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Foreword

The Mashreq Project countries — Syria, Jordan and Iraq — are characterized by
high population growth rates and, in some cases, rising incomes not matched by
increases in agricultural production, which leads to a widening gap between supply
and demand of all food commodities including meat and milk. In response,
livestock producers have been increasing flock sizes, which has led to overgrazing
of rangeland. Moreover, to meet the feed demand, farmers have increased barley
production by cultivating marginal lands and replacing the fallow/barley rotation
with continuous barley. These practices are a threat to the agricultural resource
base in the three countries, causing soil depletion, range degradation and pest
problems.

The Mashreq Project was initiated in 1989 with the aim of improving the
production of barley, forages and sheep to meet the large shortages in feed and red
meat in the three countries in a way that is not detrimental to the resource base.
Co-funded by the United Nations Development Programme (UNDP), the Arab
Fund for Economic and Social Development (AFESD) and ICARDA, which is also
the executing agency, the work is being implemented by national scientists.
ICARDA plays a primarily catalytic role and provides technical support to the
project when and where needed.

The project focuses on the transfer of available technology to farmers and sheep
owners. A feature of the Mashreq Project is its integrated system approach, which
has been implemented by multidisciplinary teams that link researchers with
extension agents and work with farmers in their fields. The result is a better
understanding of farmers’ needs. This is reflected by a high rate of technology
adoption.

This workshop was a good occasion for scientists from the project countries,
ICARDA and other West Asian countries to present and discuss the results of their
work and exchange ideas on the future direction of their activities. We hope that
the findings and recommendations reported in these proceedings will be of benefit
to a larger sector of scientists working in the region. ICARDA will continue to
support and back up these efforts.

N o FadAu_

Nasrat Fadda
Director General
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Introduction

The countries of the Arab Mashreq region, including those covered by the Mashreq
Project — Syria, Jordan and Iraq — are facing an increased demand for red meat
which is now being met by higher imports. Not only has this increase in
consumption increased the pressure on pastures in the Mashreq countries, it also
has raised the demand for forage, feed grain and concentrates beyond the local
production.

A traditional production environment continues to dominate the cereal and livestock
sectors in the three countries, where cereal productivity averages much less than
1 t/ha. Production has been highly unstable and the feed supply still does not meet
the needs of the livestock sector. Policies in the Mashreq countries have generally
favored wheat production.

Despite the high demand for barley as a major animal feed, it remains a low-
priority crop, concentrated in dry areas with an average annual rainfall of less than
300 mm. Barley yield can be improved profitably by adopting barley production
technologies such as improved cultivars and fertilizer application. It also can be
improved by introducing forage legumes for grazing in rotation with barley. This
will increase feed production and expand the cultivated area. Moreover, several
technologies are now available to improve sheep milk and meat productivity.

To address these issues, a regional project — Mashreq Project (RAB/89/016) —
was developed to improve the production of barley forages and sheep in Syria,
Jordan and Iraq in zones with an average annual rainfall of 200-350 mm. The
project, financed by the United Nations Development Programme (UNDP) and the
Arab Fund for Economic and Social Development (AFESD), is executed by the
governments of the three countries. The project started its activities in mid-1989
and is managed and technically supported by the International Center for
Agricultural Research in the Dry Areas (ICARDA).

Project Approach and Methodology

The Mashreq Project adopts an innovative “integrated approach” to this task,
recruiting the skills of multidisciplinary teams of extension agents, plant breeders,
animal production specialists and socioeconomists. By bringing together people
with such diverse skills, the Mashreq Project joins all the strands of agricultural
research, linking the researchers with the person most familiar with farmers’
conditions, the extension agent. This guarantees a comprehensive response to the
challenges of agriculture and the team members develop a better understanding of



all the facets of the area’s farming systems.

These multidisciplinary teams are responsible for formulating workplans for their
countries in close coordination with ICARDA, UNDP and AFESD. The national
teams take the lead in determining the focus of the project’s research. ICARDA,
as the implementing agent, provides technical and scientific support.

The annual workplans are developed following several scientific meetings: a
planning meeting organized in each country, at which the results are reviewed and
a national workplan is developed for the following year; a regional technical
meeting where the results in the three countries are discussed and the regional
workplan is developed; followed by a steering committee meeting at which
representatives of the three countries, ICARDA, UNDP and AFESD discuss and
approve workplans and budget.

Project Activities

In each country, the national program is fully responsible for implementing the
project in close cooperation with ICARDA. The assigned scientific support staff
is sufficient to carry out project activities with back-up support from ICARDA
headquarters in Aleppo, Syria. The project emphasizes on-farm researcher-managed
trials and on-farm demonstrations in addition to on-station back-up research. For
all program activities, fields as well as flocks are provided by the selected farmers
actively involved in the project, who are identified by the national programs.

Monitoring studies are being carried out to determine the farmers’ acceptance of
the new technologies and their effectiveness at the farmer level.

Human resource development is a major project focus, achieved by organizing
training courses, travelling workshops, seminars and study tours. The project
technical teams participate in these activities. Training for farmers also is given
serious consideration by the project, which organizes I-day training sessions on
specific skills. Field days are organized to allow farmers and technicians to observe
the field results.

