919 2850 31 14

Source: Mashreq Project Annual Report (1992).
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The spread of Rihane 03 in northern Iraq grew from seven farmers in 1991 w
more than 120 farmers in 1995 (Table 5). The expansion in area was from 22 ha
in 1991 to 5,000 ha of harvested area in 1995. There was enough seed available
to plant about 30,000 ha in 1995/96.

Table 5. Number of farmers, areas, total seed production and
average yield of Rihane 03 (1991-1997).

Year No. of Area(ha) Totalseed Average Range
farmers received kg/ha (kg/ha)
1991/92 7 p-) 40 2,020 1,240-3,400
1992/93 12 107 120 2,086 832-3,840
1993/94 Z 494 761 1,544 600-2,597
1994/95 78 5,000 4,040 1,223 528-2,568
1995/96 7.120 30,000
1996/97 60,000 Target

Productivity In 1995

In 1995 Rihane 03 was planted on 78 farmers’ fields and stations under three
environmental conditions: low-yielding (250-350 mm average annual rainfall),
moderately-yielding (350-400 mm average annual rainfall), and high-yielding
(>450 mm). The combined grain yield means are presented in Table 6.

Table 6. Means and range of grain yield (kg/ha) for Rihane 03 in
three environments (1995).

Environment No. of Grain yield Range Increase (%)
farmers kg/ha over LA

LYE 3 1,038 528-2,004 101.0

MYE 17 1,351 924-2168 84.6

HYE 6 1,803 1,166-2,572 92.6

LYE = low-yielding environment, MYE = moderately yielding environment; HYE = high
yielding environment.

The results show consistently higher averages than LA in all environments. This
indicates the stability of performance, compared to LA, across the Gezira region.

Marketed production of Rihane 03 barley was 4,040 tons, at an average of 1,223
kg/ha (528-2,564 kg/ha). The increase over the local check (official number) was
19-289%. Table 7 presents a partial list of distinguished farmers who achieved
yields above the average (>1,223 kg/ha). There are pronounced differences from
the local average for each region. Rihane 03 outperformed the local variety in
lodging resistance and lower infestation with weeds and nematodes. There is a
long waiting list of farmers willing to plant Rihane 03 next season. One
unexpected result was the willingness of farmers to use the barley in breadmaking,
with wheat flour (50:50) or alone. It has an acceptable taste, and was extensively
used at Shuwarate and Telafer. The protein content of Rihane is 13%.
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Table 7. Productivity of
1994/95 (partial list).

Rihane 03 for selected farmers in

Farmer Location Area Grainyield Location Percent

(ha) (kg/ha) mean increase

LA (kg/ha)
1. Y. Hamed Mukhazaka 250 2,252 704 220
2. M.Wahab Mahalabya 50 1,668 596 180
3. H. Barakat Zumar 125 1,228 872 M
4. A. Ghulami Hamdanya 125 1,852 732 153
5. A.F. Salim Nemrud 375 1,900 756 151
6. U.A. Najafi Nemrud 250 1,332 756 76
7. AY. Abdalla Hamdanya 125 1,340 732 8
8. T.S. Abdulaziz Alkana 15 2,240 BB 139
9. H.M. Hassan Hamdanya 25 1,248 732 70
10. K.M. Ali Shoora 75 1,320 556 137
11. S.M. Azawi Shuwarat 5 1,272 556 129
12. K.H. Kanaan 25 1,760 556 216
13. A.S. Sulabi Rabea 75 1,792 966 88
14.S.l. Abas Eiathya 15 1,564 724 116
15. A.H. Habel Shuwarat 75 1,580 556 184
16. M. N. Fatah 75 2,010 556 262
17. AK. Ali Rabea R 1,596 o936 4l
18. K.A. Hussain Hamdanya 75 2,168 704 208
19. Hamedate st. Hamedate 2 2,152 712 201
20. Rabea st. Rabea 8 2,564 06 174

Certificatlon of Rihane 03

The Rihane 03 cultivar was officially accepted for release to the farmers in
northern Iraq during 1993. It is a dual-purpose barley suitable for grazing and
gives good grain yield after suitable management. It is adopted to the dry local
conditions, is lodging-resistant, and is a high yielding cultivar with good response
to fertilizer and moisture. A variety maintenance program is underway to maintain
the purity of the Rihane 03 cultivar.
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Discussion

A. Osman: To reach your target acreage with Rihane 03, are you providing seed
to the farmers or are the farmers providing their own seeds?

A. Adary: We provided the seed to the farmers in 1993/94. In 1994/95 we
bought seed from the farmers and redistributed it to a larger number of farmers.

F. Nassif: Was the Rihane 03 seed provided to farmer free of charge?
A. Adary: No, they always paid for it. They never got the seed free.

Bram de Hoop: Are you not afraid of the loss of valuable landraces by
encouraging Rihane 03?.

A. Adary: Yes, we are afraid of this and therefore no more than the 250,000
targeted hectares will be allocated to Rihane 03.

F. Nassif: How were farmers selected?

A. Adary: Farmers were chosen among those who had the desire to cooperate
with us, who wanted to grow improved varieties and compare them with their
landrace. Later on some of those farmers became involved in Rihane seed
production.

A. Yassin: Neither Rihane 03 nor LA yields were better than the yields when no
fertilizer was applied and one irrigation supplied.

A. Adary: The area had good rainfall in some years, and Rihane 03 had a better
response to fertilizer because of its lodging resistance. We need to increase barley
production through both variety and fertilization.

A. Al-Shamma: Rihane 03 is a six-rowed barley and one cannot expect it to
segregate to two-row types, because six-rowed is recessive to two-row.

B. Jamal: By studying Rihan 03 in Syria, we observed that it requires high
moisture, and also a small amount of segregation. Did you observe this in Iraq?

A. Adary: We experimented with Rihane 03 at different rainfed zones, from 200
mm to over 400 mm. We found it to be better than the local variety. However, it is
true that it responded better to good environment, higher rainfall, and
supplementary irrigation.
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Accurate Timing of Nitrogen can
increase Barley Grain Yield

Khdhayer A. Jaddoa
Department of Field Crop Sciences, College of Agriculture, Abu Ghraib, Irag

Abstract

In Iraq, traditional top-dressing of nitrogen is based on calendar date, i.e. 45 days
from sowing. However, this is not the most effective use of nitrogen, because the
development stage of the crop at that time is ignored. The objective of this study
was to investigate the importance of timing the recommended rate of nitrogen
fertilizer according to certain developmental stages of the apex. A two-year field
study using widely grown cultivars, Arivate (Hordeum vulgare L.—six-rowed
barley) and Clipper (Hordeum distichun L.—two-rowd barley), was conducted
during 1992/1993 and 1993/94 at the experimental farm of the College of
Agriculture at Abu Ghraib, Iraq. Applications were timed to coincide with double
ridge, maximum spikelet number, and booting stages.

In general, nitrogen application split, two or three times, resulted in a significant
increase of grain yield for both cultivars in both seasons compared with the
traditional method of application. This increase in grain yield was associated with
significant increases in ear number/m?, 1,000 kernel weight (g), total biomass
(g/m?), and, more interestingly, the harvest index, especially for the three-time
application. However, late single application at booting stage tended to reduce
grain yield of both cultivars due to decreased ear number and total biomass. For the
cultivars studied, Arivate outyielded Clipper in both seasons due to higher 1,000
kernek weight, total biomass, and harvest index.

In conclusion, this study suggests nitrogen should be applied at certain critical
development stages when the crop’s demand for nitrogen is high.

introduction

Nitrogen is a major requirement for high barley yield, and nitrogen fertilization is
usually essential for soil low in organic matter or when recropping after non-
legume crops. The timing of the application is equally if not more important than
the amount of nitrogen used. In Iraq, traditional top-dressing of nitrogen for
cereals, including barley, is based on calendar date, i.e. 45 days from sowing.
However, in developed countries, cereal growers and advisors recognize the need
to develop more precise management strategies in order to produce high-yield
crops. This requires an understanding of cereal growth and development in the
field. The development of the cereal apex (spike) has been described by several
authors (Bonnet 1966; Kirby 1974 1977; Thomson and Mathews 1984) and can
be followed using the dissection technique illustrated by Kirby and Appleyard
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(1984). The idea of shifting from calendar date to apex development is based on
the fact that barley grain yield can be divided into several components. These
components are dependent upon processes controlling apical development and
grain filling (Ma and Smith 1991). Moreover, throughout the life cycle of barley
there are marked changes in development and growth patterns. It is therefore not
surprising that the plant responds differently to various treatments at different
stages. Accordingly, nitrogen fertilizer can be used more efficiently by splitting the
applications to minimize volatilization, immobilization, leaching, and
denitrification losses (Hocking et al. 1984), and probably further improved if the
applications are synchronized with the needs of the crops, as shown for wheat
(Appleton and Haggar 1985).

The objective of this study was to emphasize the importance of timing the
recommended rate of nitrogen fertilizer according to a particular spike
development stage, and its influence on the grain yield and yield components of
two barley cultivars widely grown in Iraq.

Materials and Methods

A field experiment was conducted at the experimental farm, College of Agriculture,
Abu Ghraib, during 1992/93 and 1993/94 on silty clay loam (Table 1).

Table 1. Analysis of soil.

Soil depth (cm)

0-15 15-30 30-45 045
Lime (meq/100 g soil) 167 17.75 17.75 10.26
Gypsum (%) nil nil nil nil
Organic matter (%) 1.47 1.37 0.63 1.29
P (ppm) 24 24 12 17.65
N (%) 1.4 35 28 4.10
K (meq/100 g soil) 0.40 0.38 0.33 0.36
CEC 215 195 27 19.75
EC 3.2 3.9 38 37
pH 7.7
Soil texture Clay loam Silty Silty Silty

clay loam clay loam clay loam

Clay (%) 34 K 3] 31 7
Silt (%) 2 15 Z S
Sand (%) 44 4 42 2
Ca*? (meg/L) 2 15 17 8
Mg*? (meq/L) 30 -] 2 3t
CI' (meg/L) 23] K o 20 31
HCO? (meq/L) 23 20 18 3]

Two barley cultivars were used: Arivate (six rows) and Clipper (two rows). The
experimental design used was a split plot with three replicates, where cultivars
occupied the main plots and nitrogen timings the sub-plots. Plot dimensions were
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2m x 3m. Rows were spaced 20 cm apart. Seeding rate was 100 kg/ha, at a depth
of 5 cm. The recommended rate of fertilizer was 200 kg/ha of super phosphate
(46% P,0°) applied as basic fertilizer at seed bed preparation and 200 kg/ha of
urea (46% N). Details of the nitrogen treatments were as follows:

A (contol) 1/2 at seedbed preparation + 1/2 at 45 days from sowing
(traditional method).

B 1/4 at seedbed preparaton + 1/4 at double ridges + 1/4 at
maximum spikelet number + 1/4 at booting.

(o 1/3 at seedbed preparation + 1/3 at maximum spikelet number +
1/3 at booting stage.

D 1/3 at seedbed preparation + 1/3 at double fdges + 1/3 at
booting.

E 1/3 at seedbed preparation + 1/3 at double ridges + 1/3 at
maximum spikelet number.

F 1/2 at seedbed preparation + 1/2 at double ridges.

G 1/2 at seedbed preparation + 1/2 at maximum spikelet number.

H 1/2 at seedbed preparation + 1/2 at booting.

Dates of sowing and times of nitrogen application were:

Growing Sowing 45 days Double Maximum  Booting

season date ridges spikelet stage
number

1992/93 8/11/1992 23/12/1992  10/2/92 31/1/83 28/2/93

1993/94 2/12/1993 18/1/1994  10/1/94 11/2/94 9/3/94

To identify the stages of double ridges and maximum spikelet number for nitrogen
application, the following steps were followed (Jaddoa 1985):

1. Ten plants were randomly chosen from each replicate for dissection of apex at
each time of monitoring.

Plants were carefully examined, main stems picked out, and tillers discarded.
The roots of the stems were carefully removed using a scalpel.

The outer leaves were gently peeled away from the main stems. Leaves were
separated and peeled back down to the youngest leaves.

5. The last (youngest) leaf was gently removed to expose the main stem’s apices.
Apice development was assessed with the aid of a hand lens or, preferably, a
low-power stereo microscope, according to Kirby and Appleyard (1984).

For measurement of grain yield components, one square meter was identified in
each plot at early tillering and was left without disturbance until maturity. The
data obtained for each measured trait were subjected to variance analysis (ANOVA).
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Results

Ear Number/m?

Table 2 shows the effect of application timing on ear number/m? of both cultivars in
both seasons. No significant differences were found in 1992/93. In 1993/94,
Clipper significantly gave more ears (317 ear/m?) than Arivate (223 ear/m?).
Splitting the application two or three times (treatments B, C, D, and E) gave the
highest increases in ear number, an effect more marked in the B treatment in both
seasons. Treatment H (late single application) tended to decrease this character.
Although the interaction between cultivar and timing was not significant, it is clear
from Table 2 that Clipper responded more than Arivate, especially in 1992/93.

Table 2. Effect of time of nitrogen application on ear number/m?
of two barley cultivars in two seasons.

Nitrogen Arivate Clipper Mean
treatments

A 259.0 224.0 239.8
B 299.0 323.0 3113
C 270.0 299.0 2846
D 278.0 303.0 290.6

1992/93 E 292.0 308.0 300.5
F 263.0 280.0 2720
G 265.0 246.0 256.0
H 240.0 223.0 2316

mean 2705 276.1

LSD (05

C ns

N 23

CxN ns
A 204.0 297.0 250.8
B 284.0 357.0 3208
C 2230 315.0 269.3
D 230.0 3480 288.1

1993/94 E 250.0 369.0 309.5
F 208.0 286.0 247.1
G 197.0 279.0 238.1
H 187.0 267.0 227.1

mean 223.1 3171

LSD (.09)

C 31.2

N 259

CxN ns
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Thousand Kernel Welght

The effect of time of application on this character is given in Table 3. Arivate
significantly surpassed Clipper in 1,000 kernel weight in both seasons. In
1992/93 all nitrogen treatments significantly increased 1,000 kernel weight
compared with the A treatment, with the highest increase from the H treatment. In
1993/94, a similar response was found, except for the treatment, where 1,000
kernel weight was less (42.9 g) than in 1992/93 (50.4 g). In 1992/93, Arivate
responded to the H treatment by giving highest 1,000 grain weight (54 g), while
Clipper benefited from the E treatment. However, in 1993/94 both cultivars
responded similarly to the B treatment.

Table 3. Effect of time of nitrogen application on 1,000 kernel
weight ) of two barley cultivars in two seasons.

Nitrogen Arivate Clipper Mean
treatments

A 429 437 43.1

B 47.9 475 477

C 47.8 444 46.1

D 491 458 474

1992/93 E 46.2 47.7 46.9

F 4.4 465 454

G 490 471 48.3

H 540 469 504

mean 47.6 46.2

LSD (.05)
C 0.78
N 29
CxN 42

A 433 412 423

- B 482 43.0 456

o] 46.0 415 437

D 417 420 448

1993/94 E 436 428 43.2

F 440 1.7 428

G 41.4 413 13

H 454 40.3 429

mean 449 417

LSD (.05
C 259
N 1.5
CxN 22

184



Grain Yield g/m?

The effect of timing on grain yield of both cultivars in both seasons is illustrated in
Table 4. Significant differences between cultivars were obtained in 1992/93,
during which Arivate outyielded Clipper (41%). In 1993/94, the same trend was
found, but was not significant. It is clear from Table 4 that splitting the nitrogen
application two or three times resulted in significant increases in grain yield in
both seasons, following the pattern for ear number (Table 2). In 1992/93, Arivate
and Clipper responded similarly to treatment B (grain increases of 40 and 38%,
respectively). In 1993/94, the interaction between cultivar and application timing

was not significant.

Table 4. Effect of time of nitrogen application on grain yield
_(g_/m’) for two barley cultivars in two seasons.

Nitrogen Arivate Clipper Mean
treatments
A 2920 201.2 246.6
B 4077 2779 3428
C 358.1 384 208.2
1992/93 D 3854 256.9 321.1
F 305.9 235.2 2705
G 278.1 220.2 2492
H 2354 181.2 2097
Mean 331.0 234.5
LSD (.05)
C 13.72
N 21.8
CxN 309
A 256.3 195.6 226.0
B 3373 247.0 2921
C 3026 243.0 2728
D 290.3 2446 2675
1993/94 E 3286 260.0 2943
F 268.3 2150 2420
G 268.3 208.0 238.1
H 2596 2016 230.6
Mean 2889 2269
LSD (05)
C ns
N 258
CxN ns
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Total Biomass g/m?

No significant differences between cultivars were found in 1992/93, while in
1993/94 Arivate gave more biomass than Clipper (Table 5). Only treatments B, D,
and E gave significant increases in response to timing of nitrogen application,
compared with the A treatment in the 1992/93 season. Treatment B gave the
highest response in the 1993/94 season. However, treatments G and H
significantly decreased this character in both seasons. It is clear from Table 5 that
Arivate was more responsive to nitrogen timing than Clipper, while means of
biomass were higher than Clipper in both seasons. In 1992/93 Arivate responded
to the D and E treatments, while in 1993/94 the response was to the B and C
treatments. However, treatments G and H significantly decreased this character in
both seasons for both cultivars.

Table 5. Effect of time of nitrogen application on total biomass
(g/m?) for two barley cultivars in two seasons.

Nitrogen Arivate Clipper Mean
treatments

A 1093.0 1050.0 1071.6
8 1122.0 1236.0 1179.5
C 1133.0 1050.0 1091.6
D 14100 1217.0 13135

1992/93 E 1583.0 903 1243.3
F 1096.0 1046 1071.6
G 880.0 953.0 9166
H 806.0 8730 840.0

Mean 1140.7 1041.2

LSD (.05)

C ns

N 63.0

CxN 891
A 8920 799.0 845.6
B 1031.0 937.0 984.0
Cc 1015.0 7120 863.1
D 913.0 909.0 893.6

1993/94 E 956.0 7110 8335
F 777.0 795.0 785.8
G 862.0 684.0 7728
H 707.0 592.0 649.6

mean 889.8 767.2

LSD (05)

C 826

N 68.5

CxN 969
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Harvest Index

Table 6 illustrates the effect of time of fertilizer application on the harvest index.
No significant differences between cultivars were found in the first season, while in
the second season Arivate gave a higher harvest index (0.37) than Clipper (0.30).
Splitting the application resulted in higher harvest index than the control (the A
treatment) in both seasons. The effect was more marked in treatment H (1992/93)
and treatment E (1993/94). The interaction was significant in both seasons. Only
treatments B and C with a split application (1992/93) and treatments G and H
with a single application significantly increased the harvest index of Arivate, while
in Clipper all split (B, C, D, and E) and single applications (G and H) increased
this character. For Arivate, split applications of B, D, and E and single application F
significantly increased the harvest index in 1993/94. For Clipper, all treatments,
either split or single, increased the character over the control.

Table 6. Effect of time of nitrogen application on harvest index
of two barley cultivars in two seasons.

Nitrogen Arivate Clipper Mean
treatments

A 0.22 0.18 020
B 0.30 0.20 0.25
C 0.26 0.23 0.24
D 0.21 0.20 0.20

1992/93 E 0.21 0.29 025
F 024 0.20 0.22
G 0.30 0.22 0.26
H 0.32 0.23 0.27

Mean 0.25 0.22

LSD (095)

C ns

N 0.02

CxN 004
A 0.33 0.25 0.29
B 0.40 0.30 0.35
] 0.35 033 0.34
D 0.44 0.28 0.36

1993/94 E 0.40 0.37 0.38
F 0.39 029 0.34
G 0.32 0.32 0.32
H 034 0.31 0.32

mean 0.37 0.30

LSD (.05)

C 0.04

N 0.03

CxN 0.05
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Discussion

The importance of applying nitrogen fertilization at a particular developmental
stage in barley has been shown. This accords with recent studies recognizing
optimal developmental stages for nitrogen fertilizer application for winter wheat
(Appleton and Hagger 1985), and others as “safe” for hormone-based herbicide
treatments (Tottman et al. 1985) and for the application of plant growth regulators
to barley (Jaddoa 1986; Ma and Smith 1991).

Three developmental stages were identified: double ridge, maximum spikelet
number, and booting. The features of each stage are related to events that are
responsible for the determination of grain yield components. The appearance of
double ridges is considered an important stage in the plant life cycle (Kirby and
Appleyard 1984). At this stage the spikelet primordia can be seen clearly, and this
event is often referred to as “floral initiation,” although about half the total number
of spikelet primordia have already been initiated by this time (Kirby 1977). The
apex is about 1 mm long and has an elongated cylindrical shape. This stage
coincides with early tillering in barley, i.e. plants at this stage generally have 3-4
leaves on the main shoot and 2-3 tillers, depending on sowing date and variety
(Cartwright et al. 1985). Therefore, the first nitrogen top-dressing at this stage
increases spikelet and tiller numbers. In fact, Millner (1983) states that in barley,
early nitrogen boosted tiller number and ear size, but subsequent tiller death took
ear number back down again once the availability of the added nitrogen had
decreased. This supports the need for split nitrogen applications instead of one
single application.

At the maximum spikelet number stage, the embryo ear has its full complement of
spikelet primordia, and the initiation of all structures within the median spikelet is
complete (Kirby and Appleyard 1984). At the tip of the ear the meristematic dome
has ceased activity and is relatively small. This stage coincides approximately with
the end of tillering and the beginning of stem elongation, i.e. two nodes are
detectable on the main stem (Cartwright et al. 1985). Nitrogen top-dressing at this
stage may increase tiller survival, and may also improve spikelet survival (Thomson
and Stokes 1985). In the booting stage, as the stem grows rapidly, the developing
ear is pushed further inside the protecting leaf-sheaths. During this time, the ear
increases weight rapidly, therefore there is considerable demand for nitrogen
within the plant as both ear and stem are growing quickly.

The results presented in this study show that increases in grain yield of both
cultivars in both seasons due to split nitrogen were associated with almost
equivalent increases in ear number. The increases in 1992/93 following B, C, D,
and E applications were: 32, 21, 30, and 31%, respectively, for grain yield, and
30, 19, 21, and 25, respectively, for ear number. In 1993/94 they were: 29, 21,
18, and 30%, respectively, for grain yield, and 31, 7, 15, and 23%, respectively,
for ear number. This indicates a high correlation between grain yield and ear
number. As most nitrogen responses result in increases in ear number, Greenwood
and Mcleod (1980) conclude that nitrogen application timed to coincide with
tillering gives the greatest increase in wheat grain yield. This means that tillering
in cereals may be the most important determinant of grain yield.
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The increased grain yield seen in treatments B, C, D, and E was also associated
with an increases in 1,000 kernel weight. The increases in both seasons were: 11,
7, 10, and 9% for B, C, D, and E, respectively in 1992/93, and 8, 3, 6, and 2% in
1993/94. This result is of interest because two components, ear number and 1,000
kernel weight, were simultaneously increased despite the compensation in cereals.
A possible explanation for this is that nitrogen was made available for barley plants
when the demand for it was high. Treatments G and H (late single application)
also increased 1,000 kernel weight, especially in the 1992/93 season. This
increase was not enough to increase grain yield, however. In 1993/94, 1,000
kernel weight was not affected by the G and H treatments, despite the decreased
ear number (Table 2). The possible reason for this is that the 1993/94 season was
a bit shorter than the 1992/93 season due to warmer temperatures (Table 7),
especially during grain filling. The availability of nitrogen due to the G and H
treatments near grain filling did not increase 1,000 kernel weight.

Table 7. Means of temperature (°C) for three months in 1992/93
and 1993/94.

1992/1993 1993/1994
March 153 165
April 19.7 237
May 24.5 27.6

The increase in grain yield as a consequence of increased ear number and 1,000
kernel weight, i.e. sink capacity, was associated with higher harvest indices, but a
more unusual and potentially more important finding was increased total biomass
at maturity. Indeed, these results indicate that dry matter production was not only
increased, but also more efficiently deployed. This is in agreement with the
expected trend of the relationship between biomass yield and grain yield (Donald
and Hamblin 1983). Yield gains appear possible through increased biomass yield,
harvest index, or both (Wych et al. 1985). However, with treatments G and H (late
single application) the increased harvest index was not associated with increased
biomass. In fact, total biomass was reduced due to reduced ear number.

Conclusions

For accurate timing of nitrogen fertilization in barley, three critical development
apex stages were identified. All split treatments (urea, 46% nitrogen) increased
barley grain yield. Three applications showed the highest increase, 39.6%. The
increased grain yield was due to two increased components, ear number and
1,000 kernel weight and, more interestingly, improved harvest index.
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Discussion

M. El-Shazly: How can you make your recommendations applicable to ordinary
farmers?

K. Jaddoa: The dissection of a spike requires experience, and 1 agree that the
ordinary farmer can't do this job unless he is experienced. Nonetheless, the good
returns from using this method should encourage farmers to consult the experts.
Short training with simple instruments, for example a hand lens with an
illustrated sheet, would certainly help the farmer.

A. Adary: You use two diverse cultivars of barley. Why do they coincide in their
developmental stages? How can your work coincide with plant analysis for N
requirements?

K. Jaddoa: Although these cultivars were different in their growth aspects, they
reached developmental stages at almost the same time.
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In my study I have a soil analysis, but I haven't done plant analysis to follow up the
movement of nitrogen in the plant organs because nitrogen is rapid in its uptake
and translocation.

A. Mohamed: Did you calculate the number of grains per spike? The previous
paper found that N increased the number of spike primordia.

K. Jaddoa: I counted the number of grains per spike in the first season of my
study, but unfortunately I didn't do it in the second season. Therefore, I decided
not to include this data in my study. However, I agree that nitrogen increases the
number of spike primordia.
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Effect of the Delay of the Second
Round of Clipping on the
Performance of some Dual-purpose
Barley Lines

Baha A. Al-Rawi, AM. Al-Shamma and

J.A. Mohammed
IPA Agricultural Research Center, Baghdad, Iraq

Abstract

Dual-purpose barley genotypes usually lend themselves to two consecutive rounds
of clipping (once-over per round) when the stand is 32-36 c¢m high (based on
extended leaf). A delay in the second round of clipping frequently occurs,
especially when sheep grazing is practiced. The effect of such delays on green
forage production, recovered grain yield, aftermath biomass, and tolerance to
clipping was investigated. A split plot with a randomized complete block design
was replicated three times in 1992/93 and 1993/94. Five dual-purpose barley
lines (main treatments) were tested. Second rounds were delayed 4, 8, 12, and 16
days from the recommended height of the second round (sub-treatments). For both
seasons delays 24 days resulted in a significant increase (P <0.05) in green forage
yield. Recovered grain yield after a 24 day delay was significantly reduced for all
genotypes in both seasons, except for line IPA 99, which tolerated up to 4 days of
delay in 1993/94,

Mean forages for all genotypes in 1992/93 were more than double 1993/94.
Average grain in 1992/93 was 0.47% of 1993/94. Such inconsistencies could be
attributed to seasonal differences and to different management practices.

The aftermath biomass was significantly (P <0.05) reduced when the second
round of clipping was taken 24 days from the recommended date. Seasonal
changes and different management practices played a lesser role in stand re-
establishment after the second round of clipping. Genotype mean performance in
1992/93 was 0.74% of 1993/94. Genetic makeup of the line thus plays an
important role in re-establishment. Tolerance of clipping for a majority of genotypes
was lost when clipping was practiced at or after the recommended height. Such
results suggest a re-evaluation of the stand height at which the second round of
clipping is practiced.

introduction

Dual-purpose barley varieties and lines are becoming more popular in Iraqg’s
irrigated central plains. Their popularity stems from two factors. First, the ability of
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such varieties to survive the short freezing bouts that occasionally cover the region
during the growing period. Second, they are able to tolerate two or sometimes
three consecutive rounds of direct sheep grazing at the pre-stem elongation stage.
After such grazing the stand will fully recover and produce an amount of grain,
comparable to that produced from an ungrazed stand of the same variety. This will
happen under optimal management (Morey 1961).

Despite this, grain production on the grazed fields of the newly recommended
dual-purpose barley variety IPA 99 was found to be highly variable even under
optimal conditions. Such behavior was not unexpected. Tolerance to grazing in
small grains, barley in particular, was found to be a function of genotype, climatic
conditions throughout the growing season, and grazing management as reported by
Al-Rawi et al. (1989), Al-Shamma et al. (1989), and Al-Rawi and Al-Shamma
(1991). Hadjichristodoulou (1983) and Morey (1961) report that genetically
different lines and cultivars of barley differ in their tolerance to clipping or direct
grazing. Hubbard and Harper (1949), Washko (1947), and Thakur and Shands
(1954) attribute grain losses, which ranged from 23.2 to 80% in grazed oats,
barley, rye, and wheat, to differences among these species, differences between
lines of each species, and management practices.

Sprague (1954), on the other hand, observed losses in grain yield on grazed fields
only under unfavorable growing conditions. The literature, however, does not
report the duration of either the first or the second round of grazing, nor does it
report the growing stage of the grazed stand at which the grazing animals were
removed from the fields. Such factors play a major role in the tolerance of small
grain crops, barley in particular, to grazing. The objective of this study was t
evaluate the effect of the delay or duration of the second round of clipping or
grazing on green forage yield, grain yield, total aftermath biomass production. The
degree of tolerance to clipping treatments of one proved and four other dual-
purpose barley lines was also evaluated.

Materlals and Methods

Two experiments were carried out in 1992/93 and 1993/94 at the Fudhalia Field
Crops Research Station of the IPA Agriculture Research Center, Baghdad, Iraq (soil
type silty clay, pH 7.9, and organic matter content 0.64%). The design of these
experiments was a split plot arrangement in a randomized complete block design
with three replications. Variety IPA 99 dual-purpose barley (pedigree sel 7L-4A-
OAP) and the dual-purpose barley lines 265, 267, 270, and 116 (whose
pedigrees are ICB 79-0335-4AP-2AP-0AP, L108-2AP-054-5AP-OAP, ICB79-0105-
S5AP-3AP-OAP and ICB-1097-1AP-5AP-OAP, respectively) were used. These
genotypes were entered as main plots treatments. The sub-treatment was the
second round of clipping (simulated sheep grazing), split into five levels in
1992/93 and four levels in the 1993/94 season. The levels were spaced at four-
day interval.

The sequence was as follows:

e Level 0. Second round of clipping begins when stand height is 32-36 ¢cm on
an extended leaf basis (0d).
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e Level 1. Four days after level 0 (4d).

e Level 2. Eight days after level 0 (8d).

¢ Level 3. Twelve days after level 0 (12d).
e Level 4. Sixteen days after level 0 (16d).
Sub-plot size was 1.5 x 4 m.

Clipping procedures were as follows:

* In 1992/93 the first round of clipping was carried out on 31 January, 1993 at
a stand height of 32-36 cm. The five levels of the second round were carried
out on 20 February, 24 February, 1 March, 5 March, and 9 March, 1993.

* In 1993/94 the first round of clipping was on 8 January 1994. The four levels
of the second round were carried out on 4 February, 8 February, 12 February,
and 16 February, 1994. Clipping was done the at soil line through the use of
the usual farmer's hand sickle.

* The 1992/93 experiment was seeded on 26 November 1992, and on 16
November 1993 for 1993/94. The seeding rate for all entries was 140 kg/ha.
Plots were carefully hand-seeded in rows spaced at 30 cm. apart. Fertilizer in
the form of N:P:K (27:27:00) was applied at a rate of 480 kg/ha at seeding.
Nitrogen fertilizer in the form of urea (46% N) was applied at a rate of 140
kg/ha after the first round of clipping and repeated after the second round.

Irrigation was carried out on regular basis and plots received approximately 450
mm during the 1993/94 growing season. However, the heavy rains that hit the
area in January 1993 supplied the equivalent of 580 mm during that growing
season. Such extra moisture retarded the growth and development of the stand. As
a result, additional fertilizer was added (320 kg/ha N:P:K 27:27:00) to stimulate
stand growth and development. The application date was 20 January 1993. Data
on green forage yield, grain yield, and aftermath biomass for both seasons were
collected and statistically analyzed following procedures set by Steel and Torrie
(1960).

Results and Discussion

Forage yield data for the second clipping for the five genotypes included in the
study are presented in Tables 1A and 1B, respectively. Mean green forage yield for
the 1992/93 season ranged from 17.980 t/ha for entry IPA 267 to 21.772 t/ha for
entry IPA 116. Mean performances of the five genotypes were similar to each
other, except for IPA 116, which significantly (P <0.05) outperformed entry IPA
267 in green forage yield.

The effect of the delay of the second round of clipping on green forage yield is
shown in Table 1A. The delay caused an increase in green forage yield for all
entries. Delays of 8, 12, and 16 days resulted in significant (P <0.05) increases in
green forage yield when results are compared with clipping upon reaching the
suggested stand height. Such results were valid for all entries. However, IPA 99
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and IPA 116 can be singled out for their “better than most” performance, both in
mean performance and in performance at delayed removal of foliage, especially at
12 or 16 days. Removal contributed to a 2—4-fold increase in green forage yield
contrasted with the Od treatment. Lines IPA 265, IPA 99, and IPA 116 fit this
pattern.

Data on green forage yield for the 1993/94 season are presented in Table 1B. The
five different genotypes were divided into two groups according to their mean
performance. IPA 265, IPA 99, and IPA 116 were similar in their mean
performance, averaging 12.243, 11.290, and 12.723 t/ha green forage,
respectively. These lines, as a group, significantly (P <0.05) outperformed lines
IPA 267 and IPA 270, which averaged 8.080 and 7.693 t/ha green forage,
respectively. As in 1992/93, a delay of 8 or 12 days for the second round resulted
in a significant (P <0.05) increase in green forage yield. Once again, lines IPA
265, IPA 99, and IPA 116 were similar in their performance. However, these lines
outperformed IPA 267 and IPA 270 at all levels of the second round.

There was a marked difference in the mean performance of the five genotypes over
the two seasons. Table 1c shows the relative performance of each genotype (mean
performance in 1992/93 /mean performance in 1993/94). For green forage
production, all genotypes performed better in 1992/93. Their performance ranged
from 1.624 to 2.225. Such results reflect the better-than-maximum growing
conditions that prevailed in 1992/93, which in turn contributed to continuous
vegetative growth and development throughout the season. Similar results were
obtained in a study of fodder barley landraces, and dual-purpose and early spring
barley lines (Al-Shamma et al. 1992). On the other hand, the more balanced green
forage production in 1993/94 may be explained by referring to Morris and
Gardner (1958), Burton and Prine (1958), Morey (1961), Thakur and Shands
(1974), and Al-Rawi et al. (1989), all of whom assert that higher nitrogen
fertilization and regular moisture supply contribute to high forage yield and small
grain crop output under simulated grazing. Moreover, a daytime temperature of
around 18° C must prevail during the growing period (Frank et al. 1992) to make
full use of higher rates of nitrogen application (200 kg/ha). Such temperatures did
prevail throughout the 1992/93 and 1993/94 growing seasons.

Data on grain yield recovered after the second round of clipping for both seasons
are presented in Tables 2a and 2b, respectively. In the 1992/93 season, means of
grain yield for the different genotypes over the five dates of the second round
ranged from 1.591 t/ha for IPA 270 to 1.817 t/ha for IPA 116. However,
differences among the means were not statistically significant (P >0.05). The delay
of the second round of clipping caused a sharp and significant decline in grain
yield for all lines. In fact, the decline in grain yield was observed at four days and
continued as time progressed. The sharpest decline in grain yield occurred when
the second round of clipping took place 12 or 16 days from the recommended date.

Data for recovered grain yield for the second round of clipping for 1993/94 are
presented in Table 2b. Mean performances of the different lines ranged from
3.477 t/ha for IPA 267 to 4.423 t/ha for IPA 99. However, there were no
significant differences among the means of different genotypes (P >0.05).
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Table 1. Effect of the delay of the second round of clipping on green forage yield (t/ha) for five
barley genotypes grown at the Fudhalia Experiment station, Baghdad, Iraq (1992/93 and 1993/94).

Entry a: 1992/93 b: 1993/94 c
Second round Second round Relative performance of
entry means
Od 4d 8d 12d 16d Mean Od 4d 8d 12d Mean 1992/93; 1993/94

IPA265 10.678 15.815 17.891 23.466 31.568 19.884 6.722 8.545 15.944 17.759 12.243 1.624
IPA267 10.616 14.733 17.078 20.414 27.018 17.980 5404 5.294 9.344 12.277 8.080 2.255
IPA 99 7.653 15.452 19.531 28.355 33.355 20.869 6.592 8.489 13.732 16.347 11.290 1.848
IPA270 12.261 15.461 19.146 22778 31.000 20.129 4.534 4.637 9.114 12.487 7.693 2.616
IPA116  11.913 17.319 21.610 24.149 33.870 21.772 6.872 8.188 15.569 20.264 12.723 1.711

LSD 5%; Entry means = 3.016; Entry means = 2.988; Mean=2.0; LSD 5%; Within entry = 5.085; Within entry = 2.462.

Table 2. Effect of the delay of the second round of clipping on grain yield (t/ha) for five barley
enotypes grown at the Fudhalia Experiment Station, Baghdad, Iraq (1992/93 and 1993/94).

Entry a: 1992/93 b: 1993/94 b c
Second round Second round Relative performances of
entry means
Od 4d 8d 12d 16d  Mean Od 4d 8d 12d  Mean 1992/93 ; 1993/94

IPA 265 3990 2.057 1.569 1.334 0.077 1805 4.085 3.381 3.244 3205 3479 0.52
IPA 267 3804 2179 1.365 0596 0536 1.696 4327 3.725 3.104 2751 3477 0.49
IPAS9 3.246 1949 1418 1.208 0.255 1.615 5698 5179 3.821 2994 4423 0.37
IPA 270 3.401 1901 1.505 0969 0.180 1.591 4.069 3.641 2918 3.864 3.373 0.47
IPA 116 4385 2240 1.262 0.932 0267 1.817 4.339 3596 3.331 2932 3.550 0.51

LSD 5%; Entries means =0.673; Entries means = 1.43; Mean=0.47; L.S.D 5%; Within entry = 0.889; Within entry = 0.827.
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Table 3. Effect of the delay of the second round of clipping on aftermath biomass (t/ha)
of five barley genotypes grown at Fudhalia Experiment Station, Baghdad, Iraq (1992/93
and 1993/94).

Entry a: 1992/93 b: 1993/94 c
Second round clipping Second round clipping Relative performance of
entry mean
Od 4d 8d 12d 16d Mean Od 4d 8d 12d Mean  1992-1993/1993-1994

IPA265 13.237 9.100 50928 6.004 0361 6.926 9.950 8108 7.197 7.120 8.094 0.86
IPA267 10.959 8332 6.525 3.486 2010 6.262 12.707 10.438 8.582 7.694  9.855 0.64
IPA 99 10.588 7.427 6.127 4.811 1.469 6.084 13.052 11.947 8833 6.934 10.192 0.60
IPA270  10.605 6.872 7.133 4.953 1.057 6.124 12.076 9.770 7.805 7.092  9.186 0.67
IPA116  13.576 10.283 6.757 6.384 1.535 7.707 10.58  8.486 8.038 6.853 _ 8.490 0.91

LSD 5%; Entry means = 1.960; Entry means = 2.624' Mean = 0.74; L.S.D 5%; Within entry =2.605; Within entry = 1.340.

Table 4. Effect of the delay of the second round of clipping on grain yield (t/ha) and the nature of
tolerance to clipping at Fudhalia Experiment Station, Baghdad, Iraq (1992/93 and 1993/94).

Entry a: 1992/93 b: 1993/94
Second round clipping Second round clipping
NC Qd 4d 8d 12d 16d  LS.D5% N.C Od 4d &d 12d LSD 5%

IPA 265 5752 3990 2057 1569 1344 0077 1228 6343 4085 3381 3244 3205 1.067
IPA 267 5049 3804 2179 1389 0596 0536 1.049 5825 4327 3725 3.104 2,751 0.553
IPA S9 4305 3246 1949 1418 1097 0255 1.056 5931 5698 5179 3.821 2994 0822
IPA 270 5015 3.401 1901 1505 0969 0.180 1.107 6265 4069 3641 2918 2864 0517
IPA 116 3615 4385 2240 1262 1.099 0267 1.015 6519 4339 3596 3.331 2.931 1.690

NC = No dipping.



Delay of the second round of clipping caused an insignificant (P >0.05) decline in
grain yield when green cover removal was carried out four days after the
designated date of clipping (0d). However the reduction in grain yield was
statistically significant for all genotypes when the second round was carried out at
8 or 12 days. A delay of 12 days for the second round of clipping in this particular
season caused a reduction in the recovered grain yield. However, grain yield
ranged from 2.751 t/ha for IPA 267 to 3.205 for IPA 265, which was enough to
justify the delay. Genotypes gave different recovered grain yields over 1992/93
and 1993/94. Table 2c shows the relative performances of the different genotypes
(mean performance of 1992/93 divided by mean performance of 1993/94), which
ranged from 0.37 for IPA 99 to 0.52 for IPA 265, with an average relative
performance of 0.47. Such results are inversely related to green forage yield for
the two seasons. Pumphrey (1970), Dumphy et al. (1983), and Anderson (1985)
assert that the more green fodder removed, the larger the reduction in grain yield.
This is supported by our findings, where a two-fold increase in green forage
production in the 1992/93 season resulted in only 0.47 of the expected grain
yield under balanced optimal conditions.

Data on biomass yield for the different levels of the second round for 1992/93 and
1993/94 are presented in Tables 3a and 3b, respectively. In 1992/93, mean
performance of the five genotypes ranged from 6.084 t/ha for IPA 99 to 7.707 t/ha
for IPA 116. There were no statistical differences (P >0.05) between the biomass
means of the different genotypes. However, there was a significant reduction in
biomass yield associated with every delay in the second round of clipping, and for
all genotypes included in this study.

Table 3b shows that in 1993/94 mean performances of the genotypes ranged from
8.094 t/ha (IPA 265) to 10.192 t/ha (IPA 99). Once again there were no
significant differences among the mean biomass yields of the different genotypes.
However, clipping carried out at delays of 4, 8, and 12 days resulted in a
significant reduction in biomass yield when compared with the designated date of
the second round of clipping. Results of the 1992/93 season numerically differed
from those of the 1993/94 season. The relative performances of the genotypes
(mean performance of 1992/93 divided by mean performance of 1993/94 for
every genotype) are presented in Table 3c. The relative performance of these
genotypes ranged from 0.60 for IPA 99 to 0.91 for IPA 116, with a mean of 0.74.
From such results it appears that stand re-establishment after the termination of the
second round of clipping is not related to the amount of green forage removed. A
case in point is the behavior of IPA 99 and IPA 116, whose mean green yields
were the highest in 1992/93 and 1993/94. However, the relative performance of
the aftermath biomass for the two seasons for these two genotypes differed widely:
0.60 for IPA 99 and 0.91 for IPA 116. Stand regrowth after green cover removal in
dual-purpose barley may be closely related to the theory advanced by Perry and
Chapman (1974), who attribute lack of tolerance to clipping in basin wild rye
(Elymus cinerus) to the rapid depletion of the carbohydrate reserves in the crown
and roots of this grass. Everson (1966), on the other hand, suggests that regrowth
after continuous clipping of western wheat grass (Agropyron smithii) is related to
the extra reserves and the slow depletion of the reserved nonstructural
carbohydrate. Based on this argument it is suggested that the five genotypes
differed in speed of depletion of their reserved carbohydrates, although the process
was not as rapid as with some of their distantly related grasses.
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To measure the degree of tolerance to the second round of clipping (0d) and to
delayed clipping (4d, 8d, 12d, and 16d), data on grain yield was compared with
the mean grain yield of the unclipped stands for each entry. Grain yield means
and LSDs for both seasons are presented in Tables 4A and 4B.

Results for 1992/93 show that, with the exception of IPA 116, all entries lost their
tolerance to clipping after the setond round (0d). Delayed clipping treatment
contributed to a significant loss of grain yield.

Results for 1993/94 season show that IPA 99, the previously recommended dual-
purpose barley line (Al-Rawi et al. 1989), tolerated the second round of clipping
and delay up to four days. However, all other entries showed no tolerance to either
timely second round of clipping or delayed second round, despite the fact that
their grain yield after Od ranged from 4.069 t/ha (IPA 270) to 4.339 t/ha (IPA
116). This would appear to prove that a real dual-purpose barley—such as IPA
99—could lose its tolerance to clipping according to management and prevailing
seasonal conditions.

Conclusions

From the above results and discussions, we can conclude that:

¢ Areal dual-purpose barley could be used for green forage supply after two
rounds of clipping with insignificant loss in recovered grain yield under well-
balanced, optimal conditions. However, an excessive supply of fertilizer and
moisture will transform dual-purpose barley into fodder barley under the
climatic conditions of Iraq’s central plains.

¢ A delay in the second round of grazing or clipping will enhance green forage
production at the expense of recovered grain yield production.

® Productivity of dual-purpose barley is region-specific and can be -easily
manijpulated through proper management to serve the different needs of the
farmer, sheep, and livestock owner. Studies should be conducted to determine
the ideal stand height at which clipping or grazing is needed to attain the full
potential of the lines.
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Discussion

M. Al-Shazly: What do you think of the stability of such genotypes of dual-
purpose varieties over years and locations?

B.A. Al-Rawi: As [ mentioned in my concluding remarks, dual-purpose barley
varieties are region-specific. Over the years, we have discovered that their
performance is stable. However, 1 have my doubts regarding their stable
performance at different locations.

A. Hadjichristodoulou: I noticed that you compare varieties anq cutting time
using green matter data. Was this done on purpose or out of necessity? We know
that evaluation on the basis of dry matter is more reliable.
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B. Al-Rawi: Yes, | agree with you that we should compare dry matter yield
instead of green forage yield. However, certain circumstances necessitated green
forage yield comparison. I may add, as you already know, that green forage data
might not reflect the actual efficiency of the performance of the variety.

M. Tahir: I suggest in terms of grazing, sheep or cattle should be determined
separately, because sheep can graze almost to the ground level and cause a marked
reduction in the crop if grazed late, but cattle normally graze 2-3 cm above ground
and cause less damage to the growing tip. Secondly, if you intend to breed for
dual-purpose (forage plus grain), then genetic buffering is essential to provide
plasticity which can be better achieved by incorporating the degree of
synchronization in tillering. Highly synchronized tillering is not suitable for dual
purposes. During the past several years the breeding programs have been geared
towards increasing grain production by increasing harvest index. With dual-
purpose barley this is not a very desirable trait.
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Areas
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Abstract

The West Asia and North Africa (WANA) region is experiencing increasing pressure
on its agricultural resource base due to rapidly growing livestock and human
populations (FAO 1987; Alexandratos 1988). The shortage of animal feed is
imposing a heavy burden on the rangelands, which are deteriorating. The severe
feed and food deficit has also triggered replacement of the fallow-barley rotation
with continuous barley in dry land agriculture, and increased cropping on
marginal lands with attendant degradation of the soil resource base (Jubert 1985;
Oram 1988).

Expansion of cultivation of such legumes as vetches (Vicia spp.) and chicklings
(Lathyrus spp.), which are indigenous to the Mediterranean basin, can augment
the feed and food supply when sown either to interrupt barley monoculture or to
replace fallow in a fallow-barley rotation (Abd El Moneim et al. 1988, 1990).
These species are sown and harvested in a single year and can be used for grazing
during winter, harvested for hay in spring, or carried to maturity for seed and
straw. Their introduction into the rotation increases the productivity of food and
feed and, therefore, sustainable animal carrying capacity of the land (Cocks 1988;
Harris et al. 1991; Papastylianou 1991). This is because of better maintenance of
organic matter and soil nitrogen (Peter Whice, personal communication), improved
soil physical conditions, and better control of diseases and pests than in continuous
cereal rotations.

Introduction

Although there is a huge diversity of Vicia and Lathyrus species in the
Mediterranean basin, only a few have been used as feed crops, and these have
received little attention in the past by agronomists and plant breeders. Kernick
(1978) reports that three species of Lathyrus and nine of Vicia are potentially
important. ICARDA focuses only on such annual species of these two legumes which
can adapt to areas where rainfall is between 250 and 400 mm. Table 1
summarizes the use and environmental adaptation of the species of interest. In
areas where rainfall is less than 300 mm, Lathyrus spp. are common, whereas in
higher rainfall areas, vetches are better adapted. Vicia narbonensis is adapted to
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drier sites, whereas V. sativa and V. ervilia perform better with more assured
moisture. Vicia ervilia and V. villosa subsp. dasycarpa are better adapted to the
cold environments of the highlands than other Vicia and Lathyrus species.
Subterranean species of Vicia and Lathyrus are adapted to areas with marginal
lands and low rainfall.

Table 1. Use and environmental adaptation of different species of
Lathyrus and Vicia in West Asia and North Africa and priority
research objectives for these crops at ICARDA.

Species Use Adaptation Priority research objectives
L. sativus GZ, G, <300 mm rain Resistance to Orobanche
(common chickling) S and moderate cold foliar
diseases
L. cicera G, S <300 mm rain Resistance to Orobanche
(dwarf chickling) and foliar diseases; high
Hi; low BOAA content
L. ochrus G,S 300 mmrain, mild Improved cold tolerance
{ochrus chickling) winters
L. ciliolatus GZ 300 mm rain Adaptation to low rainfall,
(subterranean cold, marginal lands, barley
chickling) areas, hard
seededness
V. sativa subsp. GZ " "
amphicarpa
V. sativa G, H >300 mm rain, Leafiness, non-shattering
(common vetch) moderate cold pods; resistance to foliar
diseases, and cyst
nematode
V. narbonensis G, S < 00 mm rain, Earliness, improved Hl,
(narbon vetch) moderate cold botrytis, resistance, low
tannin content
V. villosa Gz ~350 mm rain, Earliness, increased leaf
subsp. dasycarpa high elevation, retention and seed yield
{(woolly-pod vetch) severe cold
V. ervilla (bitter vetch) G,S 350mmraincold Reduced pod shattering
V. panonica GZ, G, ~350 mmyrain, Improved Hl, ascochyta
(Hungarian vetch) highelevation, blight
severe cold resistance

G = grain; GZ = grazing; H = hay; S = straw.

Area, Production, and Yield

Unfortunately, precise estimates of recent area, production, and yield of these
legumes are unavailable. FAO (1987) found that nearly 1.30 million hectares were
sown to vetches globally in 1985, with a yield of 1.69 t/ha and total production of
2.2 million tonnes. The estimates for WANA were an area of 0.34 million ha,
0.739 t/ha yield, and 0.25 million tonnes production. Some recent reports suggest
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that the current area in WANA under vetches may be nearly 0.6 million hectares,
mainly in Turkey, Syria, Ethiopia, Morocco, and Algeria, but also in Iraq, Jordan,
Cyprus, Lebanon, and Tunisia. Lathyrus sativus is grown as a food legume on
nearly 1 million ha globally, with a production of about 0.6 million tonnes. The
major production is in India, Bangladesh, Nepal, and Pakistan in South Asia, and
in Ethiopia in WANA. Afghanistan, Greece, Portugal, and France also produce this
crop. Lathyrus cicera is common in Cyprus, Greece, Iran, Iraq, Spain, and Syria,
and Lathyrus ochrus in Cyprus and Greece, used mainly for feed and forage.
Precise area and production estimates are not known.

Germplasm Collection and Evaluation

ICARDA's total collection of Vicia spp. stands at 4,572 accessions, with 2,280
(49.9%) from WANA, 1,083 (23.7%) from other countries, and 1,209 (26.4%)
from unknown sources. The collection of Lathyrus spp. is smaller—1,374
accessions—of which 83.6% originates from WANA, 16.2% from other countries,
and 0.1% from unknown sources. Only part of the germplasm collection of the
species listed in Table 1 has been evaluated for various agronomic traits and for
reaction to common biotic and abiotic stresses.