The Workshop

The workshop was organized to allow for more interaction and exchange of ideas
and research findings, not only among scientists directly involved in the project,
but also among scientists from the six West Asia countries: Iraq, Cyprus, Jordan,



Lebanon, Syria and Turkey, in addition to a group of scientists from ICARDA.
During the workshop many research findings were presented and discussed. The
major focus was on results of adaptive research and technology transfer. In
addition, two panels met during the workshop: one on crop livestock integration
and the second on the Mashreq Project’s future direction. The texts of these
research and panel presentations comprise this proceedings.

The workshop was a good opportunity to strengthen the interaction and networking
between scientists and countries in West Asia. The Mashreq Project teams look
forward to more such cooperative activities in the future.

Nasri Haddad
Mashreq Project Coordinator
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Some Aspects of the Fertilization of Barley
(Hordeum vulgare) in Iraq

Ahmad A. Al-Rawi
IPA Agricultural Research Center, Baghdad, Iraq

Abstract

Barley is an important grain crop all over the world as well as in Iraq. It has many
uses, such as in livestock and poultry feeding, and in industry. Production of this
crop in Iraq is very low because of the agricultural practices followed, which
include poor soil preparation, use of low-quality seed and imbalanced fertilization.
In this article the importance of using chemical fertilizers to increase barley
production is discussed and some of the work that has been done in this respect is
reviewed. It is concluded that the use of chemical fertilizers is necessary to increase
barley production under both irrigation and rain-fed conditions, and that more work
in this direction is needed to complement breeding programs to improve barley
production in Iraq.

Introduction

Barley (Hordeum vulgare L.) is an important grain crop all over the world because
of its many uses in industry, as livestock and poultry feed and as green fodder.

In Iraq, barley is the second crop after wheat in area cultivated. Over 1 million
hectares are planted yearly. Barley’s relative resistance to salinity makes it a
preferred crop over wheat in the central and southern parts of the country where
the soil is affected by different levels of salinity. It is also preferred in the marginal
rain-fed area (250-350 mm) because of its relative drought resistance.

Irag may be considered one of the oldest countries in which barley has been
grown; barley has been mentioned in the early writings. However, although the
climatic conditions are suitable for this crop, its productivity is very low in
comparison with the world average. The average yield for barley from 1986 to
1990 was 828 kg/ha in the irrigated areas and 648 kg/ha in the rain-fed area. The
world average is reported to be around 2000 kg/ha, and for developed countries
it is around 2500 kg/ha (Arab Food Annuity Program 1980). The low yield per
unit area in Iraq is due to many factors including poor soil preparation, use of the



wrong varieties and infestations of weeds and pests. Imbalanced or no fertilization
may be considered a main factor affecting crop yield. FAO reports (Sodhi 1982)
indicated that over 50% of the increase in grain production in the past 20 years was
due to the increased use of chemical fertilizers. This effect may be even greater in
developing countries. Pretly and Stangel (1985) reported that 75% of grain
production in India from 1965 to 1975 was due to the use of chemical fertilizers.
The response to fertilization in many developing countries ranged from 56% in the
Near East and North Africa region to 99% in Latin America (FAO 1981). In
Pakistan, for example, the response to fertilizer addition was 62.3% for irrigated
wheat, 59.8% for rice, 56% for cotton and 47.2% for sugar cane (Suleman 1983).

Developed countries achieve high production levels by using efficient varieties and
good management, including expanded use of chemical fertilizers. For example,
barley production in France was increased from 2.03 t/ha in 1955 to 5.19 t/ha in
1984 (Ministry of Agriculture 1986). At the same time there was an increase in the
use of fertilizer elements. Nitrogen consumption was increased from 12 to 80
kg/ha, phosphorus (P,0;) increased from 23 to 58 kg/ha and potassium (K,0) from
18 to 63 kg/ha in the same period.

This increase in production in the developed countries, and the sustained
production in developing countries, widened the nutrition deficit between developed
and developing countries. Before World War II, most of the developing countries
were self-sufficient for many agricultural commodities including small grains.
Some of them, like Iraq, were even exporting countries. Now developing countries
are the main importing countries for grains including barley. Vertical expansion in
production by increasing productivity is therefore necessary, since lateral expansion
is limited by the shortage of water resources. One of the main factors in increased
productivity is balanced fertilization.

Barley Fertilization in Iraq

The use of chemical fertilizers in Iraq is a relatively new practice. It began on a
small scale in the mid-1960s for vegetables and fruit trees. At that time grain crops
did not receive chemical fertilizers. It was only after 1971, when the national
production of nitrogenous fertilizers was started, that the use of chemical
fertilizers, especially nitrogenous fertilizers, began to develop and expand. Barley
does not receive chemical fertilizers. The use of chemical fertilizers for that crop
has been limited to some experiments in research centers. There was a belief that
barley does not need fertilization and that chemical fertilizers cause crop lodging.
Even in the last fertilizer recommendations from the fertilizer committee in the
Ministry of Agriculture (Adary er al. 1991), the recommended rate for barley is
limited to the use of 27-27-0 fertilizer at 200 kg/ha with TSP fertilizer at 25 kg/ha



in the reclaimed irrigated areas and under high rainfall conditions. No fertilization
was recommended for the marginal area (250-350 mm), where most of the barley
is grown.