Germplasm Enhancement

Two approaches are adopted to develop improved lines of Vicia and Lathyrus spp.
(Fig. 1). In one, selection is affected in the wild accessions to develop improved
cultivated types. In the second, hybridization is done to introgress desirable traits
using selections from the wild accessions. The work is carried out by a
multidisciplinary team including a breeder, physiologist, pathologist, entomologist,
and animal nutritionist.

The major objectives for improvement in the Vicia and Lathyrus species are given
in Table 1. While attempting to improve yield and adaptation to environment, the
emphasis is on ensuring acceptable palatability, intake, and nutritive value of
herbage, hay, grain, and straw.

As an international center with major responsibility for WANA, ICARDA aims to
serve the national feed legumes improvement programs through: (i) assembling,
classifying, evaluating, maintaining, and distributing germplasm; (ii) developing
and supplying breeding populations with adequate diversity to be used in different
environments; and (iii) coordinating international trials to facilitate multilocation
testing and identification of widely adapted cultivars.

Vetches

Promising selections from V. sativa, V. ervilia, and V. villosa subsp. dasycarpa (25
from each) were evaluated over a period of three seasons (1986/87-1988/89).
Rainfall ranged from 233 to 504 mm, and minimum temperatures -5.8°-9.9° C.
Considerable inter- and intra-specific variations in phenology, quantitative traits,
and productivity were revealed (Table 2).
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Table 2. Variability of phenological and quantitative traits in
Vicia spp. accessions at ICARDA.

V. sativa V. ervilia V. v. subsp.
dasycarpa

Traits Range +Sem Range +Sem Range + Sem
Days to start of 105-115 1.03 95109 1.02 114136 1.10
flowering
Days to 100% 134-160 1.10 115-130 095 140-168 1.20
flowering
Days to maturity 170-189 1.18 122-140 1.09 162-196 1.28
Seedling vigort 2545 030 1935 030 1132 020
Winter growth! 3.0-50 040 25-50 046 09-10 013
Cold effect* 2145 031 0520 0.10 05-15 009
Spring growth' 43-50 037 21-50 030 0650 026
Leafiness' 3550 040 20-50 028 1.040 030

Herbage yield (t/ha)* 229420 0.51 202-271 014 579-11.2 082
Grain yield (t/ha) 0.80-264 015 073127 010 02809 007
Straw yield (t/ha) 280-790 038 210350 0.15 5.82-758 0.61
Harvest index (%) 1832 1.6 26-39 21 14-19 1.30
1 Visual score on 0-5 scale where 0 = poor; 5= very good.

$ 0 = no damage; 5 = all killed.

§ at 50-100% flowering.

Vicia sativa was most affected by frost, while V. villosa subsp. dasycarpa was most
cold tolerant. The latter, although producing high herbage yield in spring, had low
grain yield and reduced harvest index because of excessive flower drop. Vicia
ervilia and V. sativa (Table 2), as well as V. narbonensis (Table 3) had high seed
yield and high harvest index. Large variations in phenology and other quantitative
traits make it possible to identify lines suitable for different production niches and
for different uses in various farming systems in WANA (Abd El Moneim 1992b). For
example, the rapid winter and spring growth of V. sativa make it promising for
early grazing in mild winter areas at a time when feed shortage is acute. It could
also be used for hay making and for seed and straw production. Combined with
barley, V. sativa is widely used in Tunisia (Halila et al. 1990). In areas where
winters are severe, V. villosa subsp. dasycarpa has proved most promising because
of its high cold tolerance (Keatinge et al. 1991). Because of its prolonged flowering
period and low harvest index, it is quite suitable for grazing. Vicia narbonensis,
with its high grain yield and harvest index and erect growth habit, is ideal for the
production of grain and straw (Abd El Moneim 1992a), particularly in areas of low
seasonal rainfall and moderate cold (Table 3). In Orobanche spp. infested areas,
early maturing selections of V. sativa are less damaged, and V. villosa subsp.
dasycarpa is not damaged at all as it resists the parasite (Linke et al. 1992).
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Table 3. Mean performance of 25 lines of Vicia narbonensis and

12 lines of Latbgus sativus in eight different environments.

Site Season Seasonal Vicia narbonensis Lathyrus sativus
rainfall Seedyield HI Seed yieldHerbage yield'
(mm) {t/ha) (%) (t/ha) (t/ha)

1. Tel Hadya 1985/86 316 1.55 38 0.85 268

2. Tel Hadya 1986/87 358 1.90 40 1.36 2.81

3. Tel Hadya 1987/88 504 1.10 K 0.91 258

4, Tel Hadya 1988/89 233 0.90 R 0.50 1.98

5. Breda 1985/86 218 1.29 36 037 1.22

6. Breda 1986/87 245 1.40 36 0.39 1.33

7. Breda 1987/88 415 1.61 38 1.25 3.28

8. Breda 1988/89 195 047 30 0.55 1.46

Mean 1.28 3B 0.772 242

' Cut at 50-100% flowering.

Inter and intra-specific variation in the selections of Vicia spp. has been adequate
for major biotic and abiotic stresses as well (Table 4). Sources of resistance have
been identified for ascochyta blight (Ascochyta pisi f.sp. viciae), downy mildew
(Pernospora viciae), powdery mildew (Erysiphi pisi f.sp. viciae), bouytis blight
(Botytis cineria), cyst nematode (Heterodera ciceri), root-knot nematode
(Meloidogyne artiellia), broomrape (Orobanche crenata) and cold. These are being
used in the breeding program.

Table 4. Number of selections of Vicia and Lathyrus spp. with
resistance to different biotic and abiotic stresses at Tel Hadva.

Stress Vetch Chickling
Common_Narbon Woolly-pod Common Dwarf  Ochrus

Ascochyta blight 7 1 12 5 3 5
Botrytis blight 0 3 10 4 3 2
Downy mildew 5 3 8 13 7 6
Powdery mildew 4 7 8 1 4 4
Cyst nematode 11 5 11 9 3 5
Root-knot nematode 10 10 1 6 3 4
Broomrape 6 1 3 0 0 18
Cold R 42 =2) 0 50 1

Pod shattering has been a major constraint to the use of V. sativa as a grain crop.
Incorporation of non-shattering genes into agronomically promising lines resulted
in recombinants with 95-97% non-shattering pods with good agronomic
backgrounds, compared with only 40-45% in the original, otherwise improved,
parents. This has agronomic advantages as well: (i) harvest can be delayed and
mechanized to permit better compatibility with other crop enterprises of the farmer;
(ii) the problem of vetch weeds is reduced in the rotation. With these
improvements, introduction of V. sativa to replace fallow has become an economical
and agronomically feasible preposition,
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Subterranean vetch (V. sativa subsp. amphicarpa), a typical Mediterranean species
commonly found on poor lands in WANA, could prove to be an excellent component
of ley-farming systems in habitats that are too dry and marginal for other vetches
and medics. Because of its underground cleistogamous flowers, subterranean vetch
produces nearly 50% of its pods underground. It is drought resistant and has high
persistence under heavy grazing. Studies at ICARDA, initiated in 1989/90,
investigated the potential of one of the selections of this vetch, with very promising
results (Table 5). The agronomic advantage of introduction of subterranean vetch is
that it can withstand tillage during the cereal phase. Improvement work has
concentrated on incorporating increased herbage yield by crossing promising
selections of subterranean vetch with the superior V. sativa lines, with positive
results.

Table 5. Effect of grazing management of subterranean vetch on
dry herbage yield in the year of establishment (1989/90), yield
of succeeding barley (as compared to barley after barley), vetch
seed bank at the start and the end of barley phase, and dry

herbage yield of self-regeneration vetch (1991/92, Tel Hadya).

Yield/seed bank (kg/ha) Subterranean vetch grazing Barley Sem (+)

February March  April No grazing
Herbage yield' 1989/90 830 730 860 2,020 - 57
Barley seed 1990/91 1,966 2035 1,925 1,909 1,599 %8
Barley total shoot 4347 4193 3947 3877 3,143 215
1990/91
Starting seed bank 50 130 160 240 7
1990/91
End-season seed bank R %5 141 218 A
1990/91
Herbage yield' 1991/92 3258 3,879 3,708 3,900 320
' At 50% flowering.

Chickling

As mentioned earlier, Lathyrus spp. are particularly promising in low rainfall areas
because of their ability to grow under drought conditions. Lathyrus sativus and L.
cicera are particularly adapted to cool, dry environments (Table 3). The crop
improvement objectives for the Lathyrus species of interest to ICARDA are listed in
Table 1. The diseases that constrain production include ascochyta blight (Ascochyta
pisi f.sp. lathyri), downy mildew (Pernospora trifoliorum), powdery mildew
(Erysiphi martii f.sp. lathyri) and botrytis blight (Botrytis cineria). Root-knot
nematode and cyst nematode also damage the crop. L. sativus and L. cicera are
parasitized by broomrape, and L. sativus and L. ochrus are susceptible to cold.
Sources of resistance to common biotic and abiotic stresses have been identified
(Table 4). These are being used in the breeding program.

Although the seeds of Lathyrus are rich in crude protein (29 g 100g" of edible
seed), and have high lysine content, they also possess the neurotoxin, R-N-oxalyl-L,
R-diaminopropianic acid (ODAP, syn. BOAA), which is implicated in causing
lathyrism in humans and domestic animals (Briggs et al. 1983; Roy and Kisby
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1989) by affecting the central nervous system. ICARDA endeavors to develop
promising Lathyrus lines with low or zero BOAA content. Screening of 81 pure
lines of L. sativus, 19 lines of L. cicera, and 22 lines of L. ochrus for BOAA content
revealed a wide range in the concentration of the neurotoxin. It ranged from 18 to
316 pg g! of seeds in L. sativus, 405-560 pug in L. cicera, and 20 to 266 pg in L.
ochrus. The lowest value recorded in L. sativus is lower than that ever reported for
any cultivar in the past. Using the low BOAA content lines, a breeding program for
genetic detoxification of L. sativus has been initiated. Development of cultivars with
low or zero levels of BOAA and high yield potential in dry areas would prevent the
development of lathyrism and provide a safe food for humans and feed for animals
in regions where drought is frequent.

Emphasis has been placed on enhancing the cold tolerance in L. ochrus, which has
great potential for production of herbage and seed, particularly in areas infested
with broomrape and thus unfit for production of L. sativus. Lathyrus ciliolatus
(subterranean chickling) is being improved for its productivity.

International Cooperation

Improved genetic material is currently distributed to national programs in WANA in
the form of two international yield trials, each containing 20 entries. Demand for
these nurseries is increasing. Cooperators in the national programs are encouraged
to send their local selections for entry in these nurseries to obtain valuable
information on their adaptability to a wide range of environments.

Collaboration is also being developed with institutions in industrialized countries,
particularly to identify rapid and reliable methods for the evaluation of genetic
material for antinutritional factors.

ICARDA is eager to cooperate with other institutions interested in exploiting the
potential of Vicia and Lathyrus species for augmenting food and feed production in
the dry areas and promoting sustainable agriculture.
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Abstract

The central highlands of Turkey are characterized by cold winters and dry
summers. Under these extreme weather conditions, forage crops are sdll
underexploited as a part of crop rotations. There is a shortage of good quality feed,
especially during winter supplementary feeding. Half of the total vetch in Turkey is
located in the central highlands, and farmers still use local cultivars, which have
good adaptability but low yield potential. Therefore, with the aim of identifying
and improving annual forage legume species for the cold and dry environment of
the central highlands, work was conducted under a collaborative Turkey/ICARDA
project during the 1992/93, 1993/94, and 1994/95 seasons. Autumn-sown
forage legume species showed more potential than the spring-sown ones.
Hungarian vetch (Vicia pannonica) and woolly-pod vetch (V. villosa subsp.
dasycarpa) showed promise for autumn sowing and utilization for grazing and/or
hay. Narbon vetch (V. narbonensis) performed better when autumn sown than
when spring sown. Chicklings (Lathyrus spp.) were also promising alternatives to
spring sown vetches. Accession 751 of Hungarian vetch, 694/1 of woolly-pod
vetch, 793/A of narbon vetch, 1033 of bitter vetch (V. ervilia), 794 of common
chickling (L. sativus), and 812 of dwarf chickling (L. cicera) were considered
superior.

Introduction

In the central highlands of Turkey (CHT), the major feed resources are common
pastures, forage crops, and crop residues. Most of the common grazing area has
been replaced by cereal production over the last 50 years (Bakir 1971). Moreover,
mismanagement, in the form of early and over-grazing, has led to the destruction of
rangeland vegetation and resulted in soil erosion. Although forage crop production
has increased in the last 20 years, forage crops are still underexploited as a part of
crop rotations, and shortage of good-quality forage is particularly acute during
winter supplementary feeding. In general, feeding of livestock is mainly dependent
on common pasture, cereal straw, barley seed, vetch straw (in mountainous areas
only), and supplementary feed.

In Turkey, only 2-3% of the total cultivated area (515,000 ha) is devoted to forage
crops (Table 1). Of this, about 180,000 ha (35%) is in the CHT, where the
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cultvated species are common vetch (Vicia sativa), alfalfa (Medicago sativa), and
sainfoin (Onobrychis sativa). Fifty percent of the total vetches grown in the CHT are
used for seed and straw. Among vetches, common vetch is the most popular, grown
as a spring crop because of the cold sensitivity of the currently cultivated vetches—
which are also subject to terminal drought. In the CHT most farmers still use local
landraces, which are very adaptive but poor in both seed and straw yields.

Table 1. Area under forage crops in 'i'urkey.

Crops Turkey The CHT

{(ha) Area (ha) % of total
Vetch 257,000 130,230 50.6
Alfalfa 172,625 38,190 2
Sainfoin 85,637 15,253 17.8
Total 515,262 183,673 355
Field crops
Cultivated land 14,590,000 4,159,000 28.5
Fallow land 3,655,000 1,697,000 46.4

Agricultural Production, State Statistics Institute (1992).

The area under Hungarian vetch (V. pannonica), which has reasonable cold
tolerance, has been increasing over the last three years. Winter planting, if
successful, results in higher seed, straw, and hay production in the CHT’s drier
conditions. Therefore, it has great potential as a feed legume crop in this region.
The other annual forage species with cold tolerance are woolly-pod vetch (V.
villosa subsp. dasycarpa) and narbon vetch (V. narbonensis). Presently, chicklings
(Lathyrus spp.) are not grown by farmers in the CHT.

Research on the introduction, adaptation, and improvement of annual forage
legumes was needed to identify better varieties for specific regions (Elgi 1971).
Thus, work on the improvement of the annual forage legume species was
intensified at the Central Research Institute of Field Crops (CRIFC) in collaboration
with ICARDA to identify productive forage legume species with sufficient cold
tolerance for winter or early spring planting and desirable agronomic traits for the
highland environments of CHT.

215



91¢

*sIeak pue suonesof

[es18o101g 1 Indig

1240 sapads umos-3uuids pue uwnne jo pIk paas pue

Autumn-sown

Hungarian vetch T

Wooly-pod vetch

Narbon vetch

Spring-sown
Common vetch

CIAIAIAAS ////%
\ 37

//////////AQ:
\ 32

T / //////ﬂ

. . . .
- .
-

ii :'.

.

Narbon vetch =

Bitter vetch .

Common chickling

Dwarf chickling

H 1471

o
| 2020
1801

A ////AQ' 90

(=2}
(1)

3700

Biologic (kg/ha)
Seed (kg/ha)



*SUOREJO[ PUE SIEaA J9A0 SoPads

L1TC
umos-3uuds pue uwmne jo fjunjewr o) sdep pue xapul IsoAteq ‘gz ainSig

Autumn-sown

Hungarian vetch -

Wooly-pod vetch{ 28 . . + 260

N2 o 267

Narbon vetch

N\ \40: @ 249

Spring-sown L [.] Harvest Index(%)
Common vetch{ [\ : = = =

é4o 86 : * Days to Maturity

Bitter vetch{ . [\34' 85

Narbon vetch ::

Common chickling{ 545 81

Dwarf chickling{ - [\30° 88 -

40-87




Materials and Methods

Annual forage legume species obtained from ICARDA and IPGRI, and landraces
collected from the CHT were evaluated during the 1992/93, 1993/94 and
1994/95 seasons. Hungarian vetch (V. pannonica), woolly-pod vetch (V. villosa
spp. dasycarpa), narbon vetch (V. narbonensis), common vetch (V. sativa) and
bitter vetch (V. ervilia), and two species of chickling: common chickling (Lathyrus
sativus) and dwarf chickling (L. cicera) were included.

The Hungarian and woolly-pod vetches were evaluated for autumn (October)
sowing, narbon vetch for both autumn and spring (March/April) sowing, and
common vetch, bitter vetch, and chicklings for spring sowing only. In 1992/93, one
nursery set of each species was planted at the Haymana Research Farm (HRF) of
the CRIFC, located 35 km southwest of Ankara at an altitude 1,055 m and 350 mm
annual rainfall. A total of 26, 30, and 15 lines of Hungarian vetch, woolly-pod
vetch, and narbon vetch, respectively, were sown in four-row, 4.8 m? plots in three
replications. The fertilizer DAP (46% P, 18% N) was applied at a rate of 100
kg/ha. These lines were seeded in October 1992—the farmer’s normal planting
time—into dry soil. For early spring planting, 15, 7, 12, 10, and 11 promising
lines of V. sativa, V. narbonensis, L. sativus, L. cicera, and V. ervilia, respectively,
were sown in six-row, 9 m? plots in three replications.

n the 1993/94 season, the winter nurseries and trials were planted at two
locations, HRF, and Cankiri, 160 km north of Ankara at an altitude of 800 m with
399 mm annual rainfall. Twnety seven, 16, and 19 lines were sown of V.
pannonica, V. villosa spp. dasycarpa, and V. narbonensis, respectively. The spring
nurseries and trials were planted at HRF, and at the Kazan Research Farm (KRF),
30 km west of Ankara. Twenty, 9, 14, 15, and 15 lines were sown of V. sativa, V.
narbonensis, L. sativus, L. cicera, and V. ervilia, respectively. L. cicera and V,
ervilia were not planted at KRF.

In 1994/95, the seeding times and species of both winter and spring species were
the same as in the previous two seasons. However, the germplasm material was not
the same, as additional lines were included in autumn planting trials.

Observations were made on emergence, plant height, maturity, crop phenology,
resistance to abiotic and biotic stresses, seed vield, and harvest index. Comparison
of lines between and within species was carried out. The cumulative rainfall and
monthly average temperature at HRF and Gankirl are summarized in Figures 3, 4,
5, and 6.
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Results

The 1992/93 Season

The 1992/93 season was characterized by a cold winter with an average
temperature of about -7° C in January (nearly 5° C lower than the long-term
average, Fig. 5), and insufficient rainfall (Fig. 3). The latter prohibited a good
plant stand at the beginning of winter and thus screening for cold tolerance. As a
result, biological and seed yield of the tested lines were poor (Table 2). Among the
three autumn-planted species, V. pannonica produced the highest average
biological yield (1292 kg/ha), followed by narbon vetch (1007 kg/ha). Vicia villosa
subsp. dasycarpa produced the lowest, at 692 kg/ha. For seed yield, V.
narbonensis was the best yielder (435 kg/ha), and also had the best harvest index
(0.43).

The spring-planted species had good plant emergence and stand because of
sufficient rainfall after sowing (Fig. 5). Among the three vetch and two chickling
species (Table 2), common chickling produced the highest biological and seed yield
(3,810 and 1,682 kg/ha), followed by dwarf chickling (3,087 and 1,507 kg/ha).
Common vetch produced the lowest biological and seed yield (2,266 and 867
kg/ha, respectively). The highest harvest index (0.48) was obtained from dwarf
chickling, followed by bitter and common chickling (both 0.44).

The four best-yielding lines are presented in Table 6. Among the autumn-planted
species the best accessions were Hungarian vetch 997, woolly-pod vetch 642/2,
and narbon vetch 629. In the spring planting, the best accessions were common
vetch 784, narbon vetch 628, bitter vetch 1033, common vetch 803, and dwarf
chickling 812, producing biological yields of 2833, 3201, 2822, 4296, and 3305
kg/ha, respectively.

The 1993/94 Season

The winter was relatively mild (Figs. 5 and 6) and did not favor screening for cold
tolerance. However, as a result of good plant growth in early spring, biological and
seed yields were much higher than those expected at HRF (Table 3), where
average yields of the species were almost twice those at Gankiri. Narbon vetch
produced the highest biological and seed yield (6,371 and 2,528 kg/ha) at HRF,
and woolly-pod vetch the lowest (5,510 and 966 kg/ha). However, at Gankiri,
narbon vetch produced the highest biological yield (3,710 kg/ha), and Hungarian
vetch produced the highest seed yield (917 kg/ha), followed by narbon vetch (867
kg/ha). Across locations, narbon vetch produced the highest biological yield (5,041
kg/ha), seed yield (1,698 kg/ha), and harvest index (0.32). The number of days
to maturity was lowest (247 days) for narbon vetch, and highest (280 days) for
woolly-pod vetch, because of its long flowering period.
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Table 2. The mean, minimum, maximum values of biological (BY)
and seed (SY) yield (kg/ha) and harvest index (HI) of autumn-

and sgring-sown sgecies at Hamana Research Farm g1992-932.

Species HRF
BY Sy Hi
Autumn Sown
V. pannonica Mean 1,202 317 0.25
Minimum 32 41
Maximum 2,530 798
SEM(Z)
CV(%)
V. villosa spp. dasycarpa Mean 692 173 0.25
Minimum 35 10
Maximum 1,638 530
SEM(3)
CV(%)
V. narbonensis Mean 1,007 435 0.43
Minimum 125 31
Maximum 19,679 895
SEM(+)
Spring Sown CV(%)
V. sativa Mean 2,266 867 0.38
Minimum 1,957 664 0.35
Maximum 2,833 1,276 0.45
SEM(1) 45 30 0.6
CV(%) " 19 10
V. narbonensis Mean 3,033 1,186 0.38
Minimum 2,548 929 0.35
Maximum 3,392 1,392 043
SEM(%) 87 4 0.77
CV(%) 7.4 74 5.49
L. sativus Mean 3,810 1,682 044
Minimum 3,437 1,411 0.39
Maximum 4,296 1,922 047
SEM(1) 64 2 0.55
CV(%) 8.2 7.8 5.18
L. cicera Mean 3,087 1,507 0.48
Minimum 2,871 1,298 0.46
Maximum 3,305 1,656 0.51
SEM(t) 57 31 0.39
CV(%) 71 6.1 2.7
V. ervilia Mean 2,588 1,134 0.44
Minimum 2,355 933 0.37
Maximum 2822 1,288 0.46
SEM(3) ) 40 0.87
CV(%) 14 15 11.8
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Table 3. The mean, minimum, and maximum values of biological
and seed yield (kg/ha) and harvest index of autumn and spring-
ankirl, and KRF (1993/94).

sown species at HRF

Species HRF Gankiri (Autumn)/  Over locations
KRF (Spring)
BY S8 H By 8y H BY SY Hl
Autumn Sown
V. pannonica  Mean 3,814 1,168 0.31 2,995 917 0.32 3,404 1,403 0.25
Minimum 1,517 533 0.24 2377 563 0.25
Maximum 6,577 1,673 0.36 3,920 1223 0.36
SEM() 149 83 04 86 32 0.63
CV(%) 19 21 1 16 20 15
V. villosaspp. Mean 5510 966 0.18 2,552 584 0.22 4,031 775 0.20
dasycarpa Minimum 3,143 367 0.11 1,750 276 0.16
Maximum 6,371 1,257 0.24 170 933 0.27
SEM(t) 4590 32 06 19 52 09
CV(%) 7603 14 13 3710 23 16
V. narbonensis Mean 190 2,528 0.40 1,710 867 0.24 5,041 1,698 0.32
Minimum 17 1,650 0.31 4,937 356 0.13
Maximum 3,167 0.47 177 1167 0.34
SEM(1) 1,391 71 08 22 40 1.06
CV(%) 1,069 14 16 20 21
Spring Sown 1,660 1,499
V. sativa Mean 29 415 030 1,194 276 0.18 1,445 346 0.24
Minimum 15 271 0.21 1,896 167 0.4
Maximum 1,445 611 0.38 54 469 0.24
SEM(t) 1,339 15 09 23 18 038
CV(%) 1,569 23 20 1,571 38 25
V. narbonensis Mean 31 392 027 145 179 0.11 1,508 286 0.19
Minimum 11 193 014 1,745 74 04
Maximum 1,697 587 0.39 287 0.18
SEM(1) 1,276 29 1.7 18
CV(%) 1,983 23 96 1675 35 26
L. sativus Mean 29 626 0.37 1,181 6534 0.30 1,686 580 0.34
Minimum 14 271 032 1,886 236 0.16
Maximum 1,614 611 0.41 78 775 042
SEM(t) 1,073 15 09 22 47 19
CV(%) 1,847 17 10 29 16
L. cicera Mean 36 454 0.28 1,614 454 0.28
Minimum 13 635 0.16
Maximum 1,103 173 0.35
SEM(t) 778 24 11
CV(%) 1,398 28 21
V. ervilia Mean 36 523 047 1,103 523 047
Minimum 14 347 0.38
Maximum 685 0.54 -
SEM(+) 20 1 -
CV(%) 20 14 -

BY = biological yield; SY = seed yield; HI = harvest index.
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For spring-planting trials, good plant stand was obtained at both Haymana and
Kazan. However, a severe drought during the vegetative growth period resulted in
yield reduction. At both locations, common chickling produced the highest
biological and seed yield, 1,697 and 626 kg/ha at HRF, and 1,675 and 534 kg/ha
at KRF, respectively. Bitter vetch produced the highest harvest index (0.47), but
the lowest biological yield (1103 kg/ha). Narbon vetch produced the lowest seed
yield at both locations (392 at HRF and 1,79kg/ha at KRF). Across locations,
common chickling produced the highest biological and seed yields (1,686 kg/ha at
HRF and 580 kg/ha at KRF), whereas narbon vetch had the lowest seed yield (286
kg/ha) and harvest index (0.19). Dwarf chickling was late in maturity (92 days),
whereas bitter vetch was the earliest (80 days).

In the autumn-planted trials (Table 6), the best yielding lines of Hungarian,
woolly-pod, and narbon vetches were accessions 1107, 642/1, and 757/1,
producing biological yields of 6,047, 6,887, and 5,807 kg/ha, respectively. The
seed yields of these lines were 1,673, 1,027, and 2,039 kg/ha, respectively. In
the spring-planted trials, the best-yielding lines were accession 777 of common
vetch, accession 793/A of narbon vetch, accession 1138 of bitter vetch, accession
795 of common chickling, and accession 1055 of dwarf chickling, producing 1,695,
1,530, 1,398, 1,935, and 1,847 kg/ha, respectively.

The 1994/95 Season

This was another mild winter, although the rainfall was much higher than the
long-term average at both locations (Figs. 5 and 6). For the autumn-planted trials,
the average yields of all species were higher than those of the previous two seasons
(Table 4). Woolly-pod vetch produced the highest biological yield (5,567 kg/ha) at
HRF, whereas narbon vetch produced 5,105 kg/ha at Gankiri. Narbon vetch
produced the highest seed yield (2,285 at HRF and 2,277 kg/ha at Gankirl) and
harvest index (0.47 at HRF and 0.45 at Gankiri), whereas woolly-pod vetch
produced the lowest seed yield (1,105 at HRF and 943 kg/ha at Cankiri) and
harvest index (0.20 at HRF and 0.21 at Gankiri). However, across both locations,
woolly-pod vetch produced the highest biological yield (5,071 kg/ha), and the
lowest seed yield (1,024 kg/ha) and harvest index (0.21). Narbon vetch produced
the highest seed yield (2,281 kg/ha) and harvest index (0.46). The number of
days to maturity of narbon vetch was lowest with 243 days, followed by woolly-pod
vetch (246 days) and Hungarian vetch (248 days).

For the spring-planted species, the heavy rain permitted the establishment of only
one set of trials for each species at HRF. The trials consisted of promising lines of
three species of vetches—V. sativa, V. narbonensis, and V. ervilia—and the two
species of chickling—L. sativus, L. cicera. Sufficient rainfall after planting resulted
in a good plant stand in the experimental plots. Common chickling produced the
highest biological and seed yield (3,027 and 1,230 kg/ha, respectively), whereas
bitter vetch the produced the lowest (1,713 and 729 kg/ha, respectively). Narbon
vetch yielded the highest harvest index (0.44), and common vetch the lowest
(0.39). The number of days to maturity was 79 for dwarf chickling and 83 for
common chickling. The best yielding autumn-sown species were: accessions 1101
of Hungarian vetch, 1006 of woolly-pod vetch, and 1023 of narbon vetch,
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producing biological yields of 4,987, 5,574, and 8,609 kg/ha, respectively. In the
spring-sown species, common vetch 784, narbon vetch 628, bitter vetch 1138,
common chickling 796, and dwarf chickling 811 had the best biological yields, at
2,725, 2,400, 1,937, 3,347, and 3,006 kg/ha, respectively.

Across the Three Seasons

Over the three years, narbon vetch produced the highest biological yield (3,700
kg/ha) followed by woolly-pod vetch (3,266 kg/ha) and Hungarian vetch (3,037
kg/ha) among the autumn-sown species. Narbon vetch also had the best seed yield,
at 1,471 kg/ha, followed by Hungarian vetch (852 kg/ha) and woolly-pod vetch
(667 kg/ha). Narbon vetch also had the best harvest index (0.40) followed by
Hungarian vetch (0.28) and woolly-pod vetch (0.22). Narbon vetch matured
earliest (240 days), followed by Hungarian vetch, which matured 260 days from
planting.

Since the number of lines included in the trials progressively increased over the
years, and the weather varied over seasons, the best yielding lines did not remain
constant (Table 6). Nevertheless, some of the lines were more stable and stayed in
the best group for biological and seed yield in more than two seasons. Among the
autumn-sown vetches, accession 694/1 of woolly-pod vetch was in the best
yielding group during all three years. Accession 1023 of narbon vetch was in the
best yielding group in 1992/93 and 1994/95. Among the spring-sown species,
accessions 784 and 772 of the common vetch were in the best yielding group in
1992/93 and 1994/95, along with accessions 628 and 793/A of narbon vetch.
Among the bitter vetch lines, accession 1033 ranked in the best-yielding group in
all three years. Accession 800 of common chickling was in the best-yielding group
in 1992/93 and 1993/94. Accession 812 of dwarf chickling was in the top-
yielding group during all three years.
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Table 4. The mean, minimum, and maximum values of biological
(BY) and seed (SY) yleld (kgsha) and harvest index (HI) of

autumn- and spring-sown species _at HRF and ganklrl (1994/95).

HRF Cankin Mean over
locations
Species BY S HI BY S8Y H BY SY HI

Autumn Sown
V. pannonica  Mean 4561 1269 0.28 4268 1124 0.26 4415 1197 0.27
Minimum 3336 836 0.14 2324 286 0.12
Maximum 6432 2026 0.40 6391 2067 0.37
SEM(1) 70 27 06 99 46 0.8
CV(%) 13 13 13 15 22 16
V. villosa spp. Mean 5567 1105 0.20 4574 943 0.21 5071 1024 0.21
dasycarpa Minimum 2918 482 0.7 3038 514 0.8
Maximum 7976 1700 0.30 7257 1562 0.31
SEM(%) 133 39 06 108 37 073
CV(%) 12 22 21 17 27 22
V. narbonensis Mean 5001 2285 0.47 5105 2277 0.45 5053 2281 0.46
Minimum 1576 808 0.33 3219 1410 0.35
Maximum 9038 3400 0.57 7610 3229 0.53
SEM(%) 183 71 06 131 58 0.6
CV(%) 13 14 7 17 16 6
Spring Sown
V. sativa Mean 2110 813 0.39
Minimum 967 267 0.21
Maximum 4378 1356 0.50
SEM(1) 33 15 0.5
CV(%) 13 13 11
V. narbonensis Mean 2120 920 0.44
Minimum 1408 608 0.30
Maximum 2758 1208 0.50
SEM() 80 338 1
CV(%) 14 14 6
L. sativus Mean 3027 1230 0.41
Minimum 2358 667 0.28
Maximum 3700 1642 0.49
SEM(1) 65 34 07
CV(%) 12 14 7
L. cicera Mean 2679 1188 0.45
Minimum 1722 780 0.33
Maximum 3533 1467 0.51
SEM() 74 32 08
CV(%) 15 15 10
V. ervilia Mean 1713 729 0.43
Minimum 1238 457 0.22
Maximum 2524 1143 0.55
SEM(+) 39 17 09
CV(%) 8 15 12

BY = biological yield; SY = Seed yield; HI = Harvest index.
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Table 5. The mean, minimum, and maximum values of days from
planting to harvest of autumn and spring-sown species at

Haymana Research Farm (1992/93, 1993/94 and 1994/95).

Species 199293  1993/%4  1995/% Mean
over years
Autumn Sown
Vicia pannonica Mean 273 260 248 260
Minimum 260 253 240
Maximum 281 262 251
SEM(3) 0.2 0.29
CV(%) 0.3 0.43
V. villosa spp. dasycarpa  Mean 275 280 246 267
Minimum 269 274 241
Maximum 277 82 266
SEM(t) 0.5 0.48
CV(%) 037 073
V. narbonensis Mean 256 247 243 249
Minimum 256 247 239
Maximum 256 247 244
SEM(%) 0.15
Spring Sown CV(%) 0.45
V. sativa Mean 88 81 86
Minimum & 83 77
Maximum %5 9% 108
SEM(%) 0.4 0.5 0.37
CV(%) 36 2 1.27
V. narbonensis Mean 87 88 80 &8
Minimum 82 83 78
Maximum xR 9% 84
SEM(%) 05 095 06
CV(%) 1.6 24 0
Lathyrus sativus Mean e 87 8 a8
Minimum - 81 77
Maximum - 88 96
SEM(2) - 0.3 0.72
CV(%) - 0.2 39
L. cicera Mean o1 @R 79 14
Minimum 83 89 77
Maximum ¢} 97 84
SEM(1) o4 0.2 0.58
CV(%) 35 025 223
V. ervilia Mean 8 80 80 81
Minimum 80 78 78
Maximum 84 89 83
SEM(2) 0.36 05 05
CV(%) 246 3 3
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Table 6. Best yielding lines of Vicia and Lathyrus species
(1992/93, 1993/94 and 1994/95).
Species 1992/33 1993/94 1994/95

Acg BY SY Acq BY S8Y Acg BY SY

Autumn Sown

Vicia pannonica 997 2530 749 1107 6047 1673 1001 4987 1378
995 1944 586 751 5249 1400 752 4794 1187
1002 1850 503 723/3 4057 1118 751 4790 852
738/3 1496 409 750 3949 1167 1026 4667 1383

V. villosa spp. 642/2 1984 494 642/1 6887 1027 1006 5557 1291
dasycarpa 694/1 1638 530 700/1 5307 1095 1012 5544 1124
653/2 1546 296 694/1 4847 1029  694/1 5424 1273
627 1498 411 636/4 4837 834 70011 5242 1203

V. narbonensis 629 1979 895 757/1 6807 2039 1023 8609 2678
792 1628 777 788 4965 1969 628 6292 2758
75711 1482 673 1025 5465 1954 629 6495 2711
1023 1413 657 1019 5629 1752 1016 6099 2651

Spring Sown

V. sativa 784 2833 1276 777 1695 441 784 2725 1086
777 2290 926 775 1664 475 782 2528 1006
782 2284 895 776 1656 457 772 2467 1014
772 2280 740 774 1550 478 932 2358 1078

V. narbonensis 628 3201 1392 793/A 1530 359 628 2400 1028
793/A 3379 1345 792 1468 368  793/A 2317 1056
788 3392 1215 788 1500 328 1017 2228 1014
629 3198 1374 628 1582 183 788 1935 925

V. ervilia 1033 2822 1288 1138 1398 634 1138 1937 832
1034 2800 1266 1038 1292 685 1033 1762 746
1032 2700 1200 1033 1241 625 1032 1816 844
1037 2655 1212 1036 1269 625 1035 1632 787

Lathyrus sativus 803 4296 1776 795 1935 584 796 3347 1333
800 4062 1922 794 1752 518 798 3342 1378
802 4042 1687 805 1816 516 804 3186 1325
796 3895 1804 800 1489 543 794 3056 1319

L. cicera 812 3305 1607 1055 1847 635 811 3006 1256
814 3173 1576 1053 1703 578 813 3114 1319
811 3073 1562 812 1524 538 812 2742 1253
816 3066 1416 816 1712 389 814 2917 1197

BY = biological yield; SY = seed yield; Acq = acquisition.
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Discussion

The success or failure of growing annual forage legume species in harsh
environments is largely dependent on the degree of resistance to abiotic stresses. In
environments like the CHT, the major constraints are low winter air temperatures
and variable drought in the growing season. It is hard for a single species to
produce stable yields under unstable conditions. This requires identification of
adapted species and lines for a given place and time (Keatinge et al. 1991).

Despite the fact that the availability of good-quality hay decreases the dependence
on costly concentrates for livestock feeding, farmers in the CHT grow common vetch
only for its seed and straw. This might be due to local traditions and climatic
conditions. The introduction of additional annual forage legumes into the farming
system would provide alternatives to farmers. These crops are versatile or
multipurpose, some are suitable for haymaking in spring and others are suitable for
grazing and straw production at full maturity. Targeting suitable crops for a certain
environment and a specific use is necessary.

The experiences gained through this initial study show that autumn-sown species
have more yield potential in the CHT than spring-sown species. Over the three
years, the performances of Hungarian vetch and woolly-pod vetch, both of which
produced high crop biomass for hay and grazing, were very promising, although
they have a relatively low harvest index. Both can be cut or grazed during the
spring when herbage quality is still high and forage is badly needed, as
emphasized by Abd El Moneim et al. (1990). On the other hand, narbon vetch
produced the highest biological and seed yield and harvest index when grown as
an autumn-sown crop. The high seed yield of narbon vetch makes this species a
good grain legume crop in the semi-arid regions of West Asia (Abd El Moneim et al.
1988). In the CHT, this forage legume species has good potential as an important
crop for seed and straw.

Although the autumn-sown species are likely to be preferred by farmers in the
CHT, due to the risk of failure or to variations in use patterns, the spring-sown
species should be considered as alternatives. Agikgéz (1988) reports promising
annual forage legumes, principally Vicia and Lathyrus spp., in the highlands of
Turkey. In our evaluation, common chickling (L. sativus) was the most promising
when spring sown, followed by dwarf chickling (L. cicera). This makes them good
alternatives to common vetch. Bitter vetch matured earliest, enabling this species to
avoid terminal drought in 1993/94 .

Despite more lines in later seasons, some lines were identified as best yielding and
most stable over time and place. These included accessions 694/1 of woolly-pod
vetch, 793/A of narbon vetch, 1033 of bitter vetch, and 812 of dwarf chickling.

Further study is indicated on: (i) further screening of new potential species and
lines from genus Vicia and Pisum; (ii) screening of the selected lines for feed
quality and toxic elements; (iii) screening for the competitive ability of the lines in
a mixture with cereals, e.g., barley and oat, and for grazing or hay.

Compared with other economically important crops, limited work on germplasm
evaluation of annual forage legumes in the CHT has been carried out. This might
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be partly because of the nature of these crops and/or their lower attractiveness to
researchers. However, we believe that an increased demand for livestock feed
supplies and existing low yielding landraces and non-tangibility of alternative
forages make this work on forage legume germplasm evaluation and selection very
important.
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Discussion

Y. Sweidan: Do you think that narbon vetch is suitable for sheep feeding as

green fodder? My understanding is that is not suitable, and is less palatable than
wild vetch or lathyrus.

H. Firincioglu: Narbon vetch has the highest total biomass, seed yield, and
harvest index. Furthermore, the high seed yield makes it a good grain crop.
Therefore, it should be utilized as a grain crop.

M. Al-Ayadi: What about using Vicia amphicarpa in this trial and about
production of common vetch by farmers for lamb fattening or for seed production?

H. PFirincioglu: I tried, but because it has seed hardness it is difficult to get a
good plant stand, and it produces very low biomass. Therefore it is not suitable o
grow under field conditions. It might be utilized for rangeland rehabilitation
because of its seed hardiness.

M. Tahir: Does Vicia panonica require vernalization? If yes, what is the level of
vernalization requirement? Secondly, does this species respond to photoperiodism?

H. Firincioglu: At present we don't have any information on its vernalization
and photoperiod requirement.
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Forage and Seed Production of
Vetches (Vicia spp.) at Different
Seeding Rates under Rainfed
Conditions

K.K. Kasim
1PA Agricultural Research Center, Baghdad, Iraq

Abstract

Field experiments were conducted at the farm of the College of Agricultural and
Forestry at Hammam Al-Alil for two successive seasons (1992/93 and 1993/94),
and at Telafar and Rabiaa research stations in 1993/94 under rainfed conditions,
to study forage and seed production at different seeding rates (40, 80, 120, 160,
and 200 kg/ha) for two vetches (Vicia sativa and V. dasycarpa).

Results show that V. sativa produced greater forage and seed yields than V.
dasycarpa and had a higher harvest index. Vicia dasycarpa produced the longest
branch length. There were no significant differences in the number of branches per
plant between the two species. Maximum forage production was 120 kg/ha, and
maximum seed production was 80 kg/ha. Branch length increased with increasing
seeding rates, but the number of branches per plant decreased.

There were no clear differences in forage and seed yield among the three locations,
except for 1992/93 at Hammam Al-Alil, where greater forage and seed yields were
produced.

introduction

Since 1989 the Mashreq Project has played a major role in the development of a
low-rainfall area (250-350 mm) in northern Iraq (1.750 million ha) by
introducing forage legumes as vetches, including V. sativa and V. dasycarpa. The
purpose is to increase farm productivity in two ways: to increase pasture
productivity and therefore sheep grazing productivity in the marginal areas of the
northern Jazirah, and to increase productivity of cereals, mainly barley. Total farm
productivity in the traditional cereal-growing areas, where the current farming
system is a cereal-fallow rotation, must also be increased.

Fallowing involves leaving half the land without cultivation for a growing season,
while continuous cultivation leads to depletion of soil fertility, the build-up of soil-
borme diseases and nematode, and consequently low cereal yield. Iraq and other
countries in the area are aiming to change the current farming system by
introducing forage legumes like vetches and medics instead of fallow or continuous
cropping (Bakhtri 1979; Al-Fakhry 1981; Papasytyliaous 1990). The new rotation

233



will be cereal-forage legumes. Very few studies on forage legumes in general and
vetches in particular exist. The aim of this study is to seek information on vetches
in respect to forage and seed production and other characters at different seeding
rates.

Materials and Methods

This study was carried out at the farm of the College of Agriculture and Forestry at
Hammam Al-Alil, 30 km southeast of Mosul (1992/93 and 1993/94), and at the
Rabiaa and Telafar Agricultural Research Stations (1993/94), 90 and 65 km
northeast and west of Mosul, respectively. Forage and seed production at different
seeding rates (40, 80, 120, 160, and 200 kg/ha) for two vetches, V. sativa and V,
dasycarpa were studied.

At Hammam Al-Alil, the soil is silty clay loam, with a pH of 7.9. At Rabiaa and
Telafar, the soil is clay loam with a pH of 7.1.

At Hammam Al-Alil, experimental plots were seeded on November 19 in 1992/93
and November 22 in1993/94. Plots were seeded on November 26 at Rabiaa and
November 28 at Telafar, in 1993/94. Each plot consisted of six rows, 4 m long,
planted 30 cm apart.

A randomized complete block design (RCBD) was set up with three replications, as
outlined by Steel and Torrie (1960). Duncon’s new multiple range test was used to
identify the significant differences between treatment means. Means followed by
the same alphabetical letters are not statistically significant.

Weed control was by hand from germination to flowering.

Table 1: Amount of rainfall (mm) and its monthly distribution at
Hammam Al-Alil (1992/93 and 1993/94) and at Rabiaa and
Telafar (1993/94).

Months Hammam Al-Alil Rabiaa Telafar
92/93 93/94 93/94 93/94
October 8.9 28 9.2
November 499 57.4 445 72.6
December 107.2 103.0 492 495
January 4.7 87.2 89.7 104.0
February 104.0 305 204 320
March 242 327 79.3 84.0
April 130.0 74.2 433 35.0
May 110.6
June
Total 570.6 393.9 338.2 386.3
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Ten plants were randomly taken from each plot at flowering to determine longest
branch length and number of branches per plant. Dry forage yield was determined
at 50% flowering by cutting the second and third lines of each plot and then dried
at 90° C for 48 hours, and then weighted. Seed yield was determined by
harvesting the fourth and fifth lines of each plot, threshing and weighting. Seed
yield (HI) is calculated as:

economic yield
Harvest index = x 100%
biological yield

Results and Discussion

Hammam Al-Alil

Vegetative characteristics

Effect of species. Vicia dasycarpa gave significantly longer branch length than
V. sativa in 1992/93 and 1993/94 (Table 2). In 1992/93, V. dasycarpa produced
a branch length of 80 e¢m compared with 58 cm for V.a sativa. Corresponding
values were 63 and 47 cm in 1993/94. This is probably because V. dasycarpa
matures about 10 days later than V. sativa, which gives it more time for growth.
Vicia dasycarpa surpassed V. sativa in branch length in 1992/93 compared with
1993/94. This superiority is due to the amount of rainfall.

The number of branches per plant showed no significant differences between the
two species for 1992/93 and 1993/94 (Table 2).

Table 2: Mean values of the branch length (cm) and number of
branches per plant of Vicia sativa and Vicia dasycarpa for
Hammam Al-Alil (1992/93 and 1993/94).

1992/93 1993/94
V.sativa V. dasycarpa V. sativa V. dasycarpa
Longest branch length 58.0b 80.0a 47.0b 63.0a
Number of 48 47 45 44

branches/plant

Effect of seeding rate. The longest branch length was significantly increased
by increasing the seeding rate from 40 kg/ha to 200 kg/ha in 1992/93 and
1993/94 (Table 3). The seeding rate of 40 kg/ha produced shorter branches: 43
cm in 1992/93 and 46 cm in 1993/94, whereas the highest seeding rate, 200
kg/ha, produced longer branches: 86 cm in the first year and 63 am in the second
(Table 3). Data presented in Table 3 show that the number of branches per plant
decreased with increasing seeding rates in both years (Table 3).
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Table 3: Effect of vetch seeding rate on the longest branch
length (cm.) and the number of branches per plant of Vicia sativa

and Vicia daszcarea at Hammam Al-Alil (1992/93 and 1993/94).

Seeding 1992/94 1993/94
rates Longest branch No. of branches Longest branch No. of branches
{kg/ha) length per plant length per plant

40 43¢ 56ab 46b 53a

80 57b 5.6 ab 52¢ 52a

120 78a 49b 53 bc 46b

160 80a 42c 60 ab 38b

200 86a 3.5d 63 a 3.1¢

Forage, seed and blological ylelds and harvest Index

Effect of species. There were significant differences in forage and seed yield
between the two species in both seasons (Table 4). Yields of V. sativa were greater
than that of V. dasycarpa in both seasons, 15% and 26% for forage yield, and 59%
and 51% for seed yield in 1992/93 and 1993/94, respectively. Dry matter yield
showed similar differences between the two species in both years (Table 4). Where
V. sativa had a higher harvest index (46% and 45% in 1992/93 and 1993/94,
respectively) than V. dasycarpa (32% and 31%). (Table 4). The decrease in HI of
V. dasycarpa was due to lower seed production, as there were no significant
differences in biological yield between the two species in both seasons (Table 4).

Table 4: Mean values of forage, seed and biological yield (kg/ha),
and harvest index of Vicia sativa and Vicia dasycarpa at Hammam
Al-Alil (1992/93 and 1993/94).

Characters 1992/33 1993/94
V.sativa V.dasycarpa V. sativa V. dasycarpa
Forage yield 1708 a 1480 b 1091 a 866 b
Seed yield 1140 a 716b 1016 a 672b
Biological yield 1196 1088 1084 1056
Harvest index % 46a 32b 45a 31b

Effect of vetch seeding rate. Seeding rate had a great effect on forage yield
in both years (Table 5). The highest forage yield was produced at 120 kg/ha and
the lowest at 40 kg/ha in both seasons. There were no significant differences in
forage yield among seeding rates of 120, 160, and 200 kg/ha. Forage yield at a
seeding rate of 120 kg/ha were 1,852 and 1,098 kg/ha in 1992/93 and
1993/94, respectively. Corresponding values at 40 kg/ha were 924 and 725
kg/ha. A seeding rate of 40 kg/ha produced significantly lower seed yield in both
seasons (Table 4). The highest results were produced at 80 kg/ha (1060 kg/ha)
and the lowest was at 40 kg/ha (612 kg/ha) in 1992/93, and were 984 and 516
kg/ha in 1993/94 (Table 5).
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Table 5: Effect of seeding rate on forage, seed and biological
yield (kg/ha), and harvest index of Vicia sativa and Vicia
dasycarpa at Hammam Al-Alil (1992/93 and 1993/94).
Seeding 1992/93 1983/94
rates Forage Seed Biological Harvest Forage Seed Biological Harvest
(kg/ha) vield vyield yield index % yield vyield yield index %

40 924c 612b 1525b 39a 725¢ 516¢c 1148b 38a
8 1532b 1060a 2625a 40a 933b 984a 2508a 39a
120 1852a 1032a 2583a 40a 1098a 960ab 2452a 39a
160 1840a 992a 2550a 39a 1081a 908ab 2416a 38a
200 1832a 952a 2633a 36b 1066a 860b 2464 35b

Biological yield showed significant differences according to seeding rate in both
seasons (Table 5). A seeding rate of 40 kg/ha gave by far the lowest biological yield
(Table 5). Partitioning of dry matter between the economic yield and the biological
yield showed significant differences among seeding rates (Table 5). Harvest index
followed a similar pattern in both seasons (Table 5).

The highest seeding rate, 200 kg/ha, produced by far the lowest harvest index,
36% and 35%.

Rablaa and Telafar

Vegetative characteristics

Effect of vetch species. Vicia dasycarpa produced by far the longest branch
length both locations (Table 6). The longest branch length of V. dasycarpa was 68
cm at Rabiaa and 64 cm at Telafar (Table 6). Vicia sativa lengths were 49 and 47

cm. The number of branches per plant showed no significant differences between
the two species (Table 6).

Table 6. Mean values of the longest branch length (cm) and
number of branches per plant of Vicia sativa and Vicia dasycarpa
at Rabiaa and Telafar (1993/94).

Character Rabiaa Telafar

V. sativa V. dasycarpa V. sativa V. dasycarpa
Longest branch length 49b 68a 47b 64a
No. of branches/plant 4.6 4.5 4.7 4.8

Effect of seeding rate. The longest branch length increased along with the
seeding rate at both locations (Table 7). The lowest values were 48 and 46 cm for
Rabiaa and Telafar, respectively, at a seeding rate of 40 kg/ha. Highest values
were 70 and 70 cm at a seeding rate of 200 kg/ha (Table 7).

The number of branches per plant decreased with increasing seeding rate (Table

7). Lowest value was recorded at the highest seeding rate (200 kg/ha) and highest
value was recorded at the lowest seeding rate (40 kg/ha). (Table 7)
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Table 7: Effect of seeding rate on the longest branch length (cm)
and number of branches per plant of Vicia sativa and Vicia

daszcarga at Rabiaa and Telafar (1993/94).

Seeding Rabiaa Telafar

rate (kg/ha) Longest branch No. of branches Longest branch No. of branches
length plant length plant

40 48d 55a 46¢c 57a

80 53¢ 54ab 50c¢c 55a

120 58b 48b 52¢ 49b

160 63b 40c 62b 42c¢

200 70a 33d 70a 35d

Forage, seed and blological yleld, and harvest index

Effect of vetch species. Data presented in Table 8 show significant differences
in forage yield between the vetch species. Vicia sativa was surpassed by V.
dasycarpa in forage yield by 16% at Rabiaa and 18% at Telafar. Seed yield
showed the significant superiority of V. sativa over V. dasycarpa at both locations.
This superiority is probably due to the fact that V. sativa matures about 10 days
earlier than V. dasycarpa and therefore encounters favorable conditions for
fertilization and seed formation. There were no significant differences in biological
yield between the vetch species at both locations.

Vicia sativa had a significantly higher harvest index than V. dasycarpa at both
locations (Table 8). Vicia sativa produced the highest harvest index, 46% at
Telafar and 47% at Rabiaa. Vicia dasycarpa produced the lowest harvest index,
31%. The superiority of V. sativa means that more dry matter or photosynthate is
allocated to seed formation than the rest of the plant (leaves, stems, and roots).
This is because, either V. sativa is more efficient at directing dry matter towards
seed formation than V. dasycarpa or, as mentioned above, V. sativa matures 10
days earlier than V. dasycarpa.

Table 8: Mean values of forage, seed and biological yield
(kg/ha), and harvest index of Vicia sativa and Vicia dasycarpa at
Rabiaa and Telafar (93/94).

Characters Rabiaa Telafar

V. sativa V. dasycarpa V. sativa V. dasycarpa
Forage yield 900 a 775b 992 a 842
Seed yield 952 a 608 b 798 a 642 b
Bio. yield 2017 1950 2125 2067
Harvest yield % 47 a 31b 46 a 31b

Effect of seeding rate. Table 9 illustrates significant differences in forage yield
between the seeding rates at both locations. A seeding rate of 120 kg/ha produced
greater forage yield than other rates, while a rate of 40 kg/ha produced the lowest
forage yield (Table 9). The rate of 120 kg/ha surpassed the rate of 40 kg/ha by
57% and 63% at Rabiaa and Telafar, respectively. There were no significant
differences in forage yield among seeding rates of 120, 160, and 200 kg/ha.
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Seed yield followed a similar pattern at both locations (Table 9). At a seeding rate
of 40 kg/ha, seed yield significantly decreased in comparison with other seeding
rates, while a rate of 80 kg/ha produced the greatest seed yield (Table 9).
Biological yield followed a similar pattern at both locations (Table 9). A seeding
rate of 40 kg/ha produced by far the lowest biological yield. Partitioning of dry
matter between economic yield and biological yield showed significant differences

among seeding rates (Table 9). Seeding rates of 80 and 120 kg/ha had the highest
harvest index values.

Table 9: Effect of seeding rate on forage, seed and biological
yield (kg/ha). and harvest index of Vicia sativa and Vicia
dasycarpa at Rabiaa and Telafar (1993/94).

Seeding Rabiaa Telafar

rates Forage Seed Biological Harvest Forage Seed Biological Harvest
(kg/ha)  vyield yield yield index% vield vield yield index %

40 625b 450b1,133b 39bc 648c 475b 1,208b 38bc

a0 725b 900a 2,233a 40 ab 833b 942a 2383a 40 ab

120 983a 867a2075a 42a 1,058a 917a 22423 41a

160 942a 850a 2,208a 38c 1042a 883a 2292a 38 bc

200 925a 833a2250a 37¢ 983a 86a 2367a 37¢
Conclusion

Vicia sativa has a higher forage yield than V. dasycarpa (at 50% flowering) and
higher seed production. A seeding rate of 120 kg/ha is recommended for forage
production and 80 kg/ha for seed production. More dry matter is allocated for seed

production in V. sativa than V. dasycarpa. Consequently V. dasycarpa has a lower
harvest index.
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Discussion

Y. Sweidan: Did you take samples to estimate the yields from V. sativa and V.
dasycarpa at the same time or at different times? Also, what is your
recommendation: to produce seed or hay, and what seed rate do you recommend?

K. Kasim: Sampling depended on flowering time (50% flowering). I would
recommend 80 kg/ha for seed production, 120 kg/ha for forage production.

N. Hrimat: Farmers sow seed by broadcasting, so the recommended seeding rates
must be increased. What was the method used for sowing the seeds, driller or
broadcasting?

K. Kasim: The seed was sowed by hand inside the line, not broadcast.
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Effect of Seeding Rates and
Barley Harvesting on Forage and
Seed Production In some Forage

Legumes

Ahmed A. H. Mohamed
College of Agriculture and Forestry
University of Mosul, Irag

Abstract

The benefits of including forage legumes in the farming systems of the
Mediterranean region are well known, but more research is needed on the effect of
management factors on forage and seed production. A field trial was carried out in
1992/93 and 1993/94 to study the effect of three seeding rates (40, 80, and 120
kg/ha) and three harvesting treatments, on forage and seed production and yield
components in four forage legumes (Vicia sativa sel. 2541, V. ervilla, V. villoss
subsp. dasycarpa, and Lathyrus sativus sel. 311). The species were sown in
November in both years and harvested on the first in March. The regrowth was left
for seed production. The second harvest was conducted at pod formation and the
third at maturity. Average dry matter and seed yield were increased by increasing
the seeding rates in both seasons. Lathyrus sativus was the lowest yielding species
at early harvest, while V. sativa was the highest yielding at late harvest. Harvesting
legume species early in March and leaving the regrowth for seed production
caused a considerable reduction in seed yield.

This reduction was most marked in V. ervilla. Other seed components were affected
only slightly by seeding rate. The relationship between their adaptation to the
prevailing environmental conditions and their possible uses are discussed.

introduction

The benefits of including forage and pasture legumes in the farming systems of the
Mediterranean countries is well known (Osman et al. 1990). Seed supply is
considered one of the constraints to extending the area under forage crops in most
of these countries. Though there is relatively little published information
concerning the effect of management factors on forage and seed production from
these crops, at least in Iraq, most of the work has focused on forage production from
mixtures of vetches with small cereals (Tubaileh 1977; El-Tekriti and Altif 1986)
and rarely on vetches sown alone (Mohamed and Tawfiq 1993).

Production of forage legume seed requires knowledge and technology The factors
that affect it must be studied and can be manipulated by agronomic and breeding
programs. This investigation was conducted to study the effect of early harvesting
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and seeding rate on forage and seed production in four forage legumes, bearing in
mind that these two factors can influence the prostrate growth habit, which is a
general drawback in the mechanical harvesting of most Vicia and Lathyrus species.

Materials and Methods

The study was carried out at the Experimental Research Station of the College of
Agriculture and Forestry at Hammam Al-Alil (6 10 N, 43 16 E) 25 km southeast of
Mosul in northern Iraq. The soil at the site was silty loam, with low phosphorus.
Rainfall and mean temperatures for the experiment are shown in Table 1.

Four Vicia and Lathyrus species were used: common vetch (V. sativa selection
2541); woolly-pod vetch (V. villosa subsp. dasycarpa); bitter vetch (V. ervilla) and
common chickling (L. sativus selection 311), sown at three seeding rates (40, 80,
and 120 kg/ha) in late November, 1992 and 1993, in rows 30 cm apart, with four
rows in each plot. Triple superphosphate (46% P205) was applied at a rate of 90
kg/ha. A split-split-plot design was used with three replicates. Forage legumes
were laid out in main plots and seeding rates in sub-plots. Each sub-plot was
subdivided into three 2 x 1.2 m sub-sub-plots. In both years three harvests were
made, the first on 5 and 22 March in the first and second years, respectively, with
regrowth left for seed production. The second harvest was taken on 20 and 13
May in the first and second years, respectively (at 100% pod formation), with the
exception of bitter vetch, which was harvested on 14 May in the first year. The
third harvest was taken from the two subplots of each treatment at maturity for
seed yield. At the first and second harvests, fresh material was weighed and
samples of approximately 200 g dried for 48 hours at 80-90° C for dry matter
determination. Weed percentage was determined for the first harvest of the second
year only. Before the third harvest, ten plants were taken randomly from each sub-
plot to calculate the number of pods/plant and the number of seeds/pod. Harvest
index was calculated by dividing the seed yield by the total biological yield. The
1,000 seed weight was also determined. Data of each harvest were subjected to
statistical analysis according to the design, using the least Significant Differences
Test at a 5% level of significance (Steel and Torrie 1960).

Table 1. Meteorological data from the College of Agriculture and
Forestry, Hammam Al Alil.

Month 1992/93 1993/34
Air temp (C) Air temp (C)
Max. Min. Rainfall Max. Min. Rainfall

October 33.8 13.8 34.0 141 8.9
November 26.1 128 949 91.1 6.2 574
December 117 3.1 107.2 15.2 5.7 103.0
January 117 1.3 447 15.6 58 87.2
February 154 1.5 1040 17.5 4.8 305
March 17.4 24 242 19.6 7.0 327
April 236 104 1300 275 121 74.2
May 281 15.0 1106 316 15.8

Total 615.6 393.9
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Results and Discussion

Table 1 shows the forage and seed production of various forage legumes. It can be
seen from this table that the dry matter yields of the vetch species at the first
harvest was not significantly different from each other, but higher than common
chickling. The low yield of common chickling may be due to the slow winter
growth (ICARDA 1991; Davies et al. 1993) and to prostrate growth habit, as has
been observed in this study. The dry matter yield of the first harvest in the second
year was higher than that of the first year. This can be partly attributed to the
difference in harvest date and partly to the warmer months of the second year
(Table 1). In the second harvest the differences between the legume species were
more marked. Common vetch was the highest producing species and woolly-pod
the lowest.

The dry matter yield of bitter vetch and common chickling was intermediate. In the
second year common vetch outyielded other species, which did not differ
significantly. The better performance of common vetch in this trial, particularly in
the first year, may be due to favorable weather conditions. The relatively low yield
of woolly-pod vetch could be due to lodging and fungal diseases, exacerbated by
high rainfall, which caused a great reduction in the crop’s leafiness. However, it
should be noted that this crop produced a great mass of vegetative growth during
the spring flowering stage, and therefore it is suitable for grazing.

The dry matter yield of legume species was increased by increasing seeding rate in
both harvests in both years (Table 3). The increase is attributable to the increase in
the number of plants per unit area and plant height. This is similar to results
reported by Siddique and Walton (1992) in south Australia. They found that yield
was increased by increasing seeding rates up to 200 kg/ha. For lentil, Haddad
(1993) also found that biological yield increased with increasing plant population.

Table 2. Forage, seed ﬂeld‘ and components: leggme sgecies.

Common ___ Bitter Woolly-pod Chickling LSD
1992/93 Dry matter yield (t/ha)

First harvest 0.256 0.276 0.264 0.135 0.098
Second harvest 10.11 7.79 5.32 6.97 203
Seed yield (t/ha) 1.56 1.82 0.37 1.35 0.549
Harvest index (%) 249 315 105 235 85
No. of pods per plant 114 333 6.2 19.4 6.30
No. of seeds per pod 5.0 34 29 28 0.09
1,000 seed wt. (gm) 50.33 52.92 41.83 72.67 3.31
1993/94 Dry matter yield (t/ha)

First harvest 204 2.96 240 1.33 0.87
Second harvest 6.94 424 4.66 5.28 1.12
Weed proportion (%) 20.8 226 11.6 39.2 8.3
Seed yield (t/ha) 1.2 0.81 0.75 1.55 0.42
Harvest index (%) 217 26.1 193 347 6.89
No. of pods per plant 9.2 316 9.2 16.7 71
No. of seeds per pod 49 34 3.2 33 029
1,000 seed wt. (gm) 56.93 4000 4282 76.60 1.82
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Weed proportion in the second year is shown in Table 2. It was highest with
common chickling and lowest with woolly-pod vetch. Wall et al. (1988) found that
common chickling was a poor competitor with annual weeds, perhaps due to slow
winter growth. On the other hand, the dense canopy of woolly-pod vetch seems to
smother weeds, resulting in a low weed proportion. Common and bitter vetches
had vigorous early growth and thus can be considered good weed competitors.

Increasing seed rate markedly reduced the weed proportion (Table 3). This
reduction was more pronounced at higher seeding rates. This result is to be
expected, since a higher seeding rate increases the number of plants per unit area.
This is considered one of the advantages of increasing seeding rate. Table 1 shows
the average seed yield and some yield components of legume species. The mean
seed yields achieved in this experiment are comparable to seed yields obtained by
other adapted legumes such as lentil. In the first year, bitter and common vetches
outyielded common chickling and woolly-pod vetch. In fact, woolly-pod was the
lowest seed producer and also had the lower harvest index. There may be several
reasons for the low seed yield and harvest index of this species, among them
prostrate growth habit, lodging, fungal disease, long flowering period, and
excessive flower drop (Saxena et al. 1992). On the other hand, bitter vetch, with a
more erect growth habit than other legume species, had a high harvest index and
high seed yield, and was also the easiest crop to harvest. It is thus considered an
ideal crop for grain production in areas of good rainfall.

In fact, bitter vetch, which was not harvested, gave an even higher seed yield
(Table 5). In the second year, common chickling outyielded bitter and woolly-pod
vetches, while common vetch was intermediate. In general, the seed yield of
vetches and chickling was similar to the seed yield range reported by Saxena et al.
(1992) and Abd El Moneim et al.(1990), taking into consideration the differences
in the environmental conditions. No doubt the variation in seed and forage yield
between these species reflects their responses to the environment and management
factors, and the potential for adaptation in the environment of northern Iraq.

Mean seed yield was increased by increasing seeding rate. This increase reached
significant levels in the second year. These results agree with the results reported
by Mohamed and Abdullah (1993) and Haddad (1983) with lentil. This increase
in the mean seed yield as a result of increasing seeding rates is mainly due to an
increase in the number of plants per unit area. The harvest index was also
increased slightly, but not significantly, by increasing seeding rate.

Table 4 shows the effect of early harvest on the seed production of various legume
species. It can be seen that the general mean of the seed yield was reduced
considerably in both years. This reduction is due to the decrease in some seed
components, €.g., the number of pods per plant, number of seeds per pod, and to
some extent the 1,000 seed weight. It seems that forage legumes, unlike pasture
legumes or cereals, are not adapted to frequent harvesting. Therefore, early
grazing or harvesting is not recommended. Seed yield components can strongly
influence seed yield. Bitter vetch had more pods per plant than other legume
species, followed by common chickling. Woolly-pod vetch gave the lowest number
of pods, especially in the first season (Table 2). The number of pods per plant was
inversely related to seeding rate (Table 3). The low seeding rate gave more pods
per plant than other seeding rates. Similar results were obtained by Mohamed and
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Abdulla (1993) and Sharma and Singh (1986) with lendl. Early harvest (Table 4)
reduced the number of pods per plant greatly in both years.

Table 3. Effect of seeding rate on forage and seed yield and some

components of legume species.

Seeding rate (kg/ha)
40 80 120 LSD
1992/93 Dry matter yield (t/ha)
First harvest 0.137 0.216 0.347 0.089
Second harvest 6.59 775 8.44 0.6
Seed yield (t/ha) 1.09 1.42 1.32 0.36
Harvest index (%) 222 21.1 235 3.18
No. of pods per plant 232 16.5 126 3.02
No. of seeds per pod 35 35 35 0.28
1,000 seed wt. (gm) 56.81 55.38 53.13 288
1993-94 Dry matter yield (t/ha)
First harvest 1.52 203 242 0.52
Second harvest 419 4.89 6.77 0.63
Weed proportion (%) 37.1 254 14.9 7.2
Seed yield (t/ha) 0.85 1.16 1.23 0.23
Harvest index (%) 251 238 272 3.64
No. of pods per plant 21.0 158 124 1.08
No. of seeds per pod 3.8 37 3.6 0.54
1,000 seed wt. (gm) 54.13 54.00 54.14 1.02

Table 4. Effect of early harvest on seed yield and some seed
components.

H HO Mean LSD
1992/93
Seed yield (t/ha) 0.63 1.92 1.28 0.195
Harvest index (%) 204 246 225 1.48
No. of pods per plant 135 21.4 17.4 211
No. of seeds per pod 33 37 3.5 0.16
1000 seed wt. (gm) 53.21 55.67 54.44 0.78
1983/94
Seed yield (t/ha) 0.56 1.60 1.08 0.210
Harvest index (%) 24.8 2569 254 1.34
No. of pods per plant 125 203 16.4 261
No. of seeds per pod 35 39 37 0.23
1000 seed wt. (gm) 53.87 54.29 54.09 0.47

H = harvested early in March
HO = without early harvest

This could be due to a reduction in the number of branches and in flower
formation due to the short time allowed to the plants, after which they were
harvested in March. The number of seeds per pod differs significantly among the
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legume species, being highest with common vetch and lowest with common
chickling. Woolly-pod vetch was not significantly different, particularly in the
second year. In fact, common vetch has longer pods than any of the other legume
species in this trial, so naturally it has more seeds per pod. Seeding rate (Table 3)
seems to have had no significant effect on the number of seeds per pod in either
years. These findings were also noticed by Mohamed and Tawfiq (1993) with
narbon vetch and by Mohamed and Abdullah (1993) with lentil. However, early
harvesting caused little reduction in the number of seeds per pod. The crops which
were unharvested probably had good conditions for growth and flowering. Crops
harvested early produced weak regrowth due to high temperatures (Table 1).
Table 2 shows that the mean 1,000 seed weight differs between legume species.
The seed size of common chickling was higher than those of other species and that
of woolly-pod vetch was the lowest. The 1000 seed weight was reduced
significantly by increasing seed rate from 40 to 120 kg/ha in the first year, but this
effect was not apparent in the second year. One possible explanation is that the
plants resulting from the higher seed rate had a low number of pods and hence
less competition for the substrata between them. Barley harvest reduced the 1,000
seed weight significantly in first year (Table 4).

This reduction was not enough in the second year to reach a significant level. The
depressive effect of early harvest .on seed size could be attributed to the short
period allowed for regrowth and filling of seeds in raising air temperature.

In comparing the two seasons (Table 4), seed yield and most of the seed
components were higher in the first than in the second season. This was clear with
bitter vetch, where seed yield declined on average, by about one t/ha, while the
seed yield of unharvested woolly-pod vetch doubled in the second season. This
variation in seed yield was mainly due to the difference in the amount of rainfall.
Table 5 presents the interactions between seeding rates and harvesting treatments
on the seed yield of four forage legumes. The most striking feature of this table is
the severe reduction in the seed yield of bitter vetch due to early harvesting in both
seasons. This reduction is expected, since this species matured early. If cut or
grazed the regrowth does not have enough time to flower and produce reliable
seed yield, particularly when rainfall is low. Another reason for the weak regrowth
of this species may be low leaf residue after cutting, due to its erect growth habit.

The species least negatively effected by early harvest were common chickling and
common vetch, especially in the second season. The reaction of unharvested species
to increasing seeding rates differs between seasons. For example, bitter vetch in the
first season, when rainfall was high, responded significantly to an increase in the
seed rate from 40 to 80 or 120 kg/ha, while in the second season, when rainfall
was lower, the increase in seed yield due to increasing seeding rate was not
significant. The increase in common chickling seed caused by increasing seeding
rate in both seasons may be due to its ability to grow under drought conditions
(Saxena et al. 1992). Common vetch seed was also increased significantly by
increasing seeding rate, though only in the second season. Generally, the
differences between 80 and 120 kg/ha were not significant, so it is not advisable to
use a seeding rate higher than 100 kg/ha, since the increase in seed yield is not
enough to justify the higher price of legume seeds. The highest seed yield was
obtained from unharvested bitter vetch (3.96 t/ha) in the first season and the
lowest from harvested woolly-pod vetch in both seasons.
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Table 5. Effect of seeding ratios and early harvesting on seed
yield of legume species.

Seeding rate
Treatment 40 80 120 Average

1992/93
Common vetch Ho 1.99 207 223 210
H 114 1.33 0.64 1.038
Bitter vetch Ho 212 3.59 3.96 322
H 0.64 0.23 0.37 0.43
Woolly-pod vetch Ho 0.59 0.68 0.40 0.56
H 0.12 032 0.12 0.19
Common chickling Ho 1.20 2.06 217 1.81
H 0.70 1.06 0.90 0.89

1993/94
Common Vetch Ho 1.26 1.71 1.98 1.65
H 0.56 0.94 0.72 074
Bitter Vetch Ho 1.21 1.43 1.47 1.37
H 0.18 022 0.39 0.26
Woolly-pod vetch Ho 1.09 1.19 1.52 1.27
H 0.16 0.26 031 0.24
Common chickling Ho 1.68 248 219 212
Ho 0.65 1.02 1.29 0.99

Ho = without early harvest; H = harvested early in March.
LSD for Ho and H for each legume species as a mean of 1993: (0.391), 1994 (0.416) seeding
rates.

LSD for the interaction between forage species, seeding rates and harvesting treatments:
1.753 and 0.8568.

Conclusions

Early harvest has a negative effect on seed yield. When forage legumes are grown
for seed production they must be not grazed or harvested before seed maturation.
Although increasing seed rate above 80 kg/ha increased forage and seed yield,
using seed rates higher than 100 kg/ha is not recommended.

This study agrees with other studies (Saxena et al. 1992) that the high forage and
seed production of common vetch make it suitable for haymaking and seed
production. Bitter vetch with early winter growth and high seed production can be
used for early grazing and seed production.

Woolly-pod vetch, with high vegetative growth, can be used for grazing and
haymaking. Common chickling, with relatively good drought tolerance but slow
winter growth, can be used for haymaking and seed production. But care should be
taken when animals are fed the seed since it contains a neurotoxin which causes
paralysis in humans and animals.
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Discussion
M. Khniefs: What is the relationship between the different factors?

M. Mohamed: There is a relation between seeding rate and early harvest. Using
a high seeding rate causes excessive growth, which reduces seed production, while
harvesting could encourage the appearance of new strong branches able to give
good production of flower and seed.

A. Shehadeh: Does time of grazing effect the main crop?

M. Mohamed: Grazing can affect the main crop by increasing soil fertility.
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Environmental and Genetic Factors
influencing Milk and Growth Tralts of
Awassi Sheep In Cyprus
1. Estimates of Genetic Parameters

A.P. Mavrogenis
Agricultural Research Institute, Nicosia, Cyprus

Abstract

Data on 1,213 ewes and 1,382 lambs born between 1978 and 1991 at the Orites
livestock unit were used to study environmental factors affecting ewe productivity
and lamb growth in the Awassi breed. Genetic and phenotypic parameters were
estimated for production and reproductive traits in ewes and for growth traits in
lambs. The results show that year and season of lambing significantly affect all
production and reproductive traits of the ewes and growth traits of lambs. Lamb
birth weight was not affected by season of lambing. Parity (lactation number) had a
significant quadratic effect on all ewe and lamb traits, except post-weaning lamb
growth rate, which was probably free of maternal effects. Type of birth and sex
were the most important sources of variation for lamb growth, with the exception of
post-weaning daily gain, which was not influenced by type of birth. Estimated
heritability for ewe production and reproductive characters was modest, but
generally high enough to justify selection procedures for improvement. In
particular, estimates for prolificacy (0.30£0.08) and part- (0.5840.12) or total-
(0.5610.11) lactation milk yield indicated that both traits can be improved,
particularly prolificacy, which is one of the breed’s weaknesses. Response to
selection for post-weaning growth rate is probably the best selection criterion to use
for improving lamb performance. The absence of genetic antagonism among ewe or
lamb traits indicates that correlated responses in other traits from selection on milk
production or post-weaning growth are not negative.

Introduction

Awassi is the most common sheep breed in Syria, Lebanon, Israel, and Jordan, the
dominant breed (60%) in Iraq and an important breed in southern Turkey (Mason
1967). It is characterized by considerable resistance to disease and heat, and is a
good walker. It is variably used as a milking breed (Israel), meat bread (mostly in
the Arab World), and occasionally as a dual purpose breed. Its coarse wool is
generally used for weaving coarse cloth, blankets, and carpets. Because of its ability
to graze for long hours under semi-arid conditions, the breed has been widely used
in improvement programs (Finci 1957).

One of the first objectives in livestock improvement is to determine the mode and

degree of inheritance of the various traits of economic importance, since that will
determine to a great extent the methods and procedures for genetic improvement.
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Awassis have been used to upgrade local populations, and have been central in
systematic crossbreeding systems aiming at the utilization of general and specific
combining ability (Lawlor et al. 1974; Mavrogenis and Louca 1979; Mavrogenis
1981). Despite the breed's extensive use in improvement programs, both in
purebred and crossbreeding systems, there is very little available information about
estimated genetic and environmental factors influencing milk and growth traits.
The purpose of the present study was to investigate some environmental factors
influencing milk and growth traits and estimate genetic parameters for these traits.

Materlais and Methods

Animals, Management, and Feeding

The study utilized data on 1,213 ewes and 1,382 lambs born between 1978 and
1991 at the Orites government farm (380 m above sea level, 560 mm average
annual precipitation). All lambs were classified by sex and type of birth. They were
weighed at birth, at weaning (4243 days), and at 105+3 days post partum. They
were allowed free suckling until 2843 days post partum, followed by restricted
suckling, during which they had free access to a pelleted creep feed (18% CP) and
lucerne hay. Following weaning they were fed on hay (alfalfa and cereal) and a
barley/grain-based diet (14-16% CP) until the age of 105 days. Ewes in heat were
detected using vasectomized teaser rams and were mated individually. Feeding
during pregnancy was based on pregnancy requirements for single bearing animals
(NRC 1985). In the last six weeks of pregnancy feeding was improved, and
following parturition they were on an ad libitum feeding regime (concentrate and
cereal hay) until weaning. Milk production was individually recorded at monthly
intervals, the first test performed 7+3 days after weaning. Total milk production
was estimated using the A4 method adopted by the international regulations for
milk recording in sheep (ICAR 1992) and reflects the production of milk following
weaning. Ewes were considered dry when test-day yield dropped below 0.2 kg.

Statistical Procedures

Ewes classified as “abortion” were excluded from analyses. The data were analyzed
using the least squares procedure (Harvey 1975). A separate mathematical model
was used to describe an individual observation for the ewe and lamb data. Both
models accounted for the variation due to year and season of birth (lambs) or
lambing (ewes) and lactation number of the dam or ewe. In addition, effects due to
sex and type of birth were included in the model used for the lamb data. All the
above effects were considered fixed for purposes of analysis. Sires of lambs and
ewes were the only effects considered random, in addition to the error term with
variances g, and g,, respectively.

Lambs were the progeny of 76 sires, and the average half-sib family size was 15
lambs. Ewes were the progeny of 68 sires and the half-sib family size was 16.3
females per sire. With very few exceptions, sires were used for a single breeding
season and replaced at the end of the second mating period. Sire components of
variance and covariance were used to estimate heritability and genetic correlation
from the expressions
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h? = 40,/ (0, + ©.)
[’8 = O’Sij / Gs) Gs,

where o, is the sire component of variance, o, is the environmental variance, g is
the sire component of covariance between traits i and j, and o, and &, are the sire
components of variance for traits i and j, respectively.

Since twinning rate for the Awassi breed is very low, the few twin sets in lamb and
ewe data were discarded and the dam component was not used in the genetic
analyses of either data set.

Results and Discussion

Ewe Traits

Environmental effects

Mean squares and tests of significance for all traits studied are given in Table 1.
Year differences were significant for all traits studied and accounted for a
considerable amount of variation. Seasonal effects, which described the period in
which ewes gave birth (September-October, November-December, January—
February, and March-May), were important only for total weight of lambs at
weaning, milk production, and lactation length following weaning (Table 1). This
can be explained by the fact that most ewes lambing in the last two periods
(January-May) were yearlings and, in addition to lower milk production during
the suckling period, they had lower milk production than adult ewes that lambed
from September to December.

Age of ewe (or lactation number) significantly affected milk production. Similar
results have been reported for a number of other breeds, including Chios
(Mavrogenis and Louca 1980; Mavrogenis 1982). It was also evident (Tables 1
and 2) that these effects were quadratic, showing peak productivity at an age of
40-50 months (third to fourth lactation). Prolificacy in the Awassi breed was
considerably lower than in Chios, but was characteristic of the breed (Mavrogenis
1982). All reproductive traits (litter size at birth and at weaning) were
significantly influenced by year and season of lambing, and lactation number had a
quadratic effect on litter size and weight at birth and at weaning. Similar effects
have been observed in most meat or milk breeds (Carter et al. 1971; Mavrogenis,
1982).

Genetic effects

Estimates of heritability, along with standard errors for all traits studied, are
presented in Table 3. Variance components were estimated by equating the
appropriate mean squares to each variance component. Estimated heritabilities for
reproductive traits ranged from 0.17+0.07 for litter size at birth and at weaning to
0.3520.09 for litter weight at weaning. The higher heritability estimate for
number of lambs born (dead+live) probably better reflects the reproductive
capacity of the breed. Similar findings were observed in the Chios breed
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(Mavrogenis 1985). These results strongly suggest that genetic progress for
prolificacy (twinning) is attainable, provided that better selection criteria can be
devised to measure the trait. An estimate of heritability for ovulation rate in Finn
sheep was similar to the heritability estimate for litter size obtained in the present
study (Hanrahan 1976), and Turner (1978) has demonstrated a direct response t
selection for multiple births in Merino sheep.

Estimated heritabilities for partial (90 day) and total lactation milk yield were
moderately high (Table 3), indicating that genetic progress for either trait is
possible. A previous yield estimate for the same breed (Soller et al. 1966) is similar
to that reported here. Similar values have been reported for the Sardinian (Casu et
al. 1977) and the Chios breed (Mavrogenis 1982).

The genetic correlation between partial and total lactation milk yield was positive
and high. Both traits were also highly associated with lactation length. Hence,
selection for partial lactaton production is correlated with responses to total
production and longer lactation. Phenotypic correlation among the above traits was
also high, ranging from 0.5 to 0.92 (Table 3).

Genetic associations between reproductive traits and milk production were virtually
zero, considering the associated standard errors. The only significant genetic
association was between litter weight at weaning and partial lactation production.
The negative sign associated with the moderately low estimate (-0.21+0.18)

indicates that ewes that wean heavy lambs may not necessarily be high milk
yielders. Phenotypic correlations between litter weight at weaning and part or total
lactation milk yield support the above hypothesis, since they were insignificant.

Lamb Traits

Environmental effects

Mean squares and tests of significance for all traits studied are presented in Table
4. Year and seasonal effects were significant for all traits studied. Parity effects
(Table 5) were important for all weights and pre-weaning daily gain, but did not
affect post-weaning growth rate. Similar findings were reported by Mavrogenis et
al. (1980) for Chios sheep. As expected, pre-weaning growth is affected by
maternal influence, whereas the maternal environment no longer influences post-
weaning growth (Mavrogenis 1982; Mavrogenis and Constantinou 1990). Type of
birth effects were also highly significant for all traits studied, except post-weaning
growth rate (Tables 4 and 6). The results of this study agree with other studies on
Chios sheep (Mavrogenis et al. 1980) and confirm the hypothesis that post-
weaning growth rate reflects the genetic potential of the lamb for growth.
Moreover, this trait is the least affected by maternal effects that do not persist
beyond weaning. Male lambs were heavier at birth, at weaning and at 105 days of
age. They also grew faster both before and after weaning (Table 6). Similar results
have been reported for the Chios breed by Lawlor et al. (1974) and Mavrogenis
and Louca (1979). Live weight and gain at different periods of growth may be
representative of the improved milking Awassi (Epstein 1985), although higher
weight and gain have been reported (Folman et al. 1966).
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Table 1. Mean squares and tests of significance for some production and reproductive traits of

Awassi ewes.
Source df LSB LSBL LWTB LSWN LWTWN Milk 90 Days Milk

Sires 67 0.188**  0.132** 3.53**  0.109** 56.7** 6,559** 5207**  17,374**
Years 15 0.180* 0.131*  3.99**  0.186** 101.8** 6,330**  10,277**  22677**
Seasons 3 0.068 0.119 0.78 0.108 156.0** 2,634 135,843**  86,907**
Lactation no. 5 0.224* 0.187*  4.23* 0.233** 107.0**  11,588** 2,273 27.518**
Linear 1 0.755**  0.625**  4.54* 0.555** 215 10,740** 1,786 22.241*
Quadratic 1 0.312* 0.242*  14.74**  0.333* 469.3**  45698** 6,044*  113,973**
Residual 3 0.018 0.022 1.62 0.091 147 501 1,177 459

Error 1,122 0.080 0.076 1.42 0.064 22.2 1,496 1,944 4773

LSB = total lambs bom; LSBL = lambs bom live; LWTB = litter weight at birth; LSWN = lambs weaned; LWIWN = litter weight
at weaning; Milk 90 = 90-day milk yield; Days = lactation length; Milk = total milk yield.

Table 2. Least squares means and standard errors for lactation number effects on production and
reproduction traits of Awassi ewes.

Lactation No. of LSB LSBL LwWTB LSWN LWTWN Mik90 Days  Mik (kg)
No. observations (kg) _ (kg) (ka)

1 380 1.03+0.05 1.0240.04 52402  1.0120.04 16.610.8 10947 14448 145413
2 303 1.0540.04 1.0410.03 55102  1.0340.03 18.010.7 124%7 14546 16411
3 26 1.10+0.04 1.0910.03 5602  1.0720.03 18,1106 136 1526 17811
4 136 1.1910.04 1.1740.03 5.810.2 1.1740.03 18.540.7 13116 15446 18011
5 <] 1.21£0.05 1.1840.04 56£02  1.1540.04 17.2608 1317 15048 175413
>6 8 1.2140.06 1.2040.06 55403  1.1540.05 165+1.0 12240 146+10 155416

For explanation of abbreviations see Table 1.



Table 3. Estimates of heritability (on diagonal), genetic (above diagonal) and phenotypic (below
diagonal) correlations and standard errors for production and reproductive traits of Awassi ewes.

Trait LSB LSBL LWTB LSWN LWTWN Milk 90 Days Milk

LSB 0.3010.08 1.0110.02 0721010 1.0310.04 0.4210.17 -0.01+0.19 0.11+0.20 0.07+0.19
LSBL 0.94 0174007 0.6740.13 1.03+0.03 0.43#0.19  0.00+0.24 0.12+0.24 0.07+0.20
LWTB 0.71 0.72 0.3410.09 0731012 065+0.12 -0.0740.15 -0.0010.20 0.01+0.19
LSWN 0.84 0.89 0.67 0.1740.07 0.53#0.17 0.01+0.22 0.10+0.24 0.074+0.22
LWTWN 0.50 0.55 0.60 0.62 035+0.09 -0.2110.18  -0.1040.20 -0.1240.18
Milk 90 0.11 0.13 0.13 0.10 0.18 0.5840.12 0.77+0.09 0.97+0.02
Days -0.00 -0.00 0.03 -0.01 0.06 0.50 0.37+0.09 0.92+0.04
Milk 0.06 0.08 0.10 0.07 0.17 0.88 0.76 0.5640.11

For explanation of abbreviations see Table 1.
Table 4. Mean squares and tests of signiﬁcance for pre- and post-weanin“gowth in Awassi lambs.

85T

Source df BWT WWT WT105 AD61 ADB2
Sires 75 1.220%* 16.94** 67.03** 6300** 10202**
Years 13 1.479** 52.85** 252.62** 13830** 41042**
Seasons 3 0.285 90.87** 761.57** 33707** 86696**
Lactation No. 5 3.742** 68.33** 132.30** 21238** 7282
Linear 1 7.606** 11.50 45.56 127 7918
Quadratic 1 8.086** 185.70** 323.36** 44779** 4986
Residual 3 1.005 12.16 51.53 4967 7803
Type of birth 1 108.706** 834.57** 672.91** 165754** 6804
Sex 1 59.465** 817.86** 11053.75** 228418** 1534766**
Emor 1283 0.544 8.62 29.51 3476 4249

BWT = Birth weight; WWT = Weaning weight; WT105 = 105-day weight; ADG1 = Pre-weaning daily gain; ADG2 = Post-weaning daily gain,
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Table 5. Least squares means and standard errors for dam lactation number effects on growth traits
of Awassi lambs.

Lactation No. of Birth weight Weaning weight  105-day weight Pre-weaning Post-weaning

No. observations (kg _(ka) (kq) growth (g/day) growth (g/day)

1 372 4.240.1 14.140.3 28.410.6 23546 23048

2 279 4.510.1 15.640.3 30.310.6 26116 24048

3 250 4.640.1 15.410.3 30.410.7 25246 24548

4 212 45101 15.110.3 29.440.7 24747 24348

5 168 4.540.1 14.710.4 29.540.7 24018 24319
_>6 101 4.510.1 14.840.4 20.510.8 240i8 242+10

Table 6. Least squares means and standard errors for type of birth and sex effects on growth of
Awassi lambs.

Main affect Subclass No. of Birth Weaning 105-day Pre-weaning Post-weaning
observations weight weight (kg) weight (kg) growth (g/day) growth
(kg) (g/day)
Type of birth singles 1,156 4.940.1 16.210.3 30.710.6 26345 23547
twins 226 40401 13.740.3 28.510.7 229+6 24248
Sex males 676 4.740.1 15.810.3 32.610.6 26016 2737

females 706 4.340.1 14.240.3 26.640.6 2336 20447
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Table 7. Estimates of heritability (on diagonal), genetic (above diagonal) and phenotypic (below

diagonal] correlations and standard errors for growth traits of Awassi lambs.

WT105 ADG1 ADG2
BWT 0.31 +0.08 0.51 +0.17 0.4640.17 0.24+0.22 0.3110.19
WWT 0.42 0.2410.08 0.7840.09 0.8910.05 0.4540.18
WT105 0.33 0.73 0.3110.08 0.6640.13 0.824+0.05
ADG1 0.18 0.94 0.68 0.2140.07 0.28+0.21
ADG2 0.14 0.30 0.85 0.25 0.34+0.08

For explanation of abbreviations see Table 5.



Goenetic effects

Estimates of heritability and of genetic and environmental correlations among traits
are given in Table 7. Estimated heritability for birth, weaning, and 105-day weight
were moderately high. Estimated heritability for birth weight was higher than that
previously reported for the Chios breed (Mavrogenis et al. 1980), but similar to
that for the Rambouillet and Targhee breeds (Vesely and Robinson 1970;
Ercanbrack and Price 1972). The heritability estimate for weaning weight was
lower than that for birth or 105-day weight. Pre-weaning growth rate was less
heritable than post-weaning growth rate and reflects the higher total phenotypic
variation observed during the pre-weaning period, when factors such as mothering
ability, maternal environment, and other uncountable sources of variation, may
have a negative association with direct genetic effects for growth.

Genetic correlations among weights at different ages were moderately high and
positive. The correlation between birth weight and pre-weaning growth were
moderately low. Positive and high genetic correlations were found between
weaning weight and 105-day weight, pre-weaning growth rate and weaning
weight, and post-weaning growth rate and 105-day weight. Similar findings have
been reported by Gjedrem (1967) for Norwegian sheep at different ages. On the
other hand, low genetic correlations between birth weight and pre-weaning growth
rate were reported for the Rambouillet, Targhee, and Columbia breeds (Ercanbrack
and Price 1972). Higher estimates have been reported by Thrift et al. (1973).
Phenotypic correlations approximately followed the pattern of the corresponding
genetic correlations both in size and in magnitude.

It is evident that correlated responses from selection can be expected, especially if
selection is based on post-weaning growth or 105-day weight. The moderately high
genetic association between 105-day weight and birth weight may cause concern
regarding increased lamb birth weights and possible lambing difficulties.

The results suggest that post-weaning growth rate is the best criterion of selection.
Either this criterion or 105-day weight should be superior to weaning weight or
pre-weaning growth rate, since they are probably much less influenced by maternal
effects that mask the genetic potential of the lamb for fast growth. The absence of
genetic antagonisms among body weights and gains indicates that there should not
be any serious impairment through correlated responses. Some problems may arise
from the relatively high association of the selection criterion with birth weight.
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Environmental and Genetlc Factors
influencing Milk and Growth Tralts of
Awassl Sheep in Cyprus
iIl. Heterosis and Maternal Effects

A.P. Mavrogenis
Agricultural Research Institute, Nicosta, Cyprus

Abstract

Data on 5,234 purebred and crossbred ewes and 6,457 purebred and crossbred
lambs, born between 1978 and 1986 at two government farms (Athalassa and
Orites) were used to study environmental factors that affect ewe productivity, milk
production, and lamb growth. Breed and heterosis effects (individual and
maternal) were also estimated. Most of the environmental factors examined were
significant sources of variation for the reproductive and production traits of ewes
and the growth traits of lambs. Chios ewes were significantly more prolific than
Awassi and crossbred ewes. They also produced heavier litters at birth and at
weaning than Awassi ewes. On the other hand, Awassi ewes had higher milk
production than all other breed groups. Awassi lambs were heavier at birth, at
weaning, and at 105 days of age and had a faster growth rate than Chios lambs.
Crossbred lambs were mostly heavier and faster-growing, both before and after
weaning, than either purebred group. All estimates of individual heterosis for ewe
reproductive and production traits were negative except for total lamb weight at
weaning. On the other hand, estimates for maternal heterosis were positive,
although those for milk production were close to zero. All lamb traits exhibited
positive heterosis effects of crossbreeding. In addition, individual heterosis was
more important than maternal heterosis.

Introduction

Crossbreeding to improve market lamb production is a common practice. Chios and
Awassi sheep are being widely used in improvement and intensification programs
in a number of Mediterranean and Near East countries.

Positive effects of crossbreeding on lamb growth traits have been reported by Terril
(1958), Donald et al. (1963), Sidwell et al. (1964), Sidwell and Miller (1971),
Mavrogenis and Louca (1979), and Mavrogenis (1981). Nitter (1978) concludes
that individual heterosis is generally higher for lamb survival and that maternal
heterosis is much more important for fertility traits.

The purpose of the present study was to determine the effects of some
environmental factors and estimate breed and heterosis effects on ewe productivity,
and production traits and lamb growth traits in purebred and crossbred sheep.
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Materlals and Methods

Animals, Management, and Feeding

The study utilized data on 5,234 purebred and crossbred ewes and 6,457
purebred and crossbred lambs, collected between 1978 and 1986 at two
government farms (Athalassa and Orites). All lambs were classified by sex and type
of birth and their weights were recorded at birth (within 48 hours post partum), at
weaning (4313 days), and at 105 days of age. Free suckling was allowed to only
two lambs per ewe until 283 days post partum, followed by restricted suckling
until full weaning. During the partial suckling period all lambs had free access to
pelleted creep feed (18% CP) and alfalfa hay. Following weaning, they were fed
on hay (alfalfa or cereal) and a concentrate mixture based on barley (16% CP).

Management and feeding practices were similar on both farms. All ewes, regardless
of breed, were kept under a semi-intensive, minimum grazing, stall-feeding system.
Ewes in heat were detected using vasectomized teaser rams and were mated
individually. Feeding during pregnancy was based on requirements for single-
bearing animals (NRC 1985). In the last six weeks of gestation feeding was
improved and following lambing ewes were fed ad libitum on concentrates and
cereal hay until weaning.

All breed groups, with few exceptions, had contemporary records in all
year/season classes. The bulk of information, however, came from the purebred
classes that were represented by larger numbers in all year/seasons.

In addition to reproductive data that were recorded concurrently for lambs and
ewes at birth and at weaning, milk production was individually recorded at
monthly intervals. The first milk control was performed 7+3 days following
complete weaning. Total milk production was estimated using the A4 method
adopted by ICAR (ICAR 1992) and reflects the production of milk following
weaning. Ewes were considered dry when individual daily milk yield dropped
below 0.2 kg. Lamb growth before and after weaning was estimated using live
weight at different stages of growth as daily gain.

Statistical Analysis

The data were analyzed by least squares procedures (Harvey 1975). A separate
linear model was used to describe the individual observation in the ewe and lamb
data set. Both models accounted for variation due to flock, year and season of
lambing (ewes) or birth (lambs), lactation number, and breed group effects. In
addition, the effects of sex, type of birth, and interaction with lamb traits were
accounted for in the lamb model. All lactations beyond the sixth were grouped into
lactation six, because of the small number of observations in those subclasses. The
linear models used to describe individual observations were:

A: Ewe model

Y,j,dm=u+a,+cj+fk+p.+b,,,+e,j,dm
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B: Lamb model
Yijumq=p+a‘+cj+fk+p,+bm+s,,+tq+emdmnq

where Yyun and Yiyma, are individual observations that describe the ewe or lamb
record for a particular trait, a, is the i year of lambing (ewes) or birth (lambs), ¢; is
the j™ season of lambing (ewes) or birth (lambs), f, is the k™ flock, p, is the 1™ parity
of the ewe (ewes) or dam (lambs), b,, is the m™ breed group (Chios, Awassi,
reciprocal F;s and first backcrosses to Chios) of ewes or lambs, s, is the n™ sex of
lamb (males, females), and t, is the q™ type of birth of lamb (single, twin or
multiple).

Observations in both data sets were considered normally and independently
distributed with zero mean and variance ¢

Results and Dliscussion

Ewe Trailts

Mean squares and tests of significance for all factors studied on ewe productivity
and production traits are given in Table 1. Year and season of lambing had a
significant effect on all traits studied except for total number of lambs weaned.
Similar findings have been reported for both meat and dairy breeds of sheep
(Carter et al. 1971; Mavrogenis 1982). Flock effects were also a significant source
of variation for most traits studied. Total lambs weaned and total milk yield were
not significantly influenced by flock effects. Parity effects were always a significant
source of variation and had a quadratic nature (Table 2). Primiparous ewes were
less productive tan multiparous ewes. Similar findings have been reported by
Mavrogenis (1992). Best performance for reproductive characters was displayed by
ewes in the fourth parity, and for milk production in the third. Ewe productivity
declined thereafter in both trait categories, nearing that of primiparous ewes (Table
2). Similar findings have been reported by Mavrogenis and Louca (1980),
Whiteman and Dzakuma (1981), Mavrogenis (1982), and Wilson (1987).

Breed effects were significant for all traits studied (Table 1). Chios ewes were
significantly more prolific than Awassi or any other crossbred group at birth and at
weaning (Louca et al. 1974; Mavrogenis 1992). They also had significantly
heavier litter weights (total lambs born or weaned) than Awassi ewes and
reciprocal F, crossbreds, but lower than that of first backcrosses to Chios (Table 3).
Mavrogenis (1982) reports similar results. F, crossbred ewes had higher litter sizes
and litter weight at birth and at weaning than purebred Awassi ewes. Increases in
prolificacy were further accentuated in the first backcrosses to Chios rams,
indicating that the Chios breed can successfully be used to improve these traits in
non-prolific breeds, such as Awassi. These findings were supported by similar
conclusions from Carrol et al. (1976) and Guney (1990).

Awassi ewes had higher part and total milk production than Chios or crossbred
ewes, although they were also milked for a longer period.
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Table 1. Mean squares and tests of signiﬁcance for groduction and regroductive traits of ewes.

Source Df LSB LSBL LWTB LSWN LWTWN Milk 90 Days Milk
Flocks 1 7.47** 4 .55%* 125.1** 0.62 15.8 83,473** 35,3528** 2115
Years 8 0.71* 0.73* 17.2** 0.52 1,048.5** 43,047**  9,1443** 104146**
Seasons 3 2.02** 1.20%* 12.9* 0.81* 965.7** 9,687** 35,5538** 159697**
Lact. linear 1 9.06** 3.13**  2257** 531** 2,257.5** 5,201 26,234** 25988*
Quadratic 1 10.49**  11.93**  466.4** 11.63** 7,245.3** 200,408**  45,462** 503780**
Residual 3 0.06 0.02 4.1 0.02 797 2,717 1,032 8637
Breed group 5 59.35%*  44.45**  220.0** 34.04** 2,104.3** 1,2717 18,425** 59486**
Emor 5,211 0.36 0.32 3.5 0.28 49.1 1,748 2,871 5093

LSB = total lambs born; LSBL = lambs bom live; LWTB = litter weight at birth; LSWN = lambs weaned; LWTWN = litter weight
at weaning; Milk 90 = 90-day milk yield; Days = lactation length; Milk = total milk yield.

Table 2. Least squares means and standard errors for lactation number effects on production and
reproduction traits of ewes.

Lact. No. of LSB LSBL LWTB LSWN LWTWN Milk 90 Days Milk (kg)
No. observ, (k@) _(ka) (kq)

1 1,614 1.3110.02 1301002 5.70+0.07 1.2440.02 18.610.3 97.4+1.6 1332 128.3+2.7
2 1,362 1411002 1.39+0.02 6464008 1.3510.02 21.7+0.3 114.041.7 1422 151.2+2.9
3 940 1474003 1444003 6724008 1.3910.02 223103 116.3+2.1 14442 157.6£3.2
4 617 151003 1461003 6.78+0.10 1.4240.03 223404 110.0:2.1 14443 151.043.6
5 374 1.47+0.04 1424003 6.6010.11 1.3810.03 220+04 106.842.5 14413 145.544.3
16 327 1.4010.04 1.324004 6.21£0.12 1.3040.03 19.9+1.5 100.04+2.7 139+4 130.314.7

For explanation of abbreviaticns see Table 1.
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Table 3. Least squares means and standard errors for breed group effects on production and
reproduction traits of ewes.

Breed  No. of LSB LSBL  LWTB (k) LSWN LWTWN _ Milk90 (kg) Days  Mik (kg)

group __ observ. (k@)
2 3,305 1.7240.01 1.6310.01 6.8110.04 1.5440.01 21.440.2 105.4+£1.0 142+1 140.011.7
3 1,252 1.1530.02 1.1240.02 5.6510.07 1.09+0.02 17.840.3 1143+1.5 152+2  160.0+2.6
12 200 1.2310.05 1.2140.04 5.9540.14 1.2110.04 19.840.5 102.643.2 1304  136.0454
14 116 1.6740.06 1.6240.06 7.0110.18 1.52+0.05 23.680.7 108.0+4.1 14115 139.57.0
19 234 1.3410.04 1.32+0.04 6.3240.13 1.3110.04 20.910.5 109.6+3.0 138+4  144.315.0
41 127 1.454+0.06 1.4310.05 6.7310.18 1.41+0.05 23.210.7 109.7+3.9 14315 144.416.7

For explanation of abbreviations see Table 1.
2 = Chios (C); 3 = Awassi (A); 12 = AxC; 14 = C(AxC); 19 =CxA; 41 = C(Cx A).



Table 4. Mean genotypic values and estimates of individual and

maternal heterosis for ewe production and regroductive traits.

Trait A B8 C H, Hy
LSB 1.345 1.285 1.560 -10.45 21.4
LSBL 1.375 1.265 1.525 -8.00 20.6
LwTB 6.23 6.14 6.87 -1.44 104
LSWN 1.315 1.260 1.465 -4.18 16.3
LWTWN 19.6 204 234 4.08 14.7
Milk 90 109.6 106.1 106.4 -3.46 0.3
Milk 150.0 140.2 142.0 -6.53 1.3

For explanation of abbreviations see Table 1.
A = (Chios + Awassi)/2; B = [(C x A)+(A x C))/2; C = [C(C x A)+C(A x C)}/2; H, : Individual
heterosis = 100(B-A)/A; H,, : Maternal heterosis = 100(C - B)/B.

Although non-additive genetic variation and increased heterozygocity was expected
to influence the traits considered as reproductive (litter size and litter weight), all
but one estimate for individual heterosis were negative. It would appear that
additive rather than non-additive genetic variation was more important. The only
reproductive trait that exhibited positive individual heterosis (4.1%) was total
weight of lamb at weaning. This trait may be considered a composite trait, since it
is confounded with maternal ability and survival of the lamb. Indeed, lamb survival
has been shown to exhibit positive heterosis of similar magnitude by a number of
investigators (Wiener and Hayter 1974; Dickerson et al. 1975; Hohenboken et al.
1976). Positive effects for number of lambs born and weaned have, however, been
reported by Donald et al. (1963) for Scottish Blackface crosses with Swaledale.
Maternal heterosis, on the other hand, was much more important, especially for
litter size at birth and weaning. Similar results have been reported by Land et al.
(1974). These findings suggest that commercial breeders should seriously consider
the use of crossbred mothers in their breeding programs.

Lamb Traits

Mean squares and tests of significance for all traits studied are presented in Table
5. All effects were significant sources of variation for lamb growth indicators, except
flock effects on post-weaning growth.