The results of many soil sample studies reveal that the soils in the country have
low nitrogen and available-P contents. Nitrogen and phosphorus addition is
therefore necessary to increase production, especially under intensive farming.
Barley may need less fertilizer than wheat, but if productivity is to be increased for
barley, especially when more efficient varieties are introduced, chemical fertilizers
must be used. The results of many experiments in different parts of the country
have shown that barley gives a high response to chemical fertilizers. The results
of 3 years of experiments on barley (var. Arivat), carried out by Ameen (1979) in
a brown soil in Sulaimania, showed that barley responds to chemical fertilization,
especially nitrogen fertilizer. The highest yield (4580 kg/ha) was obtained under
180 kg N/ha + 120 kg P,Os/ha + 60 kg K,O/ha (Table 1) in comparison with no
fertilization (1924 kg/ha). The percent increase due to nitrogen alone was 105%.
The addition of phosphorus or potassium without nitrogen had little effect. These
results may be due to the low content of organic matter in soils and the loss of
nitrogen by volatilization or leaching.

Many workers (Luebs and Lagg 1967; Dwiredi et al. 1989) reported that nitrogen
fertilization would improve root growth, which makes it possible for the plant to
absorb phosphorus, potassium and other nutrients from a larger volume of soil.

Different varieties differ in their requirement for fertilizers, and the amount of
nutrients needed increases with the increase in productivity. Adari es al. (1991)
have shown that the variety Rihane gave a higher response to N-P fertilization than
the local variety Asswad under rain-fed conditions as well as with supplementary
irrigation.

In the rain-fed area, which constitutes the main area for grain production in the
country, the local variety Aswad (Hordeum distichum L.) is usually grown. Some
new varieties like Rihane (H. vulgare) from ICARDA were introduced recently.
In this area, barley is usually not fertilized, partly because of the limited rainfall
and partly because of the belief that fertilization causes lodging. On the contrary,
many workers have shown that barley responded to relatively high fertilizer levels,
whether under irrigated or dry farming conditions. Stanberry and Lowery (1965)
showed that barley production was increased with the addition of up to 135 kg
N/ha, when they used 1010 mm water, but under limited moisture (470 mm) the
response was only up to 65 kg N/ha. On the other hand, Luebs and Laag (1967)
pointed out that the yield of barley was reduced when a high amount of nitrogen
was used under high water tension. Dwiredi et al. (1989) showed that increasing
nitrogen fertilization up to 80 kg/ha increased the number of tillers, spike length



Table 1. Effect of fertilization on yields of Arivat barley (1976-1979), Bakrajo,
Sulaimania.

Fertilizer (kg/ha)
Grain yield Increase over control

N P:0; K0 (kg/ha) (%)
0 0 1924 0
0 0 60 1636 0
0 60 0 2108 10
0 60 60 2396 25
60 0 0 2520 43
60 60 0 352 83
60 0 60 3136 65
60 60 60 2992 56
60 60 120 3524 83
60 120 60 3340 74
120 0 0 3720 93
120 60 0 3656 90
120 0 60 4200 118
120 120 0 3740 48
120 120 60 4324 125
120 120 120 3960 106
180 0 0 3960 106
180 60 0 4140 115
180 120 120 4476 133
180 120 0 4052 111
180 120 60 4580 138
180 120 120 4460 132
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and grain yield. It is clear that the extent of barley response to fertilization, apart
from variety, soil and climatic conditions, depends on balanced fertilization. The
addition of nitrogen fertilizer without adequate amounts of available phosphorus
and potassium will result in more vegetative growth and weak stems, which cause
lodging and low yield. Schjorring (1986) reported that NO;-N absorption by barley
was reduced by 58% when phosphorus was deficient in the nutrient solution in
comparison with adequate P levels. The effect of potassium in increasing the
efficiency of plants to use nitrogen is referred to by many workers (PPI 1984,
Kaddar er al. 1985; Pretley and Stangel 1985). Phosphorus and potassium are
known to increase drought resistance of crops and must be used under dry farming
conditions. Iragi soils generally contain enough potassium for grain crops, but
nitrogen and phosphorus addition is necessary.

Adari et al. (1991) showed that the highest yield of local varieties Rihane and
Harmal was obtained when 80 kg N-P/ha were added, whether under dry farming
conditions or with supplementary irrigation. Fertilization increased the number of
spikes/m?, number of grains/spike, weight of 1000 grains and grain yield. The
response was higher under high-rainfall conditions. It must be noted, however, that
this amount of fertilization was the highest level used by the authors, which
revealed that more levels of fertilizers may be used.

It is concluded that little work on the fertilization of barley has been done, and that
more work in this direction is needed to go hand in hand with the breeding
programs, in order to improve barley production in the country. International as
well as regional cooperation is needed.