Parity effects on lamb weight and gain were significant and quadratic (Table 6).
Lambs born to primiparous ewes were the lightest at birth, at weaning, and at 105
days of age. In addition, lambs born to ewes older than six years of age had lower
weights and gains than those from ewes in their third or fourth lactation. Similar
findings have been reported by Gjedrem (1967), Mavrogenis and Louca (1979),
and Mavrogenis and Constantinou (1986).
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Table 5. Mean squares and tests of significance for pre-weaning

and gost-weanlng growth traits of lambs.
f

Source d BWT WWT WT105 ADS1 ADG2
Flocks 2 31.0** 97.6** 107.0* 0.086** 0.005
Years 8 3.0** 527.8** 940.0** 0.030** 0.202**
Seasons 3 4.2%* 195.0**  3,798.6** 0.158**  0.545**
Lact. linear 1 23.2** 66.1** 527.5** 0.007 0.062**
quadratic 1 48.2** 726.2**  1,691.6** 0.161**  0.070**
residual 3 0.5 57 27.4 0.004 0.005
Breed group 5 30.0** 522.6**  1,339.7** 0.128**  0.085**
Type of birth 2 1,648.8** 5464.1** 9,606.8** 1.140**  0.157**
Sex 1 163.4**  1,638.5** 19,253.8** 0.473** 2.757**
Type x sex 2 5.6** 70.9%* 343.7** 0.026** 0.037**
Error 6,428 0.5 7.6 28.9 0.003 0.004

BWT = birth weight; WWT = weaning weight; WT105 = 105-day weight; ADG1 = pre-

weaning daily gain; ADG2 = post-weaning daily gain.

Table 6. Least squares means and standard errors for dam
lactation number effects on growth traits of lambs.

Lact. No. of BWT WWT WT105 ADG1 ADG2
No. observ. (ka) (kq) (kg) (g/day)  (a/day)
1 1,771 3.89+0.03 14.240.1 27.4+0.3 23243 21843
2 1,558 4,09+0.03 15.240.1 29.2+0.3 248+2 23243
3 1,157 4.2240.03 15.240.1 29.440.3 24843 23443
4 783 4.20+0.04 15.310.1 29.3+0.3 24613 23443
5 863 4.15+0.03 14,7401 28.4+0.2 238+2 23043
26 325 4.03+0.05 14.640.2 28.3+0.4 23744 220+4

For explanation of abbreviations see Table 5.

Male lambs were significantly heavier than female lambs at all ages (Table 7). They
also had a faster growth than females both before and after weaning. Such
differences have been well documented by a number of other investigators (Bichard
and Cooper 1966; Gjedrem 1967; Mavrogenis and Constantinou 1986).

Table 7. Least squares means and standard errors for type of birth

and sex effects on

growth of lambs.

Main Subclass No. of BWT WWT WT105 ADG1 ADG2
effect observ. (ka) (kg) (ka)  (g/day) (g/day)
Type of birth  singles 2673  4.95+0.03 17.1+£0.1 31.8%0.2 274+2 241+2
twins 3070 4.06+0.03 14.5+0.1 28.6+0.2 236+2 23343
multiples 744 3.29+0.04 12.9+0.1 25.9+0.3 216+3 21614
Sex males 3257 4.23+0.03 15.5£0.1 30.9+0.2 25242 25543
females 3,200 3.97+0.03 14.2+0.1 26.7+0.2 23242 205+3

For explanation of abbreviations see Table 5.
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Differences in type of birth conformed with the literature regarding live weights
and pre-weaning growth rate. Single lambs were heavier and had a faster growth
than twins or other multiples, except after weaning, when twins had a similar
growth rate to single lambs. This concurs with the results by Mavrogenis and Louca
(1979), who report similar growth rates for single and twin lambs in Chios sheep.

Awassi lambs were significantly heavier at all ages and had a faster pre-weaning
growth than Chios lambs. The post-weaning growth rate was, however, similar for
the two purebreds (Table 8). Crossbred lambs were generally heavier and grew
faster both before and after weaning than either purebred group. Furthermore,
there were significant differences in lamb weight and gain both between F,
reciprocals and the two backcrosses that resulted when F, dams were backcrossed to
Chios rams.

Table 8. Least squares means and standard errors for breed group

effects on lamb growth traits.

Breed No. of BWT WWT WT105 ADG1 ADG2
group  observ. (kg) __ (g/day)  (g/day)
2 4,089 3.7840.02 13.54£0.1 26.740.2 22112 21782
3 1,117 4.131+0.03 14.60.1 27.240.3 23643 21743
12 387 4,1310.04 15.140.2 29.94+0.3 24413 2464
14 273 4.1510.05 15.1£0.2 20.1104 247+4 23015
19 274 3.3010.05 15.780.2 30.310.4 25644 2425
4 317 4.1040.05 15.14£0.2 28.8£0.4 24843 22744

For explanation of abbreviations see Table 5.
2 = Chios (C); 3 = Awassi (A); 12 = AxC; 14 = C(Ax C); 19 = CxA; 41 = C(C x A).

Estimates of individual and maternal heterosis are presented in Table 9. The
values for individual heterosis were small, ranging between 6.4% (birth weight) ©
12.4% (post-weaning growth rate). Consistent with previously published results
(Mavrogenis 1981; Mavrogenis and Constantinou 1986), heterosis effects were
positive for all traits studied. Positive heterosis effects have also been reported by
Singh et al. (1967) and Sidwell and Miller (1971) for birth and weaning weight,
Dickerson et al. (1975) and Teehan et al. (1979) for post-weaning gain, and
Hohenboken et al. (1976) for weaning weight.

Table 9. Mean genotypic values and estimates of individual and
maternal heterosis for lamb growth traits.

Trait A B C H Hy
BWT 3.96 422 4.13 6.44 4.29
WWT 14.1 154 15.1 9.61 7.09
WT105 27.2 302 29.0 11.03 6.62
ADG1 229 250 248 9.18 8.30
ADG2 217 244 229 12.44 5.53

For explanation of abbreviations see Table 5.
A = (Chios + Awassi)/2; B = [(Cx A) + (AxC))/2; C = [C(C x A) + C(A x C)}/2; H, : Individual
heterosis = 100(B - A)/A; H,, : Maternal heterosis = 100(C - B)/B.
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Estimates of maternal heterosis were lower than those for individual heterosis, but
positive for all traits studied. Vesely and Peters (1972) found that three-breed
crossbred lambs from crossbred dams exceeded the mean of the two-breed crossbred
lambs (from straight-bred dams) by 10% in weaning weight, which was only
slightly higher than the estimates obtained from backcrosses in the present study.
However, Rastogi et al. (1982) found small and mostly negative estimates of
maternal heterosis for lamb weights and gains.
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Genetic Analysis of Crosses Between
Local Awassl, Assaf, and Turkish
Awassl Sheep

A.A. Al-Rawi
IPA Agricultural Research Center

Abstract

A total of 4,701 lambs were studied to assess the complementarity of crossings
between the Assaf breed (A) and the Turkish Awassi (T) with the local Iraqi (L)
strains of Awassi sheep. Heterosis, deviation from the mean of the local Awassi,
additive values of the breed combinations, and the non-additive contribution of the
crossbreds were estimated. Linear and quadratic regression analyses were carried
out to evaluate the effectiveness of Assaf or Turkish Awassi gene substitution into
the local Awassi.

No heterosis was observed in birth weight. Heterosis for weight at six months
ranged from -2.1 to 9.3 for 3/4A and 1/4T, respectively. An increase in the
proportion of Assaf or Turkish in the crossbreeds resulted in an increase in weight
at weaning, and at 6, 9, and 12 months of age. Additive effects were higher than
non-additive effects in the crossbreds, indicating that further improvement can be
made by selection within genetic groups.

introduction

Traditionally, sheep production in Iraq takes place on extensive rangeland, using
local Awassi sheep, which are well adapted to arid and semi-arid environments.
Productivity is low, and with a rapidly increasing human population, there is an
urgent need to increase production of meat, milk and wool.

Owen (1987) suggests that the use of exotic genotypes can be a short cut for
genetic improvement. This paper summarizes the results since 1990 of a crossing
program to introduce Assaf (A) and Turkish Awassi (T) genes into the local Awassi
(L) breed to increase body weight at weaning, 6, and 9 months, and milk
production (Al-Salman et al. 1995). Elzo (1994) reports that additive and non-
additive genetic effects are important when comparing crossbreeds. Evaluation of
the crossbreds includes an estimation of heterosis, and the additive and non-
additive values in the breed combinations for weight at different ages.

Materials and Methods

The data presented in this study were obtained from the Awassi sheep breeding
program initiated by the IPA Agricultural Research Center in 1990 and conducted
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at the Al-Radwaniya Station, Baghdad. The breeds, management and
measurements have been previously described by Al-Rawi et al. (1992) and Al-
Salman et al. (1995). Nine genetic groups were evaluated, three purebreeds: local
Awassi (L), Turkish Awassi (T) and Assaf (A), and six crossbreds: 1/4T 3/4L
(1/4T), 1/72T 1/2L (1/2T), 3/4T 1/4L (3/4T), 1/4A 3/4L (1/4A), 1/2A 1/2L
(1/2A), and 3/4A 1/4L (3/4A).

The number of lambs in each group is shown in Table 1. The deviation of the mean
of each weight for the crossbreds from the mean of the local Awassi was expressed
as a percentage. Additive effects of breed combination and non-additive
contributions in crossbreds were calculated as described by Van Vleck et al. (1987).

Table 1. Number of lambs produced across genetic groups.
WWT

Genetic group BWT WT6 WT9 WT12
T 501 501 426 3R 367
A 157 157 137 17 105
L 661 661 510 404 29
1/4T 190 190 160 148 139
1/2T 1,376 1,376 1,114 o 881
3/4T 240 240 192 176 176
1/4A 174 174 158 145 131
1/2A 1,353 1,353 1,150 718 805
3/4A 49 49 43 4 30
Total 4,701 4,701 3,880 3,074 2,863

The effectiveness of Assaf or Turkish Awassi gene substitution was assessed by
linear and polynomial regression coefficients, in which weight at birth, weaning, 6,
9, and 12 months was expressed as a function of the percentage of Assaf or Turkish
Awassi genes, as follows:

Y=b,+ b, X+b,X* polynomial

where Y = the weight at birth, weaning, 6, 9, or 12 months; and X = percent of
Assaf or Turkish Awassi genes

Heterosis was calculated, using the formula given by Van Vleck et al., (1987):

mean of offspring - mean of parents
Percentage heterosis =

mean of parents

Results and Discussion

The mean values (kg) for birth weight (BWT), weaning weight (WWT), and
weights at 6 (WT6), 9 (WT9), and 12 (WT12) months for the three purebreds and

six crossbreds are presented in Table 2. Crossbreds were generally heavier than
local Awassi.
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Table 2. Weights at birth, weaning, and 6, 9, and 12 months for
local Awassi, Turkish Awassi, Assaf and crosses.

Weightat Local 1/4T' /2T 3/4T 1T 1/4A* 1/2A  3/4A 1A
Birth 401 398 403 3986 385 400 401 370 402
Weaning 1779 1779 1831 1785 1864 1857 1885 1921 1985
6 months 2335 2638 2494 2684 2587 2755 2796 2866 3060
9 months 3209 3370 3230 3335 3856 3436 3654 3366 41.00
i2months 3517 3792 3647 3668 36860 3649 3847 3643 44.72

! proportion of Turkish Awassi
* proportion of Assaf

No heterosis was found for birth weight in Assaf or Turkish crossbreds (Table 2).
Values for heterosis were negative for the crossbreds 3/4T, 1/4A, 1/2A, and 3/4A,
indicating that mean birth weights were less than the mid-parent means. This may
be due to maternal effects in the small local Awassi. Deviation of mean BWT of the
crossbreds from the mean for the local Awassi ranged from -7.7 to 0.5% for 3/4A
and 1/2T, respectively (Table 3).

Table 3. Heterosis and relative weight gain.
WWT

Genetic BWT WT6 WT9 WT12
_group H D H D H D H D H D

1/4T 00 07 -14 00 93 130 47 50 58 7.8
1/2T i3 05 05 108 13 88 1686 07 1.6 37
3/4T 08 12 34 03 56 149 13 39 04 43
1/4A 03 03 14 656 74 180 0.1 74 09 38
1/2A 01 00 12 60 3.7 197 00 138 3 0.4
3/4A 78 77 03 76 21 227 -132 49 -12.4 3.6

H = percentage of heterosis.
D = percentage ot deviation in the mean for the crosshred from the mean for the local
Awassi.

Neither linear nor quadratic polynomial regression coefficients of birth weight on
the proportion of Assaf or Turkish Awassi gene substitution were significant (Table
4). The non-additive components, representing dominance and epistasis for birth
weight, were not important and ranged from -0.315 to 0.05 kg for 3/4A and 1/2T,
respectively (Table 5). On the other hand, the additive effects were large, ranging
from 3.98 in 1/2T to 4.02 kg in 1/2A and 3/4A.

The highest weaning weights were 19.45 kg in pure Assaf and 19.21 kg in 3/4A.
Heterosis occurred in WWT in all crossbreds, except 1/4T and 3/4T. The deviation
of the crossbred means from the local Awassi mean ranged from 0% in 1/4T w
10.8% in 1/2T. The increases in WWT were mainly due to additive effects and
ranged from 18.05 kg in 1/4T to 19.15 in 3/4A (Table 5). The linear coefficient
(b,) of WWT on percentage of Assaf genes was 15.8 (P <0.01), but the coefficient
for Turkish genes was not significant (Table 4).
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Table 4. The intercept (b,),linear (b,) and quadratic (b,)
coefficients of the regressions of the various weights on the

percentage of Assaf or Turkish genes.
BWT WWT WT6 WT9 WT12

Assaf
Linear b, 4,004 17,982 24,502 32,106 34,448
b, -1.1 +15.8** +624* +685 +76.2
Polynomial b, 4,053 17,839 23,898 32,832 35,865
b, -5.0 +27.3*  +110.7 +104 -37.2
b, +0.04 0.1 -0.48 +0.58 +1.13
Turkish Awassi
Linear b, 4,014 17,724 24376 32,482 36,244
b, 05 +7.0 +22.0 +104 +6.5
Polynomial b, 4,002 17,809 23,710 32,432 35,673
b, +0.4 +0.1 +75.3 +14.4 +52.2
b, 0.00 0.07 -0.05 -0.04 -0.045
* (P <0.05)
** (P <0.01)

Table 5. Additive and non-additive values of crossbred weights

(kg).

1/4T 1/2T 3/4T 1/4A 1/2A 3/4A

BWT M 3.e8 4.03 3.96 40 4.01 37
A 4.02 3.98 3.99 4.01 4.02 4.02
N -0.04 0.05 0.03 -0.01 -0.01 0.32
WwWT M 17.79 18.31 17.85 18.57 18.85 19.21
A 18.05 18.22 18.48 18.32 18.62 19.15
N -0.26 0.10 0.62 0.25 0.23 0.06
WT6 M 26.38 24.94 26.84 27.55 27.96 28.66
A 2414 24.61 25.40 25.66 26105 29.28
N 224 0.33 1.44 1.90 0.98 -0.62
WT9 M 337 323 33.35 34.36 36.54 33.66
A 3220 3282 3293 34.32 36.54 38.77
N 1.50 0.52 0.42 0.04 -0.01 -5.11
WT12 M 37.92 3647 36.68 36.49 38.47 36.43
A 35.82 35.88 36.535 36.82 39.94 41.60
N 210 0.58 0.14 -0.33 -1.47 -5.16

M = Mean; A = Additive value; N = Non-additive value.

The highest estimates of heterosis and deviation from the local Awassi in this
breeding program occurred in weights at 6 months (Table 3). The highest values
were 9.3 and 7.4% in the 1/4T and 1/4A crosses, respectively. The highest
deviation from the local Awassi in WT6 was +22.7% in 3/4A. The non-additive
effects were higher for WT6 than for BWT and WWT, with the highest values in
the 1/4T and the 1/4A crosses. As WT6 is a common slaughter age, these results
suggest that it may be advantageous in commercial flocks of local Awassi ewes to
produce slaughter lambs using 1/2T or 1/2A rams. The linear regression
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coefficients of WT6 on the proportion of genes substituted was significant (P
<0.05) for Assaf, but not for Turkish Awassi.

Heterosis was found for WT9 in 1/3T, 3/4T, and 1/4A (Table 3). The percentage
deviation of WT in crossbreds was lower than that recorded for WT6, with a
maximum of 13.9% in 1/2A. The lower difference between crossbreds and the
well-adapted local Awassi may due to a gene/environment interaction, as the
ambient temperatures were high (40-45° C) when the lambs were approximately
nine months old. The contribution of the non-additive component to WT9 was less
than to WT6, with a maximum of 1.50 kg in 1/4T (Table S). Neither the linear nor
the quadratic regression coefficients of WT9 on Assaf or Turkish Awassi gene
substitution were significant. The reason for the non-significant coefficients may
also be gene/environment interactions.

Heterosis for WT12 was estimated to be 5.8, 1.6, and 0.4% for 1/4T, 1/2T, and
3/4T, respectively (Table 3). In contrast, the Assaf crossbreds did not show
heterosis. Deviations of the crossbred weights at WT12 ranged from +3.6% in
3/4A to +9.4% in 1/2A. At WT12 the additive effects of breed combination were
important. Linear regression coefficients of WT12 on the proportion of Assaf or
Turkish Awassi genes were 76.2 and 6.5, respectively, but were not significant.

These results agree with those reported by Bradford and Berger (1987), Owen
(1987), and Davis et al. (1994), indicating that genetic variation among breeds
can be used to exploit heterosis and additive effects to improve sheep production.
The results of this study are generally similar to crossings of the Awassi with other
breeds as reported by Epstein (1985) and Mavrogenis (1992).

Variations in the extent of heterosis were observed in weights at different ages.
This suggests the existence of gene/environment interaction. Additive effects
occurred frequently, indicating a highly heritable portion of the superiority of the
crossbreds. Thus the backcrosses of both 1/2A or 1/2T to obtain 1/4 or 3/4
inheritance of the exotic breed maintained the superiority over the local Awassi.
Selection within each genetic group will produce animals with still higher growth
rates. Further assessment of the crosses in different locations is necessary before
genotypes suitable for different environments can be recommended.
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Discussion

H. Nabulsi: Crossing local Awassi with Turkish Awassi and Assaf is not going far,
because Turkish Awassi is an Awassi with some selection and Assaf is 5/8 Awassi.

A. Al-Rawi: Out-crossing is one of the tools used by breeders to introduce new
genes. Assaf or Turkish Awassi are genetic groups produced either by crossing or by
selection within populations, which is what happened to Turkish Awassi. Crossing
these genotypes with local Awassi should either change the gene frequency of
certain traits toward the required target or introduce new genes (usually required
for improving a specific trait or traits). I agree that if we had selected within our
local Awassi population we would come up with the same result but over a longer
period of time. That is why we selected Assaf or Turkish Awassi, because we
believe that both of these genotypes have local Awassi genes and are relatively
more adaptable than other breeds.

A. Goodchild: If we need Assaf in the rest of Mashreq, from where could we
obtain them?

A. Al-Rawi: We are multiplying our Assaf flock through interbreeding the flock,
i.e. male Assaf mated to female Assaf. Now we have more than 200 head of Assaf,
while we imported 100 head.

M. Harb: Don't you think that you are mixing up your aims—milk, meat,
reproduction—when the commercial side should be your aim?

A. Al-Rawi: Yes, our main aim should be the farmer, from a commercial side. We
are introducing a new semi-intensive system to Iraq. We have distributed 400 rams
to improve Turkish Awassi and have crossbred Turkish rams. We now have three
muitiplier flocks, and can exchange rams with IPA to let those multipliers produce
improved rams. Regarding Assaf crossbreeds, we distributed the rams to sheep
owners in central Iraq to be raised in a semi-intensive system. The breeding plan
simultaneously concentrates on milk production and growth rate.
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Genetic Parameters of Some
Economic Traits in Sheep

M.H. Al-Salman, A.A. Al-Rawi and H.A. Al-Hadithee
IPA Agricultural Research Center

Abstract

In 1990, the IPA Agricultural Research Center initiated a breeding project to
develop genotypes suitable for dry land, extensive, and semi-intensive systems in
West Asia by crossings Assaf, Turkish Awassi, and local Awassi. Weights were
recorded at birth (BWT), weaning (WWT), 6 months (WT6), 9 months (WT9), and
12 months (WT12) of age. Purebreds and their crosses were evaluated using
general least squares and maximum likelihood techniques.

A mixed model was used to determine the influence of some non-genetic factors
(fixed effects) and to estimate variance/covariance components of the random
variables. Heritabilities of 0.56, 0.33, 0.33, 0.26, and 0.32 were estimated for
BWT, WWT, WT6, WT9, and WT12, respectively. Genetic correlation between
different weights ranged from 0.001 for BWT and WWT to 0.91 for WT6 and WT9,
whereas phenotypic correlation ranged from 0.005 for BWT and WT6 to 0.98 for
WT9 and WT12. The presence of additive effects suggests that selection for heavier
weights could be effective, especially at 6 months.

Introduction

The fat-tailed Awassi is one of the native breeds of sheep in Iraq. It is a triple-
purpose animal, providing milk, meat, and wool. In 1990, a project to improve the
local Awassi was initiated by the IPA Agricultural Research Center at Al Radwania,
20 km west of Baghdad.

The objectives were to develop genetic groups through selection within the local
Awassi and to introduce genes from some other breeds to obtain more productive
animals suitable for different environmental conditions. The genetic parameters of
different weights for Awassi sheep have been reported by Al-Rawi et al. (1982).

This paper presents results on the effects of genetic and environmental factors on
weights of sheep at different ages.

Materials and Methods

Data were obtained over four years (1991-1994) for nine genetic groups, three
purebreeds: local Iraqi Awassi (L), Turkish Awassi (T), and Assaf (A), and six
crossbreds: 1/4A 3/4L (1/4A), 1/2A 1/2L (1/2A), 3/4A 1/4L (3/4A), 1/4T 3/4L
(1/4T), 1/2T 1/2L (1/2T), and 3/4T 1/3L (3/4T). Pedigree, date of birth, and
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litter size (birth type) were recorded. The breeding season was from April to July.
The history and management of the flock have been described by Al Rawi et al.
(1992).

The data were analyzed following SAS (1987). The number of lambs for each
breed and cross in the statistical analysis is shown in Table 1. The statistical model
includes genetic group, year, age of ewe, sex, and birth type. Heritabilities and
genetic correlations were calculated from data for paternal half-sibs, using a
restricted maximum likelihood procedure (REML).

Table 1. Number of records for different groups and weights.

Genetic group BWT, WWT WT6 WT9 WT12
Local 661 510 404 29
1/47 190 160 148 139
1/2T 1,376 1,114 9B 881
3/4T 240 192 176 176
T 501 426 332 367
1/4A 174 158 145 131
1/2A 1,353 1,150 718 805
3/4A 49 43 41 30
A 157 137 117 105

Results and Discussion

Genetic group, year, sex, and birth type significantly (P <0.01) affected BWT,
WWT, WT6, WT9, and WT12 (Table 2). The age of the ewe affected BWT, WWT,
WT6 (P <0.01), and WT9 (P <0.05), but not WT12. The overall means and their
standard deviations are presented in Table 2.

Birth weights in this study were similar to those reported by Yalcin (1986), and Al-
Salman (1995), with an overall mean of 4.0+0.7 kg. The birth weight of 3/4A
was significantly lower than that of all other breeds and crossbreds, which did not
differ significantly.

The weaning weight of the Turkish crossbreds was not significantly different from
that of the local Awassi, while the purebred Assaf was significantly different from
both Turkish and Assaf crossbreds.

Weight at WT6 ranged from 23.35 kg for L to 30.60 kg for A. L was significantly
lower than A, T, and all crossbreds. WT6 for A was significantly higher than for all
other groups.

WT9 and WT12 showed similar trends, with L having the lowest weight, but not
significantly so, for WT9. The Assaf purebred was significantly heavier than all
other groups, and 1/2A was significantly heavier than 3/4A. The weights of local
Awassi were similar to those in unpublished doctoral studies by Kazzal (1973),
Kermiz (1988), and Al-Nidawi (1991).
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Table 2. Means at birth, weaning, 6, 9, and 12 months of weights
for genetic group, year, age of ewe, sex and birth type.
BWT WWT WT6 WT9 WT12

QOverall 4.0+07 18.44+3.68 26.23+5.59 33.97+759 37.33+642
mean

Genetic group

Local 401 a' 17.79e 23.35¢g 32.09d 35.17d
1/4T 3.98a 17.79e 26.38 de 33.70 cd 37.92bc
1/2T 403a 18.31 cde 2494 ¢ 32.30d 36.47cd
3/4T 3.96a 17.85de 26.84 cde 33.35cd 36.68cd
T 3.95a 18.64 bed 25.87 ef 33.56 cd 36.60cd
1/4A 400a 18.57 bcde 27.55 hcd 34.36¢C 36.49cd
1/2A 401a 18.85 abc 27.96bc 36540 38.47b
3/4A 3.70b 19.21 ab 28.66 b 33.66 cd 36.43cd
A 402a 1945 a 30.60a 41.00a 44.72a
Year

1991 3.99b 16.72d 2040d 2873 ¢ 33.16¢
1992 392a 1844 a 24.72a 3250a 38.86a
1993 4.08a 1990 a 29.03a 3524 a 37.13a
1994 3.92ac 1760 a 26.76 a 3463a 37.65a
Age of ewe

2 395a 18.26 ac 2494 2a 3279 a 36.97ac
3 3.97 ac 19.15a 27.74a 35.22a 38.08a
4 408a 18.52 a 26.65a 3391a 37.03ac
5 4.10a 18.10 ad 26.89a 34.31ab 37.59ab
6 4.05 ab 17.81a 25.97 a 34.32 ab 36.62a
Lamb sex

Male 410a 18.82a 27.56a 35.50a 39.14a
Female 3.90 18.04a 2494 a 3257a 35.65a
Birth type

Single 4.29a 18.94a 26.76a 3437a 37.69a
Twins 3.42a 17.44a 2521 a 33.21a 36.67a

" Within each main effect and column, means with different letters are significantly different (P
<0.05).

Weight at birth, weaning, 6 months, and 9 months of age, of 4.08, 19.90, 29.03,
and 35.24 kg, respectively, was recorded for lambs born in 1993. Lambs born in
1991 and 1992 were lighter (P <0.05) than in other years. Year significantly
affected weights in a study by Martin et al. (1980).

Lamb birth weight was significantly higher in lambs born to ewes aged 4-6 years
than in those born to ewes aged 2-3 years. Ram lambs and single lambs were
significantly heavier than ewe and twin lambs.

The heritability estimates and genetic and phenotypic correlations are presented in
Table 3.
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Table 3. Genetic parameters of weights at birth, weaning, 6, 9,
and 12 months.

BWT WWT WT6 WT9 WT12
BWT 0.56 0.001 0.003 0.004 0.001
WWT 0.001 0.330 0.102 0.125 0.105
WT6 0.005 0.126 0.330 0.810 0.530
WT9 0.013 0.226 0.039 0.260 0.280
WT12 0.007 0.167 0.478 0.978 0.320

Estimates on the diagonal are heritabilities. Estimates above the diagonal are
genetic correlations. Estimates below the diagonal are phenotypic correlations.

Heritabilities of BWT, WWT, WT6, WT9, and WT12 were estimated as 0.56, 0.33,
0.33, 0.26, and 0.32, respectively. The genetic correlation between various
weights ranged from 0.001 for BWT and WWT to 0.914 for WT6 and WT9. The
genetic correlation between different weights was generally similar to that reported
by Martin et al. (1980), Al-Rawi et al. (1982), and Al-Hillali et al. (1993).
Phenotypic correlations ranged from 0.001 for BWT and WWT to 0.978 for WT9
and WT12. The heritability estimates found in this study were similar to those
reported by Al-Rawi et al. (1982), but lower than those of Mavrogenis (1992) for
weaning weight and weight at 105 days. These estimates of heritability suggest
that an appreciable rate of genetic response in lamb weight could be achieved
through selection.
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Question: Why are the post-weaning growth differences between local Awassi,
Turkish Awassi, and Assaf greater than pre-weaning differences?

M. Al-Salman: I think pre-weaning growth is almost the same between Turkish
Awassi and Assaf, but the local Awassi have a lower pre-weaning growth than
others. This is due to genetic ability and milk production. The post-weaning growth
shows that both local and Turkish Awassi had the same growth, about 18 kg from
weaning to WT12, but the Assaf weigh about 25 kg at the same period. 1 think it
depends on the genetic make-up of each breed, especially the Assaf, which is a
bigger animal and thus may have better feed conversion.
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Relationship Between Body Weight
and Dimension Tralts In Awassl
Sheep

Waleed A.R. Al-Azzawi, M.H. Al-Salman and S.A. Hammed
IPA Journal of Agricultural Research

Abstract

A study was conducted on 584 lambs born in 1991 and 1992 to investigate
environmental factors affecting weight at birth, weaning, 6, and 9 months of age,
weight gain, and different body dimensions (body length, heart girth, height and
width at withers and hips, chest depth, barrel, and fat tail dimensions including
length, width, and circumference). Year of birth, breed or crossbreed, sex, and size
of litter (birth type) generally affected the traits studied. The crossbred lambs were
larger than the purebred lambs at weaning, 6 months, and 9 months, but the fat
tail of the crossbreds was shorter and narrower than that of the Turkish and local
Awassi lambs at weaning. At 6 and 9 months, however, fat tail length and width in
crossbred lambs were superior to the local Awassi. The adjusted data were used to
estimate a correlation of weight or weight gain with body dimensions. Prediction
equations were calculated to estimate weight at weaning, 6 months, and 9 months
from body measurements.

Introduction

Many studies have reported that live weight is correlated with different body
dimensions (Juma et al. 1969; Eliya and Juma 1970; El-Tawil et al. 1970; Aboul-
Naga et al. 1972; Aziz et al. 1981; and Abdul Rahman et al. 1986). Aboul-Naga et
al. (1972) show that factors such as year of birth, sex, and birth type have a
significant effect on weight at weaning and one year of age.

This study was conducted to determine the factors affecting live weight at birth,
weaning, 6 months, 9 months, weight gain between these periods, and average
daily gain for local Iraqi Awassi, Turkish Awassi, and their crosses. A multiple
stepwise regression process was used to develop equations to predict live weight
from body dimensions at each age. Correlations between live weight and gains with
various body dimensions were calculated at each age.

Materials and Methods

A breeding project was initiated by IPA Agricultural Research Center at Al-
Radwania Sheep Improvement Station, 20 km west of Baghdad. One hundred and
seventy Turkish Awassi sheep (T)—33 rams and 137 ewes—and 1,500 local Iraqi

284



Awassi (L) ewes were brought to the station in 1990. Flock management and
mating and feeding systems are described by Al-Rawi et al. (1992).

Weight at birth (BWT) and weaning (WWT) was recorded in 584 lambs born in
1991 and 1992, and weight at 6 (WT6) and 9 (WT9) months was recorded in
575 and 314 lambs, respectively. Weight gain from birth to weaning (GAINW),
weaning to 6 months (GAING), from 6 to 9 months (GAIN9), and mean daily gain
from birth to weaning (ADG) were recorded. Body dimensions, body length (BL),
heart girth (HG), height at withers (HW) and hip (HH), width at withers (WW)
and hip (WH), chest depth (CD), barrel (BD), fat tail length (FL), fat tail width
(FW), and fat tail circumference (FC), were recorded at weaning, 6 months, and 9
months.

A least square analysis for the main factors, using the SAS package program
(1989), was carried out, using the following model:

Xijkim = M + Yi + Lj + Sk + Tl + Eijklm

where M = overall mean; Y = effect of the year (1991, 1992); L = effect of lamb
genetic group; j = T, L, TL (Turkish, local and crossbred, respectively); S = effect
of sex; k = male, female; T = effect of type of birth; I = single, twins; E = random
error effects. Duncan's multiple range test was used to compare class means.

A multiple stepwise regression was used to develop equations to predict live
weight from body dimensions at each age. The coefficient of determination (R?) was
used to determine the efficiency of the predictive equations. Correlation between
live weight or weight gain and body dimensions was estimated at each age.

Results and Discussion

Year, genetic group, and sex had significant (P <0.01) effects on WWT and GAINW
(Table 1). The WWT, GAINW, and ADG of the crossbred lambs exceeded that of the
purebred (18.17, 16.59, and 16.99 kg, 14.05, 12.53, and 11.98 kg, and 114,
112, and 104 gm, for crossbreds, T, and L, respectively. These results are similar
to those reported by El-Tawil et al. (1970); Al-Rawi et al. (1992); Abdul Rahman
et al. (1984); and Juma et al. (1985), and lower than those of Bhat et al. (1981),
Abdul Rahman et al. (1986), and Yalcin (1986). There was a significant difference
(P <0.05) in BWT between male and female lambs with means of 4.17 and 3.91
kg, respectively. Means for WWT, GAINW, and ADG were 17.16 and 16.03 kg,
12.99 and 12.11 kg and 111 and 102 g for male and female, respectively.

These results are within the range reported by Bhat et al. (1981), Al-Rawi et al.
(1992), and Juma et al. (1985), and lower than those of Abdul Rahman (1986).
Birth type significantly (P <0.01) affected BWT, but not WWT, GAINW, or ADG. Al-
Rawi et al. (1992) and Abdul Rahman (1984, 1986) found a similar effect on
BWT, but the lack of effect of birth type on WWT and GAINW differs from the
results of Aziz et al. (1981), Bhat et al. (1981), Al-Rawi et al. (1992), and Abdul
Rahman (1986). Single lambs were heavier at weaning.
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Table 1. The mean of live body weights and gains at different
ages.

No. Bwt Wwt Gain ADG Wit6 Gain6 Wt9 Gain9

Year
1991 349 402 16.18 12.15 106 18.86 286 28.13 8.67
1992 235 4.06 17.14 13.09 108 2212 459 27.05 5.11

Genetic group
Turkish(T) 64 407 1659 12583 112 1960 270 30.26 10.36
Local (L) 382 401 16.99 1198 104 19.39 356 2758 8.01
Cross(TL) 138 4.09 1814 1405 114 2232 373 31.32 11.77
Sex
Male (M) 276 417 17.16 1299 111 20.88 362 3147 1093
Female(F) 308 3.91 16.03 12.11 102 1937 340 25650 6.59
Type of birth
Single (S) 550 4.07 1660 1253 107 2012 351 2814 8.42
Twins (T) 34 356 16.06 12.51 102 19.27 343 2713 8.83

Year significantly (P <0.01) affected WT6, GAING, and GAIN9, but not WT9 (Table
2). Genetic group and sex significantly (P <0.01) affected WT9 and GAINY.
Crossbred lambs were heavier and gained more weight than the purebreds
between 6 and 9 months (Table 1).

Year significantly (P <0.01) affected body dimensions at weaning (with the
exception of WW and HW), and 6 months (with the exception of HG, HW, CD, and
FC), but not at 9 months of age (Tables 2, 3, and 4). Most values were greater in
1992 than in 1991.

Genetic group significantly affected (P <0.01) BL, HG, WW, HW, and (P <0.05)
BD at weaning (Table 2), (P <0.01) HG, WW, and HW at 6 months (Table 3), and
FL and FW at 9 months (Table 4). The crossbred lambs exceeded (P <0.05) the
purebreds for BL, HG, HH, WW, and HW, but not for FL or FW, at weaning (Table
2), for BL, HG, WH, HH, HW, or FL at 6 months (Table 3), fat tail length FL or FW
at 9 months (Table 4).

Sex significantly (P <0.01) affected WH and HH at weaning, WH, HH, BD, (P
<0.05) BL, HW, CD, and FL at 6 months, and BL, HG, WH, HH, CD, FL, FW, and
FC at 9 months (Tables 2, 3, and.4). In general, body dimensions of male and
single lambs exceeded those of females and twins at each age.

The correlation of body dimensions with weight and gain at weaning and 6 and 9
months of age is presented in Table 5. The values were adjusted for significant
factors at each age. Weaning weight and gain to weaning were significantly
correlated with body dimensions BD, BL, and CD (P <0.001) and GH, WW, HW,
FL, and FW (P <0.01). Similarly, weight at 6 months was significantly correlated
(P <0.001) with most body dimensions. Correlation of gain with dimensions was,
in general, higher for GAIN9 than for GAING.
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Table 2. The means of various body dimension traits at weaning.

No. BL HG WH HH WwW HW CD BD FL Fw FC

Year

1991 349 4479 4002 4344 434 12.37 11.49 19.05 1896 1254 1366 224

1992 235 4678 5833 4420 4452 12.03 11.49 17.91 1791 1125 1223 2079
Genetic group

Turkish (T) &4 4475 54N 43.39 43.50 12.44 11.53 18.95 18.81 1217 1360 2208

Local (L) 382 4490 4157 4351 43.58 12.01 11.25 18.60 1850 1230 1328 21.70

Cross (TL) 138 4788 5999 4428 4486 12.75 1212 18.41 1853 1120 1233 2186
Sex

Male (M) 276 45.82 47N 43.39 4454 1241 11.63 18.71 18.74 1208 13.04 2195

Female (F) 308 45.38 4692 4127 4327 12.07 11.36 18.48 18.36 1196 13.13 21.62
Type of birth

Single (S) 550 4464 4772 4391 4394 1225 11.50 18.60 1856 1204 13.11 21.82

Twins (T) A 44.77 4206 42.71 42.71 11.97 11.27 18.44 18.21 11.82 1277 2112
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Table 3. The means of various body dimension traits at 6 months of age.

No. BL6 HG6 WH6 HH6 WW6 HwWe  CD6 BD6 FL6 FW6 FC6

Year

1991 361 4886 6270 4614 4642 1386 1304 1978 1954 1196 1326 23.92

1992 214 5052 6342 4853 4853 1324 1280 1972 1896 1385 1447 2409
Genetic group

Turkish (T) 63 4946 6233 4637 4659 1400 1338 19.60 1933 1194 1310 2389

Lecal(L) 383 4908 6242 4677 4699 1344 1270 1969 1930 1260 1373 2395

Cross (C) 129 5067 6491 4810 4814 1404 1349 2005 1939 1323 1395 24.15
Sex

Male (M) 267 4999 6332 4776 4795 1390 1323 20.01 1972 1233 1369 2417

Female (F) 308 4904 6266 4639 46.56 13.41 1271 19.54 18.98 12.96 1373 2383
Type of birth

Single (S) 545 4957 6303 4712 4730 1365 1296 19.76 1933 1264 1368 2397

Twins (T) 30 4790 6180 4527 4547 13.37 1287 19.77 19.23 13.20 1420 2433
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Table 4. The means of various body dimension traits at 9 months of age.

No. BL9 HGS  WH9 HHS  wwg HW9 CcD9 BD9 FL9 FW9 FC9

Year

1991 295 5584 7058 5201 5238 1577 14.97 2265 2187 1497 16.81 30.52

1992 19 5474 6421 5147 5147 1505 14.63 21.47 2084 1468 1647 30.32
Genetic group

Turkish (T) 42 56.14 7045 5274 532 1531 14.59 23.10 2169 1695 1812 30.67

Local (L) 261 5563 7049 51.81 5209 1574 14.98 2246 2184 1446 1642 30.40

Cross (C) 11 5782 7073 5327 5427 1691 15.64 23.27 2146 1891 2036 3227
Sex

Male (M) 135 5650 7135 53.79 6387 1542 14.99 23.20 213 1693 1920 33.38

Female (F) 179 5522 6986 50.62 5116 1596 14.92 211 2156 1346 1497 28.34
Type of birth

Single (S) 290 55.83 70.71 52.06 52.44 15.72 14.93 2259 2179 1507 1687 30.66

Twins (T) 24 55.13 7048 51.04 5092 1579 15.13 242 2204 1354 1583 28.67

Table 5. The correlation between

live body weight

with different body dimension traits at various

age.
Trait BL HG WH HH WW HW CD BD FL FW FC
WWT J7+.02 31+.04 .70+.02 .71+.02 .46+.03 .50+.03 52+.03 51+.03 .28+.04 .34+.04 .53+.03
WT6 67+.02 65+.02 .73+.02 .75+.02 .37+.04 .44+.03 .62+.03 .49+.03 .59+.03 .63+.03 .60+.03
WT9 27+.05 .20+.05 .43+.05 .39+.05 .02+.06 .06+.06 .22+.05 .09+.06 .53+.04 .58+.04 47+.04
GAINW J7+.02 31+04 67+.02 .69+.02 .44+03 .49+.03 .50+.03 .50+.03 .30+.04 .35+.04 .53+.03
GAIN6 40+04 40404 41403 .40+.04 .28+.04 .32+.04 .37+.04 27+.04 31+.04 .32+.04 .32+.04
GAIN9 67+.03 52+.04 .75+.02 .73+.03 21405 .29+.05 .54+.04 41+05 56+.04 .67+.03 .73+.03

All the values are significant (P <0.01).



The equations with the best fit to predict live weight from body dimensions were:
R? WWT = -9.64 + 0.58 BL 0.595
= -16.41 + 0.41 BL + 0.32 FH0.645

= -15.10 + 0.38 BL + 0.28 FH + 0.10 FC 0.664
= -14.34 + 0.36 BL + 0.28 HH + 0.11 FC 0.665
WT6 = -19.41 + 0.84 HH 0.569
= -16.46 + 0.65 HH + 0.34 FW 0.637
= -16.96 + 0.51 HH + 0.46 HW + 0.51 FC 0.670
WT9 = -27.79 + 1.07 WH 0.561
= -21.59 + 0.71 WH + 0.41 FC 0.699
= -23.82 + 0.73 HH + 0.45 FC 0.715
= -31.29 + 0.30 BL + 0.58 HH + 0.39 FC 0.745

Including additional traits in the equations improved the predicted body weight at
each age. Juma et al. (1969) developed equations for predicting weight at weaning
and 12 months with accuracy from WH, BL, and HG.
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E. Thomson: Don’t you think the average daily gain of all purebreds or crosses is
rather low, about 100-200 g until weaning? Would it not be better to feed high-
producing lines according to the genetic potential of the breed, to allow them to
achieve their genetic potential?

W. Al-Azzawi: | think the ADG of the pure and crossbred is within the range of
this station, and 1 agree with you, it is low, but this is what happens with these
animals. Also, it depends on the nutritional value of the feeding systems.

M. Tabbaa: Why didn’t you consider the effect of lactation or age of ewe, given
that they were considered significant in the previous two papers of your
colleagues?

A. Al-Azzawi: [ did not use it because I considered it unimportant. Maternal
effect may not have an effect after weaning. The ewe age at the beginning of the
project was not available, especially for the local Awassi, and thus it was not
included in the statistical analysis model.
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Reproductive Performance of Awassi
Ewes Artificlally Inseminated Using
Fresh Semen

K. Kirk and O. Giirsoy
University of Qukurova, Faculty of Agriculture, Department of Animal Science, Adana,
Turkey

Abstract

Distribution of oestrus, lambing rates, and distribution were recorded for 1,786
Awassi female yearlings (18 months) and 367 ewes following cervical insemination
using 0.2 ml of fresh semen from 17 Turkish (Ceylanpinar) and four Israeli Awassi
rams. Seventy percent of the yearlings and 85% of the ewes showed oestrus within
20 days of the start of the mating season. The majority of lambing occurred over a
period of three weeks. Lambing rates from the first insemination were 61.0% for
yearlings and 70.3% for ewes. Lambing rates from two inseminations were 71.2%
and 82.8%, respectively. These results are higher than in most previous studies.

In another study, four different fresh semen doses were tested. Lambing rates,
following insemination with 0.2, 0.3, 0.4, and 0.5 ml of semen, were found to be
68%, 88%, 64%, and 66%, respectively. Under field conditions, where semen
quality is assessed subjectively, 0.3 ml of fresh semen via cervical insemination may
improve lambing rates significantly.

Introduction

In the Middle East, natural mating is used almost exclusively, and artificial
insemination is used only in research projects. Artificial insemination, in addition
to requiring high levels of technical skill and organization, generally gives low
conception rates in ewes. Artificial insemination using fresh semen gives conception
rates of about 60% (Maxwell and Hewitt 1986; Epstein 1985; El-Gaafary et al.
1987). Conception rates can be increased appreciably by inseminating into the
uterus or oviduct (Maxwell 1986b; Maxwell and Hewitt 1986; Jabbour and Evans
1991; Maxwell et al. 1993).

The efficiency of progeny testing programs in milking sheep is often low, because of
the small numbers of lambs born to each ram. Rarely does the number of daughters
per ram exceed 20, and, with subsequent losses, the number of full lactation
records may drop to 5-8, making precise estimation of breeding values impossible.
Dependable breeding values and faster genetic gains can be achieved by increasing
the number of daughters per ram, using artificial insemination.

The Awassi breed is raised extensively at the Ceylanpinar State Farm in
southeastern Turkey. Except in cold, wet weather between December and
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February, grazing depends entirely on poor and unproductive grassland, stubble,
fallow, and the residues of cash crops in the irrigated agriculture areas. Grazing is
supplemented in the last month of pregnancy and early lactation.

The objective of this study, which was carried out at Ceylanpinar State Farm, was
to investigate the distribution of oestrus and conception rates in Awassi ewes,
following artificial insemination using fresh semen. Approximately 2,500 yearlings
and ewes were used to assess oestrus activity in July and August, and conception
rates, when inseminated once with 0.2 ml of fresh semen. A further 200 ewes
were used to assess the effect of semen dose rate on conception rates.

Materials and Methods

The study was carried out on 2,160 female Ceylanpinar Awassi yearlings
(approximately 18 months old), inseminated with semen from 17 Ceylanpinar
yearling rams (approximately 18 months old) and on 450 Ceylanpinar Awassi
ewes of varying ages, inseminated with semen from four Israeli Awassi rams (3.5
and 4.5 years). Thirty six marker rams were used to detect oestrus.

The study of semen dose rate was carried out on 200 yearlings, with five rams
selected at random from the flock. Groups of 50 ewes were inseminated with 0.2,
0.3, 0.4, or 0.5 ml of fresh semen.

The rams were fed 2 kg of concentrate mixture, consisting of 55-60% wheat
screenings, 25-30% cracked lentil, and 10-20% chopped alfalfa, together with
alfalfa hay ad libitum.

The rams were trained for collecting semen using an artificial vagina and the
semen was examined under the microscope. Rams with semen that was abnormal
or of low motility were replaced. Depending on the number of ewes in heat each
day, a maximum of two ejaculates per day were collected from each ram.

Each morning and evening, oestrus was detected with marker rams either
vasectomized or carefully aproned (Chemineau et al. 1991). Females showing
standing heat between 05.00 and 07.00 hours were penned and inseminated
between 17.00 and 19.00 hours, and those showing oestrus in the evening were
inseminated in the morning (Evans and Maxwell 1987; Berg 1989; Chemineau et
al. 1991; Ryan et al. 1992; Maxwell et al. 1993). The ewes were not inseminated
twice because Berg (1989) showed that a second insemination does not
significantly increase conception.

Mating took place over a period of 32 days, between 22 July and 22 August, 1993.
Inseminations were made vaginally in the cervix, using 0.2 ml fresh semen. From
14 days after the first insemination, the ewes were tested twice a day, using
marker rams, for those that had failed to conceive. The conception rates from
artificial insemination were determined as the ratio between ewes inseminated and
ewes lambing.
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Results and Discussion

Distribution of Oestrus In the Mating Season

In an efficient Al program, it is very important to detect oestrus accurately. Missing
ewes in heat will reduce reproductive efficiency. Figure 1 shows the distribution of
oestrus detected by marker rams in Awassi yearlings and ewes. The yearlings and
the ewes exhibited slightly different frequencies. The yearlings had peaks on days
2-4, 17-19, and 24-27, whereas the ewes had a wider peak on days 9-11 and a
sharp peak on days 15-17. Epstein (1985) shows that, with Awassi ewes, oestrus
occurs in two peaks, on days 18 and 25, following the introduction of teaser rams.

Seventy-two percent of the yearlings and 86% of the ewes showed standing
oestrus in the first 20 days after testing started on 22 July. This may be the
stimulating effect of the ram, resulting from teasing with marker rams twice daily
for 30 minutes (Schinkel 1954; and Chemineau et al. 1991).

A higher percentage of the yearlings showed oestrus in the morning (56%) than
the evening (44%). In the ewes, momning and evening frequencies were found to
be almost equal. Schindler and Amir (1972), and Barr (1968) report frequencies
of morning and evening oestrus in Awassi ewes of 48% and 67%, and 52% and
33%, respectively.

Seventeen percent of the yearlings and 18% of the ewes did not show standing
heat between 22 July and 22 August. Awassi ewes show a wide range in date of
the start of the mating season. Some animals remain anoestrus until September or
even October. Epstein (1985) reports similar figures; 84% of first oestrus in Awassi
ewes occurred in July and August and approximately 15% in September and
October. The relatively wide distribution of the first oestrus of the season may
result from differences in body condition at the start of the mating season. Finci
(1957), Asker (1964), and Epstein (1985) report that ewes with better body
condition show oestrus earlier and with higher ovulation rates and, consequently,
more twins in ewes lambing in the early season.

Of the 1,786 yearlings and 367 ewes initially inseminated, 300 yearlings and 96
ewes showed return oestrus.

Distribution of Lambing In Awassl Yearlings and Ewes

Figure 2 shows the lambing distribution between 15 December and 5 February. In
the 1,272 yearlings the peak was between 4 and 8 January. The ewes, however,
showed two peaks, between 21 December and 1 January, and between 3 and 13
January.
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Artificial Insemination Results

In the Awassi ewes that were inseminated with semen from four mature rams,
49% of first inseminations were in the morning. Conception rates from the first
insemination were 65% in the morning and 75% in the evening. In ewes that
failed to conceive at the first insemination and showed a second oestrus, 44% and
56% were inseminated for a second time, in the morning and evening,
respectively, with conception rates of 57 and 41%. Conception rates, using semen
from the four rams, varied from 86 to 54% and from 64 to 32% from the first and
second inseminations, respectively. The ranking of the rams differed at the two
inseminations.

In the yearling ewes that were inseminated with semen from yearling rams, 44%
of first inseminations were in the morning. Conception rates from the first
insemination were 59 and 63%, for morning and evening, respectively. In ewes
that failed to conceive at the first insemination and showed a second oestrus, 39
and 61% were inseminated for a second time, in the morning and evening,
respectively, with conception rates of 57 and 64%. Conception rates using semen
from 17 rams varied from 73 to 55%, and from 93 to 29%, from the first and
second inseminations, respectively. As with the mature rams, the ranking of the
rams differed for the two inseminations.

These results are higher than most of the conception rates reported for
insemination with fresh semen at the entrance of the cervix. These range from 48—
50% by Maxwell (1986a), and 54-82% by Fernandez et al. (1992a) to 81-88%
by Ozcan (personal communication) using undiluted semen.

Effect of Semen Dose on Lambing Percentage

Table 1 presents conception rates following insemination of groups of yearlings
with 0.2, 0.3, 0.4, or 0.5 ml of fresh semen. The conception rate was higher with
0.3 ml, but there was no explanation for the lower rates using 0.4 and 0.5 ml.

Table 1. Effect of quantity of fresh semen on conception rate.

Semen 1st Oestrus 2nd Oestrus Mean

dose Ewes Ewes Concep- Ewes Ewes Concep conception

(m)) insem- lambed tionrate insem- lambed -tion rate (%)
inated (%) inated rate (%)

02 50 K<] 66 3 1 <] 68

0.3 50 40 0 4 4 100 &

04 50 2 8 4 3 75 64

05 50 R & 4 1 p-3] 66

Total 200 134 67 9 9 60 71.5
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M. Awad: You say that the age of the rams in your study was 18 months. From
your experience, do you feel that the age of the ram effects the quality or the
quantity of the semen, or the lambing rate? If the answer is yes, how old should
the rams be?

O. Gursoy: Yes, it is true that it is a fact that both semen quality and quantity
decrease along with the age of the ram. To counter this, we have hit upon the
strategy of using rams for two years and then culling them or selling them. In our
progeny testing project, it is our policy to test the rams when they are 18 months
old.