11
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Crop Sequence Options

M.J. Jones
Farm Resource Management Program, ICARDA, Aleppo, Syria

Abstract

Arable cropping in the barley-livestock zone of West Asia has intensified in recent
years. Much of the land is now cropped annually, mainly to continuous cereals.
The earlier research priority of fallow replacement is rapidly evolving into studies
of crop sequence and rotation. Major concerns in optimizing crop sequence are (1)
water-use efficiency, (2) nutrient cycling, with especial reference to biological
nitrogen fixation, and (3) avoidance of pest and disease build-up. Further, in an
agricultural zone strongly oriented to animal production, sequences involving
forage legumes, notably Vicia and Lathyrus species, are of particular interest. Data
are presented from the 6th to 10th seasons of two trials in Syria, which compare
various 2-year rotations involving barley. Highest barley yields are usually obtained
after fallow, but barley-fallow is not the most productive 2-year sequence. Barley-
forage legume rotations show real advantages over barley-only rotations (barley-
fallow and barley-barley), but these advantages exist largely and most consistently
in quality factors invisible to farmers: crop N output per rotation and barley N
status (protein content). To facilitate farmer adoption we need forage legumes with
enhanced biomass production and/or barley yields after legumes that match barley
yields after fallow. New treatments added to the above trials in the 9th and 10th
years show some promise in this respect: Vicia narbonensis has so far outyielded
the ongoing Vicia sativa and Lathyrus sativus at both sites in both years, and barley
yields following V. sativa ‘harvested’ as green grazing have equalled yields after
fallow.

Introduction

Our focus is on the drier arable areas, the barley-livestock zone, of West Asia.
Until recently, the crop sequence options utilized in that zone were few. Most
farmers grew mainly cereals, wheat and barley, in rotation with fallow. That is,
most land produced a crop only once every 2 years, and, between crops, the cereal
stubble. Later, weed growth provided grazing for sheep and goats. Some forage
legumes were grown, particularly when there were still draft animals to feed, and
food legumes and summer crops could be locally important on land favored by
high rainfall, deep soils or helpful topography. However, generally the pattern of

13



the arable landscape each winter was approximately 50% under cereals, 50%
fallow.

Rapid increases in demographic and economic pressures in recent years have
greatly changed this pattern. Many farmers now plant all of their fields to crops
every year or nearly every year, depending on seasonal rainfall distribution and
seed availability. We have previously labelled this intensification of land use
‘fallow replacement.” Now that there is little fallow left to replace, the issue is
more one of crop sequence: which order are crops grown in; does it matter; is
there an optimum?

In fact, the commonest sequence in many areas is cereals (usually barley) every
year, broken only occasionally by fallow, and then probably by accident rather than
through deliberate planning. Although deplored by agronomists, continuous cereals
still appear to most farmers to give the best returns for effort and low-volume
inputs. Market prices are good and animal feed is in short supply. Again, does it
matter? Who is right?

To judge this, two basic aims or interests — of farmers and those who try to
advise them — should be kept in mind:

1. To optimize current output (biological and economic) per unit area, taking
account of the requirements of the whole farm enterprise. This will likely
include food for the family, feed for animals and products for sale, but time
left available for other enterprises also may be important. (Recent surveys have
shown the number of part-time farmers to be increasing.)

2. To maintain the productivity of the land and its potential for continued
production in the future, i.e., protection of the soil fabric, maintenance of
fertility, avoidance of pest build-up, etc.

Farmers give more weight to the first of these interests, while researchers, planners
and environmentalists worry (or should worry) more about the second. Yet, it is
in the long-term interests of everyone (including economists and political leaders)
to reconcile the two interests: production today and tomorrow. For arable land, we
need crop sequences that optimize (and are seen by the farmer to optimize)
production each year and will sustain the potential for future production. This does
not necessarily rule out growing cereals continuously, although it will probably be
more difficult and less profitable in the end to do so. Nor does it necessarily rule
out fallowing. Turkish studies suggest that, for the riskier areas of the Anatolian
plateau, rotations that include a fallow one year in every three or four may provide
the best option (Karaca et al. 1991). Local circumstances (rainfall and temperature
regimes, soil types, traditional systems and modern market forces) will always
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determine local optima, and we should not expect research to identify any universal
best-bet rotation for dry barley-growing areas but rather to provide a better
understanding of the underlying principles.

Those principles include, importantly, the management of soils and crops for more
efficient use of water and of nitrogen. Two recent ICARDA workshop proceedings
cover these topics in some detail (Osman et al. 1990; Harris ef al. 1991a) and this
paper does not re-review all that material. Instead, the aim is to identify and
describe briefly the main biophysical processes that appear to influence both the
short-term and long-term success of dry-area arable rotations, and then to draw on
recent data from ongoing barley rotation trials at ICARDA to highlight current
issues and future research directions.

Rotational Processes

These may be conveniently considered under three headings: water, nutrients and
pests, although the existence of a complex of interactions between them,
particularly between nutrients and water, should be recognized.

Water

This is the first limiting factor in most dry arable situations. From a technical
perspective, the priorities are to catch and infiltrate rain where it falls and to
maximize the proportion of water that is transpired by a productive crop,
minimizing the losses from soil evaporation and weed transpiration. Questions of
tillage, fertilization and early crop establishment are relevant here: it was
demonstrated in the early 1980s that net increases of around 75% in water-use
efficiency (kg dry matter ha' mm™ evapotranspiration) could be achieved from
fertilizing rain-fed barley in northern Syria (Cooper et al. 1987; Shepherd et al.
1987), and such considerations may influence choice of rotation. However, the
major rotational issue in respect of water and water-use efficiency concerns
fallowing.