A. Al-Haboby: We see that you got a good natural synchronization rate by using
a sudden ram introduction regime. Can you tell us for how long you kept the rams
separated from the flocks, and under what conditions this separation was carried
out?

O. Gursoy: It is our policy to use the marker rams on the first day we start the
insemination, and the yearlings and ewes on the 18th and 19th days. In fact, the
ram effect should be used by introducing aproned or vasectomized rams two weeks
before mating. This will have the effect of shortening the mating and lambing
seasons.

Regarding your second question, we separate rams and ewes all year round and
only introduce rams during the mating season.

S. Al Hussein: How long can you use fresh semen after acylation?

O. Gursoy: We use fresh semen immediately, but according to the literature fresh
semen can be used within three days at room temperature.

J. Gresham: Is there a correlation between sperm count and other factors? Was
sperm count done on semen?

O. Gursoy: Semen of the rams was assessed subjectively for motility (turbulence),
color, volume, odor, and also for motility and live cells under the microscope. After
that rams having abnormal semen were discarded from the program. However, we
have to accept the variation in semen quality among the rams as seen in the semen
dose study. Rams were found to have a lambing variation between 62.5 and
87.5%.

Question: Was the comparison between 0.2 and 0.3 ml semen for the same ram
or for all rams together? Did you find that there was any difference in lambing
between those inseminated in the morning and those inseminated in the
afternoon?

O. Gursoy: For the purposes of this study, the comparison was made on an AM
ram dose basis. Semen of a ram was tested on groups of 10 yearlings using 0.2,
0.3, 0.4, and 0.5 ml of semen. To eliminate the ram effect discussed above, 5 rams
were used.

298



Regarding your second question, yes, there are differences. In the yearlings
lambing rate from the morning and evening inseminations were 58.7 and 62.7%
in the first insemination. In the second insemination 56.8% lambed from the
morning insemination and the evening insemination resulted in 63.7%. In the
ewes, morning and evening inseminations resulted in 65.2 and 75.3%, in the
second insemination 57.1 and 85.2 for morning and evening inseminations.
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Effect of Vitamin A on the
Reproductive Performance of Awassli
Sheep

Azhr H. Al-Haboby, Talal A. Abdul-Kareem and Ghazi K. Khatab
1PA Agricultural Research Center, Baghdad, Iraq

Abstract

Three experiments were conducted to investigate the effect of vitamin A treatment
during the mating season on the reproductive performance of ewes and rams. In
Experiment 1, groups of five ram lambs were treated monthly for 16 weeks with
50,000 1U or 100,000 IU vitamin A or left as control (C) to assess the effect of
vitamin A on spermatogenesis. In Experiment 2, 12 rams were evenly divided to be
treated monthly for 20 weeks with either 100,000 IU or 200,000 IU vitamin A or
left as control to study semen quality. Experiment 3 used 300 ewes in three flocks
which were divided into two groups each. One group was treated with double
doses of 150,000 IU vitamin A during the mating season and the other was left as
a control to evaluate the treatment effect on some reproductive traits. After vitamin
A treatment, spermatogenic cell relative weight (Experiment 1) was greater by 72%
and 141% than group C. In rams (Experiment 2), there was a drop in ejaculate
volume sperm concentration and total sperm/ejaculate. There was an increase (P
<0.05) in dead and abnormal sperms in group C with advancing time. The farm
trial (Experiment 3) showed that vitamin A treatment improved the lambing rate by
8% and the twinning rate by 1.6%.

Introduction

Vitamin A plays an essential role in reproductive performance in both males and
females. Vitamin A affects ovarian activity, reproductive hormone secretion and
fertilization rate in females (Ghannam and Younis 1976; and Bittner 1986). In the
male, vitamin A deficiency was claimed to influence spermatogenesis (Haq and
Chytil 1988; Unni and Rao 1986), testosterone secretion (Coward et al. 1966),
and accessory sex gland secretory activity (Thompson 1969). Sheep in Iraq are
characterized by low reproductive performance (Younis 1977), especially those
raised extensively in the dry lands. Preliminary results of a fertility survey (Al-
Haboby et al. 1995, unpublished data) show that sheep in the northern Al-Jezira
region of Iraq have low lambing and twinning rates. The sheep mating season in
the dry lands is long, lasting for five months (May-October). During that period, at
harvesting and post-harvest, sheep are grazed only on loose grain and straw. It is
believed that sheep may suffer a vitamin A deficiency due to the shortage of green
roughage. Low reproductive performance may in part be due to a reduction of
vitamin A reserves in the body. This may affect the reproductive performance of
both males and females and the effect may be more progressively pronounced
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during the mating season. Therefore, a study of three experiments was conducted
to explore the effect of vitamin A on testicular development and spermatogenesis,
on ram semen quality and quantity, and on lambing and twinning in Awassi ewes.

Materials and Methods

Experiment 1

Fourteen ram lambs, 3-3.5 months old weighing an average of 32.2 kg, were fed
on straw and barley grain as recommended (NRC 1975). A group of five ram lambs
was treated monthly for 16 weeks with either 50,000 IU (T1) or 100,000 IU of
vitamin A (T2) or left as control (C, 4 lambs). Vitamin A (retinol palmitate) in
gelatin capsules was administered orally to lambs in T1 and T2. Single blood
samples were taken from each lamb at weeks 0 and 16 of the experiment to
determine plasma vitamin A. Another five serial blood samples were taken from
each ram lamb at week 16 for plasma testosterone measurement. On week 16 the
testes were surgically removed, weighed, and a small piece of testicular
paranchyma prepared for morphometric histological analysis. The morphometry of
the testes was examined using the Weible grid (Weible 1979) to calculate relative
weight (g/kg) (RW) of testicular components. Seminiferous tubule and lumen
diameters as well as epithelial cell height were determined using a visopan screen
microscope.

Experiment 2

Twelve Awassi rams (2-2.5 years-old weighing on average 57.2 kg) were observed
for 20 weeks and offered barley grain and straw as recommended (NRC 1975).
Rams were evenly divided to be treated monthly with either 100,000 IU or
200000 IU vitamin A or left as control to study semen quality and quantity.
Semen was collected weekly via an artificial vagina using teaser ewes brought into
oestrus by an oestradiol benzoate injection. Physical semen properties (ejaculate
volume, mass and individual motility, dead and abnormal sperm percentages,
sperm concentration, and total sperm per ejaculate) as well as chemical properties
(pH; Glutamic Oxaloacetic Transaminase, GOT; Glutamic Pyruvic Transaminase,
GPT ; Alkaline phosphate, ALP) were determined. At weeks 0, 10, and 20, blood
samples were collected to determine plasma vitamin A. Testosterone was measured
in blood samples collected at week 20 only.

Experiment 3

During the 1994 season, three flocks in the northern Al-Jezira were observed. In
each flock, 50 ewes were injected twice with 150,000 IU vitamin A (as AD3E
compound) and another group (50 ewes) served as control. First injections were
done in mid-June (flock 1), the first of July (flock 2) and mid-July (flock 3). The
second injection was given two months later to all ewes. All rams in the three flocks
were injected with 100,000 IU vitamin A at the time of first injection. At lambing
season, lambing and twinning percentages, percentage of dead lambs, lamb birth
weight and weight of ewes prior to lambing were recorded.

301



Vitamin A Determination

Plasma vitamin A concentration was determined using triflouroacetc acid as an
indicator (Neeld and Pearson 1963). The standard curve of vitamin A was
prepared using 50 mg of vitamin A alcohol, which contained 95% all-trans retinol.
For complete vitamin A extraction, all blood samples were treated with ethanol and
petroleum ether. A beckman spectrophotometer (wave length of 620 nm) was used.

Testosterone Analysls

Plasma testosterone was measured using RIA procedure, double antibody technique
(Gamma B- testosterone, IDS, UK). The testosterone standard curve used
concentrations of 0.1-12 ng/ml. The tracer contained a radioactive iodine (3 uci).
Sensitivity was about 0.1 ng/ml. The assay has a cross reactivity of 100% for
testosterone, 3-4% for 5-alfa-dihydrotestosterone and 5.56% for androstenedione.

Statistical Analysis

This was done using the general linear model procedure of the SAS system.
Relative weights, vitamin A, and testosterone concentrations were analyzed as a
complete randomized design. Physical and chemical semen properties were
analyzed as a randomized complete block design.

Experiment 1

Concentration did not differ among the three groups at week 0 (8.9-10.38 1g/100
ml). By week 16 it had decreased by up to 4.17+1.22 pug 100 (C) (Fig. 1) and
increased to 16.75y+1.07 (T1) and 20.58+2.32 ug/100 ml (T2). Vitamin A in
both T1 and T2 was significantly higher (P <0.01) than group C. Plasma
testosterone did not differ among the three groups at week 16, despite an increase
by 52% (T1) and 67% (T2) compared to C.

Treatment with vitamin A had no effect on total seminiferous tubules RW. There
was a trend toward increase in the RW of Sertoli cells and the basement membrane
in T1 and T2 compared to C. Vitamin A treatment had a significant (P <0.05)
effect on the RW of spermatogenic cells, which was 0.55+0.11 g/kg (T1) and
0.77+0.14 g/kg (T2). Among all spermatogenic cells, only the RW of sperms was
higher (P <0.01) in T1 (0.09+0.03 g/kg) and in T2 (0.11+0.01 g/kg) than C
(0.01+0.0 grkg). There was no effect of vitamin A treatment on the RW of the
spermatogonia, spermatocytes, and spermatids, and all tended to be higher in
treatment groups. Among all interstitial components, the RW of only the myoid cells
was different, with a tendency of the Lydig cells RW to be higher in the treatment
groups. Vitamin A had no influence on seminiferous tubule diameter (Fig. 2), but
caused an increase (P <0.01) in epithelial cell height in T1 (+54%) and T2
(+99%) compared to C. A decrease (P <0.01) in lumen diameter was noticed in
T1 (61%1.84 u) and T2 (45+2.61 u) compared to C (115.3+6.67 u) (Fig. 2).
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Figure 1. Plasma Vitamin A (X+SE) in ram lambs prior to
treatment and at week 16 in Control (C), Treatment 1 (T1), and
Treatment 2 (T2). Different superscripts within each trait are
significantly different (P <0.05)
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Figure 2. Seminiferous tubule (STD) and Lumen (LD) diameter
and epithelial cell height (EH, XtSE) of ram lambs in Control,
(C), Treatment 1 (T1),and Treatment 2 (T2). Different

superscripts within each trait are significantly different (P
<0.05).
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Figure 3. Plasma Vitamin A (XtSE) in rams prior to treatment and
at weeks 0, 10, and 20 in Control (C), Treatment 1 (T1), and
Treatment 2 (T2). Different superscripts within each trait are
significantly different (P <).05).
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Experiment 2

All groups had similar plasma vitamin A concentration prior to vitamin A treatment
(Fig. 3). Plasma vitamin A dramatically increased (P <0.01) in T1 and T2 over
group C at weeks 10 and 20.The concentration was 8.61+1.81, 20.92 + 3.64,
37.66 + 4.06 ug/100 ml (week 10) and 4.02 + 0.7, 31.92 +1.2, 69.75 + 3.5
ug/100 ml (week 20) in C, T1, and T2 respectively.Plasma testosterone was not
different among treatment groups, being 3.75+2.6, 3.85+2.9, and 4.78+2.7
ng/ml in C, T1, and T2, respectively, at week 20.

Vitamin A had influenced ejaculate volume, which was higher (P <0.05) in T1
and T2 than C from week 14 of treatment. Spermatozoa mass activity, as well as
individual forward motility (Fig. 4) were higher (P <0.01) from week 13 (mass
activity) and week 9 (individual motility ) in T1 and T2 than in C. Low individual
motility in group C was accompanied by a high dead spermatozoa percentage (Fig.
5), evident from week 9. At week 20, the percentage of dead spermatozoa was
similar in T1 (2.6+0.12%) and in T2 (3+-0.57), and both were much lower (P
<0.01) than that of group C (20+1.9%). Low vitamin A in group C also resulted
in higher (P <0.01) total abnormal sperms than T1 and T2, starting from week 6.
At week 20, sperm abnormalities were 21+2.33% (C), 2.7+0.25% (T1), and 2.5
+0.5% (T2) (Fig. 6).

Treatment with vitamin A caused an increase (P <0.05) in sperm concentration
(X109)/ml T1 (5.11+0.7) and T2 (5.32+0.66) compared to C (3.69+0.6) on
average. The number of sperms per ejaculate (X10~9) was also higher (P <0.05)
in T1 by 52% and in T2 by 62% over C at week 20 (Fig. 7).

Treatment with vitamin A had no clear effect on the chemical properties of semen
studied. PH, GOT, GPT, and ALP were affected throughout the experiment, but
differences among treatment groups were only significant in certain separated
weeks.

Experiment 3

Treatment with vitamin A (AD3E) slightly improved lambing by 8%, twinning by
1.6%, and reduced lamb mortality by 0.8%. There was no difference in the weight
of the ewes prior to lambing and lamb birth weight between the control and
vitamin A treated groups (Table 1). A comparison between control and treated
groups among different flocks at different treatment times showed that reproductive
traits such as lambing and twinning percentage were better in flock 2 (injection at
1 July and September) than those of flocks 1 and 3.

306



individual motility (%)

100
95
90

85

80

T1

75
1

5 10
Weeks

Figure 4. Average individual motility (%) of rams in Control (C),
Treament 1 (T1), and Treatment 2 (T2) over 20 weeks.
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Figure 5. Average dead sperm (%) of rams in Control (C),
Treament 1 (T1), and Treatment 2 (T2) over 20 weeks.
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Figure 6. Average abnormal sperm (%) of rams in Control (C),
Treament 1 (T1), and Treatment 2 (T2) over 20 weeks.
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Figure 7. Average number of sperm/ejaculate (X10) of rams in
Control (C) Treatment 1 (T1), and Treatment 2 (T2) over 20
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Table 1. Reproductive traits of sheep flocks treated with Vitamin AD3E.

Flock Control Treatment
No.
No.of Lambing Twining Lamb LambWt Ewewt No.of Lambing Twining Lamb LambWt  Ewewt
ewes (%) (%) mortality  at birth prior ewes (%) (%) mortality  at birth prior
(%) (k)g lambing % (kg) lambing
(kg (kg)
1 50 38 0.0 10.5 35 369 50 46 0.0 43 33 378
2 50 78 77 24 37 483 50 88 114 6.1 38 47.8
3 50 54 0.0 74 3.1 389 50 60 00 6.7 33 375
Total or 150 56.7 25 6.7 34 41.4 150 64.7 3.8 5.7 35 41.0
average

Injection time: Flock 1, mid June; flock 2; 1st of July; and flock 3, mid Jutly.



Discussion

Results indicate a clear effect of vitamin A on spermatogenesis in ram lambs. The
absence of differences in Sertoli cell RW among treatment groups may be due to
type and level of vitamin A used. Different vitamin A types have different binding
sites on Sertoli cells (Huang et al. 1989). Lydig cell RW was also not different after
vitamin A treatment, and this could be a result of the absence of vitamin A binding
sites (Rajguru et al. 1982) or the exposure time required to stimulate LH secretion.
The increase in spermatogenic cells RW in T1 and T2 indicates the effect of vitamin
A on spermatogenesis. The increase in sperm cell RW is supported first by the
increase in germinal epithelium cell height as an indication of active
spermatogenesis, and by a relatively greater Sertoil cell RW in T1 and T2, whose
role in regulating the process of spermatogenesis should not be neglected
(Berndtson et al. 1987). Sertoli cells play a role in the synthesis of retinol binding
protein, which carries retinol to spermatid and sperm cells (David and Ong 1992).

Vitamin A in germ cells increases gene expression of male germ cell-associated
kinase and therefore division rate and sperm production (Wang and Kim 1993).
Vitamin A also increases the concentration of mRNA of testis-lipid binding protein at
the level of pachytene spermatocyte and spermatid (Schmitt et al. 1994). It is clear,
therefore, that a shortage of vitamin A in ram lamb rations for 16 weeks drastically
influenced spermatogenesis and the rate of sperm production. Long-term vitamin A
shortage in Al-Jezira may influence age at puberty and testicular development of
these lambs. A shortage in vitamin A effected semen characteristics drastically in
rams. Treatment with vitamin A increased ejaculate volume over that of C starting
at week 14. The number of sperms per ejaculate was 53% (T1) and 50% (T2)
higher group C. Treatment with vitamin A increased transfer into the epididymal
epithelial tissue and then played a role in sperm maturation (Pappas et al. 1993).

Materials added to the sperm in the epididymis are necessary to prevent changes
in DNA and chromation and change the plasma membrane to make the sperm more
efficient in using external energy for motility (Amann 1993). This is in line with
the finding that sperm-mass activity and forward motility were better in T1 and T2
than in C. The increase in total sperm abnormalities in C affected sperm
fertilization ability, especially with advancing time and with the reduction of
vitamin A reserves. Erdinc et al. (1987) noticed an increase in abnormal sperm
content after short-term deficiencies of vitamin A in both bulls and rams. Changes
in the epididymal fluid quality as a result of a vitamin A deficiency would affect
sperm DNA transcription and then increase head abnormalities and the percentage
of dead sperm (Pappas et al. 1993). An overall increase in dead (59%) and
abnormal sperm (64%) in C could result in a lower fertilization rate. Irregular
changes in chemical properties of semen may not be a good indicator for vitamin A
deficiency in rams. Semen characteristics, such as percentage of normal sperm,
deteriorated in C, within only two months after vitamin A shortage in the ration.
Lowered ram fertility with advancing time is expected. This is probably the case in
Al-Jezira flocks during long and dry periods in the mating season. Vitamin A
supplementation could play a role in improving semen quality, quantity, and
therefore increasing ram fertility. Since T1 and T2 had similar semen quality; there
is no need to use a high level of vitamin A; only 100,000 1U/month is sufficient to
improve semen characteristics.
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Overall improvement of reproductive traits of ewes raised extensively in dryland
areas requires increased use of vitamin A during the mating season. Since
information concerning the level of vitamin A in ewes throughout the mating
season is not available. Experiment 3 examined the effect of vitamin A
administered at different times. Results indicate that using vitamin A supplements
at the beginning of July and September gives higher lambing and twinning rates.
In fact, this depends on the pasture available prior to the mating season and the
amount of vitamin A stored in the liver. However, it is clear from the results that
vitamin A improves some reproductive traits, at least slightly. Improvement gained
may result in a higher fertilization rate, and a reduction in embryonic mortality
and abortion. Reproductive performance can also be improved through the use of
vitamin E. Vitamin E is known to improve semen quality and reduce sperm
abnormalities in rams (Gokcen and Astd 1985). It also improves fertilization rates
and reduces dystocia in ewes (Risimbetov and Amirbekov 1987). Since Experiment
3 used only one level of vitamin A as AD3E, it may be worthwhile to use higher
doses to see if there are any additional benefits to lambing and twinning rates.
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N. Hassan: Why did you use vitamin A periodically, when it is stored in the liver
and one dose at the beginning of the dry season is enough for the whole dry
season?

A. Al-Haboby: Vitamin A is usually stored in the liver for about three to four
months if sheep are provided with good green pasture prior to the mating season.
Under the conditions in Iraq, vitamin A shortages are to be expected, since good
green pasture is not available prior to the mating season. Furthermore, vitamin A
stored in the liver may be not enough. Therefore, vitamin A treatment is needed
not at the beginning of mating season but probably toward the end, at a time when
the level of vitamin A is expected to drop.

0. Gursoy: In southeastern Turkey, Awassi do not eat green forage in the mating
season. Do you think vitamin A is the only factor affecting low fertility? Also, what
is the effect of frequency of semen collection on semen quantity? What is the
optimum number of daily collections?

A. Al-Haboby: Regarding your first question, vitamin A is not the only factor
influencing fertility. It is one of many factors but under Iraqi conditions we believe
that vitamin A treatment could improve the fertility rate. In answer to your second
question, we did not measure the effect of semen collection on semen quantity, but
it is expected that semen quality would be depressed under a more vigorous
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collection regime. Good rams could serve six ewes a day.

H. Nabulsi: Can we use vitamin A in drinking water? And how many days are
necessary for vitamin A to have an effect, and how long does that effect last?

A. Al-Haboby: Regarding your first question, it really depends on the system—
whether it is extensive or intensive. In the extensive system, such as exists in the
drylands of Iraq, during mating season flocks do not return to the barn, so putting
vitamin A in the drinking water may be difficult. If farmers understand the
procedure and have the facilities, yes, it could be used in the drinking water.
Otherwise, injection would be an easy method of treatment.

Drug companies have indicated that vitamin A needs to be administered prior w
the mating season. When injected into the muscle, vitamin A goes directly to the
blood and is carried to the tissues. Therefore, vitamin A would improve
physiological traits and other traits relatively soon after administration. In the doses
recommended, vitamin A could last from 2 to 2.5 months.

Question: When you initiated this experiment you assumed there is no shortage
of vitamin A. Did you measure the level of vitamin A at the beginning of the
experiment?

By injecting vitamin A you increase the fertility of rams. You should have used a
higher male/female ratio in your experiment.

A. Al-Haboby: No, vitamin A was not measured prior to the experiment, but the
assumption was made on the basis of the low fertility rate of sheep in the dryland
areas of Iraq and also on the basis of our experience in the drylands looking at
feeding calendars and the kind of grazing available during the mating season. Data
presented in Experiment 1 and 2 support the assumption that the level of vitamin
A decreased progressively during the mating season.

Vitamin A in Experiments 1 and 2 improved semen quality. Experiment 3
witnessed relatively higher twinning and lambing rates. One of the reasons for the
only slight difference may be due the injection of rams, both in control and treated
groups (for practical reasons, both are running in the same flock). I believe the

conception rate probably improved also in the control group due to the effect of the
rams.
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Abstract

Three experiments were carried out to study the effect of stocking rate and
supplementation on removal patterns of head, leaf, and stem and on intake of
metabolizable energy and crude protein for sheep grazing stubble for 28 days.
Removal of stubble fraction was estimated by cutting samples to ground level on
days 0, 2, 4, 6, 8, 13, 23, and 28 using a quadrat (4.25 x 0.47 m). Before grazing
there was approximately 1.1 t DM/ha (5% heads, 50% leaf, and 45% stem).
Heads were always selected in the early days on a new area. Total intake
decreased rapidly throughout the period. In experiment 1, stocking rates of 20, 40,
and 60 wethers/ha resulted in mean metabolizalbe energy intakes of 10.3, 7.8,
and 5.6 MJ/day and live weight changes over 30 days of +0.3, -2.1, and -3.2 kg.
Experiment 2 compared supplements of 0 and 200 g/day of barley or cotton seed.
Experiment 3 compared supplements of 0, 150, and 300 g/day of barley or 160 or
320 g/day of a 65:35 mixture of barley and cotton seed at stocking rates of 20 and
40 ewes/ha. Supplements of barley depressed intake of stubble, especially in the
first week on a new area. Supplements—oparticularly cotton seed and barley/cotton
seed mixture—increased weight gain, especially at lower stocking rates.

Introduction

In the Mediterranean basin, livestock production and crop farming have always
been integrated. Cereal stubble and straw are important feed resources, not only
for animals based in the areas where crops are grown, but also for the very large
numbers of animals, mainly small ruminants, that utilize the natural pastures of
the drier steppe. In the last 40 years, degradation of steppe vegetation in most
parts of the Mediterranean basin has increased dependence of livestock production
on feeds produced in cropping zones (for Algerian examples, see Boutonnet 1989).

In most small ruminant systems in the Mediterranean basin, the period in summer
when stubble is available for grazing coincides with mating and/or pregnancy in
the flocks. As nutrition before mating and in the first month of pregnancy can have
a major effect on the fertility and prolificacy of the flock, it is possible that nutrition
during stubble grazing has an important effect on flock performance during the
whole year. The start of stubble grazing generally results in a major improvement
in nutrition, leading to an increase in oestrus activity in breeds that, although not
inherently seasonally anoestrus, often have a period of anoestrus in spring and
early summer as a result of lactation, poor nutrition, or low body weight.
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In spite of the long tradition of grazing stubble, and its importance as a source of
nutrients at a critical time of year, very little research has been carried out to
examine the practice or to measure the response to supplementation. This contrasts
with the enormous number of studies on all aspects of the intake of harvested
straw. Most of the research relates to the grazing of wheat stubble, and only three
references, by Valderrdbano (1991) and Caballero et al. (1992) in Spain, and
Mulholland et al. (1976) in Australia, relate to barley stubble.

Area of Stubble

Table 1 details the harvested area of all cereal crops and barley in 1992 in the
countries of the Mediterranean basin and West Asia (FAO 1993). Barley is grown
in these countries almost exclusively under dryland cultivation. It comprises 35%
of the cereal area in North Africa, 23% in West Asia, and 25% in the European
countries to the north of the Mediterranean, and more than 50% of the cereal area
in Libya (66%), Jordan (55%), Syria (61%), and Spain (55%).

Table 1. Area (000 ha) of cereal crops and barley harvested in
1992 in the Mediterranean Basin and west Asia (FAO 1993).

North Total Barley WestAsia Total Barley Europe Total Barley
Africa cereals cereals cereals
Algeria 3,182 1,300 lran 9898 2,650 Albania 215 10
Egypt 2505 104 Iraq 2,050 900 France 9273 1,799
Libya 453 300 Jordan 159 88 Greece 1,407 171
Morocco 5,022 2,233 Pakistan 11,521 152 ltaly 4216 450
Tunisia 1,442 477 Syria 3,724 2,266 Portugal 854 71
Turkey 13,493 3,400 Spain 7366 4,021
ex-Yugoslavia 3,624 234
Total 12,604 4,414 Total 40,845 9,456 Total 26,955 6,756

Estimates of the Quantity and Quality of Barley Stubble

Variations in the amount and quality of stubble before grazing result from the
effects of many factors that occur in the cereal crop before and during harvesting,
and in the period between harvesting and grazing. These factors include:

Pre-harvest

e Soil fertility and fertilizer use.

o Seed rate/plant density.

e Rainfall.

¢ Herbicides, which have a major effect on weed content.

* Timing of harvest can have a major effect on the grain content of the stubble if
delayed or if rainstorms occur when the crop is ripe.
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Harvesting process

e Cutting height has a major effect, as it can vary from 0 (hand pulled) to >45
cm if only the heads are harvested

¢ Removal of cut straw for winter feed or other uses.
+ Efficiency of the harvester.

s With combine harvesting the skill of the driver and the adjustment of the
machine have a major impact on the amount of grain returned to the stubble

After harvest

¢ Rainfall affects the growth of weeds and germination of grain; movement of
machinery or of animals causes breaking of stems, resulting in straw being
trodden into the soil or blown away.

Table 2 gives published post harvest quantities for straw, grain, and green or weed
material in barley, wheat, and oat stubble. Information on digestibility, crude
protein (CP) and ash (Table 3) is available from Caballero et al. (1992) for straw
and grain of barley and wheat stubble. Total biomass of barley, oat, and wheat
stubble in the third year is available from Mulholland et al. (1976). These very
limited data indicate small differences in initial composition between stubble of
different cereal species. Caballero et al. (1992) found slightly higher protein and
ash content in barley straw, but digestibility was slightly higher in wheat straw.
Mulholland et al. (1976) also show a higher protein content, higher digestibility,
and lower ash in barley stubble than in wheat stubble. Oat stubble was similar to
barley in protein content, but had higher ash content and digestibility.

Table 2. Biomass of barley stubble before grazing in Spain and
Australia.

Reference Species Height Straw Grain Green
(cm) (kg DM/ha) (kg DM/ha) (kg DM/ha)

Valderrabano (1991) Barley 14-18 11,830 1300 11,240

Spain 6 rowed D 1,260 D 155 D40

Barley 14-18 11,5256 185 1235

2 rowed D985 D105 D115

Wheat  14-18 12,340 135 1160

D820 D20 025
Caballero et al. (1992) Barley 16 2,100° 110
Spain ? 2,400 360
Wheat 14 1,640 160

Mulholland et al. (1976) Wheat c.45 3,200 1,500

Australia 4,250 1,500

Barley c.45 3,500 900

5,000 650

Qats c.45 4,800 400

5,000 500

5,500 250

| = irrigated; D = dryland.
! Data for different years.
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Table 3. Composition of barley stubble before grazing.

Crude Protein Ash Digestibility
g/kg DM a/kg DM a/kg
Caballero et al. (1992)
Barley straw 65 126 261’
Barley grain 131 33 902
Wheat straw 58 107 313
Wheat grain 112 31 912
Mulholland et al. (1976)
Barley 70 150 32
Qats 70 189 342
Wheat 61 161 291
" Digestible dry matter.

* Digestible organic matter

Selection of Diet Components

Most experiments show that at the start of grazing a new stubble area, sheep select
either green or weed material, or grain. Mulholland et al. (1976) found very
intense selection for green material in all three years on oat, barley, and wheat
stubble. When there is more than 40 kg DM/ha of green material in the stubble,
the diet consists of 80% green material. Even when there is a lower amount of
green material, the diet had a mean of 40% (80-85%) green material.
Valderrdbano (1991) found almost all the heads are removed in the initial period
of grazing (1-3 weeks). There is also selection of green material, except where
unpalatable or toxic weeds were present, and, initially, complete rejection of straw.

intake by Sheep Grazing Barley Stubble

The intake of unsupplemented sheep on wheat stubble varied widely, and there
appears to be little relation between intake and stubble characteristics. Some of
these differences almost certainly result from inaccuracies in the method used to
estimate intake.

Mulholland et al. (1976) found no effect of cereal species on intake with 5-17
month-old sheep initially weighing 24-36 kg, as intake was largely green material.
Mean intakes were 405, 440, and 435 g DOM/day on oat, barley, and wheat
stubble, respectively. There were significant differences in intake between stocking
rates of 26-30 and 13-15 sheep/ha (355 vs 500g DOM/day) and between
treatments on weedy and clean stubble in the third experiment (470 vs 400 g
DOM/day). Cabellero et al. (1992) found a mean intake of 1,110 g DM/day by
Manchega ewes weighing 57 kg at lambing, based on six samplings at the start and
finish of grazing barley, wheat, and barley/vetch stubble, from which oesophageal
fistula samples with a mean DDM of 542 g/kg DM had been collected.

Effects of Supplementation

Experiments have examined the response of sheep grazing stubble, mainly wheat,
1o two types of supplement: conventional feed, such as cereals, legume grains, hay,
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etc., and mineral blocks, urea blocks, urea/molasses licks, etc. In general, where
the effect of supplements on stubble intake was measured, the results were difficult
to interpret. Only the live weight response will be considered here.

Conventional feed

Butler (1981) found that 40 kg 4 year old wethers grazing weed-free wheat
stubble for three months supplemented with lupin seed (100 g/day), a
urea/molasses block, or with urea and sulfur in the drinking water, lost weight:
0.5 kg on the lupin supplement, 1 kg on the urea/molasses block, which was not
initially eaten, and approximately 4 kg in the control and urea/sulfur groups. In a
comparison of lupin seed, oat, and barley, fed twice weekly at five levels in 150
g/day increments between 150 and 750 g/day to 29 kg wethers grazing wheat
stubble, Rowe et al. (1989) reports a loss of 1.5 kg by the control group, and small
gains or losses by the supplemented groups in the first six weeks. Thereafter, gains
in supplemented groups were greatly affected by the level offered, with predicted
daily gains of 260, 175, and 235 g per kg of supplement/day for the lupin, oat,
and barley supplements, respectively. Predicted gains of 390, 310, and 135 g per
kg of supplement/day for the lupin, pea, and wheat supplements, respectively,
were found for 29 kg sheep on wheat stubble by Morecombe and Ferguson (1990)

In Morocco, Guessous et al. (1991) examined the response to supplements of 200
g/day of sunflower meal (S) in weeks 5-8 and 200 g/day of S or 200 g/day of S
plus 200 g/day of barley (S+B) in weeks 9-12. In weeks 1-4 the sheep gained
approximately 1 kg, in weeks 5-8 unsupplemented controls lost 2.1 kg and the
supplemented group maintained weight, although the differences were not
significant. In weeks 9-12 the weight changes were -1.5, 1.2, and 2.3 kg for C, S,
and S+B, respectively. Outmani et al. (1991) found that in weeks 4-10 at 24
ewes/ha, supplementation with approximately 250 g/day of alfalfa hay at night
resulted in a small gain of 0.4 kg compared to a loss of 2.1 kg in unsupplemented
ewes.

Response to urea, minerals, and molasses blocks and licks

All investigations of blocks and licks containing urea, minerals, and molasses found
that low intake or complete rejection occurred in the first 4-6 weeks of feeding,
and that coefficients of variation of intake were high, ranging from 40 to 100%
(Mulholland and Coombe 1979; Coombe and Mulholland 1983). Blocks were
generally more readily accepted. This problem obviously makes interpretation of
the effect of these supplements on stubble intake difficult.

Mulholland and Coombe (1979) found significant differences in final weights
between unsupplemented sheep and those offered a mineral/urea block and a
molasses lick, as a result of reductions in the rate of weight loss after the first six
weeks of grazing. Urea/molasses blocks, after low initial intake, reduced the loss of
weight to 1 kg compared to 4 kg in ewes without supplement or with urea and
minerals in drinking water (Butler 1981). Coombe and Mulholland (1983) found
that various urea and molasses supplements had little effect on stubble intake.
Using a urea/molasses lick resulted in maintenance rather than losses of 6, 2, and
4 kg in sheep without supplement, or offered a molasses lick or a urea/mineral
block, respectively.
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Studies of Stubble Grazing at ICARDA

In 1991 a new program of research on grazing of barley stubble was started in
ICARDA. The program consisted of:

e A small survey of the practice of stubble grazing on farms in northern Syria.
e Studies of a quadrat technique to estimate intake over short periods.

o Experiments in three successive years.

Fleld study of stubble grazing

Thirty nine farmers in northern and eastern Syria were interviewed to discover
how they grazed stubble to help define some of the management decisions in
subsequent experimentation (ICARDA, 1992). The main results were:

o Farmers who had a mean flock size of 170 ewes grazed stubble for a mean of
97 days (15-160 days).

» They preferred to graze barley stubble, although 13% of farmers stated that
some varieties of wheat were palatable and could be grazed successfully by
sheep.

¢ The mean duration of grazing was 12.5 h/day (8-16 h/day)

o Supplementation with other feeds was very rare, as stubble grazing was
considered a period of plentiful feed.

o The combine harvester cutting height varied from 10 to 20 cm.

Method of estimating Intake

It was clear from previous observations of stubble grazing that the sheep would
initially select the head and leaf fractions, and that these fractions would rapidly
change in mass if the stocking rates were high. These factors made the experiment
unsuitable for estimating intake based on measurements of fecal output, using the
chromic oxide dilution technique or total collection, and on digestibility of the diet,
using oesophageal fistulated sheep or hand plucked samples. This method requires
stable intake for a period of at least 10 days to give accurate estimates.

As rain rarely occurs in Syria before the end of October, it was highly unlikely that
the composition of stubble would alter during the grazing period, except as a result
of removal of material by the sheep. It was, therefore, decided to use a quadrat
sampling technique to estimate the removal rate of particular fractions and the
intake of nutrients.

Examination of the stubble suggested that a quadrat of the same size as the cutting
width of the combine harvester (4.25 m) placed at right angles to the direction of
the combine cut would result in a systematic sampling of all stubble fractions. A
comparison among 30 samples, cut using quadrats of 1.0 x 1.0 m (S), used in
earlier studies, and 4.25 x 0.47 m (R) showed a large reduction in coefficient of
variation from 23% with S to 9% with R. The total biomass means were 1.88+80
(range 1.20-2.81) and 1.22+20 (1.06-1.54) t/ha for S and R, respectively.
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Removal of head, leaf, and stem during grazing was estimated by cutting 10
(reduced to 5 in experiments 2 and 3) quadrats to ground level on days 0, 3, 5, 7,
9, 14, 19, 24, and 29 of each grazing period. The material was separated into
head, leaf, and stem. Intake was estimated by analyzing the three fractions for in
vitro digestibility and crude protein. Metabolizable energy (ME) was calculated as
0.15 x DOMD percent. Daily intake of ME and CP was calculated for successive
periods as the difference between successive samplings divided by the number of
days and the number of sheep.

Experimentation

Three experiments involving the local landrace Arabi abiad were carried out on
barley stubble cut by combine at a height of approximately 10 cm. Mean biomass
before grazing was 1,110, 1,215, and 1,140 kg in Experiments 1, 2 and 3,
respectively. All sheep were given adequate mineral supplementation.

Experiment 1: Effect of Stocking Rate on the Intake of
Stubble Fractions

Objectives
¢ To record the pattern of remova! of head, leaf, and stem from stubble.

¢ To measure ME and CP intake as a stubble is grazed down.

Design

» Stocking rates (SR) of 20, 40, and 60 sheep/ha applied in three successive
periods of 28 days.

Material and methods
* Two-year-old Awassi wethers, initial weight 55 kg.

» Grazed from 06:30 to 11:30, returned to yards for watering and then grazed
again from 13:30 until 18:00.

Results
» There was a clear effect of SR on the removal of stubble fractions (Fig. 1).

Heads were removed in the first 6-8 days on a new area of stubble, and
contributed 4-6%, 6-8%, and 12-14% of the 28 day intake of DM, ME, and CP,
respectively (Table 4). Leaves were then preferred until the amount of leaf present
on the stubble was low. Leaf comprised 68% of the total DM intake at SR 20 and
approximately 55% at SRs 40 and 60. Total intake of ME declined from 2-2.5
times maintenance (M) in days 1-4 to approximately 0.5, 0.25, and 0.13 M in
days 23-28 at SRs 20, 40, and 60, respectively. The stubble was almost completely
utilized. The wethers maintained weight at SR 20 (mean of +0.3 kg in 28 days)
and made substantial losses at SRs 40 and 60 (-2.1 and -3.2 kg).
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Figure 1. Daily removal (kg/sheep) of barley stubble and of head,
leaf, and stem fractions.

Table 4. Experiment 1: Mean daily intakes of stubble DM, ME and
CP_and initial weight and weight change.

Stocking rate 2 40 60 Signif-
(ewes/ha) icance
Mean intake of DM (kg) 1.06 (6:68:24)'  0.79 (4:56:40)  0.55 (4:53:43)  ***
Intake of ME (MJ)

Mean 8.7 (8:68:24) 6.0 (6:62:32) 4.1 (6:59:35) Fkx

Days 14 156.2 15.0 119 ns

Days 23-28 46 1.7 07 *xk
Intake of CP (g) 43 (14:75:11) 26 (12:73:15) 17 (12:.71:17) halald
Initial weight (kg) 54.8 53.9 55.0 ns
Mean weight change (kg) 0.3 -2.1 3.2 folal

'Proportion of total intake from heads, leaf, and stem.
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Experiment 2: Effect of Stocking Rate and
Supplementation on Intake of Stubble Fractions

Objectives
To assess the effect of stocking rate and supplementation on:

¢ The pattern of removal of head, leaf and stem.
¢ ME and CP intake.

* The live weight changes of ewes during mating and early pregnancy

Design
o 2 x 3 factorial .

* Stocking rates of 20 and 40 ewes/ha applied in three successive periods of 28
days.

* Supplementation, fed to individually yoked sheep in the evening.
¢ No supplement.

* 200 g/day of cotton seed meal (CSM), estimated to provide 2.2 MJ of ME and
67 g CP.

* 200 g/day of barley (B), estimated to provide 2.7 MJ of ME and 20 g CP.

Material and methods
* 1.5 year old Awassi ewes, initial weight 42 kg.

¢ Grazing from 6:45 to 12:30, removed to a paddock for watering and then
grazed again from 13:30 until 18:00.

» From the start of the second grazing period, two rams were kept with the ewes
during the night.

Results

Supplementation with barley significantly reduced the intake of heads until day
13, and of total stubble in days 1—4, but not over the whole 28 days, as the total
intake was higher later in the period. Supplementation with CSM increased the
stem intake, but the effect was only significant when expressed as ME with mean
stem ME intakes in 28 days of 2.71, 2.02, and 2.03 MJ/day for CSM, B, and
none, respectively. Over the whole 28 days mean intakes of DM, ME, and CP were
not affected by supplementation (Table 5). In spite of the small difference in
nutrient intake from stubble, supplementation had large and significant effects on
live-weight gain. The barley supplement increased weight by approximately 3kg
from 0.1 to 2.9 kg and from -1.7 to 1.5 at SRs 20 and 40, respectively. The CSM
supplement further increased gains to 4.4 and 2.2 kg at SRs 20 and 40.
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Sce

Table 5. Experiment 2: Mean daily stubble intake of DM, ME, and CP and initial weight and weight

change.
Stocking rate 2 40 Signific-
(ewes/ha) ance
Supplement CSM B None CSM B None SR Supp
Mean intake of DM 1.19 (5:58:37)' 1.14 (6:59:35) 1.09 (7:61:32) 0.93 (4:56:40) 0.85 (6:61:33) 0.82 (4:67:29) *** ns
(ka)
Intake of ME (MJ)
Mean 10.0 (8:64:28) 9.2 (10:64:26) 9.3 (9:67:24) 6.4 (7.63:30) 5.9 (7:67:25) 6.2(8:70:23) **»* pg
Days 14 16.9 8.9 14.8 1.7 10.1 13.4 * *k
Days 23-28 49 5.0 3.1 1.7 2.0 1.8 *** g
Mean intake of CP (g) 46 (16:69:15) 48 (18:69:13) 49 (18:69:13) 31 (13:71:16) 28 (16:71:13) 31 (14:75:12) *** ns
Initial weight (kg) 430 418 40.9 43.0 42.0 435 ns ns
Weight change (kg) 44 29 0.1 2.2 1.5 1.7 LA L
Days to become pregnant  30.1 40.5 36.0 42.2 28.8 66.4¢ KAk AW

! Proportion of total intake from heads, leaf and stem.
! Mean of 6 ewes, as 2 ewes failed to become pregnant.



As in the previous experiment, stocking rate had a significant effect on intakes DM,
ME, and CP, and on live weight change. Nutrient intake and live weight change
for unsupplemented sheep were similar to those in the previous experiment.

Both SR and supplementation affected the mean number of days that the ewes took
to become pregnant. This was very much delayed in the unsupplemented ewes at
the higher SR, which included two ewes that failed to get in lamb.

Experiment 3: Effects of Stocking Rate and of Level
and Type of Supplement on the Removal of Different
Stubble Fractions

Objectives

To assess the effect of stocking rate and supplementation on:

¢ The pattern of removal of head, leaf, and stem.

¢ ME and CP intake.

* The live weight changes of ewes during mating and early pregnancy.

Deslign
2 x 3 x 2 factorial with two replications.

» Stocking rates of 20 and 40 sheep/ha in two successive periods of 28 days.

e Supplementation with two diets at two levels of intake, fed to individually
yoked sheep in the evening.

e No supplement.

e 300 and 150 g/day of barley (300B and 150B), estimated to provide 3.6 and
1.8 MJ of ME and 27.0 and 13.5 g CP, respectively.

e 320 and 160 g/day of a mixture of 65% barley and 35% cotton seed meal
(320M and 160M), estimated to provide 3.6 and 1.8 MJ of ME and 54 and
27 g CP, respectively.

Material and Methods
e 1.5 year-old Awassi ewes, initial weight 40 kg

e Grazed from 6:30 to 11;30, returned to yards for watering until 13:30 and
then grazed until 18:00.

Results

Supplementation had significant effects on the intake of stubble in all periods, but
as intake was initially depressed in days 1-6 and subsequently increased by feed
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supplements, the mean intake over 28 days was not significantly different between
treatments. Stem intake was affected by supplementation but, in contrast to
Experiment 2, intake was higher with the barley supplement. In spite of the lack of
significant effects of supplements on the total intake of stubble DM, ME, or CP,
supplementation had a large effect on weight change (Table 6). As in the previous
experiments, there were significant effects of SR on intake of stubble and live
weight change. The mean number of days for the ewes to become pregnant was
affected by both SR and supplementation.

Table 6. Experiment 3. Mean daily intakes of stubble DM, ME and
CP_and initial weight and weight change.

Stocking rate (ewes/ha) 20
Supplement M320 M160 B300 B150 None
Mean intake of DM (kg) 1.09 1.09 1.19 1.14 1.15

(7:61:32)' (7:50:34) (6:55:39) (7:54:39) (7:62:31)
Intake of ME (MJ)

Mean 11.2 111 11.6 114 109
(9:62:29) (9:62:29) (8:58:34) (7:63:30) (8:63:29)
Days 14 213 232 181 223 174
Days 23-28 6.8 6.4 6.6 59 5.8
Mean intake of CP (g) 42 40 42 M 48
(18:68:14) (19:66:15) (18:64:18) (21:61:18) (17:68:15)
Initial weight (kg) 40.1 308 309 385 384
Mean weight change (kg) 8.1 6.1 49 26 0.6
Days to become pregnant 12 17 23 35 42
Stocking rate 40 Signifi-
(ewes/ha) cance
Supplement M320 M160 B300 B150 None SR Supp
Mean intake of 0.85 0.85 0.93 0.92 0.87 ***  ns
OM (kg) (4:62:34) (5:60:35) (3:56:41) (5:59:36) (5:61:34)
Intake of ME (MJ)
Mean 6.8 6.8 7.6 7.6 7.3 *** g
(7.66:27) (7:.67:26) (6:63:31) (6:65:29) (6:65:29)
Days 14 13.7 13.4 11.9 16.3 164 * ns
Days 23-28 23 26 34 26 28 *** ng
Mean intake of 25 5 28 30 /g ***  ns
CP(9) (14:69:17) (15:69:16) (14:67:19) (15:70:15) (14:70:16)
Initial weight (kg) 40.6 4.1 40.6 403 40.1 ns ns
Mean weight 41 1.9 0.9 03 1.2 KEK AR
change (kg)
Days to become 27 3 42 48 46 KK hkn
Jpregnant

t Proportion of total intake from heads, leaf and stem.
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Conclusions

The results of these experiments show that, where there is no rain in the grazing
period, the patterns of removal of the different stubble fractions can be described
using frequent sampling with a quadrat the same length as the combine cutting
width, which allows systematic sampling of all material on the stubble.

The experiments show clear patterns in the removal of different fractions from the
stubble by the grazing sheep. Heads were selected first and removed in the first 4—
8 days of grazing. Intake of stem increases when most of the leaf has been
removed. The mean contributions of head, leaf, and stem to total DM intake on the

unsupplemented treatments in the three experiments were 7, 64, and 29% at SR
20 and 5, 61, and 34% at SR 40.

Supplementation with barley decreased intake in the first 4-6 days on a new area
of stubble but, as intake was subsequently higher, total intake of stubble DM in 28
days was not significantly affected. Intake of stem was increased by
supplementation with CSM in Experiment 2, but not by the supplement with a
higher protein content in Experiment 3. Supplements, especially those with higher
protein content, had a large effect on live weight change and on the number of
days taken for the ewes to become pregnant. More experimentation is needed to
obtain a clear understanding of the effect of different types and levels of
supplementation on stubble intake by sheep, and on their performance.

In view of the importance of stubble as a source of feed in small ruminant systems
in west Asia, there is a clear need not only for more research on the grazing of
barley stubble but also for similar work on wheat stubble under dryland farming
conditions.

References

Boutonnet, J.P. 1989. La speculation ovine en Algérie. INRA Série Notes et Documents No
90.

Butler, L.G. 1981. Supplementary feeding of Merino wethers grazing weed-free stubble
pastures. Australian Journal of Experimental Agriculture and Animal Husbandry
21:272-276.

Caballero, R., J. Ridperez, E. Fernandez, M. Arauzo and P.J. Hernaiz. 1992. Performance
of Manchega ewes grazing cereal stubbles and cultivated pastures. Small Ruminant
Research 7:315-329.

Coombe, J.B. and J.G. Mulholland. 1983. Utilization of urea and molasses supplements
by sheep grazing oat stubble. Australian Journal of Agricultural Research 34:767-
780.

Guessous, F., J.M. Luginbuhl, N. Rihani and K.R. Pond. 1991. Influence of
supplementation on the performance of gestating ewes grazing wheat stubble
pastures. Animal Feed Science and Technology 35:95-103.

ICARDA. 1992. Pasture, Forage and Livestock Program Annual Report. 1991/2.

Morecombe, P.W. and J. Ferguson. 1990. Lupin, pea and wheat grain as supplements for
young Merino sheep grazing wheat stubble. Pages 304-307 in Proceedings of
Australian Society of Animal Production.

Mulholland, J.G. and J.B. Coombe. 1970. Supplementation of sheep grazing wheat

328



stubble with urea, molasses and minerals: quality of diet, intake of supplements
and animal response. Australian Journal of Experimental Agriculture and Animal
Husbandry 19:23-31.

Mulholland, J.G., J.B. Coombe, M. Freer and W.R. McManus. 1976. An evaluation of
cereal stubbles for sheep production. Australian Journal of Agricultural Research
27:881-893.

Outmani, A., J.P. Luginbuhl, F. Guessous and W.L. Johnson. 1991. Utilization of wheat
stubble pastures by gestating sheep. Small Ruminant Research 4:257-267.

Rowe, J.B., G. Brown, [.G. Ralph, J. Ferguson and J.F. Wallace. 1989, Supplementary
feeding of young Merino sheep, grazing wheat stubble, with different amounts of
lupin, oat or barley grain. Australian Journal of Experimental Agriculture 29:29-
3s.

Valderrdbano, J. 1991. Utilizacién de las rastrojeras de cereal por el ganado ovino. Pages
368-372 in 31st Reunién cientifica de la SEEP. Murcia.

A. Al-Haboby, M. Hadjipanayiotou: Based on your experience, experimental
work and on the limited literature available, are you in a position to prepare
guidelines for when to start supplementation, stocking rates, and type and levels of
supplements? And if not, is it worthwhile to conduct further work?

T. Treacher: When analysis of the data is completed, we should have a clear
idea of how much leaf and stem is present on the stubble when intake is severely
limited. This will give a good indication of the point at which supplementation
should be used to prevent major weight losses. More information is needed on the
response to supplementation with non-protein sources in feed blocks. However,
more work is needed on all aspects of stubble grazing in view of the importance of
this feed source in the region for three to five months of the year.

A. Salman: What is the best time to feed supplement to ewes during stubble
grazing?

T. Treacher: There can be no universal answer. The results of these three
experiments suggest there is little value in supplementing in the first few days on a
new area of stubble when intake of energy is more than twice that of maintenance.
After that, the time at which to supplement will depend on the stocking rate.

A. Lahloh-Kassi: You observed a strong effect of supplementation on number of
days open, and especially a very short-term effect. This short-term effect would be
due to the nature and quality of the energy you have used as a supplement.

T. Treacher: The results show the effect of barley and supplement with higher
protein contents on weight change and number of days to conceive. The response
was greater with supplements containing higher levels of protein.

329



Browse Foliage and Annual Legume
Pods as Supplements to Wheat Straw
for Sheep

A. Chriyaa!, K.J. Moore? and S.S. Waller®
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Abstract

Cereal stubble and straw are widely used as animal feed for sheep in arid areas of
Morocco. Their low protein concentration limits their intake and, therefore, their
production potential. A 15-week feeding trial was conducted to investigate the
effect of supplementation with browse foliage or medic pods (Medicago spp.)on
wheat straw (Triticum aestivum) intake and ewe lamb live weight. Diets were
wheat straw (WS), WS plus alfalfa (Medicago sativa) hay (AH), WS plus oldman
saltbush (Atriplex nummularia) foliage (AN), WS plus blue wattle (Acacia
cyanophylla) foliage (AC), and WS plus medic pods (MP). Alfalfa and urea feeding
levels were set to provide a crude protein concentration of 90 g/kg DM in the diet.
Shrub foliage and medic pods were offered ad libitum. Atriplex and acacia foliage
supplementation resulted in the highest and lowest increases in straw intake,
respectively. Animals supplemented with atriplex maintained weight and those
supplemented with medic showed a slight weight loss.

These results show that foliage from palatable shrubs and medic pods can be
effective protein supplements for livestock consuming wheat straw. Implementing
such strategies requires farmers to plant saltbush shrubs and manage medic pasture
to produce enough pods to be grazed in summer.

Introduction

In Morocco, there is approximately 8 million ha of arable land, half of which is
used for the cultivation of cereals. About 25% of the total arable land is left fallow
or uncultivated, and is used for grazing. Rangeland makes up about 20% of the 71
million ha total land area of Morocco.

Wheat (Triticum aestivum) and barley (Hordeum vulgare) are the major cereal
crops grown in the rainfed farming areas, where sheep are an important
component of the mixed crop-livestock system. Seventy percent of the 16.3 million
head (MAMVA 1994) are in rainfed cereal producing zones, with half in the arid
and semi-arid areas (400 mm rainfall year). The mating season usually coincides
with the grain harvest. After the harvest, in May and June, sheep graze cereal
stubble until the start of the rainy season in October or November. This usually
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coincides with the gestation period of ewes. During late gestation and until the
start of the grazing season, cereal straw is the major component of the diet. Low
birth weight, high lamb mortality, and slow lamb growth are very common now
(Ismaili 1983; Bouhafra 1987; Guessous et al. 1987; Outmani et al. 1991;
Guessous et al. 1991). Low animal performance in these areas is mainly due to the
protein and energy deficiencies in available forages.

Moroccan cereal straws are deficient in soluble N, minerals, and lipids (Benata
1977; McCann 1985). There is a considerable amount of literature on the nutritive
value of cereal straw and its fluctuations with the level and nature of
supplementation (O'Donovan 1983). It is important, therefore, to maximize this
nutritional value. This can be achieved by adding protein-rich feedstuffs to the diet
or by chemical treatment (Preston and Leng 1984).

Annual medics (Medicago spp.), which are self-seeding annual forage legumes and
need no water beyond normal rainfall, have been introduced to fallow areas in
rotation with cereal crops to provide forage of high nutritive value and to provide
the subsequent cereal crop with residual N. When properly managed, the medic
pasture provides good quality forage during the growing season and can also be
grazed in the summer after the plants have produced seed and died. The available
forage at this time is dominated by medic pods of high N concentration which could
be used to supplement cereal stubble. This practice could potentially improve the
body condition, fertility, and lambing percentage of ewes (Thomson and Bahhady
1988). Depending on species, CP concentration of the pod ranges from 150 to 240
g/kg DM (Franklin and Powning 1942; Denney et al. 1979). The establishment of
pastures containing herbaceous legumes, however, was not a success in the arid
and semi-arid regions of Morocco (Christiansen and Boulanouar 1993).

Forage shrubs such as oldman saltbush and blue wattle have been shown to be
adaptable and ecologically more appropriate for these areas (Arif 1992). The
foliage of these fast-growing browse species has a similar composition to herbaceous
legumes and can be expected to have a similar supplementary role.

Compared with dry grass and forbs at an advanced stage of maturity, browse
species have the highest concentrations of CP, P, and carotene and are just
marginally below the digestible energy requirement of gestating ewes (Cook 1972).
Throughout Morocco, about 30,000 ha of communal rangeland has been planted to
oldman saltbush. What makes this shrub especially interesting is its ability to be
used in autumn and winter when other forage resources are scarce or of low
quality. Several grazing studies conducted in Morocco have shown that the
introduction of oldman saltbush shrub as a means of range improvement has
increased live weight gain (LWG) of sheep or goats compared to those grazing on
unimproved range (ORMVAT 1991; ORMVASM 1992).

One confined feeding study with oldman saltbush as a supplement for sheep in
Morocco demonstrated that it is palatable to sheep and results in substantial
improvements in LWG (ORMVAT 1991). Le Houérou (1980) found that a herd of
cattle that was allowed to browse shrubs as well as graze annual grasses
maintained live weight during the entire dry season, while another herd that was
allowed only grass lost condition in the second half of the dry season. The nutritive
value of atriplex and acacia foliage and medicago pods has been investigated
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mainly as sole diets (Bhattacharya 1989; Denney et al. 1979; Vercoe and Pearce
1960; Wilson 1966, 1977). Fewer studies have been reported with shrub foliage
or medic pods evaluated as a supplement to low quality roughage (Franklin et al.
1964; Boutouba et al. 1990; Arthun et al., 1992).

The objectives of this study were: (i) to compare the supplementary feeding value
of oldman saltbush foliage, blue wattle foliage, and medic pods for sheep receiving
wheat straw as a basal diet; and (ii) to study the effect of different sources of
supplementary N on performance of ewe lambs receiving wheat straw as a basal
diet.

Materials and Methods

Thirty Timahdite ewe lambs weighing 30-36 kg at the start of the experiment were
used in this trial. The lambs were vaccinated against enterotoxemia, drenched for
internal parasites (Panacur, Roussel-Diamant, Casablanca, Morocco), and given an
A-D3-E vitamin drench every four weeks during the trial. The lambs were kept in a
ventilated animal house.

The treatments were: (I) wheat straw alone, later supplemented with urea, and
wheat straw supplemented with (2) saltbush foliage, (3) blue wattle foliage, (4)
medic pods, or (5) alfalfa hay. The treatments were allocated to six replicates
according to a randomized complete block design. The blocking criterion was the
live weight of the animals. Wheat straw and alfalfa hay were milled in a large-
capacity mill with a coarse (38 mm) screen before being fed. The saltbush and blue
wattle foliage were harvested weekly from a two-year old and three-year old
plantation, respectively. Only leaves and tender twigs were fed to the animals.
Both plantations were closed to grazing.

Medic pods were collected from seed production plots using a large vacuum
cleaner. Stones and other foreign matter were removed by soaking the harvested
material in water. It was then sun-dried, thoroughly mixed, and stored. Six
different species were present in the mixture: Medicago polymorpha cv Serena, M.
rotata, M. truncatula, M. polymorpha local, M. entertexta, and M. scutellata. Two-
thirds of the mixture consisted of pods and the remainder stems and leaves.

Alfalfa hay and urea (46% N) were fed at different levels to provide 90 g CP/kg
DM in the diet. Straw and the other supplements were fed ad libitum. The
quantity offered was adjusted daily on the basis of 1.15 times the previous day's
intake. Straw was fed at 08:00 in the morning and supplements at 17:00, and the
animals had free access to water. In addition to urea, the wheat straw diet was
supplemented with 0.13% sodium sulfate on a DM basis, to ensure that the N:S
ratio of the diet was approximately 10:1, which was assumed to be the optimum
value for the efficient utilization of feed nutrients (Moir et al. 1967).

Refusals were weighed in the morning and air-dry matter intake calculated. A
sample of straw and each supplement was taken each day and bulked weekly. A
sample was taken to represent the forage fed during the previous week. All
samples were dried at 55° C for 48 hours, ground in a Wiley mill with a 1 mm
screen, and stored. At intervals of 15 days, the sheep were weighed in the
morning on two successive days after overnight starvation.
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Samples of wheat straw, alfalfa, saltbush, blue wattle, and medic pods were
analyzed for DM, ash, CP, and acid detergent insoluble nitrogen (ADIN; AOAC
1984), neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid
detergent lignin (ADL; Robertson and Van Soest 1981). The IVDMD and in vitro
organic matter disappearance (IVOMD) were determined by the Tilley and Terry
assay (1963). Tannin concentration was assessed using the technique of Burns
(1963).

Variables (animal weight and DM intake) collected periodically were analyzed
using the repeated measures technique (SAS 1988). The main effects of treatment
and sampling period, and their possible interactions, were investigated. Chemical
composition and IVDMD were analyzed following a completely random design,
assuming no forage/week interaction. Significant differences were examined with
the LSD test (Steel and Torrie 1980).

Results and Discussion

Average chemical composition and IVDMD are reported in Table 1. The CP
concentration of wheat straw was 52g/kg DM, lower than the 69 g/kg DM
required for adequate rumen microbial activity (ARC 1980; Milford and Minson
1965).

The proportion of ADIN varied from 3.5% for alfalfa hay to 13.5% for medic pods
(Table 1). ADIN represents the N which is tightly bound to the ADF fraction and
thus unavailable for the microorganisms in the rumen. The ADIN content seemed to
be more related to the ADL than the ADF concentration, except for alfalfa hay.
Alfalfa and saltbush are therefore considered more efficient sources of N for the
rumen microbes.

Table 1. Chemical composition and in vitro digestibility (g kg

DM) of wheat straw and sugglementagx forages.

Wheat Alfatfa Oldman Blue Medic SEM

straw hay saltbush wattle pods
cp! 52¢ 136° 137 109° 108° 3.9
Ash 8s5° 106° 308 129° 156° 9.7
NDF 703° 466° 3484 34 557° 16.7
ADF 421° 307° 152¢ 20° 419 134
ADL 69° g2® 80° 1328 125° 34
WDMD 447 586° 6228 488° 507° 95
Tannins? 0.13° 0.07° 11.20° 0.07° 0.3
Total N % DM 0.83° 218" 219* 1.74° 1.73° 0.04
ADIN® %N 9.99° 3.52¢ 7.30° 11.54° 13.45° 0.78

' Crude protein: neutral detergent fiber; acid detergent fiber; acid Detergent lignin, in vitro dry
matter disappearance.

* In catechin equivalent.

' ADIN = Acid detergent insoluble nitrogen.

*b44° Means within rows followed by different symbols are different (P <0.05).
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Mineral Concentration

Of the five forages, alfalfa and medic pod had adequate concentrations of P in
terms of sheep requirements (0.16-0.37%). (Table 2) All forages, however, had
levels of Ca well above the minimum requirement. Only blue wattle had a K level
below the minimum requirement. The concentration of Cl was highest in saltbush
which indicates the high salt concentration of this forage.

2

Silicon concentration was highest in wheat straw, which partially explains its low
IVDMD. Sulfur concentration varied from 0.18% DM for medic pods to 0.71% DM
for blue wattle. None of the forages had a S:N ratio lower than 0.10, which is
considered adequate for rumen microorganisms.

Table 2. Mineral concentration of wheat straw (WS), alfalfa hay
(AH), oldman saltbush foliage (SB), blue wattle foliage (BW), and
medic pods (MP).

Mineral WS AH SB BW MP SEM
Mg (g/kg) 1.3 2.6° 2.1° 5.3° 2.9 0.15
A 0.7° 0.9 2.7 1.6° 5.9° 0.2
Si 30.0° 5.2 5.2 4.4° 17.0° 14
P 1.0° 2.0° 0.5° 0.7 2.2° 0.07
S 1.9¢ 2.7 4.3 7.4 1.8 0.2
Cl 8.7° 75°  566° 7.40 3.6° 21
K 745 195 11.1° 46° 6.0° 057
Ca 55°  148° 6.9°  30.1° 18.8° 09
Mn (mg/kg) 438  37.1° 652> 632 75.2° 18
Fe 7837°  540.9© 602.1° 4329 . 273
Cu 4.8 8.0° 4.8 5.1° 6.3 0.18
y4 12,6 224 27.8 19.8 1069 17.87

**+4 Means within rows followed by different symbols are different (P <0.05).

Intake of Wheat Straw and Supplementary Follage

Total (Table 3) and straw (Table 4) intakes varied significantly according to time
for all the treatments. There were also significant differences among supplements.
Throughout the trial, total and straw intake increased for all treatments. The
increase in total intake during the first seven weeks was greatest for the saltbush
treatment, followed by alfalfa and medic pods. Intake of straw alone and of blue
wattle did not increase during the first period. The proportion of straw in this
increase was highest for the saltbush treatment followed by those supplemented
with alfalfa and blue wattle. Animals supplemented with medic pods showed a
small decrease in straw intake during the same period, indicating that the increase
in total intake was the result of an increase in the intake of medic pods.

During the last seven weeks of the trial, total intake increased with all supplements
except for alfalfa. The highest increase occurred with the medic pod supplement
followed closely by urea. Saltbush was ranked third. Straw intake during the same
period increased for all supplements. The highest increase occurred on the urea-
supplemented straw treatment, followed by the saltbush treatment.
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Over the whole trial, the greatest increase in total intake was recorded for the
treatment in which wheat straw was supplemented with saltbush foliage. Straw
represented about 55% of that increase. Saltbush increased the intake of straw
consumed by the animals from 420 to about 600 g DM. The most likely reason for
this increase was that it corrected the protein deficiency of the straw, as the CP
concentration of the total diet was increased from 52 to 74 g/kg DM (Table 5). In a
study where barley straw was supplemented with A. halimus foliage (150 g CP/kg
DM), Goodchild et al. (1992) reports similar results. For each kg of saltbush DM
fed, voluntary barley straw intake increased between 340 and 630 g DM. Wilson
(1966), working with oldman saltbush as a supplement to straw, reports that
browse foliage increased the intake of straw in proportion to the amount offered to
the animal.

Table 3. Daily total intake of dry matter (g kg®’°) on ewe lambs
fed wheat straw alone or with a sugglementa:z forage.

Supplement Dry matter intake

QOctober November January
Wheat straw' 38.3° 40.0°! 47.7¢
Alfaifa hay 43.4° 50.0%¢ 53.5%
Saltbush 41.2¢ 59.0°¢ 64.3%¢
Blue wattle 42.9° 44.9°¢ 48.5%
Medic pods 43.3%° 49,3 58.6%%
SEM 0.83 1.50 1.60

'Straw as a sole diet was supplemented with urea and sodium sulfate at 1.35 and 0.13% dry
matter, respectively, starting in late November.

*¢ Means within rows followed by different symbols are different (P <0.05).

4=! Means within columns followed by different letters are different (P <0.05).

Table 4. Daily intake of straw dry matter (g kg°7°) by ewe lambs
fed wheat straw alone or with a supplementary forage.

Supplement Straw dry matter intake
Qctober November January

Straw % Tot' Straw % Tot! Straw % Tot'
Wheat straw* 38.3° 100.0 40.0°9 1000 47.7*° 990
Alfalfa 28.1°° 64.7 31.8% 63.6 361~ 675
Saltbush 30.6c.e 74.3 36.5°° 619 435 676
Blue wattle 29.9ce® 697 33.2°¢ 739 355% 732
Medic pods 30.4°° 70.2 292> 592 339% 578
SEM 0.88 0.94 1.30

'% Total intake.

*Straw as a sole diet was supplemented with urea and sodium sulfate at 1.35 and 0.13% dry
matter, respectively, starting in late November.

8¢ Means within rows followed by different symbols are different (P <0.05).

e/ Means within columns followed by different letters are different (P <0.05).

Medic pods ranked second in increasing total intake over the whole feeding

period. The proportion of medic pods in the total intake increased from 30 to 42%
between the first and third periods. This suggests that animals offered medic pods
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require a longer adaptation period. The CP concentration of the total diet increased
from 67 g/kg DM at the beginning of the trial to 76 g/kg DM at the end (Table 5),
which was equivalent to the saltbush diet. Franklin et al. (1964) found increases
in the intake of wheat straw of 100% and 250% during the first and second
months of the trial, when it was supplemented with 113 g of medic seed.

Table 5. Crude protein concentration (g kg'! DM) of total intake
of ewe lambs fed wheat straw alone or with supplementary

forage.

Bi-weekly Diet

interval WS AH SB BW MP
w2 52¢ 8r 71¢ 74° 67°
w4 52 89 70° 69b° 69°
Wé 52 8¢9 76° 65° 73°
ws 52¢ 90° 78° 67° 75°
wiot 91° 92 74° 64° 75°
wi2 91° 8g* 75° 66° 74°
W14 91° 87" 74° 67° 76°

WS = wheat straw; AH = Alfalfa hay; SB = Oldman saltbush foliage; BW = Blue wattle
foliage; MP = medic pods.

' Straw as a sole diet was supplemented with urea and sodium sulfate at 1.35 and 0.13% DM,
respectively, starting on the eighth week of the trial.

*»¢4 Means within rows followed by different symbols are different (P <0.05).

The alfalfa hay treatment ranked third, based on the increase in total intake
throughout the trial. Because the amount of alfalfa hay consumed was relatively
constant, all increases were represented by straw. The CP concentration of the total
diet averaged 89 g/kg DM, which was significantly higher than diets
supplemented with saltbush, blue wattle, and medic pods.

Urea supplementation increased (P <0.05) wheat straw intake by 19% and made
it equivalent to the total DMI of animals receiving blue wattle and alfalfa
supplements (Table 3). This was probably due to the supply of N, the most limiting
nutrient in straw-based diets. The CP concentration of the straw diet was thus
increased from 52 to 91 g/kg DM, making it equivalent to that of the alfalfa diet
(Table 5). These results might have been better if the trial had continued for
longer, as it is generally agreed that rumen microflora require an adaptation period
of two to three weeks to efficiently utilize urea (Wolter 1978). Cloete and
Kritzinger (1984) and Termanini et al. (1993) report that urea supplementation
increases voluntary intake of wheat straw by approximately 35%

The blue wattle supplement was least effective in increasing total intake over the
whole period of the trial. The increase was entirely in straw, indicating that blue
wattle was not very palatable to the animals, owing perhaps to the existence of
anti-nutritional factors, such as condensed tannins, in the foliage (Table 1). Reed et
al. (1990) and Reed and Soller (1987) report negative effects of tannin in blue
wattle on feed intake, N digestibility, and weight gain.

As with all pen-feeding work, the relevance of previous intake and digestibility
recordings to intake in the field may be questioned because of selectivity by sheep
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during grazing, but it may be assumed that in no circumstances would they be
lower than those recorded in this experiment. The effect of supplement on straw
intake can be explained by the increased rate of digestion following enhanced
microbial activity (Cheeson and Orskov 1984). The effectiveness, however, of
additional N depends on the availability of digestible material in the diet for rumen
microbes (Johnson 1976). Straw contains high levels of indigestible material
inaccessible to cellulolytic organisms (Chesson 1981). The resistance of the
roughage to ruminal digestion has a major influence on the response to
supplementation; the more indigestible the diet, the lower the intake response
after elevation of rumen ammonia concentration (Hunter and Siebert 1985).
Fodders with a high proportion of digestible DM show a higher intake response to
urea supplementation than those that are indigestible (Hunter and Vercoe 1984).

Substitution Ratio

Changes in straw intake as a result of supplementation with the different forages at
a rate of inclusion of 36% or less of total DMI are summarized in Table 6. The
substitution ratio, defined as the decrease of intake of basal roughage DM per unit
of supplement fed, averaged 0.26, 0.57, 0.62, and 0.65 for saltbush, alfalfa,
medic pods, and blue wattle, respectively. Saltbush, however, had negative
substitution ratios in the last three weeks, indicating that the intake of wheat straw
increased and that saltbush can act as a true supplement.

Table 6. Changes in straw intake resulting from supplementation
with forage (rate of inclusion is 36% or less of total DMI).

Supplement Dry matter intake of Inclusion Substitution ratio '
Unsupplem Supplement- Supple- level Ave. Range
ented straw ___ ed straw ment

Alfalfa hay 414 31.7 169 035 057 0.35-0.68

Salthush 414 368 18.0 032 026 0.27-1.09

Blue wattle 114 332 126 027 065 0.43-0.99

Medic pods 41.4 30.4 17.7 036 062 0.40-1.52

' Substitution ratio is the decrease of intake of basal roughage DM per unit of supplement fed.

Animal Performance

Animals on all treatments lost weight during the first seven weeks of the trial
(Table 7). Those receiving straw alone and straw supplemented with blue wattle
or saltbush had the largest losses, 75, 50, and 43 g/day, respectively. Animals fed
alfalfa and medic pod supplements lost only 25 and 28 g/day, respectively. During
the following seven weeks, animals given saltbush gained weight, and the
remaining treatments, except for blue wattle, reduced live weight losses relative to
the control. Animals given saltbush were the only ones to gain weight over the
whole period of the trial.

In general, the results of this experiment are similar to other studies of saltbush
and blue wattle supplementztion. Wilson (1966) found that the intakes of oldman
saltbush and bladder saltbush were sufficient to allow maintenance or a small gain
in weight when sheep were fed a basal diet of oat straw and natural grass hay.
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Alfalfa, medic pod, and blue wattle supplements resulted in losses of 15, 18. and
50 g/d, respectively. Dumancic and Le Houérou (1980) and Le Houérou (1987),
conclude that supplementation with blue wattle resulted in intake that meets
energy, but not protein, requirements for maintenance.

Table 7. Average daily gains (g d!) of ewe lambs fed wheat straw

alone or with supplementary forage.

Period Supplement SE
WSt AH SB BW MP

Average daily gain

7-0 wk -133° -528 -50° -92° -45° 13.0
14-7 wk -18° g° 57 -524 5° 104
14-0 wk -76° -22° 4 72 -25° 741
Total weight gain as % -16° -5° 1° -16° -6° 14

of initial weight

WS = Wheat straw; AH = Alfalfa hay; SB = Oldman saltbush foliage; BW = Blue wattle
foliage; MP = Medic pods.

! Starting late November wheat straw as a sole diet was supplemented with urea and sodium
sulfate at 1.35 and 0.13% DM, respectively.

44 Means within rows followed by different symbols are different (P <0.05).

Conclusions

Results from the feeding trial indicate that saltbush is the most efficient supplement
for maintaining the live weight of ewe lambs fed a basal diet of wheat straw,
common in the arid and semi-arid areas of Morocco during autumn and early
winter. To benefit from these results farmers should reserve a proportion of their
land for planting oldman saltbush. This planting could be done on land of low
agricultural potential, usually left uncultivated. Use of an alley-cropping system
could also be adopted on land planted with barley. Shrubs could also be planted as
windbreaks, to release the land for other crops and to protect the soil from wind
erosion. The government, through the Ministry of Agriculture, in addition to
planting communal rangelands, should encourage farmers to plant shrubs on their
own land by providing plants and advising on management.
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Discussion

N. Hassan: What is the practicability of the browse system in the low rainfed
areas of 150 mm or less where A. nummalaria is affected severely by frost and
snow?

A. Chriyaa: In the areas planted to atriplex in Morocco, frost and snow are not a
problem.

A. Nefzaoui: I agree with your conclusion on the opportunity of planting atriplex
on private land. It was not necessary to think about Acacia cyanoplaylla as a protein
supplement. Finally, it is not useful to determine nitrogen balance on adult
animals.
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during the Dry and Mating Perlods:
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Abstract

Lambing percentages of less than 80% are common in Awassi flocks in west Asia.
Although the Awassi breed is inherently aseasonal in its oestrus activity, surveys
show great seasonality of lambing with a peak in winter, apparently related to the
increase in oestrus activity that occurs when nutrition improves in summer and
autumn, when stubble and residue of irrigated crops are grazed. This offers the
prospect that improved management of nutrition could lead to increased lambing
percentages. Increasing fertility, without any change in ewe fecundity, from 80% to
95%, would result in a 19% increase in potential flock performance. This paper
reviews recent work on effects of body condition and nutrition at mating on
ovulation rate, stocking rate and supplementation on the performance of ewes
grazing stubble, and mineral and vitamin deficiencies, which offer tentative
guidelines for managing Awassi ewes in dry and mating periods.

Introduction

Degradation of the steppe and marginal land around villages in most of west Asia
in the last 40 years has resulted in a pasture that contributies only a small part of
the nutrient requirements of sheep. Natural pasture generally provides a
significant contribution from March to May in years with normal or above average
rainfall. For most of the year flock nutrition is based on other feed resources: cereal
stubble and field crop residue (cotton, maize, vegetables, etc.) in summer and early
autumn and large amounts of straw, grain, and crop by-products (cotton seed,
bran, etc.) in autumn and winter. In spite of the movement away from dependence
on natural pastures with highly variable production, both within and between
seasons, lambing percentages (lambs reared/100 ewes put with rams) of less than
80% are still common in west Asia. An important proportion of ewes, which incur
the full cost of rented grazing and purchased feed, only produces a fleece, which is
of negligible value, and possibly milk. Increasing lambing percentage from 80% to
95% would not only increase sales of lambs and milk by approximately 20%, but
also allow more choice in selecting replacement ewes or more rapid increases in
flock size.
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This paper discusses the factors causing the low lambing percentages in Awassi
flocks in west Asia and considers how they might be overcome.

Current Fertility, Prolificacy and Mating Patterns

A number of ICARDA surveys give a clear picture of the lambing percentages and
mating patterns in the region.

A 1978-1981 survey of 43 flocks in northwest Syria by Thomson, Bahhady and
Martin (1989) shows that although some births occurred in all months (except July
and August) lambing is concentrated between late November and March, with more
than 60% of births in December and January. The mean lambing percentage was
87%, and ranged from 57 to 107% in individual flocks and from 82 to 90% over
the three years. Lamb deaths resulted in a percentage of lambs reared of 69, 79,
and 74 in the three years. Mean mortality was 14.0, 8.4, 6.5, and 2.5% for
lambs, ewes, rams, and female yearlings, respectively.

Lambing performance was also recorded in a survey of flocks in three systems—
designated sedentary, semi-sedentary, and nomadic—along a transect from the
cultivated area southeast of Aleppo, Syria into the steppe near Palmyra (ICARDA
1993a). Mean fertility (ewes lambing per 100 ewes in the flock), prolificacy (lambs
per ewe lambing) and lambing percentage (lambs weaned per 100 ewes in the
flock) were 86%, 1.1, and 70%; 78%, 1.0, and 72%; and 77%, 1.1 and 70% for
flocks in the sedentary, semi-sedentary and nomadic systems, respectively
(Wachholtz, personal communication).

A 1993 survey in Lebanon of mixed flocks of sheep and goats (ICARDA 1994)
provides data for three clusters of flocks separated on the basis of the importance of
rangeland as a source of nutrients for the flocks. In cluster 1 (with the smallest use
of rangeland) lambing, estimated from the data on work patterns, occurred
between November and March, with 72% of births in December and January. In
cluster 2 (highest use of range) lambing occurred between December and April,
with 60% in December and January. In cluster 3 (intermediate use of range)
lambing occurred between November and March, with 61% in January and
February. Cluster 1, which had the highest concentration of lambing in December
and January, made the greatest use of grazcd stubble and other crop residue in
July-September, when mating occurred.

Kidding occurred a month or more later than with sheep in each cluster, possibly
because lactation was approximately a month longer in goats than in ewes.
percentages of lambs born alive and lambs reared per 100 ewes in the flock were
89 and 80, 69 and 60, and 79 and 68% for clusters 1 to 3, respectively. Lamb
deaths were 10, 13, and 14% per cluster, respectively. Goats had a slightly higher
numbers of kids born per 100 goats in the flock, but kid mortality was much higher
than in lambs: 21, 31, and 22% for clusters 1 to 3, respectively. Kids weaned per
100 goats put with bucks were, therefore, lower than for lambs, except in cluster 1.

Table 1 summarizes data from Mashreq trials on the use of synchronization with
sponges and injection of PMSG at sponge withdrawal, supplementary feeding or
multivitamin injections to increase lambing percentage. The fertility of the control,
untreated groups ranged from 60 to 90%, with an overall mean, weighted for
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group size, of 70%. Synchronization and use of PMSG increased fertility, but the
lambing percentage was still approximately 100%, despite a much greater
proportion of twins.

The information from these surveys provides a clear indication of the present level
of reproductive performance of Awassi flocks in part of west Asia.

The Awassi breed is inherently aseasonal in oestrus activity, with oestrus occurring
in all months except May to June, although there is some decline in activity
between January and April (Epstein 1985). It is, however, clear that in commercial
flocks fertile oestrus activity occurs in a more restricted period, even though the
rams generally remain with the ewes throughout the year. Lambing is generally
restricted to a maximum of five months (November to March), with 80% of lambing
occurring in three months. This indicates that fertile mating occurs mainly in July-
September, when milking of the majority of ewes has finished, eliminating effects
of lactation anoestrus, and after most flocks have been grazing stubble for a
minimum of 4-6 weeks.

The proportion of Awassi ewes producing twins is low: 5-9%. The proportion of
live lambs born per 100 ewes put with rams is a good index of fertility, i.e., the
number of ewes lambing per 100 ewes put with rams. Mean figures for this index
range from 82 to 87% in Thomson et al. (1989), and from 89 to 69% in the
survey in Lebanon survey. Direct records of fertility percentages are similar—86 to
77% (Walchholtz, personal communication)—and a mean of 70% in the Mashreq
trials (Table 1). These figures show that a significant proportion of ewes either
does not become pregnant or aborts during pregnancy. Flock owners in the
Lebanon survey did not state that abortion was a major disease problem, which
may indicate that infertility is the more important cause of the low proportion of
ewes lambing.

Table 1. Fertility and lambing percentages in control and
treatment groups in Mashreq Project trials.

Site and Year Treatment  No.of  No. of Fertility = Lambing
flocks ewes (%) (%)
Hama, Syria 1992  Control 3 151 73 71
PMSG 3 154 75 97
Supplemented 3 182 g 70
Hama, Syria 1993  Control 4 185 €0 61
PMSG 4 190 77 %
Jordan 1992 Control 3 100 76 80
PMSG 3 109 D 108
Supplemented 3 105 78 &
Jordan 1993 Control 2 B 4 65
PMSG 2 75 8 85
Supplemented 2 75 8 115
Jordan 1992 Control 2 56 IE) 79
Vitamins 2 55 <14 87
Jordan 1993 Control 2 74 85 R
Vitamins 2 65 88 105
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These surveys also show high mortality of lambs before weaning. In view of the
high level of concentrate feeds used in early lactation (e.g. Thomson 1987; Jaubert
and Oglah 1993) and the close shepherding of the flocks, it would appear unlikely
that a major proportion of these lamb losses are due to lack of milk, as the amount
of milk required for survival is small, probably not more than 500 g/day. This
suggests that disease is the major cause of these losses. The farmers in the Lebanese
survey said enterotoxemia and parasites were major disease problems.

Effects of Body Condition and Nutrition at Mating
on Lambing Percentage

Body weight or body fatness, generally termed body condition, has been shown to
affect lambing percentage in many sheep breeds by affecting the number of ova
shed at ovulation. This effect, termed the static nutritional effect by Coop (1962), is
generally more important than the short-term, or dynamic, effect of nutrition
immediately before mating. High feeding for a short time before mating, termed
flushing, only increases ovulation within a limited range of body condition. At body
conditions above and below this range, ovulation is not affected by high or low
levels of current nutrition (Gunn 1983). Some experiments, however, indicate that
very high levels of nutrition in the first 2-3 weeks of pregnancy can interfere with
implantation of embryos and reduce prolificacy (e.g. Parr et al. 1987).

A few studies show that the lambing percentage of Awassi ewes is affected by body
weight at mating. Kassem et al. (1989) found a slight positive correlation between
lambs born per ewe mated and weight in May, 6-8 weeks before mating. The
fertility of ewes was not affected by weight in May, a finding which contrasts with
results of Thompson and Bahhady (1988) showing that fertility increases with
weight at mating. In that study, fertility increased rapidly with weight to 43 kg and
was 100% at 51 kg and above.

Neither of these studies was specifically designed to investigate effects of body
weight, condition, or nutrition before mating on the reproductive performance of
Awassi ewes. The results of two experiments at ICARDA's Tel Hadya Sheep Unit
that specifically examined these factors are outlined below. In these experiments
body condition was assessed using the system of palpation of the lumbar region
used in Australasia and Europe, and the fatness of the tail was not considered. In
this scoring system the region on and around the backbone immediately behind the
last rib is palpated to give ewes a score on a scale from 1 (very thin) to 5 (very fat)
according to the clearly described amounts of fat over the spinous and transverse
processes of the backbone, the amount of fat and muscle below the transverse
processes, and finally the depth of eye muscle and its degree of cover (Russel et al.
1969). The experiments show that the system could be applied successfully in the
study of Awassi ewes. The maximum score found in Awassi ewes was
approximately 3.5. During the work, ewes were slaughtered and their fat depots
weighed and analyzed to assess the relationships between fat reserves at condition
score in the Awassi breed (preliminary results in Treacher and Filo 1995).

The first experiment had a 3 x 2 factorial design with three levels of nutrition in
the four weeks before mating, and two body condition scores at mating (ICARDA
1993b). The design necessitated six groups of ewes four weeks before mating with
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mean scores at 0.5 intervals between scores of 3.5 and 1.0. Although these scores
were not achieved, it was decided to maintain the groups as allocated and apply
nutrient intakes of 0.25 maintenance (M), M, and 1.75 M in the four weeks before
mating to a synchronized oestrus. At lambing, the number of lambs born and their
date of birth were recorded. Body condition at mating in between 1.5 and 2.3 had
no effect on lambing performance. Chi-square analyze was made on the results for
the ewes lambing to the first oestrus, grouped according to the change in body
condition that occurred in the four weeks before mating irrespective of score at
mating (Table 2). Although the results must be interpreted with caution, they
indicated a general trend, with change in condition score in the mean number of
lambs born per ewe. The proportion of barren ewes was quite large in all groups,
but was generally lower in groups maintaining or gaining condition. Similarly the
proportion of ewes with twins was greater in the groups gaining more than 0.25 of
a condition score.

Table 2. Mean number and proportion of ewes producing 0, 1, or
2 lambs and mean lambs per ewe after mating at first oestrus
following synchronization.

Change in Number of ewes producing Mean no. of
condition score lambs/ewes
0 1 lamb 2 lambs
>-05 10 (0.31)t 22 (0.69) 0 0.69
0.510-0.25 23 (0.50) 22 (0.48) 1 (0.02) 0.52
0 11 (0.20) 42 (0.78) 1 (0.02) 0.81
+0.2510 +0.5 9 (0.25) 23 (0.64) 3(0.11) 0.86
> +0.5 3 (0.15) 15 (0.75) 2(0.10) 0.95

' Proportion of total
Mantel-Haensel Chi-square test significant at P <0.03.

In the second experiment a 3 x 3 factorial design was used to investigate the effect
of body condition five weeks before mating, and the effect of change in condition
during the five weeks before mating, on reproductive performance. The condition
scores were 1.5 (treatment C,), 2.0 (C,), and 2.5 (C,). Levels of nutrition were 0.5
M (treatment L,), M (L,), and 3M (L;). The experiment was carried out on two
groups of ewes: 89 cull ewes (group S) that were slaughtered approximately 60
days after mating, and 145 ewes (group L) that were allowed to lamb. The number
of corpora lutea and fetuses were recorded after slaughter in group S and lambs
born in group L.

The results (Table 3) for 69 ewes mated at the first oestrus indicate that, although
the designated condition scores were not quite achieved for treatments C, and C;,
there was a trend in both the number of corpora lutea and of fetuses with
increasing body condition (P <0.08). The nutritional treatments resulted in body
condition changes of -0.30, +0.05, and +0.59 on treatments L,, L,, and L,
respectively. These changes significantly affected both number of corpora lutea and
fetuses but not the losses of embryos.

In group L the treatments had no significant effect on lambing percentage.

Assuming that losses of fetuses after 60 days of pregnancy (except as a result of
disease) are negligible, the data from the S and L groups were combined. The
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combined data show (Table 3) the significant effect of both initial body condition
and level of nutrition before mating on the number of fetuses. The treatment means
for number of fetuses per ewe put with rams were 0.77, 0.85, 1.08, 0.96, 1.00,
1.15, 0.96, 1.46, and 1.08 for treatments CiL, C\L;, CiLs, C,L;, CL,, Clas, Gy,
C,L,, and C,L;, respectively. There was a significant (P <0.05) interaction between
the treatments, with number of fetuses decreasing in ewes in the highest body
condition fed at 3M.

Table 3. Means for initial and final body condition score and
number per ewe of corpora lutea and fetuses in the slaughtered
group (n=69) and combined groups (n=182).

Initial body condition  Sign__ Level of nutrition Sign

G C G L, L, Ly
Slaughter groups
n 28 20 21 20 24 S
Condition initial 147 176 229 *** {172 184 18 ns
final 1.66 1.88 238 *** 142 189 242  ***

Weight (kg) initial  44.1 496 557 *** 478 498 498 ns
final 461 510 561 *** 434 500 569 hadaked
No. of corpora lutea  1.10 130 138 ns 090 120 148 **

No. of fetuses 0.86 115 119 ns 070 112 124 *
Combined groups
n (o4 55 65 55 a2 (3]
Condition initial 1.51 195 246 *** 198 198 200 ns
final 173 208 250 ** 162 203 260 |***

Weight (kg) initial 443 504 560 *** 494 501 513 ns
final 467 519 558 *** 442 508 583  ***
No. of fetuses 090 104 115 * 087 106 114 *

These two experiments clearly indicate that the fertility and prolificacy of the
Awassi breed, like many other breeds, is affected by body condition and feeding
level before mating. Awassi ewes in good condition, with a score of more than 2.0,
and maintaining or gaining condition before mating, can have a significant
proportion of twins. More research is needed to more exactly define the minimum
conditions for eliminating barren ewes. On the basis of these results, it is suggested
that a tentative guideline for achieving a minimum fertility of 100% in Awassi
ewes is a minimum body condition score four weeks before lambing of 1.75
(approximately 48 kg live weight) and a minimum feeding level of maintenance for
2-3 weeks before mating. Better condition and/or higher levels of feeding, (i.e.,
flushing), may result in a higher proportion of twin pregnancies.

A strong indication that this guideline is likely to be effective comes from the
performance of the sheep in the long-term experiment on marginal land at Tel
Hadya. Ewes at the higher stocking rate whose diets are supplemented whenever
their weight falls below 46 kg consistently have a fertility of 97% and percentage
of lambs born alive of 108.
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Iimproving Nutrition in the Mating Period

The majority of mating takes place while the flocks are grazing stubble or other
crop residue. Flock owners surveyed in northern Syria (ICARDA 1992) regard this
period as a time of plentiful feed supply. Yet it is clear that a significant proportion
of ewes do not become pregnant in this period. Failure to recover to an adequate
body condition contributes to the low fertility.

There is little published research on stubble grazing, particularly of barley.
Treacher, Rihawi, and Owen (1995) review the existing information and the
results of three recent experiments -on Awassi sheep grazing barley stubble.

Intake of energy and protein from stubble grazed at different stocking rates with
and without supplementation were estimated in these experiments. Intake of
metabolizable energy and crude protein were high in the first few days on a new
area of stubble. Initially, they were more than twice maintenance but fell rapidly as
the heads and leaves were removed from the stubble. If, as is common in the
region, a high level of utilization of stubble is achieved, intake falls to very low
levels, 0.5-0.25 M or even lower. Low levels of supplementation, 150-320
g/head/day for a month, had little effect on intake of stubble but greatly increased
the weight gain of ewes and reduced the time taken for the ewes to become
pregnant (Table 4). These results indicate that supplementation with a total of 5-9
kg/ewe for a month will greatly increase the rates at which ewes regain body
condition after lactation.

Table 4. Effect of supplementation on weight change (kg) in 33
days and number of days to become pregnant after introduction
of the rams.,

Total supplement Weight Daysto become Weight Days to become
in 28 days change pregnant change pregnant

0 0.1 36 1.7 66
56kgB 29 40 1.5 2

5.6 kg CSM' 44 30 22 a2

0 0.6 42 -1.2 45
42kgB 26 H 0.3 48
82kgB 49 23 0.9 42

29kg B & 1.5 kg CSM 6.1 12 1.9 K<)
58kgB&3.1 kg CSM 8.1 17 4.1 /4

B = barley and CSM = cotton seed meal.
Data from Treacher, Rihawi, and Owen (1995)

Macro- and Micronutrients

Farmers in west Asia generally do not feed supplements of macro- and
micronutrients to sheep flocks. In the past this was probably because flocks grazed
natural pastures and, at the relatively low levels of performance of the flocks, there
were no evident deficiency problems. Similarly, feeding of salt is rare, probably
because leaves of atriplex bushes, with a high sodium content, were an important
component of the diet at some times of the year. In recent years, however, with
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most of the nutrition of the flocks provided by straw and cereals, and grazing
predominantly made up of stubble and crop residue, there have been a number of
indications of problems with deficiencies of macro- and micronutrients (Bahhady,
personal communication).

A survey commissioned by ICARDA in 1994 found a range of both clinical and
marginal mineral and vitamin deficiencies in 18 flocks in Syria, Jordan, and
Turkey (White et al. 1995). The deficiencies identified were:

e Sodium: deficiency was found in 10 of the 13 diets examined. Sodium
deficiency causes lowered feed intake and reduced growth. In extreme cases
there are clinical manifestations that include pica, which was found in flocks in
Konya, Turkey.

* Vitamin E: deficiency was identified from blood analysis in four flocks, and all
but two of the remaining flocks were at the low end of the range. Vitamin E
deficiency causes white muscle disease in lambs, which has been identified in
Konya and in northern Syria.

e Selenium: deficiency was found in two of the five flocks in Turkey. Selenium
deficiency is linked with vitamin E in causing white muscle disease.

o  Copper: deficiency was found at one irrigated site in Syria. Copper deficiency
causes swayback in lambs.

e Zinc: five flocks were deficient and a further five marginal on the basis of blood
analyses, although the calculated intake of zinc was adequate. The deficiency
may result from reduced absorption caused by high intake of calcium. Zinc
deficiency causes reduced growth and lowered reproductive performance in
both ewes and rams.

This small survey indicates that mineral and vitamin deficiencies are probably
widespread in west Asia. Deficiencies will have an impact on reproduction
through:

* General reductions in performance and health, which may affect reproduction
by reducing body condition or recovery of body condition in the dry period.

* Deficiencies that have specific effects on reproduction, e.g. selenium and zinc.

* Deficiencies causing disease and increased mortality in lambs, e.g. vitamin E,
selenium and copper.

More work is needed to identify the specific areas (soil type, etc.) and/or feeding
systems in which there are economically important macro- and micronutrient
deficiencies in the flocks. In the short term, however, it appears very probable that
there are benefits in both performance and health from offering flocks salt and a
balanced mineral and vitamin supplement.
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Conclusions

What Do We Know?

Below is a summary of what we know about the problems of nutrition in the dry
and mating periods and their effects on reproductive performance:

1.

Lambing percentages in commercial Awassi flocks are low: usually a minimum
of 20% of ewes do not produce a live lamb.

The great seasonality of lambing in the Awassi breed, which is inherently
aseasonal in oestrus activity, has always been a strong indication that nutrition
has important affects on reproduction in commercial flocks. Now it has been
experimental demonstrated that body condition and level of feeding before
mating affect fertility and the number of fetuses.

Large losses of lambs after birth greatly reduce weaning percentages.

Mineral and vitamin eficiencies are widespread. Some affect reproduction
directly and others indirectly, through reduced performance of the sheep.

Tentative Guidellnes for Management of Nutrition at
Mating

1.

A body condition score of 1.75 (equivalent to approximately 48 kg) and energy
intake of maintenance or above in the 3-4 weeks before mating is necessary to
achieve a lambing percentage of 100%.

Feeding of small quantities of supplements when the ewes are grazing stubble
will increase weight gains and reduce the time taken to get in lamb where high
levels of utilization of stubble are required.

Feeding of salt and a balanced supplement of minerals and vitamins will
eliminate the majority of effect of macro- and micronutrient deficiencies on flock
performance.

What Do We Need to Know?

1.

More precise definition is required about the minimum body condition and
minimum level of feeding before mating to achieve 100% lambing in Awassi.
The same information is required for any other breed being used.

Information is needed on the responses of ewes in commercial flocks to
different management and supplementation during grazing of stubble and
other common crop residues. In particular, the response to supplementation
with blocks containing non-protein nitrogen sources needs careful research.

Surveys are required of infectious diseases of ewes causing infertility, abortion,

and neonatal losses of lambs and of the causes of lamb losses after birth to
enable effective prevention strategies to be developed.
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Discussion

H. Al-Haboby: The relationship between trace elements and reproduction in
sheep is a very interesting subject. There is good information concerning this
subject here and there. Is there any information on this subject in the dry lands?
Working in this field may really improve reproductive traits in both ewes and rams
under dryland conditions.

T. Treacher: No, there does not seem to be good local information, but it is
important to investigate this problem.

M. Harb: I do not believe that there is sodium deficiency. We have to be careful
about experts coming in for two to three months and mentioning sodium deficiency.
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T. Treacher: Sodium deficiency was clearly demonstration in the Konya region
in Turkey. Great care must be used in these matters. Feeding systems are constantly
changing. Deficiencies may start to occur if the sheep have very limited access to
grazing. For example, vitamin E deficiency and muscular dystrophy in lambs have
appeared since 1990 in a number of places in northern Syria. Unless local
research workers are in constant contact with farmers, they may not note the
changes that are occurring on farms.

A. Al-Haboby: Fertility rates or lambing rates are usually calculated during three
oestrus cycles. In Iraq, rams are never separated from ewes. Therefore calculations
of fertility rates in the farm flocks could be a bit complicated. Would you please
comment on that?

T. Treacher: The figures I quoted are from surveys and only give an indication
of the level of fertility based on the number of ewes lambing in a year in relation t
the flock’s total ewe number. They are not precise, but give an indication of the
problem.

N. Hassan: One body scoring system cannot be generalized to the Arab countries,
where we have thin-tailed, fat-tailed, and fat-rump sheep breeds? I suggest a
scoring system for sheep groups of similar conformation.

T. Treacher: I think this is incorrect. Body scoring is a language, and the levels
of body condition needed at particular stages will differ among breeds or breed
types. The system of scoring should only be modified with extreme caution and
after a lot of thought.

A. Al-Rawi: You indicate that feeding level of M was better than 3M for lambing
percentage. Should we think about diets with low heat increment, especially in
high temperature environs?

T. Treacher: The three time maintenance feeding treatment was exceptionally
high and was only used to achieve an extreme range. There are indications that
very high energy intakes after mating can reduce conception, so in a natural mating
situation with a spread of lambing, it would be undesirable to use such a high

level. I doubt if there was sufficient heat stress in Aleppo to affect the performance,
but it might be a problem elsewhere.

A. Salman: Have you locked into the embryonic mortality? What is the possibility
of using a body condition score to detect nutrition states of ewes?

T. Treacher: In the slaughter group in Experiment 2 we estimated embryonic
mortality as the difference between numbers of corpora lutea and numbers of
fetuses. 1 think body scoring, using the European system, has value in defining
guidelines for management and in providing a language for communicating
information between researchers, extension worker, farmers, and shepherds.
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improvement of Small Ruminant
Production and Management

S. Economides
Agricultural Research Institute, Nicosia, Cyprus

Abstract

A shortage of feed is considered the main constraint to small ruminant production
in the dry areas of West Asia and North Africa. Rangeland productivity is low.
Production of roughage is low, and varies considerably from year to year.
Indigenous breeds of sheep in the region are hardy and well adapted to the harsh
environment, but their productivity is low because of poor genetic potential,
nutrition, reproduction, and the high incidence of disease and mortality.

Further efforts are needed to increase small ruminant production by improving
feed resources, nutrition, and management, and by implementing appropriate
health control and preventive measures. Since the rangelands are already
overgrazed, there is little scope for increasing the number of small ruminants to
meet the demand for animal products. Increase in small ruminant production must
therefore come from intensification, the integration of crop and rangeland
production, and higher production per animal. Small ruminant production may be
increased by reducing the age of first lambing, early weaning, fattening of lambs
and kids on balanced diets, and by improving nutrition and management before
and during mating, in late pregnancy, and in early lactation.

Introduction

Resources, particularly feed, for small ruminant production in the northeastern
region, are limited. Average small ruminant productivity in the region has not
changed significantly during the last 10 years, despite the large quantities of barley
grain fed to sheep and goats in many countries of the region, mainly because of the
degradation of the rangeland and the increased use of supplementary feed to
increase the number of animals. There is no efficient system for the transfer of
technology from research stations and research laboratories to the pastoralists, and
socioeconomic difficulties hinder the implementation of such technical changes.

The current system of small ruminant production does not satisfy local demand for
meat and milk. Large increases in production will be needed in the future to keep
pace with the increased demand which results from population growth and per
capita income increase. As the carrying capacity of the rangelands is already
exceeded, there is little scope for increasing the size of the small ruminant
population. Any increase, therefore, in small ruminant production must come from
increasing productivity per animal, by increasing local feed resources, by more
efficient utilization of these feed resources and of imported grains, and by proper

353



management and feeding of breeding and young animals. There will have to be
improvements in disease and control measures, in reproductive rate and genetic
potential, and in the development of integrated crop-livestock production systems
using more external inputs. The objective of this paper is to emphasize the effects
of nutrition and management on increasing small ruminant production.

Improving the Efficlency of Utllization of Feed
Efficiency of Utllizatlon of Local Feedstuffs

Stubble, straw, and other low quality feed

When sheep are grazing stubble or dry pasture, or are fed straw and other low
quality feed, the main nutrient deficiencies likely to occur are in energy intake,
because of low voluntary feed intake, and in protein, vitamin A, and phosphorus.
The performance of ruminants can be improved markedly by feeding practices that
ensure an efficient rumen function, by improving the environment of the rumen
micro-organisms for the efficient fermentative digestion of low quality feeds, and by
optimizing nutrient availability in the rumen through supplementation, the feeding
of multinutrient blocks, straw treatment or other chemical means. The nutritive
value of cereal stubble during the first month after cereal harvesting is satisfactory,
but later on the quality of straw is low and supplementation with a vitamin-trace
element mixture and a small quantity of grain and/or a nitrogen source or feed
blocks is necessary (Economides et al. 1981; ICARDA 1994).

Efficlency of Utilization of Imported Grains

Until the late 1960s, most of the feed for livestock came from grazing arid and
semi-arid rangelands (FAO 1972). The contribution of rangelands to the total feed
requirements of sheep and goats is declining. Recent estimates in the region are
2.5-10% in Syria (Leybourne 1993), 25% in Algeria (Boutonnet 1989), 20% in
Saudi Arabia (Sidahmed 1991), 8-36% in Morocco (Guessous 1994), 15-20% in
Tunisia in 1988 (Salah 1994) and 30% in Jordan (Gaddess et al. 1991). On the
other hand, in many countries of the region sheep and goats diets are heavily
supplemented with barley grain, particularly in late autumn, winter, and early
spring. This period coincides with late pregnancy and early lactation, when
nutrient demands are highest. Therefore, feeding balanced concentrate diets at
appropriate levels during critical periods will increase animal performance, reduce
feed costs, improve the efficiency of production, and reduce imports of grains.

Improving Management and Feeding
Management and Feeding of Breeding Animals

Malntenance

Energy for maintenance is the largest single factor in the annual nutrient
requirements of sheep and goats (58-62% for single and 54-58% for ewes with
two lambs). Table 1 shows that ewes giving birth to twin lambs require only 30 kg
dry matter more than ewes producing one lamb.
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Table 1. Annual metabolizable energy requirements and dry
matter intake of ewes with single or twin lambs (Economides
1994).

Live weight (kg) Energy Requirements Dry matter intake

{MJ of ME/ewe/year) (ka/ewe/year)
Singles Twins Singles Twins

40 3348 3,597 397 426

45 3,553 3,846 422 453

80 3,752 4,049 448 478

55 3951 4,253 473 504

Walking

The energy cost of walking is high, 8-9% of total annual requirements. Substantial
savings in feed could be made by eliminating grazing on rangeland in winter and
early spring when vegetation is sparse, and by feeding balanced diets which
include minerals and vitamins. This would also lead to a beneficial resting of
rangeland.

Mating

Nutrition before and during mating can affect the proportion of barren ewes and of
ewes producing twins. (Treacher 1993; Thomson and Bahhady 1988). A higher
level of feeding during mating is recommended when body condition of ewes is
poor. Culling unproductive animals before mating, including infertile rams, will
increase fertility. Prolificacy in experimental flocks of Awassi, Sardi, D'Man and
Barbary ewes was improved by increasing the level of feeding prior to mating
and/or selecting for twins within the breed (Younis 1977; Lahlou-Kassi 1987;
Khaldi 1989). During mating, ewes usually graze stubble, and energy and protein
intake declines substantially as intake of heads and leaves declines and intake of
stems increases. Therefore, without supplementation, both fertility and prolificacy
decline.

Early pregnancy (1-3 mo.)

Early embryonic losses in mated ewes may occur as a result of high temperatures
and fluctuating nutrient intake, if ewes graze only stubble.