One widely believed advantage of fallows, particularly of clean fallows, is the
storage in the soil of part of the fallow-season rainfall to benefit the crop grown the
following year. Part of that rainfall is rapidly lost, by evaporation and (except in
clean fallows) by transpiration by weeds; but, provided the soil is deep, the rest
may be stored. In fact, the amount of water stored is often overestimated.
Especially where summers are long and hot and where the soil cracks to depth,
evaporative losses are high, and no plant-available water is retained above 45 cm
depth (or deeper in many cases). The widely held perception that fallowing is a
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practice of particular importance for the driest areas is not supported by the facts.
From experience in Cyprus, Papastylianou (1991) observed that, if the fallow-year
rainfall is less than 200 mm, its penetration is only shallow and no water is stored
for the subsequent year. Over five years at Breda, Syria (mean annual rainfall, 270
mm) the proportion of the previous winter’s rainfall stored at the end of the
summer was always less than 10% (Harris er al. 1991b).

Subsoil water is used efficiently by the crop, often promoting (like supplemental
irrigation) a greater efficiency of use of the incident rainfall, but at Breda a barley-
barley sequence had greater water-use efficiency than a fallow-barley sequence.
Storage of fallow-year water was greater (8-37%) at Tel Hadya (mean rainfall, 330
mmj, but even there it was only when a severe drought followed an exceptionally
wet season that the fallow rotation was most water-efficient. Unfortunately, it is in
the nature of things that, with decreasing mean annual rainfall, the probability of
achieving substantial long-term storage decreases as the need for it, to improve and
stabilize the subsequent season’s crop yield, increases; in low-altitude, hot-summer
environments it may not be the best strategy for optimum water-use efficiency.
Under the shorter, milder summers of higher altitudes, the case may be different,
as Turkish work suggests (Karaca ef al. 1991).

Nutrients

Most arable soils in the barley-livestock zone of West Asia are deficient in
available phosphate and nitrogen. In 75 on-farm barley fertilizer trials across
northern Syria, grain and/or straw responded positively and significantly to applied
nitrogen and/or phosphate on 74 occasions (Jones and Wahbi 1992). Responses to
phosphate were most frequent at the driest sites (Table 1), the major mechanism
being the enhancement of the rate of establishment of crop cover and hence of
water-use efficiency (as noted above). For this nutrient, there appears to be little
alternative but to apply fertilizer, and little interaction effect on yield between
phosphate fertilization (rate, timing in crop sequence) and rotation has been noted.

Nitrogen is a different story. The nitrogen removed from the field in the harvested
barley amounts, very approximately, to 20 and 5 kg N/t of grain and straw,
respectively. This is more than is normally replaced by natural processes like
atmospheric deposition and non-symbiotic fixation, and responses to fertilizer
nitrogen are frequent, even under the driest conditions (Table 1). However,
biological fixation appears to offer an alternative to fertilizers. There are a number
of forage legume species adapted to the barley-zone environment and appropriate
to the predominantly animal-oriented farming systems.
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Table 1. Percentage distribution of significant (5%) positive responses by
barley to N fertilizer in 75 on-farm trials in northern Syria, as affected by
rainfall and crop sequences (from Jones and Wahbi 1992).

Grain Straw

Factor No. sites N P N P
Rainfall (mm)

< 225 24 21 88 50 96
225-300 29 52 52 76 79
> 300 22 73 41 86 59
Previous crop

Fallow 54 44 65 65 81
Barley 21 57 86 86 71

Nevertheless, although legumes are generally assumed to improve soil fertility by
adding nitrogen, hard evidence for dry West Asian conditions is scarce. It is fairly
clear that a barley crop following a forage legume usually yields more and takes
up more N/ha than barley following barley. For example, barley yields in Cyprus
showed a strong interaction between rotation and N-fertilizer regime (Table 2):
barley in a barley-vetch (Vicia dasycarpa) rotation receiving no N yielded as much
grain as barley in barley-fallow or barley-barley rotation receiving 60 kg N/ha.
Papastylianou and Samios (1987) reported that rotations including vetch yielded 44-
60 kg N/ha more than was added in fertilizer, while for barley following barley the
annual N balance between output and input was only 5-6 kg N/ha.

It should be emphasized that such results do not necessarily imply any long-term
improvement in fertility where legumes are included. In the Cyprus trials, soil
total-N content was similar in the different rotations at the end of a 7-year period
(Papastylianou and Samios 1987). A subsequent trial at one of the same sites,
comparing sequences of barley with vetch (V. sativa) or oats (4vena sativa) and
utilizing an "N enrichment technique, indicated that biologically fixed nitrogen
from the vetch contributed little to the soil available-N pool or to the nitrogen in
barley. Most of the increased uptake of nitrogen by barley following vetch (rather
than oats) was attributable to a greater availability of soil N arising from the lower
uptake of soil N by the preceding vetch than by the oats (Danso and Papastylianou
1992). There are no reasons to suppose the situation of barley-vetch vis-@-vis

17



barley-barley rotations is substantially different. Broadly, the presence of a legume
crop allows the partial recovery of the soil’s native available-N status, as happens
under fallow, whereas a cereal crop, having no alternative supply, does not.