Late pregnancy (4-5 mo.)

During the last two months of pregnancy, growth of the fetus is rapid and nutrient
requirements of ewes increases rapidly. In the two weeks before lambing, energy
requirements are 40 and 65% higher in ewes with single and twin fetuses,
respectively, than in the middle of pregnancy. Protein requirements are high:10 g
CP/MJ for single and 12.7 CP/MJ for twin ewes, respectively. Underfeeding
during late pregnancy affects the deposition of secretory tissue of the udder,
reduces the production of colostrum and results in weak lambs with lower viability
and higher risk of starvation. Toxemia is common in underfed ewes carrying twins.
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During late pregnancy, if ewes graze cereal stubble or are fed straw,
supplementary feeding is necessary either in the form of feed blocks or concentrate
mixtures (ICARDA 1994). In Australia, good quality range is left for pregnant ewes
and, during the last stages of pregnancy, they are grazed on specially reserved
rangeland until the lambs are weaned (Williams 1985). In the highlands of
Scotland, forage produced on the best land is often maintained as a reserve, and
sheep are allowed to graze it in late pregnancy and early lactation (HFRO 1979).

Waterhouse et al. (1994) compares the performance of ewes in an extensive
system, supplemented with 5 kg of feed per ewe during late pregnancy and
unattended at lambing on the hill, with another flock of ewes supplemented with
25 kg/ewe during mid- and late-pregnancy and supervised during lambing. In the
extensive system, the number of lambs weaned and sold was reduced, because of a
reduction in the number of lambs born and higher mortality between birth and
weaning (Table 2). The reduced output per ewe, however, was offset by reduced
feed costs. Although there was a reduction in gross margin, this was offset by a
greater reduction in labor costs, which resulted in a slight increase in profitability.

Table 2. Comparison of flock performance and labor use in two
systems of management (Waterhouse et al. 1994).

Control Extensive
Average no. of ewes 940 630
Ewes/ha 1.02 0.57
Lambs weaned/100 ewes mated o8 59
Lambs available for sale 600 245
Annual labor hours 2,550 760
Reduction in gross margin £6,000
Labor saving £6,800

Lactation and Suckling Lambs

Nutrient intake in early lactation, particularly of energy and protein, is 60% higher
than in late pregnancy. When the level of feeding in early lactation is adequate,
nutrition in pregnancy has only a small effect on milk production. Supplementary
feeding is usually provided to lactating ewes grazing poor pasture or on a straw
diet. Lactating ewes in Australia and Scotland are often grazed on specially
reserved rangeland until the lambs are weaned (HFRO 1979; Williams 1985).

Perinatal mortality of lambs may be very high. The main causes of death are related
to inadequate nutrition of the mother, resulting in the birth of weak lambs, and to
inadequate colostrum intake immediately after birth.

The survival of lambs at birth depends on the mothering ability of the dam, early
consumption of colostrum and an adequate lambing environment. Proper
supervision reduces mortality due to dystocia, reduced colostrum intake, and
starvation (Ducker and Fraser 1973). Early consumption of colostrum will protect
lambs against infection, but its effectiveness depends on the concentration of
antibodies in the colostrum (yearlings have lower concentrations), the level of
colostrum intake, and the time of consumption, as absorption declines over the 24
hours after birth. Lambs should be vaccinated against clostridial and other
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prevalent diseases. If muscular dystrophy has occurred in the past, vitamin E and
Selenium should be injected.

Management and Feeding of Young Animals

Relationship Between Weight Gain of Suckling Lambs
and Milk Yield of the Ewe

Weight gain in suckling lambs is closely associated with the level of milk
consumption during the early stages of lactation. If sufficient, high quality, solid
feed is not available for the lambs, growth rates may decline as the milk production
of the ewe decreases. For example, Khaldi (1989) found that the growth rate of
suckling lambs in Tunisia declined between the first and the third month of
suckling, as low feed availability affected the milk production of the ewes.

Early Weaning of Lambs

Many benefits result from the early weaning of lambs. In countries where sheep
are kept mainly for meat production, early weaning reduces grazing pressure on
the rangeland because lambs are removed earlier from the range and ewes need
less feed. In addition, lambs fattened on balanced concentrate diets at a younger
age gain weight more efficiently than older lambs. In areas where milk fetches a

high price, early weaning makes more milk available for sale, thus increasing
income.

In areas where lambs are weaned late or allowed to graze on the range until they
are sold, this period of grazing contributes to overstocking and, therefore,
degradation of the rangeland. If lambs are weaned early and fattened away from
the range, a considerable quantity of roughage can be saved. For example, if lambs
remain on the range from weaning (at 20 kg), and are fed 50 or 100 g daily, they
will reach a live weight of 30 kg in 200 or 100 days, respectively. During this
period, they will consume 115 or 180 kg dry matter. If they are removed from the
range at weaning and fattened on a minimum of 100 g of hay/day, they will reach
30 kg live weight in 50 days, consuming 5 kg hay. There is a saving, therefore, of
110 or 185 kg dry matter, respectively.

Reducing Age of Ewes at First Lambing

The age at first lambing of indigenous breeds an be reduced from 2 years to 18
months with better feeding and management (Bahhady 1987; Epstein 1987;
Lahlou-Kassi 1987). The advantages are:

e The unproductive period of ewe lambs, from birth to lambing, and cost of
production, are reduced.

¢ The productive life of ewes increases.

o There is a large savings of roughage between weaning and lambing.
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s Feeding a better quality feed (10 MJ of ME/Kg DM) after weaning at 80 days,
to achieve a mating weight of 40 kg at 18 months of age, compared with
feeding a lower quality feed to reach the same mating weight at 2 years,
reduces dry matter intake from weaning to mating by 40% (Economides 1994).

Lamb Fattening from Weaning to Slaughter

High energy intake in association with adequate protein intake from weaning
slaughter will give maximum performance. Therefore, intensive lamb fattening is
based on ad libitum feeding of diets high in energy concentration and of adequate
nitrogen content (16-14% CP as fed). The heavier lamb is generally more
profitable, unless there is price discrimination or high cost feed is used to obtain
part of the gain (Terrill 1985). The increase in rate of gain, better feed efficiency
and decrease in feed and other costs will increase the efficiency of meat
production, but improved management will generally have a greater effect than the
cost of purchased feed (Terrill 1985). In Cyprus, with early weaning of lambs,
fattening on balanced concentrate diets and slaughter at high live weights, meat
production doubled with an extra energy intake of 18% by the lamb (Economides
1983, 1992).

Effect of Increasing Live Weight at Slaughter on Feed
Intake, Feed Efficilency, Carcass Weight, and Carcass
Composition

Economides and Koumas (unpublished) found that increasing live weight at
slaughter from 16.25 kg to 45 kg increased carcass weight from 7.94 to 20.70 kg
(Table 3). The percentage of lean meat decreased and fat increased with increasing
carcass weight in a sample joint. Feed efficiency declined rapidly when weight at
slaughter was increased.

Effect of Additives and Supplementation on the
Performance of Lambs

Feed intake, live weight gain and feed conversion efficiency of lambs were not
influenced when the concentrate mixture was supplemented with lasalocid sodium
or flavomycin (Economides et al. 1988), but the performance of male lambs was
considerably improved when the basic concentrate diet was supplemented with
vitamins A, D;, E, and a trace element mixture (Economides 1987b: Table 4).
Economides et al. (1987) shows that Naimi lambs offered balanced concentrate
diets consume more feed, grow faster, and convert feed more efficiently than lambs
offered barley grain and a mineral plus vitamin block. Although the balanced diet
is more expensive, these lambs are more profitable. Lambs weaned at two months
of age perform better than four month old lambs.
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Table 3. Effect of live weight at slaughter on the performance
and carcass composition of male lambs (Economides and Koumas,
unpublished).

Live weight (kg) 16.2 24.8 30.0 35.3 40.3 45.8
Age (days) 39 7 87 102 12 131
Carcass weight (kg) 7.94 10.85 13.02 14.71 1823 2070
Feed intake (kg) 63t 28 54 74 111 135
Feed/gain ratio (g/g) (5.4)* 291 367 373 431 4.69
Best end of neck joint

Lean (%) 446 471 45.5 43.0 40.7 415

Fat (%) 334 336 344 372 37.6 404
Ribeye area (cm?) 8.20 909 989 993 1039 10.00
Fat thickness (mm) 3.20 3.73 3.87 5.20 6.06

' Weaning,

! Intake of milk and ratio of milk : gain.

Table 4. Effect of diet supplementation with trace elements and
vitamins on performance of male lambs (Economides 1987).

Basic Basic diet + Basic diet + Basic diet +
diet trace vitamins® trace elements!
elements’ + vitamins?
Initial weight (kg) 17.4 17.0 17.0 16.8
Final weight (kg)  32.1 336 37.0 387
Daily gain (kg) 0.233 0.264 0.315 0.348

' Supplying 25 mg Mn, 1.75 mg |, 45 mg Zn, 30 mg Fe, 2 mg Co and 60 mg Mg.
* Supplying 6,000 L.U., vit. A, 1,000 |.U. vit. D. and 8.5 l.U. vit. E.

Substitution of Soybean Meal by Leguminous Seed or
Sunflower meal

Growth rate, feed intake, and feed conversion efficiency were similar when
soybean meal was replaced partly or completely by common vetch seed (Vicia
sativa), broad bean (V. faba), pea (Pisum sativum), and sunflower meal in
concentrate diets of fattening lambs from weaning to slaughter. It was concluded
that the substitution of soybean meal by common vetch, broadbean, pea, and
sunflower meal is possible, and that their use in lamb feeding depends on the
price relationship between these feedstuffs and barley grain (Koumas and
Economides 1987; Koumas and Economides, unpublished).

Effect of Nitrogen Source on Lamb Performance

Although final live weight and growth rate were significantly higher, and feed-to-
gain ratio was better with male lambs on the soybean diet containing no urea, the
cost per kg live weight gain was lower with the urea diets. The performance of
female lambs was similar on the three diets, and feed costs were also lower on the
urea diets. In addition, the performance of male and female lambs was similar on
either soybean or urea diets from 84 to 140 days. (Economides 1987a).
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In other studies in the region lamb performance was improved when a basic barley
grain diet was supplemented with urea feed blocks, urea premix or a protein
source such as cottonseed (ICARDA 1994). Under intensive fattening, feeding of
urea blocks was inferior to urea premix, cottonseed cake, or concentrate mixture.
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Abstract

A 1993 survey of small ruminant flocks in Lebanon’s Bekaa Valley found three
small ruminant systems: sedentary village flocks, migratory flocks, and semi-
sedentary flocks. A follow-up survey was conducted in 1994/95 on 16 flock
owners to monitor the impact of a disease control program. All three systems had
low productivity and high abortion and mortality rates. The disease control
program improved birth and 90 day weight in both sheep and goats in all three
systems, but not milk production, except in goats in migratory flocks. Costs and
income were recorded and profits calculated. Flocks with more sheep than goats
and those of moderate size were more profitable. Small ruminants were still a
reserve of capital for when money is needed.

Introduction

Small ruminants play an important role in Lebanese agriculture (FAO 1980).
Sheep and goats are still raised traditionally, and thus small ruminant production
is one of the least-developed sectors of Lebanese agriculture. Several projects for
the improvement of the small ruminant sector are now being planned or
implemented in Lebanon's Bekaa Valley, home to around 50% of the country’s
sheep and goats. Little information on small ruminant production in Lebanon is
available. A survey conducted by Hamadeh et al. (1993) in the Bekaa Valley
identified three main small ruminant systems or clusters: sedentary,
migratory/semi-nomadic, and semi-sedentary. A second study was launched in
1994 (Hammad 1995) to examine in greater detail the production and
management of flocks to make an economic analysis of the systems and to assess the
results of a program of disease control.

Materials and Methods

Survey Region

This study was conducted in the Bekaa Valley, Lebanon’s largest province and main
agricultural area. Annual rainfall ranges from 410 mm in the valley to 1,200 mm
on the mountain top.
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The sample of farmers in this study was drawn from that of the 1993 survey by
Hamadeh et al., in which farmers were grouped in three different systems or
clusters. One cluster had sedentary village flocks composed mainly of sheep and
fed mainly crop residues. The second, with more goats than sheep, was a migratory
system with major use of native pastures. The third cluster was of semi-sedentary
flocks with more goats than sheep and moderate use of native pastures.

Six farmers from each cluster agreed to take part in the study. The 18 flocks were
made up of 1,900 sheep (of the indigenous fat-tail Awassi breed) and 3,380 goats
(of the rustic Baladi breed). Two farmers later left and data for their flocks were
eliminated from the study. The 16 remaining flocks were monitored monthly for
one year starting in May 1994.

Field Survey Method

A detailed questionnaire was used to obtain information on the composition of the
sheep and goat flocks, feeding, management practices, productivity, main inputs,
breeding, crop yields, and economic costs and return.

The questionnaire was also designed to determine the feeding/grazing calendar
(Nordblom et al. 1993) of the flocks.

Disease Control Program

A sub-sample of 20 ewes or 20 goats was selected at random from each flock
(depending on which was the major species) and ear-tagged. Ten of the animals in
each group were treated while the others were kept as untreated controls. Both
groups remained in the flock under the same management. The treated animals
were vaccinated against sheep or goat pox, foot and mouth disease (Aftovax®,
Rhone Merieux, Lyon, France), and enterotoxemia (Imotoxan®, Rhone Merieux,
Lyon, France). They were also treated with Albendazole (manufactured by Veterin
S.A., Attica, Greece) in May and November, to prevent internal parasites.
Treatment for external parasites was by dipping or spraying (Neocidol® 600EC,
CIBA Geigy, Basel, Switzerland) directly after shearing and whenever the presence
of external parasites was noticed.

During the study, the following diseases occurred: pleuropneumonia, sheep pox,
and enterotoxemia, each in one flock; mastitis, in two flocks; and foot and mouth
disease, in three flocks. Neonatal diarrhea occurred in most flocks.

Production Data

Production data were recorded for 320 ewes and goats. The lambs and kids were
weighed at birth or within five days and at 90 days, the approximate time of
weaning. Weights recorded in the five days after birth were adjusted to give an
estimated birth weight. Milk yield was recorded volumetrically from a selected
group of animals in each flock in mid-lactation. Total monthly milk production for
the flock was estimated by the farmers. Details of reproduction, mortality, and sale
were recorded.
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Statistical Analysis

The effect of treatment for disease and parasites on birth and 90-day weights and
milk yield was analyzed, using a split plot analysis of variance technique (SPSS
1987).

Economic Analysis

Data for economic analysis by flock and cluster were obtained every month. Income
was calculated from data on milk production and sale of lambs, kids, culled
animals, manure, wool, and crops, where applicable. Costs were calculated for
veterinary supplies, mixed concentrates and roughage, and for machinery, seed,
fertilizer, and chemicals for crop production. Other expenses included renting
land, labor, and water.

Costs and return for the flock and for each cluster were compared for the periods
June-August, September-November, December-February, and March-May.

Results and Discussion

The general characteristics of the sample of farmers in the three clusters are listed
in Table 1. Goats were the main species in the migratory and semi-sedentary
systems, and sheep were the main species in the sedentary system.

Table 1. Characteristics of the three clusters.
Cluster'  No. of Farm Meanflock Majority Ratio Rangeland

farmers _size (ha) size (head) species sheep/goats Use®
1 6 78 235 sheep  5.5:1.0 Moderate
2 5 122 527 goats 1.0:6.4 Heavy
3 5 17.8 247 goats 1.0:20 Heavy

' Cluster 1, sedentary village; cluster 2, migratory; cluster 3, semi-sedentary flocks.
* Determined from estimated contribution to diet (%): moderate <40% and heavy >45%.

Land use by the three clusters is shown in Table 2. Flocks in the sedentary system
stayed near the village throughout the year and usually grazed the common and
village-controlled rangelands. The other clusters left the base village for several
months during the dry season to graze leased agricultural land and distant
rangeland. In general, all three systems were highly dependent on rented grazing.

Table 2. Area (%) grazed by flocks in the three clusters.

Cluster

1 2 3

Rangeland open for all 2 /4 8
Rangeland controlled by village 1] 13 2
Fallow land rented for grazing 13 6 0
Rangeland owned by farmer 7 7 8
Agriculture private land 13 z 38
Agricultural land rented from others X 2 2
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Management Practices

Nutrition

Figure 1 presents the mean feeding/grazing calendars for the three clusters. Hand
feeding as a percentage of the diet ranged from 14 to 96%, 0 to 90%, and O to
98% in clusters 1, 2 and 3, respectively. Hand feeding was highest from December
to March, coinciding with late pregnancy and the lambing and kidding season.
There was no hand feeding from June to August, when unharvested cereals and
vegetable residue were the source of feed.

Mean total hand-feeding was 270, 90, and 130 kg/head in clusters 1, 2, and 3,
respectively. These figures were higher than those reported previously by
Hamadeh et al. (1993). Wheat bran and barley grain were the major energy feeds.
Sugar beet pulp was used, especially in cluster 1. This is associated with increased
availability in the Bekaa valley.

Grazing resources provided most of the diet from April to December. In cluster 1,
common native pastures were grazed from April to June with some use of
unharvested cereal crops in May. In June, crop residues, cereal stubbles, and
unharvested crops comprised 44% of the diet and were the main feed resources
from July to October. In clusters 2 and 3, native pastures provided most of the
grazing from April to November, with a high use of cereal stubbles from June to
August.

Mating and Parturition

Rams and bucks were kept in the flocks throughout the year, resulting in
haphazard mating with peaks from June to August (30-45 days) in sheep, and
from late July to early November (30-40 days) in goats. As a result, the lambing
and kidding season spreads over four to five months in ewes, with a peak from
December to January, and four to nine months in does, with a peak from February
to March.

In general, no supplementary feed was given during the mating period. Age at first
mating was 24 months in goats and 12-18 months in ewes. Ewes and does were
culled at 7-8 years of age or whenever they failed to give birth for two consecutive
seasons, and males generally at four to five years. Superior males, however, were
kept.

Lambs and kids were kept in confinement for two to three months and milk was the
only source of feed, with some concentrate supplementation at weaning. Lambs and
kids were allowed to suckle their mothers only twice a day, since farmers believe
that more frequent suckling causes diarrhea. After weaning, they were allowed to
graze with the rest of the flock.

Milking and Shearing

Milking of ewes and does in all three clusters began at weaning, with some farmers
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starting a little earlier, and continued for 5-10 months in sheep flocks and 8-11
months in goat flocks. Milking was done by hand by the women.

The annual shearing took place in May and June, with clusters 1 and 2 shearing
earlier than sedentary flocks. All wool produced was sold to carpet makers.

Performance

The number of kids and lambs born alive and weaned per pregnant female was
0.86 and 0.95, and 0.74 and 0.88, respectively (Table 3). The figures were
higher in cluster 1 than in clusters 2 and 3, where abortion and mortality rates
were higher.

Table 3. Performance of sheep and goats in the three clusters.

Cluster
1 2 3
Lambs born/ewe 0.95 0.73 0.78
Lambs weaned/ewe 0.88 0.68 0.72
Kids born/doe 0.86 0.82 0.79
Kids weaned/doe 0.74 0.64 0.68
Lamb mortality rate 0.07 0.08 0.09
Kid mortality rate 0.15 0.22 0.14
Adult mortality rate 0.04 0.06 0.05
Abortion rate 0.12 0.27 0.25
Twining rate (sheep and goat combined) 0.06 0.11 0.05

The higher abortion rates in clusters 2 and 3 may have been due to brucellosis,
which was reported in the region, but no confirmed diagnosis was made.

Milk production was lower in clusters 2 and 3 than in cluster 1 (Table 4), with the
exception of goat milk production in cluster 3. The level of milk production was
lower than reported by Battacharya and Harb (1973).

Table 4. Mean milk production for the three clusters.
Clusters (kg/head/season)

1 2 3
Ewe 58.7 365 469
Goat 59.7 43.6 82.5

Birth weight, weaning weight, and weight at sale are shown in Table 5. Mean
birth weight of lambs was similar (3.2-3.6 kg) across the three clusters. This
weight, however, was lower than that reported for Awassi sheep by Epstein
(1985), with means of 4.3 and 4.1 kg for male and females, respectively.
Variations in weaning and sale weights were due to differences in management
and age. Average fleece weight was similar to that reported by Rottensten and
Ampy (1971) for Awassi ewes (2.1 kg) and did not differ between clusters.
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Table 5. Birth weight, weight (kg), and age (months) at weaning
and sale in the three clusters.

Cluster
1 2 3

Sheep

Birth weight 3.20 36 3.2

Weaning weight 27.8(3)" 30.0(3) 24.5(3)

Weight at sale 35.5(3-5) 33.0(34) 35.5(3-5)
Goats

Birth weight 225 21 23

Weaning weight 18.8(3-5) 17.6(3-5) 18.293-4)

Weight at sale 27.5(3-8) 39.6(3-12) 22.6(3-6)

' Age in months at weaning or sale

Impact of the Program to Control Diseases and
Parasites
The effect of this program on milk yield, and weights at birth and 90 days was

evaluated within clusters. There was no significant effect on milk production in
goats (Table 6) and a small, but significant (P <0.05) increase in ewes (Table 7).

The program of disease control significantly increased birth and 90 day weight of
both lambs and kids (Table 8).

Table 6. Effect of disease and parasite control program on goat
milk production (ml) in clusters 2 and 3.

Cluster Dose No Mean + SE
2 Treated 30 5622 +£5.76
Control 30 552 +5.76
3 Treated 30 459" +5.76
Control 1] 481°+5.76

a, b Means with different superscripts differ significantly (P <0.05).

Table 7. Effect of disease and parasite control program on sheep
milk production (ml).

Cluster No. of ewes Mean + SE
1 120 6161+ 47.6
2 2 591+1165
3 60 463 £ 67.3
Treated 100 570°+6.4
Control 100 544° + 6.4

a, b Means with different superscripts differ significantly (P <0,05).
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Table 8. Effect of disease and parasite control program on weight
(kg) at birth and 90 days for lambs and kids.

Cluster Sheep Goats

n__Birth weight 90dayweight n Birth weight 90 day weight
1 120 4.1+0.1 226.6+0.48 NA
2 20 441022 24,7+1.18 60 231017 13.0£0.25
3 60 4.11017 25.840.68 60 2640.17 13.740.25
Treated 100 4.5'10.19 26.9710.31 60 2671006  13.87"40.13
Control 100 3.9'40.19 24.6"40.31 60 2.3'10.06 12.9"40.13

‘P <0.1; " P <0.01.

Economic Analysis

Income and expenditure were calculated to evaluate the net benefits farmers
gained over the year of the study. The information was used to develop a simple
cost-benefit assessment of the surveyed flocks. The gross margin for each farmer in
the three clusters was calculated by subtracting the total cost of production from
total income (Table 9). Feed was the major input in the three clusters, comprised of
purchased concentrates (barley, wheat and maize grain, wheat bran, beet pulp,
and cereal and legume straw). Feed accounted for 60, 38, and 49% of the total
cost of inputs in clusters 1, 2, and 3, respectively. The cost of grazing was 20, 31,
and 13% of the total cost in clusters 1, 2, and 3, respectively.

Table 9. Total cost, income, and profit per flock and per animal,
and ratio of sheep to goats in the three clusters.

Flock No. Total Cost/ Total Income/ Total Profif No. No. Ratio

s&g costs animal_income animal profit animal sheep goats sig
Cluster 1 (1.000 LL)
1

106 8258 79 13439 128 518 49 79 % 31
2 49 10161 23 31.271 70 21110 47 374 7 5:1
3 59 7803 132 11111 188 3308 56 59 0
4 394 38578 =B 43780 1M1 5202 13 330 64 5:1
5 196 23296 119 20375 104 2921 -15 146 50 31
6 208 17794 86 30404 146 12610 61 208 0
Mean 235 17648 89 25063 125 7415 3HB 199 ¥b 561
Cluster 2 (1.000 LL)
1 957 32836 34 17.832 19 15004 -16 57 900 1:16
2 500 19666 39 11.893 24 7773 -16 0 500
3 700 13.031 19 10.947 16 2084 3 100 700 1.7
4 160 17.185 107 17210 108 ) 016 0 160
5 320 21659 68 58444 183 36.785 115 200 120 21
Mean 527 20875 &3 23.265 70 2390 16 K4l 476 167
Cluster 3 (1.000 LL)
1 215 7974 I 28805 134 20831 g7 0 215
2 250 14860 59 8.962 36 -5898 -24 18 282 1:13
3 86 8705 101 8.550 0 -156 2 0 86
4 314 8315 26 43935 140 3.5621 113 0 314
5

370 16299 44 17.791 48 1492 4 330 40 B8:1
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Income from the sale of lambs or kids accounted for 34, 44, and 20% of total
income, and from milk, 20, 46, and 25% in clusters 1, 2, and 3, respectively.

Veterinary costs, mainly vaccines and drugs to control parasites, were less than 5%
of total cost in all clusters. Other costs, including water (usually brought by tankers)
fertilizer, pesticide, seed, machinery, animal death, and labor, accounted for about
20%, 29%, and 46% of total costs for clusters 1, 2, and 3, respectively.

Table 9 presents the costs, income, and profits per animal, flock size, and ratio of
sheep and goats. In general, farmers with medium-sized flocks did better than
those with small or large flocks. Profits per animal in clusters 1 and 3 were much
higher than in cluster 2. Flocks two and four in cluster 1 (Table 9), which had the
same ratio of sheep to goats, generated different profits/animal, probably because
farmer four considered small ruminant production a secondary activity on his farm.
All the farmers considered small ruminants to be a store of capital for when cash
was needed. The program of disease control was uneconomical, as the increase in
the output of meat and milk did not cover the cost of vaccines and drugs.

Conclusions

The study shows low productivity in all three systems. Inadequate feeding may be
a limiting factor to productivity. On-farm trials are needed on feeding practices,
feed requirements, and evaluation of common feeds.

The program of disease control measures was not economic, in spite of improving
birth and 90 day weights of both lambs and kids. A full screening of diseases will
help in the development of a more adequate and cost-effective program of disease
control. Economic analysis reveals that small ruminant production was profitable in
some of the flocks in the survey, but the economics of production and marketing
should be studied in more detail, and the factors limiting returns identified.
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Discussion

M. Harb: Milk production is very low (58 kg). In the 1970s we were receiving
120 kg/ewe.

S. Hamadeh: Health was well managed then. Governmental services were very
active. Values reported by farmers involved the whole flock, including ewes that
did not have lambs or had aborted. On-farm monitoring of milk production shows
higher production: 0.6 kg/head/day and as much as 90-100 kg/ewe/season.
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The Role of Crop Residues and Agro-
Industrial By-products In Fliling the
Deficit of Animal Feedstuffs In the

Middle East

M. Hadjipanayiotou
Agricultural Research Institute, Nicosia, Cyprus

Abstract

In spite of its potential, livestock productivity in the Middle East is low because of a
shortage of feed and forage. Many countries rely on importing cereal grains to feed
livestock. Efforts are, however, now being directed toward the establishment of
permanent research and development programs aimed at increasing animal
productivity, using local resources. Crop residues, agro-industrial by-products, and
animal wastes that are not at present widely utilized can fill at least part of the gap
between supply of and demand for conventional feed resources. This paper
provides information on by-products available in the region, reviews experience
gained inside and outside the region on the use of non-conventional feedstuffs,
describes methods for improving their nutritional, storage, and handling qualities,
and discusses the use of urea blocks to meet the deficit of animal feedstuffs in the
Middle East.

Introduction

Livestock owners throughout the Middle East have been subject to severe climatic
conditions marked by long dry periods. This has occurred at a time of rapid human
population growth, resulting in the expansion of cultivation into areas formerly
used for grazing. This growth in human population has been accompanied in most
countries by a simultaneous increase in animal population, resulting in a
deterioration in grazing areas, with adverse effects on animal performance. Efforts
to increase the output of animal products to meet increased requirements have
greatly boosted the demand for conventional feed resources, leading to an increase
in imported concentrates and a considerable expenditure of foreign currency (FAO
1993).

Governments in the region have become aware of the situation and recognize that
they can reduce imports of concentrates by using agricultural residues and some
animal wastes specifically suited to ruminant livestock feeding.

This paper discusses:

¢ By-products available in the region.
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* A methodology for estimating available quantities.

o Experiences both in and out of the region on the use of non-conventional
feedstuffs.

e Methods for upgrading nutritional, storage, and handling qualities of by-
products.

s The use of urea blocks made from by-products.

The Utllization of By-products

To achieve greater and improved use of by-products, information is needed on
their quantity, type, seasonal availability, alternative uses, relative costs, and
feeding value. Information on their location and that of the animals, and the
identification of any anti-nutritional constraints associated with their use are also
necessary. The amount of crop residues and animal wastes may be estimated from
the main product (Tables 1, 2, and 3).

Table 1. Ratio of by-product to main product for major by-
products in the Middle East.

By-product Ratio by-product/main product
Almond hulls 1.7:1
Citrus pulp (juice : pulp) 0.4-0.55:0.6-0.45
Grape marc 0.06:0.94
Groundnut hulls 0.32:0.68
Olive cake (OC) 0.37:0.63
Solvent extracted OC (SEOC) 0.29:0.71
Sorghum, maize, millet stover 2.00:1.00
Sugar cane tops 1.00:4.00
Sugar beet pulp 0.25-0.33:0.75-0.67
Tomato pulp 0.07:0.93
Wheat, barley, rice, oat straw 1:1

Crop By-products

Small grain cereal by-products are widely available in arable areas and are used to
feed ruminants in different forms. Sheep and goats are either put onto the stubble
after harvest, or are fed chopped/long straw as part of the diet during the winter.
The major drawback to feeding straw is its inherent low intake based on its low
digestibility. This low digestibility can be considerably improved by treatment with
chemicals (NaOH, urea, ammonia gas, NH,OH, etc.). In studies carried out at the
Cyprus Agricultural Research Institute, straw treated with 10% urea solution at a
rate of 400 ml/kg had higher voluntary intake, metabolizable energy intake, as
well as crude fiber and dry matter digestibility, by 47, 77, 40, and 26%,
respectively, than untreated straw. When urea-treated straw was given to high-
yielding dairy and growing animals on an overall good quality diet, the response
was small, but when it was given to animals on a poor diet the response was
significant (Hadjipanayiotou 1989).
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Supplementary feeding can improve straw intake and utilization. The
supplementation of straw with soybean meal (150 g/head/day), or a molasses—
urea mixture ad libitum, resulted in increased straw intake (Hadjipanayiotou et al.
1975). Similarly, straw intake by mature Chios ewes increased by 31, 22, and
19% when straw was supplemented daily with 80 g soybean meal plus 170 g
barley grain, 240 g barley grain plus 10 g urea, or 250 g barley grain, respectively
(Economides et al. 1981). ICARDA studies (ICARDA 1986) show that the addition
of 170 g DM/head/day of barley grain changes live weight losses on
unsupplemented straw into modest live weight gains, with no significant increase
in the supply of dietary energy from straw. The provision of 130 g/head/day of
cottonseed cake significantly improves the organic matter intake from straw, as well
as live weight gain.

In studies carried out in Mashreq Project countries, urea blocks made from a variety
of agricultural by-products (olive cake, poultry manure, molasses, fresh sugarbeet
pulp, etc.), resulted in a significant improvement in the performance of sheep fed
on cereal straw (Table 2). The wider use of urea blocks over the dry season (May-
November) is strongly recommended, not only because of the positive effects on
animal performance, but also because it increases the use of agricultural by-
products and animal wastes (Hadjipanayiotou et al. 1993a).

Table 2. Performance of sheep grazing cereal stubble with and
without urea blocks (UB).

Country Iraq Jordan Syria
Treatment None uB None uB None uB
No. of animals 30 30 1 12 R0 100
Initial LWT (kg) 484 494 207 318 458 4438
Final LWT (kg) 50.8 536 31.5 33.9 415 43.0
LWT change (g/d) 57 115 61 :<] -101 41

With increased maize production in some countries in the region, maize residues
are becoming available for animal feeding. In other parts of the world, maize
stover, after being chopped into 2-6 cm lengths, is ensiled either alone or with
poultry litter, molasses, etc. Snyman (1991) gave an IVDMD of 50.7-57.8% for
maize residue, which is much greater than wheat (36%), barley (40%), or oat
straw (45%). Collection of residue as soon as possible after grain harvest is
desirable in order to obtain better quality silage.

Food Legume Straw

The contribution of food legume straw to ruminant livestock requirements is limited
compared to cereal straws, but it can be important on a local or seasonal basis. An
example is the use of lentil straw fed to sheep during winter in Syria. Compared
with barley and wheat straw, food legume straw is more digestible and contains
more crude protein (Hadjipanayiotou and Economides 1985). Countries where
food legume straw is potentially important in relation to total feed requirements are
Morocco (3.6%), Egypt (2.7%), Turkey (3.8%) and Syria (2.4%). Lentil and faba
bean straw, fed ad libitum, can meet the requirements of ewes in late lactation.
Similarly, lambs of 25 to 30 kg, if fed these straws, grow at around 50 g per day.
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Peanut Crop By-products

Peanut hay, hulls, and skins (testa) are by-products of peanut production.
Hadjichristodoulou (1987) reports mean pod yield of 4.1 t/ha, with an average
shelling percentage of 61%, and 7.8 t/ha of leaves and stems, with approximately
37% DM. Hadjipanayiotou (1988) demonstrates that peanut hay, with 9.4% CP
and an in vitro OM digestibility of 68%, is a medium-quality roughage.

Although peanut hulls have low CP and digestibility, up to 20% have been
included in steer finishing diets without adverse effects on performance (Hill and
Utley 1987). Peanut skins, with 15.5-17.7% CP, 21-23.8% ether extract, and
20.5-23.8% tannin, appear to be a desirable feed ingredient, but they affect
protein metabolism and should be limited to approximately 16% of the diet, which
should exceed the recommended minimum CP content (West et al. 1993).

Sugarcane By-products

Cane tops and bagasse are the main by-products of sugarcane production. Bagasse
production equals about 12% of sugarcane crushed. It is a low-quality feed, mainly
because of its high percentage of lignocellulose. When fed with energy and protein
supplements, moderate levels of bagasse can promote satisfactory weight gains, but
diets with more than 30% bagasse by weight tend to depress animal performance.

Cane tops are a medium-quality fodder when fresh and may be fed fresh or as
silage during the off-milling season. Average production is estimated at 11.5 t/ha.
More details on sugarcane by-products can be found in FAO (1988).

Citrus Pulp

Citrus pulp is the residue remaining after the extraction of juice. On average, citrus
pulp represents 60% of the fresh weight of the fruit, and has a mean DM of 19.7%
(Boucque and Fiems 1988). Pressing reduces the moisture to 65-75%. On a DM
basis, it contains 12.5 MJ of ME and 6.7% CP (NRC 1989). Dried citrus pulp may
successfully comprise a considerable part—up to 60%—of the concentrate mixture.
In the form of silage, made in combination with other by-products with a high DM
content, such as poultry litter, it can make a significant contribution to the nutrient
requirements of growing ruminants (Hadjipanayiotou 1987, 1993).

Potato Processing Resldue

Potato processing residue (PPR) represents a good source of carbohydrate for
ruminants. It is available from processing plants as a slurry. Because of its high
moisture content (88-92%), it is offered to farms close to the processing plants. It
contains 14.9 MJ of ME in terms of DM, and 8.4% CP (NRC 1989).

Tomato Pulp

Tomato pulp, a mixture of peel (66%) and seed (33%), accounts for about 4.5% of
the fresh weight. Despite its high nutritional value (8.9 MJ of ME/kg DM and
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23.5% CP), dehydration of the by-product is difficult because of its high moisture
content (approximately 86%). Additional information on other vegetable by-
products and waste can be found in Boucque and Fiems (1988).

Grape Marc

Grape marc is a mixture of seed and pulp. After pressing, approximately 6 kg of
grape marc, with about 50% DM, is obtained from 100 kg of grapes. Dried marc
consists of 40% seed and 60% pulp. It is very palatable, and its intake should be
limited. Dried grape marc has been used successfully in the diets of dairy cows,
fattening calves, and lambs (Hadjipanayiotou 1987). Dehydration is uneconomic
because of its relatively low nutritive value, with ME MJ 7.69/kg DM and 12.3%
CP, which is only 20% digestible. Ensiling of grape marc, either alone or in
combination with poultry litter in the proportion 3:2, gives good quality silage,
which can used to replace up to 25% of conventional feedstuffs in ruminant diets.

Aimond Hulls

About 50% of the world production of almonds is concentrated in the countries of
the Mediterranean basin. The hulls are a by-product of the almond crop and the
ratio of hulls to nuts is estimated as 1.7:1 (Alibes et al. 1983). Boucque and Fiems
(1988) give a value of zero for CP and 5.28 MJ of NE/ kg DM of hulls.

Brewing By-products

Brewers’ grain is the residue remaining after the liquor is removed from malted
grain. It can be ensiled wet before being given to ruminants, but also may be used
directly. Most moisture is on the surface of the grain, and 20% of the total weight
may be lost as effluent during storage. Brewers’ grain has a moderate energy
content (10.4 MJ of ME/kg DM) but is rich in protein (25.4% CP, DM basis),
which is of low rumen degradability. Good-quality blocks containing up to 65%
fresh brewers’ grain with urea, wheat bran, and dried poultry manure were
successfully used to supplement ruminants on poor quality roughage. Fresh
brewers yeast, which has 46.9% CP on a DM basis, can also be used in blocks.

Sugar Beet By-products

Sugar beet tops and crowns are an important source of feed in certain areas. The
yield is approximately 30 t/ha of fresh material. Contamination with silica from soil
can vary from 8 to 25% of DM. It is advisable to ensile sugar beet tops in alternate
layers with dry by-products, such as straw, groundnut shells, and poultry litter, so
that the liquid effluent is absorbed and fed.

About 5 kg DM of sugar beet pulp is obtained per 100 kg of sugar beets. The pulp
may be used as produced in the factory, with a DM content of 10-12%, after
pressing (20-25%), or dried (88-90% DM). In terms of dry matter, beet pulp has
a nutritional value similar to barley grain, with 12.6 MJ of ME and 9.7% CP (NRC
1989). Good quality silage was made in Syria with fresh pulp and poultry litter or
straw (Hadjipanayiotou et al. 1993b).
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Molasses contains 50-60% sugar, with some mineral elements, especially K and
Ca. It can be mixed with urea in liquid licks, in mixtures of molasses, urea and
vitamins to spray on poor-quality roughage, or formed into blocks. Some very
promising results were obtained in Syria from feeding molasses/urea blocks to
sheep grazing stubble or offered poor quality roughage (Hadjipanayiotou et al.
1993a).

Olive Cake

World olive production is confined almost entirely to the Mediterranean basin.
Crude olive cake, a residue of kernels and pulp left after the oil has been extracted
by pressure and centrifuging, is used to a limited extent in animal feeding. It has a
low nutritive value, however, because of its high ether extract content (about
11.5%), and cannot be stored. The solvent extraction of oil from crude olive cake is
essential to improve its storage quality. The solvent-extracted oil is also a valuable
product. Removal of stones, using a screen, strong air draft, or a combination of the
two, further improves the nutritional value.

Crude olive cake stored in heaps next to the processing plant deteriorates quickly.
The voluntary intake of such cake decreases with storage. Ensiling such a product
either alone or with screened poultry litter (Hadjipanayiotou 1994) gives a well-
preserved palatable feedstuff. Consumption of such silage by mature sheep (66 kg
BW), growing lambs (42 kg BW), and kids (35 kg BW) fed with conventional
feedstuffs that met 70% of their daily energy requirements, was 1,270, 730, and
380 g silage DM/head/day, respectively. Performance was similar to that of the
control groups fed concentrate and barley hay.

Waste Paim Dates

Waste palm dates are high in soluble carbohydrates (47%) and low in cell walls
(NDF 25%) and CP (3.7%), and appear to be a satisfactory energy source. Rihani
et al. (1984) used waste palm dates for up to 50% of the diet fed to growing
lambs. Date pulp has also been used in the manufacture of urea blocks in Iraq
(Mashreq Project Annual Report 1993/94).

Banana Plant Resldue

In tropical and subtropical countries, banana and sugarcane are the two crops
yielding the highest biomass per unit area. Banana plant waste is of considerable
importance in feeding ruminants. The whole plant can be used as efficiently as the
tops alone, if supplementary protein is provided to improve rumen function. The
digestibility of banana leaves is lower than that of stems (65.2% versus 75.4%).
The non-leafy portions of the banana plant (pseudostem, plantain sheath),
constitute nearly 80% of the whole plant. The plantain sheath has only 5.2-8.9%
DM, with 3.1-3.5% CP in terms of DM. Digestibility of the leaves and stems
showed variations and was affected by the time of harvest, age of the plant, ratio of
leaves to stems, and the proportion of other components in the rations. There are
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no problems with the intake of leaves or pseudostems, fed alone or in mixtures
with other forages.

Processing of High-molisture By-products

High moisture agro-industrial by-products (14-25% DM) such as citrus, sugarbeet,
tomato pulp, etc., are often of high nutritional value. Dehydration of these by-
products results in a product that is very easy to handle but increases cost. About
250-280 liters of fossil fuel and 200 kwh of electricity are required to produce one
ton of dry material (88-89% DM). In some Mediterranean countries these by-
products are given to animals fresh or after sun-drying. This limits the quantities
that can be utilized. Feeding them fresh often results in high wastage. On the other
hand, high-moisture by-products exposed to the sun for drying either ferment, go
sour, or moldy quickly, lose considerable quantities of soluble nutrients in the
effluent, and may become a breeding ground for flies. Transportation costs are
high, and it is preferable to use these by-products close to the production site. The
existence of animals in the area, and the development of simple, safe, effective,
and low-cost methods for processing and feeding such by-products, are important to
increasing their use,

Citrus pulp, grape marc, sugarbeet pulp, and tomato pulp have all been
successfully ensiled with crop residues (chopped straw, groundnut shells, and
partially dried grass or legumes) which have a low moisture content, or with
screened poultry litter. Such silage can replace conventional feedstuffs, including
concentrates. Some animal performance data are given by Hadjipanayiotou (1987,
1993) and Hadjipanayiotou et al. (1993b).

Animal Excreta

Animal excreta is a feed resource that is not presently used to its nutritional and
economic potential. There is, however, abundant data both in (Hadjipanayiotou
1984; Hadjipanayiotou et al. 1993b; Kiflewahid 1983; Tagari,1977; Muller 1980)
and out of (Fontenot 1981) the region showing that animal excreta can be used as
a partial replacement for conventional energy (barley, corn grain) and protein
(soybean meal, cottonseed cake) feed resources. Smith and Wheeler (1979) suggest
that animal excreta, including bedding and associated material, has a value 3-10
times greater as a component of animal feed than as a plant nutrient. The value of
excreta was greater when used to replace a protein source rather than an energy
source. The performance of different classes of ruminants fed on animal excreta
products is reviewed by Smith and Wheeler (1979) and summarized in Table 3.
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Table 3. Performance of animals fed diets containing animal excreta.

Class of Excreta DM intake (kg/day) Live weight gain or milk Feed conversion
animal product production (kg/day) (kg feed/kg gain)
Control Experimental Control Experimental Control Experimental

Cattle PL 100 10.3 (24)! 0.99 0.94 104 114

Cattle DPE 6.61 6.34 (15) 1.07 1.10 7.25 6.49
Cattle CE 8.27 8.22(12) 1.16 1.15 8.30 8.70
Sheep DPE 1.07 1.04 (17) 0.189 0.171 7.06 6.59
Dairy cows DPE 18.8 19.1 (12) 18.4 18.2

PL = poultry litter; DPE = dehydrated poultry excreta; CE = cattle excreta.
' Percentage of excreta in the total DM
Source: Smith and Wheeler (1979).



Level of inclusion

The level of inclusion of excreta in the finished diet depends on the quality of the
excreta and the physiological state of the animals. Hadjipanayiotou (1984)
included up to 30% dried poultry litter in concentrate mixtures for fattening lambs,
kids, calves, and lactating ewes and goats. Table 5 shows the mean level of
inclusion of animal excreta in diets of cattle and sheep tested in the United States
(Smith and Wheeler, 1979). Additional information on inclusion rates is also given
by Wilkinson (1988). In intensive systems, litter should not exceed 20% of the
daily ration. In periods of low productivity (late lactation, dry period, early
pregnancy), litter may comprise more than 35% of the diet. During late pregnancy
and early lactation, only small quantities (about 5%) should be fed, whereas larger
quantities (15-20%) can be fed immediately after weaning.

Safety considerations

An obstacle to feeding animal excreta to livestock is the presence of pathogenic
organisms in the litter. It must be born in mind, however, that problems do not
relate to waste alone; conventional feeds may also contain a large number of
contaminants in the form of phytotoxins, pesticides, pathogens, and other
xenobiotics. Fontenot (1981), Gilka (1985), Roothaert and Matthewman (1992),
and Jakhmola et al. (1988) show that decontaminated, well-processed, and
preserved animal excreta products incorporated in nutritionally balanced rations
do not cause any ill effects in animals or in the humans consuming products from
these animals.

Decontamination of animal excreta

It has been shown that animal wastes can be rendered free of pathogens by
autoclaving, fumigation and dry heat either alone or in combination with
paraformaldehyde treatment (Caswell et al. 1975). Other methods of processing,
such as ensiling (Caswell et al. 1977) and deep stacking (Strickler 1977), have
also been effective in eliminating pathogens. Arndt et al. (1979) discusses the
selection of the processing procedure, taking into consideration the advantages and
disadvantages in relation to the production system and local conditions. It is the
author’s belief, however, that ensiling is a safe, simple, and low-cost method that
can be widely used by farmers in this region (Table 4).

Slaughter Offal

The production of abattoir by-products from different animal species as outlined by
Politiek and Bakker (1982) is given in Table 5. The nutritional value of these by-
products is very high, and blood, meat, and bone meal are high-quality protein
sources for both ruminant and non-ruminant animals.

Ensiling has received considerable attention in recent years as a means of
preserving animal by-products, and has also been applied to the treatment of fish
waste for use in animal feeds. Lactic acid fermentation is a cheaper and simpler
alternative to drying for preserving slaughter offal. Ensiled slaughter offal has a
high moisture content and, although drying costs are avoided, transportation costs
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are high, and its use is restricted to areas close to the production site. Proper
storage, preferably in airtight silos, is needed at the farm to ensure the stability of
the product. The problem associated with the high moisture content of the
slaughter offal silage can be overcome by incorporating a by-product of high DM
content. El-Yassin et al. (1991) made good-quality silage (pH 4.56 and 2.4% lactic
acid, in terms of DM) from a mixture containing 45% rumen contents, 15% whole
blood, and 40% wheat straw.

Table 4. Estimated production (kg DM/day) of collectable animal
excreta.
Cattle Pigs Poultry
Dairy cows Beef cows Finishing  Sows Caged layers Broilers
4.5 35 0.08 0.1 0.026 0.02
After Politiek and Bakker (1982).

Table 5. Production (kg/head) of abattoir by-products by
different animal species in Europe.

Animal Blood meal Meat and bone meal Fat
Cattle 1.65 414 17.6
Sheep 0.26 5.82 0.6
Pigs 052 113 0.24
Poultry 0.0112 0.24

After Politiek and Bakker (1982).

Pickling with acid is an alternative approach. Divikaran and Sawa (1986)
produced a product with potential use as a source of protein in animal feeds by
mixing fresh blood and ground offal with a mixture of concentrated sulfuric and
phosphoric acids (1.5% each by weight, for a total acid concentration of 3% diluted
with an equal weight of water before being added to the material) and leaving it at
room temperature for 72 hours.

Milk Whey

Whey, a by-product of cheese processing plants (0.9 t/t of milk processed for
cheese making), is a heavy pollutant because of its high organic matter content: the
pollution load from a cheese factory processing 100,000 liters of milk per day is
equivalent to that of a city of 60,000 inhabitants (Petillot 1976). Whey, however,
is a useful source of nutrients. It is high in energy (13.2 MJ of ME/kg DM), but
relatively low in nitrogen (14.2 kg CP/kg DM). Whey has a feeding value equal to
about one-half that of skimmed milk or buttermilk, and 12 parts of whey may
replace one part of complete feed (Enminger and Olentine 1979). Feeding liquid
milk whey at the rate of 12.5 or 25 liters per cow and per heifer resulted in higher

(27-35%) economic returns for the Cypriot dairy farmer (Economides and
Antoniou 1990).
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Economics

The energy and protein content, and the current price on an as-fed basis for barley
grain and soybean mea] were used as references for estimating the monetary value
of selected by-products (Table 6). Values for energy and protein content were
either taken from NRC (1989), and from studies in the region. The monetary value
of at least some by-products is high enough to justify the additional costs of
transportation, ensiling, labor, etc., associated with their use.

Table 6. Monetary value (C£/t as fed) of selected by-products and
conventional feedstuffs.

DM cp ME Ceft
(%) (% asfed) (MJ as fed) {as fed)

Soybean mealt 89 440 11.40 125

Barley grain' 88 10.50 11.40 56
Almond hulis? 0 242 8.21 20.74
Almond hulls + shel*! €N 1.53 265 20.75
Citrus pulp! 21 1.53 5.84 11.14
Brewers grain' 21 533 218 17.55
Tomato pulp! 14 3.2 1.25 10.556
Beet pulp! 2 1.98 253 11.71
Beet's tops and crowns' 15 2,01 1.14 7.58
Poultry litter (PL)* 7 18.8 6.53 58.41
Beet pulp + PL silage® R 5.18 264 2277
" " ! 2.92 23.88
i " i 3.05 24.39
Olive cake (OC) silage™ 50 315 223 13.21
OC silage™ " o 4.15 19.00
OC+PL silage™ 50 74 223 21.97
OC+PL silage™ " 74 415 27.75

1 Cyprus pound (C£) = US$ 2.25.
' Composition from NRC (1989).

* Composition from unpublished Cypriot studies.
¥ Composition from Syrian studies, Hadjipanayiotou et al. {1993b).
" Composition from Hadijipanayiotou (unpublished).

Recommendations

Animal waste represents a vast reservoir of cheap nutrients and, after being
properly processed, should find wider application in ruminant diets.

Upgraded crop residues, via chemical treatment, ensiling, or supplementation can
make a greater contribution towards meeting animal requirements and reducing
imports of feedstuffs. Simple, low-cost, on-farm techniques should be preferred for
processing crop residues, agro-industrial by-products, and animal wastes. The use
of expensive machinery, however, may be justified in areas where by-products are
available in large quantities and there are few animals.

By-products should be analyzed frequently, due to high variation between batches.
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Discussion

J. Gresham: Inclusion of new ideas from cattle industries provides helpful
alternate, economical solutions. Can you use biomethanation to produce methane
gas while stabilizing waste products?

M. Hadjipanayiotou: This has been done using cattle excreta (slurry) and/or

excreta of cattle animals. The cost of production, however, has been high due to the
lambing system prevailing in the region.
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The Effect of Using Plastic or Mud
Covers on Urea-treated Straw on
Performance and Cost of Fattening of
Awassl Lambs

A. Swaid, A. Shurbagi, M. Amin, A. Karkutly and M. Abdul Rahim
Deparement of Animal Production Research, Directorate of Agricultural Scientific Research,
Ministry of Agriculture and Agrarian Reform, Damascus, Syria

Abstract

Chopped barley straw with a crude protein content of 2.5% was treated, using a
4% solution of urea, and the pits covered with either plastic (P) or mud (M). Ad
libitum diets based on treated straw from the P or M covering methods and
supplemented with a ration of either a pelleted concentrate (C) or barley grain (B),
were offered for 16 weeks to groups of nine Awassi lambs with an initial live
weight of 23 kg. The treated straw contained 8.8% and 6.6% crude protein for
plastic- and mud- covered materials, respectively. In spite of the lower protein
content of the mud-covered material, there were only small differences in the
intake and growth of lambs. There was little difference in the cost of the two
methods of treating the straw, as the cost of plastic and of the extra labor for
covering the pit with mud were very similar.