Table 2. Effects of rotation and N fertilizer on mean barley grain yields (t/ha)
in Cyprus: 6-year means over two sites in Cyprus (from Papastylianou and
Jones 1988).

Rotation
Applied N
(kg/ha) Barley-vetch Barley-fallow Barley-barley
0 1.86 1.51 0.95
60 1.7 1.9 1.7

All differences significant at P <0.05.

Pests

Rotational effects on pest incidence in dry barley-growing areas are poorly
documented. Fallows almost certainly limit the build-up of pests and pathogens, but
rotation with non-cereal crops may be equally effective against organisms specific
to barley. Generally, fallows and rotations control relatively immobile pests whose
larvae are found in the soil or on crop residues. Populations of Porphyrophora
tritici, a root-sucking pest of barley and wheat in parts of Syria and Turkey, can
be kept low by rotating the cereal crop with bare fallow or a non-susceptible
species (Rashwani 1981). Wheat ground beetle (Zabrus tenebroides) also can be a
serious problem where cereal follows cereal in a mild, wet winter and the residues
of the first crop are left on the soil.

In ICARDA long-term trials, the appearance of barley in unfertilized, continuous
barley plots suggests serious root problems, but attempts a few years ago to
identify specific pathogens were unsuccessful. Barley grown continuously with
moderately heavy N and P fertilization remains apparently healthy, but so does
unfertilized barley following fallow or a forage legume.
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Barley Rotation Trials at Tel Hadya and Breda

Trials were initiated in the 1982/83 season. Data from the 6th to 10th seasons
(1987-1992) are used here to compare four rotations: barley-lathyrus (Lathyrus
sativus) [B-L), barley-vetch (Vicia sativa) [B-V], barley-fallow [B-F] and barley-
barley [B-B].

Both phases of each rotation are grown each year under both fertilized and
unfertilized conditions. The fertilizer treatment is an N and P addition to the phase
1 barley crop only. Comparisons are made in terms of barley yields, total rotation
output of crop dry matter (DM), total rotation output of crop nitrogen, and barley
quality (N%). These give different perspectives of the relative values of the four
rotations.

Barley yields varied greatly according to season, especially at Breda. Mean annual
values of total DM were 4.06-6.65 t/ha at Tel Hadya and 1.65-6.90 t/ha at Breda.
Highest barley yields were almost always obtained following fallow, and frequently
(but not invariably) barley yields following vetch or lathyrus were higher than
those following barley. These trends (Table 3) were largely independent of site and
fertilizer regime.

Table 3. Five-year yield totals (%) from phase 1 barley crops in four different
rotations.

Tel Hadya Breda
Preceding crop Grain Straw Grain Straw
With fertilizer (N + P)
Lathyrus 80 82 81 95
Vetch 84 83 84 96
Fallow 100 100 100 100
Barley 69 66 64 67
Without fertilizer
Lathyrus 75 75 82 86
Vetch 78 80 84 80
Fallow 100 100 100 100
Barley 46 47 55 66

Hoyever, these yield trends are from a single-year viewpoint. On a whole-rotation
basis, greatest output came from the barley-only rotations, B-B and B-F. That from
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B-B rotation was high because all the cropped area produced barley every year, but
comparison of the annual grain yield means (Table 4) shows that any advantage
over B-F rotation was small and the annual variability tended to be greater. If a
high value is placed on growing as much barley as possible, then it makes sense
to grow it exclusively, in either B-F or B-B rotations, which produce, very
approximately, 20-30% more grain; but, given the inevitably higher production
costs that a doubled area entails (and the greater difficulty of harvesting larger
areas of poorer crop) these results demonstrate no advantage to B-B over B-F
rotation.

Table 4. Five-year mean barley grain yields (t/ha) from four rotations on a
whole-rotation basis, with coefficients of variation as indices of annual
variability.

Tel Hadya Breda
Rotation} Mean CV (%) Mean CV (%)
With fertilizer (N + P)
B-L 2.24 30 1.49 79
B-V 2.33 33 1.55 78
B-F 2.78 20 1.83 53
B-B 3.09 32 1.89 58
Without fertilizer
B-L 1.68 27 1.00 86
B-V 1.75 26 1.02 79
B-F 2.23 17 1.21 76
B-B 2.03 26 1.32 80

t B = barley, F = fallow, L = lathyrus, V = vetch.

Total rotation dry matter production was often greatest in barley-legume
rotations, although this was not consistent in all years at both sites. Five-year totals
imply that rotations with legumes outyielded barley-only rotations (Table 5), but
all the differences between the two could be said to have arisen in 1987/88, which
was an unusually wet season. There is insufficient quantitative difference between
the rotations in a normal year to convince a farmer that he should plant legumes.
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Table 5. Effect of rotation on total crop dry matter production (t/ha)t, S-year
totals.

Tel Hadya Breda

Rotations Total Mean Diff.§ Total Mean Diff.
With fertilizer (N + P)
B-L 22.8 16.7
B-V 21.3 22.1 16.5 16.6

4.0 3.8
B-F 17.4 11.9
B-B 18.8 18.1 13.7 12.8
Without fertilizer
B-L 16.7 10.8
B-V 159 16.3 10.1 10.5

3.9 1.9
B-F 12.8 7.6
B-B 11.9 12.4 9.5 8.6

1 Total dry matter is the sum of barley grain and straw and legume grain and straw, as
appropriate.

1 B = barley, F = fallow, L = lathyrus, V = vetch.

§ Difference between means of rotations.

Total rotation crop nitrogen output shows large differences among rotations,
unfortunately invisible to farmers. Over 4 years, the presence of a legume in the
rotation was worth about 35 kg N/ha per annum at Tel Hadya (Table 6). At Breda,
the figure was close to 30 kg N/ha per annum but only in the fertilized situation,
probably because the dryness exacerbates the effects of the natural soil deficiency
in phosphate there. In the unfertilized situation, the mean annual excess of crop N
in barley-legume rotations was 17 kg N/ha.
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Table 6. Effect of rotation on net total crop nitrogen output (kg N/ha)f, 4-year
totals.

Tel Hadya Breda

Rotationy  Total Mean  Diff.§ Total Mean Diff.
With fertilizer (N + P)
B-L 224.1 177.0
B-v 172.1 198.1 161.5 169.3

148.5 116.6
B-F 54.1 57.6
B-B 45.0 49.6 4717 52.7
Without fertilizer
B-L 235.8 147.1
B-v 195.0 215.4 119.9 133.5

128.5 68.9
B-F 92.2 62.8
B-B 81.5 86.9 66.4 64.6

1 Total N in barley grain and straw and legume grain and straw, as appropriate, but with
4-year fertilizer inputs subtracted (80 kg N/ha at Tel Hadya, 40 kg N/ha at Breda).

{ B = barley, F = fallow, L = lathyrus, V = vetch.

§ Difference between means of rotations.

Barley quality. The extra nitrogen output of the barley-legume rotations was not
located solely in the harvested legume crops. There was a general tendency for the
nitrogen content (%) of the barley grain and straw from B-L and B-V rotations to
be higher than that from the barley-only rotations, especially the B-B rotation
(Table 7). Improvement in N content relative to B-B values amounted to 15 and
13% for grain and 4 and 17% for straw, for Tel Hadya and Breda, respectively.
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Table 7. Effect of rotation on percent protein content (N% x 6.25) of barley
grain and straw (5-year mean values).

Tel Hadya Breda

Rotation Grain Straw Grain Straw
With fertilizer (N + P)

B-L 11.7 3.2 13.2 4.5
B-V 12.1 3.4 13.1 4.5
B-F 11.0 3.0 12.3 39
B-B 10.0 29 10.6 3.4
Without fertilizer

B-L 10.1 26 12.0 4.6
B-V 10.5 2.7 11.6 4.2
B-F 9.9 2.7 12.2 4.2
B-B 9.3 2.8 11.4 4.2

New Approaches

It might be concluded from the preceding summary of results that there are real
advantages in barley-legume rotations over barley-only rotations, but that those
advantage exist largely and most consistently in two factors that are not evident to
farmers: higher total N output per rotation, and higher percentage N content of the
barley component.

They are therefore unlikely to encourage the adoption of forage legumes into barley
rotations by farmers. What is needed is more visible evidence of greater output
where legumes are included, e.g., greater legume bulk and/or higher barley yields
following legumes (that is, equal to barley yields following fallow).

For the last two seasons, the barley rotation trials at Tel Hadya and Breda have
included two new rotations, one involving another promising forage legume,
narbon vetch (Vicia narbor:2nsis) harvested mature, the other growing common
vetch (V. sativa) harvested early by simulated green grazing. It is hoped that the
narbon vetch will be more productive than the other two legumes used (without
prejudice to the subsequent barley crop). The green grazing treatment, which can
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be a profitable mode of utilization (lamb fattening, enhanced milk production), has
been shown in other trials to affect the soil in a similar way to a bare fallow,
leaving more available water and/or available nitrogen than a forage legume grown
to maturity.

Results to date show that narbon vetch produced significantly more dry matter at
both sites in both years (Table 8). The advantage amounted to about 30% at both
sites in 1990/91, and 57 and 47% at Tel Hadya and Breda, respectively, in
1991/92. However, it is important to check whether this increased productivity had
any adverse effect on the following barley crop. So far, this can be done only for
the 1991/92 season, when the barley grain yield after narbon vetch was slightly
lower than that after the other two mature-harvested legumes at Tel Hadya and
slightly higher at Breda, in neither case significantly so (Table 9). At the same
time, barley after "green-grazed” common vetch produced grain yields comparable
with those from the B-F rotation, 25 and 13% higher than yields after mature
common vetch (Tel Hadya and Breda, respectively).

Table 8. Two-season comparison of total mature dry matter production (t/ha)
of narbon vetch (Vicia narbonensis) with lathyrus and common vetch.

Tel Hadya Breda
Legume 9091  91/92 90/91  91/92
ek - - -
Lathyrus sativus 2.16 2.14 1.62 2.23
Vicia sativus 2.17 2.09 1.45 2.07
Vicia narbonensis 2.86 3.32 1.97 3.16
SEM +0.063 +0.123 +0.045 +0.044
ik P<0.01.