Introduction

Barley is an abundant feed of poor to moderate quality owing to its high cellulose
content. This reduces barley’s digestibility and value for ruminants. Treatment with
ammonia or urea increases its protein content and makes it more digestible.

Since the use of plastic covers is a major part of the cost of straw treatment, using
mud instead could reduce costs. An unreplicated feeding trial compared the feed
consumption and growth rates of groups of Awassi lambs. The lambs were fed diets
containing barley straw treated with urea in pits covered either with plastic or
mud. The economic benefits of the two systems were compared.

Materlais and Methods

Straw

Three tons of chopped barley straw were divided into two piles, which were
treated with a solution containing 4% urea, placed in separate pits, and covered
with either plastic or mud. After 45 days, the pits were opened for ventilation
before the straw was fed to lambs.
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Lambs

Immediately after weaning, 36 Awassi lambs were divided into four groups, with
an average live weight per lamb of 23 kg.

Treatment

The animals on the four treatments were fed urea-treated straw ad libitum, from
pits covered either with plastic or mud, together with a ration of either a pelleted
concentrate formulated for dairy cows or whole barley grain. The trial lasted for 16
weeks, including a one week preliminary period.

Housing and Feeding

The four groups of lambs were housed in an open-sided barn in four pens, each of
which had two feed troughs and a water trough. Treated straw was offered at a
rate of 600 g/lamb/day. The concentrates or barley were fed at a rate of 2% of live
weight, together with 0.2% of a mineral/vitamin mix. Water was available to the
lambs at all times. Samples of the straw, concentrate, and barley were taken three
times and chemically analyzed for dry matter, ash, fiber, and protein content. Feed
refusals were collected and weighed each morning before fresh feed was offered.

Economic Analysis

The cost of feed, labor, materials, and other inputs was recorded.

Results and Discussion

Treatment with urea increased protein content from 2.5% to 8.8% for plastic, and
6.6% for mud (Table 1). The lower CP content of the straw in mud-covered pits
was probably due to greater losses of ammonia through cracks in the mud.

Table 1. Analysis of feeds (9%).

Dry matter Ash Crude protein
Barley straw 86.8 87 251
Treated straw plastic covered 94.4 145 8.78
Treated straw mud covered 95.9 19.9 6.60
Concentrate 91.8 7.0 19.59
Barley grain 92.3 3.9 14.68

Intake of the concentrate or barley supplements was approximately 2% of mean
live weight for lambs over the 105 day feeding period. Intake of treated straw
(Table 2) was lower with the barley supplement than the concentrate supplement
(174 vs 258 g DM/day), and slightly lower for material covered with mud than
with plastic (200 vs 232 g DM/day). The difference in intake of crude protein was
slightly greater.
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Table 2. Mean daily intakes of supplement, straw and total, daily

weight gain and feed conversion efficiency (kg live weight

gain/kg total dry matter intake).

Treatment Dry matter intake (g/head/day) Weight Feed
Supplement  Straw  Total Total crude gain  conversion

protein {g/day) (ka/kg)

PC 675 259 34 155 107 0.115
PB 674 204 878 117 130 0.148
MC 669 257 926 149 114 0.123
MB 673 144 817 109 =8 0.120

There was little difference in the mean live weight gains over the 105 day feeding
period between the different methods, with means of 119 and 106 g/day for the
plastic- and mud-covered materials, respectively.

Two lambs were selected at random for slaughter, and the carcasses were
separated into fat tail, muscle and fat, termed meat, and bone. The mean values of
the three fractions in kg and as percentage of the carcass weight (Table 3) showed
no consistent pattern of response with treatment.

Table 3. Carcass composition.

Treatment Carcass Meat Fat Bone
_(ka) kg % ___ka % kg %
PC 208 1465 704 205 99 410 197
PB 19.05 1220 640 315 165 3.70 19.4
MC 17.65 1230 697 205 116 3.30 18.7
MB 17.95 1255 699 200 111 3.40 18.9
' % of carcass weight

Table 4 presents estimates of the cost of treating straw and covering the pits by the
two methods. There was little difference in the cost of the two methods, SYL
1.213/kg and SYL1.195/kg for plastic- and mud-covered pits, respectively, as the
cost of plastic was comparable to the cost of the 23 hours of extra labor required to
cover the pit with mud. If, however, it is assumed that no hired labor was used
and the labor costs are omitted from the calculations, the mud-covered pit was

substantially cheaper, SYL 0.663/kg compared with SYL 0.975/kg for the plastic-
covered pit.

This trial shows that although covering with mud results in a material with lower
crude protein, there is little difference in the performance of lambs fed diets which
consist mainly of concentrate or barley. Treated straw formed only 17-27% of the
intake. In these circumstances, the method of covering urea-treated straw can be
chosen according to the availability of plastic or hired labor.

388



Table 4. Costs in Syrian Pounds of treating 1500 kg of straw and
covering with plastic or mud.

Plastic Mud
Digging pit by machine 500 500
Labor to apply urea solution (15 h) 315 315
Urea (60 kg at SYL 8.25/kg) 495 495
Labor to cover pit! 2 483
Plastic covering? 467 .
Total 1,819 1,793
Cost per kg of treated straw 1.213 1.195

' 2 hours for plastic covering and 23 hours for mud.
* 3 layers of 70 m?.
SYL49 = US$ 1.
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Using Urea Feed Blocks In Fattening
Awassl Lambs

A.D. Salman, K.K. Khatab and K. Ibrahim
1PA Agricultural Research Center, Baghdad, Iraq

Abstract

The potential of using urea feed blocks as a nitrogen supplement for fattening
Awassi lambs was investigated in on-station and on-farm experiments. This was
part of a program of adaptive research to demonstrate the possibility of improving
the performance of fattening lambs fed whole barley grain, which is traditionally
used by farmers in Iraq. Feed blocks were manufactured from urea and locally
available agro-industrial by-products.

In an on-station experiment (Experiment 1), 24 Awassi lambs, aged 6 months (30
kg live weight) were divided into three groups and fed whole barley grain ad
libitum, barley grain plus urea feed blocks, or a concentrate mixture.

Two on-farm experiments were conducted in the Mosul area of northwest Iraq
using 80 (Experiment 2) and 90 (Experiment 3) Awassi lambs aged 6-7 months.
The lambs in each experiment were divided into two groups and fed whole barley
grain with or without feed blocks. Mean live weight gains (g/day) and feed
conversion ratios (kg DM/kg live weight) were 174 and 6.54, 195 and 6.15, and
221 and 5.83, for groups 1, 2, and 3 respectively. These results show a similar
trend to Eexperiment 1, which indicates that the urea feed blocks improved
performance.

It was concluded that feed blocks can be used as a nitrogen supplement for
fattening lambs on barley.

Introduction

Traditionally, barley is the most common feed for fattening sheep in Iraq. It is fed
alone or combined with a small amount of roughage. This results in poor feed
conversion (1 kg live weight for 8-10 kg barley grain), due largely to the
deficiency of protein in the diet. Given Iraq’s current situation, there is a serious
deficiency of feed, because feed grains are now being used for human
consumption, and there is a shortage of imported oil seed meal. Urea feed blocks
have been used to improve sheep productivity when the main component of the
diet is low-quality roughage (Pearce 1973; Sansoucy et al. 1988; Habib et al.
1991; Hendratio et al. 1991; Hadjipanayiotou et al. 1993).

This work investigated the possibility of using urea feed blocks as a nitrogen
supplement in fattening lambs in intensive systems.
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Materials and Methods

On-station Experiment (Experiment 1)

Twenty-four 6 month old Awassi lambs, with a mean live weight of 30 kg, were
allocated (on the basis of live weight) to three groups of eight. The experimental
diets were: whole barley grain alone (T}, barley grain plus urea feed blocks (T,),
and concentrate mixture alone (T,). The diets were offered ad libitum, together
with 100 g/lamb/day of straw. Fresh water was always available. Feed intake was
recorded daily, and lamb weight weekly. The experiment lasted for 63 days
following a two week adaptation period.

On-farm Experiments (Experiments 2 and 3)

Two on-farm experiments were conducted in the Mosul area with 80 (Experiment
2) and 90 (Experiment 3) Awassi lambs, aged 6-7 months. At each location, the
lambs were divided into two groups (on the basis of live weight) and fed either
whole barley grain or barley grain plus urea feed blocks ad libitum. Feed intake
was measured daily, and lamb weight was recorded at the beginning and end of
each experiment.

The ingredients and chemical composition of the feed blocks and concentrate
mixture used in these experiments are presented in Table 1. The feed blocks were
manufactured at the feed block plant at the Fudhalia Research Station of the IPA
Agriculture Research Center in Baghdad, which has a capacity of 5-6 tons per day.

Analysis of variance was applied to study the effect of diet on performance.

Table 1. Percentage of ingredients and chemical composition of
the feed block and concentrate.

Percent Concentrate Percent
Feed block
Wheat bran e Barley grain 40
Rice bran 2 Wheat bran 52
Poultry litter Pt Groundnut meal 5
Urea 7 CaCo, 2
Ca0 12 Salt
CaSO, 2
Salt 5
Chemical analysis
Dry matter 89.00 94.00
Crude protein 31.80 14.16
Ether extract 367 252
Crude fiber 446 6.58
Ash 30.2 5.57
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Results and Discussion

No health problems or digestive disturbances were observed either on-farm or on-
station when lambs were fed urea feed blocks. Lambs fed whole barley grain plus
urea feed blocks readily accepted the latter, even when barley grain was offered ad
libitum during the adaptation and experimental periods. The results of Experiment
1 are presented in Table 2. Mean daily feed block consumption was 74g/lamb.
This is lower than that reported by Sansoucy et al. (1988), Habib et al. (1991),
Hendratno et al., (1991), and Hadjipanayiotou et al. (1993), whose studies
indicate that feed block consumption depends on the type of animal, the basal diet,
and the hardness of the feed block. Hadjipanayiotou (1994) reports that the
hardness of the feed block depends on the ingredients and the type of mixer used.
Our experience with manufacturing feed blocks during the last three years has
shown that it is also affected by the type of mold and press used.

Table 2. Performance of lambs in Experiment 1.
Barley alone Barley + feed Concentrate

block
Initial live weight (kg) 206 30.0 30.0
Final live weight (kg) 40.6° 42.3® 446°
Live weight gain (g/day/lamb) 174.0° 195.0® 231.0°
Intake, barley or concentrate (g/day/lamb) 1,139.0 1,127.0 1.347.0
Intake of feed block (g/day/lamb) 74.0
Total feed intake (g/day/lamb) 1,139.0 1,201.0 1,347.0

Feed conversion ratio (kg DMMain) 6.54 6.15 5.83

Means in the same row with different superscripts differ significantly (P <0.05)

The mean live weight gain (g/day) and feed conversion ratios (kg DM feed/kg
weight) were 174 and 6.54, 195 and 6.15, and 221 and 5.83, for groups T,, T,,
and T,, respectively. Lambs fed a concentrate mixture performed significantly better
than those fed barley alone (Table 2). This was mainly due to higher (15%) feed
intake, although feed conversion was also improved. Offering feed blocks with ad
libitum barley grain resulted in a 12% increase in daily weight gain and an
improvement in feed conversion, compared with barley alone. Pearce (1973)
reports an increase in weight gain as a result of offering feed block.

The results of the on-farm experiments (Table 3) are similar to Experiment 1.
Lambs offered feed blocks grew 13 and 9% faster in Experiments 2 and 3,
respectively, than lambs fed the normal diet of barley alone. The intake of feed
blocks in the on-farm experiment was larger than those observed in the on-station
experiment. This might be because the lambs used in the latter experiment were
taken from the breeding flock, which was fed a concentrate mixture supplemented
with minerals. Sheep owners in northern Iraq, on the other hand, use whole
barley grain without any mineral supplement and, therefore, the higher intake of
feed blocks might result from an initial mineral deficiency in the lambs. Goodchild
(1993) found that calcium supplementation resulted in a significant improvement
in the performance of fattening lambs.
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Table 3. Performance of lambs in the on-farm experiments.

Experiment 2 Experiment 3
Barley Barley + Barley Barley +
alone feed block alone feed block

No. of lambs 370 39.0 45.0 45.0
No. of days 520 52.0 50.0 50.0
Initial live weight (kg) 290 287 293 29.1
Final live weight(kg) 379 39.1 383 391
Live weight gain (g/day/lamb) 170.0° 199.0° 179.0°¢  199.0°
Intake of barley (g/day/lamb 1,170.0 1,2400 1,000 1,170.0
Intake of feed block (g/day/lamb) 186.0 140.0
Feed conversion ratio (kg DM/kg gain) 6.9 6.1 6.1 5.9

Means in the same row with different superscripts differ significantly (P <0.05).

Thus, using feed blocks made from urea and agro-industrial by-products as a
nitrogen supplement for fattening 6-7 month old lambs fed barley grain will
slightly increase growth rate.
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Discussion

M. Hadjipanayiotou: Urea block manufacturing and feeding has been tried in
Jordan, Iraq, and Syria—three countries participating in the Mashreq Project. In
Iraq this technology has been a success, in the other two countries it has not. Can
you tell us why, in your opinion, this has happened?

A. Salman: In other countries, imported grain is given to farmers at subsidized
prices, whereas the Iraqi government extended subsidies at the initial stages for the
products of new technology that uses unconventional feed stuffs and animal
wastes. Health aspects are raised as drawbacks, but we do provide quality control
measures and guidelines at the initial stages.

The success of feed block technology in Iraq is mainly due to the work of the
national team and to the shortage of feed grain due to the blockade.

S. Christiansen: ICARDA frequently talks about using NARS scientists to transfer
successful technologies from one NARS to another. However, I can't think of many
examples where this has actually occurred. Could you outline how the Iraqi team
could transfer their experiences to an interested NARS?

A. Salman: The Iraqi team is ready to share its experience with other countries
in the area.

A. Osman: How did you settle on the block size? Isn't it too large for handling?
Also, you talked about pressing: wouldn't that make the blocks too hard for animals
to eat?

A. Salman: There is no problem in the size of the feed block. It is around 4-6 kg
per block. Hardness of feed blocks depends on ingredients and on the type of press
used.
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Rehabilitation of Marginal Land Using
Phosphate and Grazing Management

A. Osman and F. Bahhady
Pasture, Forage and Livestock Program, ICARDA, Aleppo, Syria

Abstract

An experiment was initiated in 1984/85 at Tel Hadya in northwest Syria to test
the hypothesis that the application of superphosphate to non-arable lands, also
termed “marginal” because grazing is its only possible use, containing annual
legumes will stimulate leguminous growth and reduce nitrogen deficiency, leading
to increased herbage production. Phosphate fertilizer was applied at three levels:
0, 11, and 26 kg P/ha every year for seven years (1984-1990). The result has
been improved legume and total herbage yield, and improved productivity of the
sheep grazing the pasture. Annual applications of 11 and 26 kg P/ha raised the
Olsen-P values in the soil from approximately 7 mg/kg to 20 to 40 mg/kg,
respectively, by the end of the seventh season (July 1991). Since then, no more
fertilizer has been applied, and the effects of residual phosphate on pasture and
animals have been monitored and effects of residual phosphate recorded.

introduction

Mediterranean pastures in West Asia and North Africa (WANA) can be classified
into two categories according to climatic and edaphic factors: (i) badia or steppe
pastures; and (ii) marginal land pastures. The first is characterized by flat lands
with deep soils which can be cultivated for cereal crops (barley) but, because of
erratic rainfall, only one crop can be harvested in ten years. The marginal lands
are the non-arable lands within the cereal zone where edaphic rather than climatic
factors are most important. They are controlled by individual or groups of villages
and provide grazing primarily in the spring, although sheep continue to graze
them throughout the summer. They constitute a considerable proportion of the total
surface area of many countries in West Asia: in Syria and Lebanon, for example,
30-50%. Marginal lands are intensively grazed by sheep and goats, and normally
suffer from severe overgrazing and soil erosion.

Despite all these difficulties, marginal lands are important for the people who live
on them. For example, a study by Nordblom and Thomson (1987) shows that
farmers with access to marginal land can own more sheep and have more profitable
livestock enterprises than farmers without access. Marginal land pasture is heavily
utilized in the spring, but because it is not productive in its present condition,
livestock owners also need to use large quantities of supplementary feed, barley
grain, cereal and legume straw, and crop by-products. Improving the productivity
of marginal pasture is, therefore, expected to reduce the need for supplementation
and to improve carrying capacity.
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Pastures in West Asia are predominantly on calcareous soils. Calcium carbonate has
a great influence on the chemistry of these soils, and deficiencies of major elements
such as N and P are widespread (Velk et al. 1981; Cooper et al. 1987). Soils
which contain less than 10 mg/kg P (NaHCO, extract) do not provide the 0.2 mg P
in the soil solution necessary for maximum plant growth (Andrew 1962; Asher and
Longerman 1967). A survey of the marginal lands in Syria indicated that 25-40%
of the pastures have phosphorus levels of less than 10 mg/kg.

Vegetation

Plant cover on Mediterranean pastures consists of annual grasses and legumes, but
perennial species can also be found in areas with high rainfall. The most common
legumes on marginal land pastures are Medic and Trifolium species.

Mediterranean pastures are found in other parts of the world, such as North and
South America and Australia, where productivity has been improved as a result of
phosphate application and seeding with suitable medics and clover species.

In the present study, the effects of three rates of phosphate and two stocking rates
were investigated in northern Syria, to test the hypothesis that the application of
superphosphate to marginal land containing annual legumes stimulates legumes,
eliminates nitrogen deficiency, and thus leads to increased production. It is
expected that the effects will continue beyond the study. Significant effects of
residual phosphate have been reported on succeeding crops in many countries of
the Mediterranean basin (Kacar 1972; Orphanos 1988; Abdel Monem et al. 1990).

Materlals and Methods

The experiment was conducted Tel Hadya (35° 55' N, 36° 55' E, altitude 362 m),
the main research station ICARDA, 35 km south of Aleppo in northwest Syria. Tel
Hadya has a mean annual rainfall of 342 mm (Dennett et al. 1983) and a growing

period of 6.5 months. The climate is Mediterranean and rain falls from October to
May.

The experiment was conducted on undisturbed native grassland. The
predominantly annual vegetation included a few low shrubs, perennial grasses,
and herbs. The soil is calcareous, with pH ranging between 7.8 and 8.4. Soil
organic matter and available phosphorus averaged 3.5% and 5.8 mg/kg,
respectively. The slope is moderate (3.7-7.2), 30-40% of the ground is covered
with stones, and the soil depth varies from 1 to 50 cm. Triple superphosphate,
supplying O (referred to as Py), 11 (P,,) and 26 (P,) kg/ha P was applied
annually in September. Two stocking rates—low and high—were tested. The
experimental design was a randomized complete block with three replications, and
the total area was 85.5 ha.

Initially, five ewes aged 2-6 years grazed plots of 6.5 or 3.0 ha, representing low

(0.8 sheep/ha per year) and high (1.7 sheep/ha per year) stocking rates,
respectively, in each of the fertilized treatments. In the fifth season, two more ewes
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(one 3 and one 4 years old) were added to each plot, raising the stocking rates to
1.1 and 2.3 sheep/ha per year, respectively. The ewes grazed the plots for the
whole year, from early morning to sunset, and were sheltered at night. They were
fed a supplement of barley grain during pregnancy, early lactation, and in July
and August each year in preparation for mating. Barley and hay were also
provided whenever the live weight of individual ewes fell below 43 kg. The lambs
were weaned at eight weeks of age.

Results and Discussion

Avalilable Phosphorus

Available phosphorus was less than 10 ppm at the beginning of the study in all
treatments, and improved significantly as a result of phosphate application (Fig.
1). Surprisingly, there was no increase between 1986 and 1987, although there
was a large increase in 1988. There was a gradual decline in phosphorus after
1990 following the cessation of annual fertilizer application. There was also a
steady decline in available phosphorus in the control treatment until 1988. The
level remained below 10 ppm throughout the period of the study.

Botanical Composition

In all years, the percentage of legumes in the pasture was higher after phosphate
application. A similar effect was observed in the years following the end of
phosphate application (Table 1). The differences were significant from 1992 w©
1994, while in 1992 and 1993 legume percentage was higher under low stocking
than under high stocking. The most frequent legumes were Trifolium campestre, T.
stellatum and T. romentosum.

Table 1. Effect of residual phosphate and stocking rate on annual
legumes as a percentage of the whole above-ground biomass in
April (1991-1995).

Year
1992 1993 1904 1995

Phosphate’* (kg P/ha)

0 7.00 680 1520 5.50
1 26.30 25.00 26.80 13.70
25 29.50 21.30 35.50 15.80
SEM 2.51 2.66 3.77 3.07
Stocking rate®
Low (1.1 sheep/ha per year) 24.20 27.60 23.00 12.60
High (2.3 sheep/ha per year) 17.70 79 2870 10.80
SEM 2.05 2.14 3.08 2.50

! Last phosphate application was September 1930.
! Means of the two stocking rates.
¥Means of the three phosphate treatments.
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Figure 1. Available phosphorus in the soil (mg/kg) recorded in

May every year between 1984 and 1995 at Tel Hadya for three
levels of phosphate.

Herbage and Seed Yield

When fertilizer was applied annually, significant differences due to P application
were recorded each year from 1985 to 1991 (Osman et al. 1991; Osman and Cocks
1993). The residual effect of the phosphate on herbage yield is shown for 1995
(Fig. 2), where the total herbage yield of legumes and all species show similar
trends to previous seasons, with a high accumulation of biomass at both P,; and Py,
compared with the control, and significant differences for legumes in April (P <
0.05) and for all species (P <0.01) from February to April (Fig. 2). The differences
between P,; and P,, were not significant, and are known to be related to the
amount of rainfall (see Osman et al. 1991).
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Figure 2. Cumulative legume (a) and total biomass (b) in kg/ha
as affected by residual phosphate on marginal land at Tel Hadya
in 1995. Vertical bars represent Ses (DF Error 10).

The number and mass of legume seeds were affected by residual phosphate in the
four seasons (Table 2). Seed mass and seed number of legumes harvested in June
at P, and P, were 8-10 times the amount at P, in 1992. Although such
differences became smaller with time, in 1995 there were still twice the number of
seeds and three times the seed mass compared with the control five years after the
end of fertilizer application.

Milk Yield

The milk yield of the ewes at P;, and P,, was consistently higher than yield at P,
from 1992 to 1994, with significant differences in 1992 and 1993 (Table 3). Total
milk production (kg/ha) was always higher at the high stocking rate than the low.
Milk production and savings associated with reducing supplementary feed are
important when calculating the costs and benefits of applying phosphate. Osman et
al. (1994) concludes that profits are substantial at high stocking rates, especially in
years of below average rainfall.
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Table 2. Effect of residual phosphate on the mass of legume seeds
and number of seeds per m? in the top 1 cm of soil (g/m?),
recorded in June (1992-1995).

Phosphate rate (kg P/ha) Mass Number
1992
0 0.8 1,060
1 8.0 8,657
% 6.7 8,553
SEM 1.08 1,178
1993
0 0.9 1,051
1 4.6 4,601
% 4.6 5,730
SEM 4.1 3,952
1994
0 1.1 1,437
" 43 5,281
% 5.6 7,073
SEM 0.63 8%
1985
0 15 1,609
1 48 3,435
% 5.4 3,465
SEM 1.44 751

Each value for phosphate rate is an average of two stocking rates.

Table 3. Effect of residual phosphate on individual milk yield (kg
per _season) and total milk production (kg/ha) in 1992-1994.

Phosphate treatment __ Stocking rate 1992 1993 1994

kg/ewe
Py 415 53.3 553
Py, 435 65.0 588
Px 526 743 60.6
SEM 294 354 384

kg/ha
Py Low 43.0 66.6 65.0
Po High 99.6 104.6 - 1176
Py Low 45.6 1103 68.0
Py High 103.3 1206 127.6
Py Low 576 886 66.6
P High 121.0 1553 138.0
SEM 8.04 16.23 9.41
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Conclusion

The experiment shows that the degradation of communally owned land in West
Asia can be reversed by the use of phosphate fertilizer, conservation, and the
utilization of native legume populations (Osman et al. 1991). Phosphate
application improves legume and total herbage yields (Osman et al. 1990; Osman
et al. 1991; Osman and Cocks 1993) and improves productivity of sheep grazing
the pasture (Bahhady et al. 1988, Osman et al. 1994). Annual applications of 11
and 26 kg/ha of P raised the Olsen-P values in the soil from approximately seven
mg/kg to 20 and 40 mg/kg, respectively, by the end of the seventh season. The
residual effect of the fertilizer continued to affect pasture and animal production
for four years after the fertilizer application ceased.
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Discussion

A. Nefzaoui: Can you comment on the opportunity of applying P on steppe
where rainfall is less than 200 mm? How do you explain the higher percentage of
legumes with higher stocking rate as 1994 at Tel Hadya?

A. Osman: Under relatively lower rainfall (less than 250 mm) the two P levels
show significantly different responses, while in years of higher rainfall the two P
levels behaved quite similarly. These results suggest that P could benefit legumes
in dryer areas, if the soil is deficient in phosphorus. Regarding the second
question, the difference is not statistically significant. The general trend was
toward higher legume percentage under low stocking rate.

B. Mawlawi: You have presented the use of phosphate and reseeding technique
to improve the marginal land on the research station. What about the application of
this technique on farmers’ fields, and what about the economical feasibility of N?

A. Osman: Work is now being conducted under farmers’ conditions in El Bab
(four villages) and Lebanon (five villages), where the village communities are
doing the work with support from scientists. Regarding economics, when we
analyzed the first six years’ results, we found that milk production and the savings
associated with reduced supplementary feeding are important when calculating the
cost benefit of applying phosphate. We found that the profit is substantial at high
stocking rates, especially in years of below average rainfall.

M. Ababneh: How can adding phosphorus to marginal land reduce nitrogen
deficiency? Can you elaborate on that point?

A. Osman: Phosphorus will enhance the legume component of the pasture, and
legumes fix atmospheric nitrogen. So the whole assumption is based on adequate
presence of legume plants.

H. Nabulsi: The work done on using phosphorus on marginal land needs to be
complemented with shrub plantation on these lands. These shrubs have many uses
in addition to providing feed. They can also help soil conservation.

A. Osman: Shrubs are most effective in areas with deep soil, usually in the
foothills where there is also a better chance of moisture from water harvesting.
This, plus P fertilization and seeding of marginal land, must be linked with
pasture.
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Effect of Phosphorus Fertllizer on
Improving Vegetation Production and
Legume Plants on Range

Kamal Tadros and Khalil Abu-Sway
Natural Resources and Range Research Program
NCARTT, Amman, Jordan

Abstract

Rangelands in Jordan (areas receiving less than 200 mm average annual rainfall)
are suffering from degradation of the natural vegetation cover and low
productivity. Studies elsewhere have shown the possibility of increasing range
production and enhancing legume plants through the application of phosphorus
fertilizer to the rangelands, thus increasing livestock production.

This study was undertaken in Jordan as part of the Mashreq Project to investigate
the effect of phosphorus fertilization on the productivity and legume plants of the
rangelands between 1991 and 1994. Results indicate an increase in vegetation
production and in the number of legume species and plants where phosphorus
fertilizer was applied.

Iintroduction

Rangelands in Jordan are suffering from degradation and low productivity of the
natural vegetation due to dry conditions and mismanagement. The latter includes
overgrazing, cultivation, and uprooting of range plants. The botanical composition
of the range is poor, with a very low proportion of legume species. Thus there is a
need to improve range productivity and botanical composition under controlled
range use.

Phosphorus is considered a major nutrient. it is essential in the energy transfer
processes and is vital to plant growth. Phosphorus, when applied to deficient soil,
enhances root growth, increases crop ability to extract moisture, hastens plant
maturity, and is essential to seed formation. Phosphorus deficiency is accompanied
by a marked reduction in plant growth (Samuel and Nelson 1975; Shepherd et al.
1987; Matar et al. 1992).

Several studies suggest the possibility of increasing range production and
enhancing legume plants by application of phosphorus fertilizer, which improves
the quality of the natural vegetation cover of the rangeland and results in increased
livestock production.
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Several studies, including Samuel and Nelson (1975), Shepherd et al. (1987),
Matar et al. (1992), and NCARTT annual reports confirm the effect of phosphorus
fertilizer on improving crops production and food and forage legumes. However,
there is very limited information on the effect of phosphorus fertilizer on improving
vegetation production and native legumes in the rangelands.

The Arab Center for the Studies of Arid Lands and Dry Areas (ACSAD) reported in
1982 that phosphorus fertilizer could be used on poor ranges. Broadcasting of the
fertilizer on the soil surface is the cheapest and most common application method.
Fertilizers generally increase the nutrients in plants (thereby increasing their feed
value), increase palatability, and extend the growth period.

Osman et al. (1991) reports that annual applications of phosphorus reduce the
deficiency in soil phosphorus and result in improved pasture production, even in
dry years. Legume production increased 0.3-3 fold in comparison with the control
treatment. After the fifth season legume seed mass increased three fold and the
number of seeds six fold in the phosphorus treatment plots compared with the first
season, while in the control plots there was little change.

Several researchers in WANA observed significant yield responses to phosphorus
application in the dry and unproductive years and/or in shallow soils (Harmsen et
al. 1983). At the wetter sites, there seemed to be little or no phosphorus response.
This would imply that there is a considerable potential for increasing yield, even in
low rainfall areas.

Objectives

The objectives were to study the effect of phosphorus fertilization on:
e Improvement of range vegetation production.

» Increases of legume species in the range.

Study Sites

This study was conducted at four range sites: Khanaseri Range Reserve, Eira Range
Reserve, Khaldia Range Reserve Station, and Lajjoun Range Reserve during
1991/92-1994/95. These range reserves are located within the steppe
rangelands and receive average rainfall of 150-200 mm per annum.

Materlals and Methods

One hectare was selected at each site, divided into four plots, so that there were
two replicates and two treatments in each replicate. Triple superphosphate (TSP
46% P,0;) fertilizer was used in 1991/92 and 1992/93, and di-ammonium
phosphate (DAP 46% P,0;, 16-18 N) in 1993/94 and 1994/95. Phosphorus
fertilizer was broadcast on the treatment plot in each replicate at a rate of 10
kg/dunum (100 kg/ha). The other plot in each replicate (the control) was not
fertilized. Triple superphosphate was not on the market in the last two seasons.
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Before treatment in November of each season, a soil sample was taken from each of
the four plots at each site. Each soil sample was composed of five sub-samples from
each plot. Available phosphorus was measured for all samples.

A vegetation species list was prepared for each site.

Vegetation production was estimated in April 1995 using the weight estimate
method described by Tadmor et al. (1975), where five transacts (10 meters apart)
were laid at each plot. Ten quadrates (50 x 50 cm each) were laid at each transact
(a total of 50 quadrates at each plot, 200 quadrates at each site). Vegetation
production was calculated by clipping and estimating in 10 quadrates, and
estimating and correcting (through regression equation) in 40 quadrates at each
plot.

Legume species in 10 quadrates (50 x 50 cm each) at each plot were identified for
all sites. The number of legume species and number of plants in each species were
counted.

Results and Discussion

The available phosphorus in the soil of the different sites before the application of
phosphorus fertilizer (Table 1) was lowest at Khaldia and Lajjoun, followed by
Eira and Khanaseri. Since Khaldia and Lajjoun were low in phosphorus, they were
not opened for grazing and the experiment was implemented for one season only
(1994/95) in these reserves.

Table 1. Available soil phosphorus in November before
application of phosphorus at the experimental sites from
1991,92 to 1994/95.

Year Phosphorus (ppm)
Khanaseri Eira Khaldia Lajijoun
1991/1992 21.75 8.6
1992/1993 16.2 1425
199G/1994 18.1 10.2
1994/1995 12.35 7.4 6.35

The relatively high phosphorus at Eira and Khanaseri may be because reserves
were opened for grazing, and the phosphorus content in the animal manure may
have increased soil phosphorus. The experiment was repeated in these reserves on
the same plots for more than one year, and this may also have caused accumulation
of phosphorus. Because of the low rainfall in these reserves, it is possible that part
of the phosphorus applied did not dissolve and was accumulated.

Based on studies in WANA and on previous research, it was concluded that a level
of 10 ppm of soil phosphorus at sowing for winter cereals or legume crops should
secure optimum phosphorus availability over the range of soils and climatic
conditions of the region (Matar et al. 1992).

Triple superphosphate (TSP) was planned for use as the phosphorus fertilizer in
this experiment. It was used in the 1991/92 and 1992/93 seasons, but was
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replaced by di-ammonium phosphate (DAP) in 1993/94 and 1994/95 when it
was not available in the market.

Vegetation lists for each of the four sites (Tables 2, 3, 4, and 5) show that the
presence of legume species at each site.

Table 2. List of glant species_at Khaldia studx site (Agril 1995).

. Bromus tectorum 8. Hordeum spontaneum
2. Felago desertorum 9. Trifolium spp.

3. Salsola sandarica 10. Avena sterilis

4. Sisymbrium diandra 11. Astragalus spp.

S. Spergularia diandra 12. Poa sinaica

6. Koleria phlioides 13. Aegilops spp.

7. Hordeum murinum 14. Erodium spp.

Table 3. List of glant sgecies at Khanaseri studx site sAEril 1995).

1. Stipa lagascae 14. Salsola vermiculata
2, Stipa capensis 15. Artimisia herba. alba
3. Koleria phlioides 16. Allium spp.

4. Hordeum murinum 17. Convolvolus spp.

5. Onobrychis caput. galli 18. Hershvillia spp.

6. Poa sinaica 19. Haloxylon articulatum
7. Lagurus spp. 20. Trifolium spp.

8. Hippocrepis unisiliqua 21. Aegilops spp.

9. Carex divisa 22. Medicago spp.

10. Bromus tectorum 23. Anchusa strigosa

11. Astragalus spinosus 24, Centaurea damascena
12. Erodium spp. 25. Gypsophyle arabica

13. Noaea mucronata

Table 4. List of plant species at Lajjoun studz site gAgril 1995).

1. Poa sinaica 14. Plantago spp.

2. Stipa lagascae 15. Avena sterilis

3. Koleria phlioides 16. Hordeum murinum

4, Carex divisa 17. Hordeum spontancum
5. Lagurus spp. 18. Anabasis articulata
6. Astragalus spinosus 19. Haloxylon articulatum
7. Bromus tectorum 20. Artemisia herba. alba
8. Avena sterilis 21. Aegilops spp.

9. Erodium spp. 22, Felago spp.

10. Felago spp. 23. Medigaco spp.

11. Iris sisyrinchium 24. Anabasis aphylla

12. Reboudia pinnate 25. Hypocrepis unisiliqua
13. Euphorbia spp. 26. Noeae mucronata
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Table 5. List of glant sgecies at Eira studx site gAgril 1995).

1. Asphodelus aestivus 13. Anthymus syriaca

2. Iris sisyrinchium 14, Bromus tectorum

3. Stipa capensis 15. Ononis natrix

4. Helianthemum spp. 16. Hordeum murinum
5. Hershvillia spp. 17. Sinapis arvensis

6. Cemtaurea calcitrapa 18. Ballota undulata

7. Urigena maritama 19. Paronychia argentea
8. Hordeum spontaneum 20. Gypsophila arabica
9. Hordeum bulbosum 21. Allium spp.

10. Poa sinaica 22. Erodium spp.
11.Carex divisa 23. Koleria phlioides
12. Avena sterilis 24. Onobrychis caput. galli

Table 6. Average vegetation production (kg/du) of the different

treatments at exgerimental sites 51991/92 to 1994/95).

Year Treatment Khanaseri Eira Khaldia Lajjoun
1991/1992 fertilized grazed 555A*
unfertilized grazed 466 B
1992/1993 fertilized 2493 A grazed
unfertilized 257A grazed
1993/1994 fertilized 2464 A 75.80 A
unfertilized 1851 A 70.26 A
1994/1995 fertilized 39.57 A 490A 283 A
unfertilized 30.38 B 3778 28.61 A

* Significance is with site and year.

The average herbaceous vegetation production (kg/dunum) on dry matter basis
was generally higher than the control in the plots treated with phosphorus
fertilizer. Sometimes it was significantly higher, other times it was higher but not
statistically significant (Table 6).

The positive effect of phosphorus in improving crop growth under low rainfall
conditions can be explained as follows. With the improved stimulation of root
growth by phosphorus fertilization, the effective availability of nutrients is
increased due to the increase in accessible soil volume and concentration of soluble
phosphorus in the thin moisture films around soil particles in contact with the root
surfaces (Olsen et al. 1961). This explanation may apply to herbaceous range
vegetation and explains the increased vegetation production in plots treated with
phosphorus fertilizer. Similar results were mentioned by Osman et al. (1991).

The number of legume species increased in the plots treated with phosphorus
fertilizer. The number of legume plants for each species in these plots increased
compared with the control, indicating the positive effect of adding phosphorus
fertilizer. The addition of phosphorus fertilizer to the treated plots may have
enhanced the germination of legume seeds, increasing the number of legume
species and the total number of legume plants in these treated plots.



Results of other work on the application of phosphorus fertilizer to food and forage
legumes, and to natural pastures, revealed the positive effect of these applications.
In West Asia and North Africa, economic responses to applied phosphorus have
been observed (Matar et al. 1992). For many legumes and forage crops, the
average response to phosphorus was much greater and more consistent in a dry
year than in a wet one. Haddad (1986a, 1986b) obtained similar results on lentil
and chickpea in Jordan. Osman et al. (1991) found that surface application of
phosphorus on natural pastures in marginal grazing areas increases plant
populations and yield of native legume species.

Conclusions and Recommendations

The results of this study show an increase in vegetation production and in the
number of legume species and plants in the treatments where phosphorus fertilizer
was applied.

This study should be repeated at Khaldia range research station (150 mm rainfall)
and at another higher rainfall site to study the effect of phosphorus fertilizer on
improving vegetation production and legumes on the range, and to study the
cumulative effect of the phosphorus fertilizer.

Table 7. Number of legume species and plants (in 10 quadrats, 50

x 50 cm each) under different phosphorus treatments at three

sites (1991/92, 1993/94 and 1994/95).

Year Treat. Khanaseri Eira Khaldia Lajjoun
Sp.No. Total Sp.No. Total Sp.No Total Sp.No. Tofal

1991/92 Fert. 3 9 5 15
Unfert. 2 2 3 7
1993/94 Fert. 4 14 4 12
Unfert. 1 1 4 7
1994/95 Fert. 5 7 3 S5 2 5
Unfert. 2 2 1 1 2 2
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Discussion

B. Mawlawi: You have mentioned that the purpose of this new technique is to
benefit from existing available pasture species and that you want to move to the
150 mm area. How can you be sure that this technique will be useful?

K. Tadros: Dr Osman undertook his experiments in the marginal (>200 mm)
lands. 1 undertook it in the rangelands (<200 mm). [ want to repeat this work at a
range site (<200 mm) and on a marginal site (>200 mm) in Jordan to better
understand the effect of phosphorus fertilizer and to better compare results.

G. Gintzburger: There are different type of phosphate fertilizer—single, triple
super, and rock phosphate. Which one did you employ in your experiment, and
why?

K. Tadros: 1 intended to use triple superphosphate, as it has only 46% P,O; and
because I am studying only the effect of phosphorus. So I used this fertilizer in the
1991/92 and 1992/93 seasons. In the last two seasons (1993/94 and 1994/95)
triple superphosphate was not available on the market and 1 used DAP (di-
ammonium phosphate 46% P,0; and 16-18 N) instead.

A. Hadjichristodoulou: How do you explain the increase in the number of
species in plots fertilized by phosphorus from the first year of its application?

K. Tadros: Actually the phosphorus was applied in 1990/91 season, but the
results explained in the paper are from 1991/92 through 94/95. Secondly, maybe
phosphorous encouraged germination of legume seeds.

A. Aw-Hassan: If the land is commonly owned, I wonder who is going to invest
in phosphorous application?
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K. Tadros: There are a number of governmental range resources, and there are
cooperative range reserves that may apply this technique. The government either
takes the responsibility for improving rangeland or leases this land. Private range
users may through extension be convinced to apply any suitable techniques.

H. Nabulsi: Nobody is going to apply phosphorus on rangeland. What is the
effect of this experiment?

K. Tadros: This experiment shows that there is a positive effect of applying
phosphorus to the range. This study should be followed by economic analysis of the
costs and benefits of such a techniques. Then it will be decided to follow or not and
to extend these results to users or not.

M. Ben Younes: A number of the fodder shrubs presented on slides today are
three or more years old. Shrub forage trees are interesting, but there is a particular
case to be observed, especially during their first year of establishment, like
watering, etc. I would like comments from some of the speakers regarding Jordan
and Palestine.

K. Tadros: Seedlings are produced in nurseries and planted during December. If
water is available it is recommended to water them once or twice in summer.
Because of the unavailability of water and its high cost in Jordan, we don't water,
but before planting we do some water harvesting preparation such as contour
furrowing.

M. Al-Junidi: Atreplix nummularia is not only costly to regenerate, it is also not
palatable.

K. Tadros: As a perennial, cost is distributed over many years if good
management is applied. Atriplex nummularia has many benefits, such as high
protein, and it yields good amounts of green or dry forage.
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Abstract

Balochistan is the largest province in Pakistan, with considerable areas of degraded
rangeland, often at altitudes above 1000 m, and a continental Mediterranean
climate. Fourwing saltbush (Atriplex canesens) has shown considerable potential as
a forage shrub to supplement the diet of the large population of small ruminants.
Starting in 1985, the Arid Zone Research Institute (AZRI) in Quetta in central
Balochistan started a comprehensive on-station and on-farm research program
concerning the suitability of the shrub for Balochistan's harsh environment. Several
trials studied the effect of different cultural practices on the growth and rainfall-
use-efficiency of the shrub. Other trials investigated the nutritive value of the
shrub fed alone or with supplements to penned and browsing sheep. The
importance of conducting on-farm evaluation was emphasized, and much remains
to be done in this respect. This paper presents the highlights of the research and
concludes that the greatest challenge facing AZRI, the provincial departments, and
development agencies remains the adoption of a forage reserve concept by farmers.

Introduction

The saltbushes (Atriplex spp.) are halophytes with considerable potential to
provide forage and fuelwood in the arid and semi-arid regions of North Africa and
West Asia (Le Houérou 1992, 1995). Fourwing saltbush (A. canescens) is a native
species of the southwestern United States with a recognized potential for the semi-
arid highlands of Balochistan. This potential was seen in the mid-1950s when it
was first introduced in Balochistan (Shah Rahman, personal communication). The
two subspecies being used, A. canescens subsp. canescens and A. canescens subsp.
linearis, withstand the province’s continental Mediterranean climate, which
consists of cold winters when minimum temperatures can fall to -20° C at altitudes
of 2,000-2,500 m, and dry summers when little or no rain falls between May and
December. The average rainfall increases from about 230 mm in the center of the
Balochistan to over 400 mm in the northeast.

This paper gives an overview of the main research activities and results from the

research program on fourwing saltbush (FWSB) conducted by AZRI scientists from
1985 to 1995.
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Suitabllity of Different Species of Atriplex In
Balochistan

Screening of the different Atriplex species for adaptation to Balochistan’s harsh
climatic and edaphic conditions was limited to FWSB, since it has been found to be
best suited to withstand the cold winters and long periods of moisture stress.
However; A. nummularia, A. halimus, and A. lentiformis are grown in AZRF's
nursery, although they all show varying degrees of susceptibility to cold. More
attention should be given in the future to studying the extensive genetic variability
within A. canescens in terms of leafiness and palatability, as well as ecotypes of
other species that are adapted to the local environment.

Growth In Relation to Rainfall and Temperature

It is necessary to know the growth pattern of FWSB so that appropriate
management practices can be recommended. Growth is dependent on the seasonal
distribution of rainfall and the annual temperature cycle, as well as, inter alia,
edaphic conditions and shrub density. Even though moisture is generally available,
low winter temperatures limit growth during the rainy season in Quetta valley, the
site of AZRI's main station. However, growth starts in March when mean
temperdtures exceed 10°C, and continues until late summer when moisture limits
further growth (Fig. 1a). At Tomagh, the AZRI station near Sanjavi in Loralai
Province (altitude 1,800 m), winter temperatures again limit growth, even though
moisture is available. However, rain starts in March and can continue into autumn
if the summer monsoon is plentiful, as in 1992 (Fig. 1b).
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Figure 1. Effect of seasonal distribution of rainfall and temperature on
the biomass production of FWSB at (la) AZRI station near Quetta in
central Balochistan and (1b) at Tomagh station in Loralai Province,
northeast Balochistan (temperature at Tomagh not shown.)
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Figure 1a indicates the substantially better growth at Quetta, which receives about
230 mm annual precipitation, than at Tomagh, where mean annual precipitation is
about 250 mm. This difference is largely attributed to the deeper and more fertile
soil at the AZRI station. Aat Tomagh the shrubs were growing on open degraded
range with shallow stony soil resting on a calcareous crust that severely restricted
root development. Moreover, the soil at Tomagh is so shallow that moisture storage
capacity is poor, and growth can be reduced if there are extended periods without
rain in spring and summer, as is often the case. Breaking the crust using a ripper
resulted in enhanced growth (see below). Conditions on the research station are
often better than on farms, and considerable caution is needed when extrapolating
results from research stations to farm conditions.

Enhancing Growth Using Micro-catchment Water-
harvesting, Manure, and Fertilizer

The late summer growth of FWSB is limited by moisture in central Balochistan and
in the northeast in years when monsoon rains are poor. Micro-catchment water-
harvesting (MCWH) was therefore considered to enhance growth. Further
enhancement could be achieved by the application of manure or fertilizer, since
even cultivated soils are generally deficient in nutrients. For example, the soil at a
number of AZRI field sites close to Quetta contained 4.5-9.0 ppm Olsen P and
260-600 ppm Kjeldahl N per hectare (Rees et al. 1991). Trials were therefore
conducted at AZRI's main station and at Tomagh during a three-year period to
study the effect of MCWH and manure and fertilizer application on the growth of
FWSB. Four different methods of MCWH were compared at Tomagh: saucer, V-
catchment, furrow, and ripping. At Quetta only the first two methods were studied.
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Figure 2. Effect of micro-catchment water-harvesting (2a) and manure

Months after planting (July 1990)

Months after planting (July 1980)

and fertilizer application (2b) on growth of FWSB at Tomagh.
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Similar (P >0.05) growth of FWSB expressed as crown diameter was seen at
Tomagh and Quetta for the different methods of MCWH. However, at Tomagh there
were indications that growth was improved after ripping (Fig. 2a), which may
have shattered the calcareous crust to some degree. Even if MCWH enhanced
growth, the labor requirement to make micro-catchments such as 2 m diameter
saucers is substantial, making this method too costly to be useful. Contour furrows
and ripping seem a more feasible alternative, since tractors and bulldozers are
available in most parts of Balochistan.

At Tomagh, where the soil is infertile and shallow, growth was improved (P
<0.05) by the application of N and P fertilizer and to a lesser extent by manure
(Fig. 2b). But at Quetta, the response to additional nutrients was less evident due
to better soil depth and fertility. It is uncertain whether farmers will apply
fertilizer or even manure to forage shrubs when a more profitable option is to use it
for fruit trees, which are an important source of revenue to farmers with access to
water in Balochistan.

Predicting Aerial Blomass from Plant Height and
Crown Dlameter

Most studies on FWSB conducted at AZRI have used plant height and crown
diameter as non-destructive indicators of growth (Aro et al. 1992). However,
information on the yield of leaf and woody biomass is needed to assess the shrub’s
potential to provide grazing during periods of feed and fuelwood shortages in a
province where few forest resources remain. A study was therefore conducted to
use simple equations to predict aerial components of FWSB from plant height,
crown diameter, and plant volume (Thomson et al. 1995).
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Figure 3. Relationships between plant height with total aerial
biomass (r*=0.90) and mass of leaf (r*=0.79) and wood (r*=0.88)
(3a), and between plant volume with total aerial biomass
(r’=0.90) and mass of leaf (r’=0.72) and (r*=0.90) wood of
fourwing saltbush (3b).
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Mass of aerial components (Fig. 3a) was closely related to plant height using a
simple exponential relationship, whereas mass of aerial components (Fig. 3b) was
closely but linearly related to plant volume. It can be predicted from the results that
a 1.0 m tall FWSB shrub—a height suitable for browsing by the local breeds of
sheep—with a 0.60 m crown diameter, would provide about 0.25 kg DM as leaf
and about 0.72 kg DM as wood. This amount of leaf offered each day,
supplemented with wheat or barley straw or stubble, is sufficient to maintain the
live weight of a sheep (Rasool et al. 1993). Thus, a reserve of 1 ha with 2,500
shrubs would maintain 28 sheep with browse for three months in late summer,
autumn, or winter when range vegetation is extremely scarce in Balochistan.

Effect of Shrub Spacing

Moisture is the first factor limiting growth of FWSB in summer. Improved cultural
practices are needed which maximize the use of this scarce resource. In addition o
MCWH, efficiency of water-use can be improved by using closely spaced shrubs that
ensure better ground cover and therefore lower evaporative moisture losses. A
study was conducted at AZRI starting in February 1991 to quantify the growth of
FWSB under rainfed conditions at three shrub spacings—1 x1,2x2and 3 x 3 m,
equal to 10,000, 2,500, and 1,111 shrubs per ha (Afzal, unpublished results).

Over the three years of the trial, the 1 x 1 m spaced shrubs produced 2,251 kg DM
per hectare of total biomass annually, compared to 1,340 and 948 kg DM per ha,
respectively, for the 2 x 2 and 3 x 3 m spacings (Fig. 4), with only a small
reduction in the size of the shrubs. This was associated with an improvement in
the rainfall-use-efficiency (RUE), from 2.7 kg DM/ha/mm in the 3 x 3 m spacing to
6.5 kg DM/ha/mm rainfall in the 1 x 1 m spacing. Wheat and barley crops grown
under rainfed conditions in Balochistan had RUEs of about 9 and 11-14 kg
DM/ha/mm, respectively (Rees et al. 1991). The smaller size of the closely spaced
shrubs makes them more accessible for browsing. However, unless the seedlings are
produced at virtually no cost by the farmers themselves, high shrub densities make
planting costs far too high for farmers to contemplate establishing forage reserves.
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Figure 4. Relationship between shrub spacing and total blomass over
three years at AZRI station in Quetta (mean annual rainfall 230 mm).
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Intake and Digestibility of Leaves

Feeding small ruminants on saltbush alone is seldom recommended because of the
poor energy value of the leaves and the associated moderate intake. Therefore, to
obtain modest live-weight gain, supplementation is necessary, whether with barley
(Hassan and Abdel-Aziz 1979), a diet containing adequate protein, or wheat straw
(Atig-ur-Rehman et al. 1990; Rasool et al. 1996; Ali et al., unpublished results). A
series of trials was conducted at AZRI to assess the nutritional value of FWSB fed o
sheep either alone or with supplements. For convenience, the trials used hand-
harvested and sun-dried leaves, although the recommended practice is for animals
to browse shrubs in combination with hand-fed supplements or stubble grazing.

The dry matter digestibility (DMD) of diets containing 700 g FWSB leaves alone or
supplemented with 400 g barley grain or 400 g cottonseed cake was 69, 76, and
70 percentage units, respectively (Atiq-ur-Rehman, unpublished results). The diet
of FWSB leaves alone contained an estimated 8.6 MJ metabolizable energy/kg DM,
which is at the top of the range reported by Le Houérou (1995). In a second trial,
leaves from FWSB and chopped wheat straw were offered to sheep in different
ratios (Rasool et al. 1993; Rasool et al. 1996). There was evidence of an
interaction between FWSB and wheat straw, seen from the non-linear change in
the DMD of the total diet as the proportion of FWSB increased (Fig. 5). This resuit
suggests that inclusion of FWSB up to 0.30 of the total diet, enhances straw intake.
Linear regression analysis between the DMD and proportion of FWSB in the total
diet gave a predicted DMD for the FWSB and straw of 41 and 56 percentage units,
respectively (