Again for the 1991/92 season only, values of the rotational output of crop nitrogen
show only small differences among the four barley-legume rotations (Table 10).
The narbon vetch-based rotation was marginally the most productive of nitrogen.
Green grazing of common vetch had little effect on rotational nitrogen output but
caused a greater proportion of that nitrogen to be found in the barley (79 versus
60% at Tel Hadya, and 65 versus 53% at Breda).
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Table 9. Effect of preceding crop on barley grain yields (t/ha)} in 1991/92.

Preceding crop Tel Hadya Breda
* ns
Lathyrus (mature) 2.46 1.05
Common vetch (mature) 2.49 1.08
Narbon vetch (mature) 2.40 1.14
Common vetch (green) 3.11 1.22
Fallow 3.04 1.28
SEM 0.191 0.065

+ Values are means of N-P and zero fertilizer treatments. The fertilizer effect was
significant at both sites, but there was no interaction with preceding crop treatment.

Table 10. Effect of different legume-based rotations and fertilizer on total crop
nitrogen output (kg/ha){ in 1991/92.

Tel Hadya Breda
Legume in rotation NP O NP 0 Mean
Lathyrus (mature) 659 354 523 318 464
Common vetch (mature) 58.1 32,6 487 2713 41.7
Narbon vetch (mature) 60.8 37.4 58.2 349 47.8
Common vetch (green) 63.2 374 454 272 43.3

+ Total N in barley grain and straw and legume grain, straw or clipped green material, as
appropriate.

These results give some support to the hope that visible, quantitative increases can
be achieved in yields of barley-legume rotations through the introduction of more
vigorous legume material and/or by utilizing the legume at an earlier stage of
growth.
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Conclusions

The farming systems of West Asia are undergoing rapid change. A major feature
of that change is an intensification of land use, particularly arable land use.
Systems in which crops are grown only biannually, with fallows in the alternate
years, are rapidly being superceded by annual cropping. This need not be
regretted, but the loss of the buffer that in some respect the fallow provided
requires a more informed, more planned approach to crop production, if increased
output is to be maintained indefinitely.

A major feature of a more planned approach is crop rotation. To many farmers
continuous cereal production currently appears to be the only (or at least the most
profitable) option, and with luck and a fairly liberal use of fertilizer, the main
dangers of pest build-up and fertility decline may possibly be averted for quite a
long time. But such a system is unlikely to be stable and productive on a
permanent basis. Nor is it likely to be the most high yielding. Results from trials
at ICARDA and elsewhere show that rotations of barley with forage legumes equal
or surpass continuous barley in biomass production and are greatly superior in
terms of biomass quality.

Unfortunately, the quality aspect is still largely unappreciated by the farmer, who
looks mainly for biomass quantity and perhaps sees legumes as crops more
sensitive to drought and cold than barley. To overcome these perceptions and to
help farmers build stable, productive rotations based on barley and legumes,
several parallel research and extension efforts are required, including:

1. The identification, selection and improvement of forage legumes adapted to dry
areas; valuable traits would be more rapid winter growth and high biomass
production.

2. Demonstration to farmers of the different modes of forage legume utilization,

and the differential influence of these modes on subsequent barley yields.

Demonstration to farmers of the higher feed value of the legume biomass.

The development of a structure for providing cheap forage-legume seed and for

marketing legume forage products at a premium price.

B w
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Effect of Forage Legumes on Barley Seed
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Abstract

With the current high prices for livestock and livestock products, forage legumes
are increasingly attractive to farmers in Jordan. Therefore, the need to increase
forage production to meet the growing livestock population in the Mediterranean
region necessitates the evaluation of forage legume-cereal crop rotations to
maximize herbage yield and to improve land profitability. Barley was sown after
forage legumes (Vicia sativa and Medicago spp.) and after fallow. In both years
the entries were sown in November and their primary growths sampled periodically
during growth. At Ramtha, rainfall has exceeded 250 mm in only 4 years, which
is considered the absolute bare minimum for annual forage production. Dry matter
of herbage yield, seed yield and lamb production were recorded. In both seasons,
barley sown after fallow attained the highest seed yield and there was limited
variation in the maximum dry matter yield of forage legume species. In general,
the maximum production of barley seed yield [325 kg/du (3250 kg/ha)] and dry
matter herbage yield of grazing forage legume [380 kg/du (3800 kg/ha)] were
attained in 1988 when the highest annual rainfall (311 mm) was received.
Throughout, the highest net return over 6 years [8.8 JD/du (88 JD/ha)] was given
by a barley/grazing forage legume rotation.

Introduction
In Jordan, cereals are usually grown continuously or in rotation with fallow or food
legumes. In times of high prices for livestock products, forage legumes, which may
be fed to livestock in the form of straw, grain or grazed pasture, become an

increasingly attractive alternative to fallow.

This forage is most efficiently utilized by livestock, in particular young rapidly
growing lambs (Anonymous 1989). Where machinery is available, forage also can
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be used to produce high-quality hay (Osman and Nersoyan 1986).

In those parts of Jordan where annual rainfall is less than 300 mm, there are small
areas of annual medic (Medicago spp.) whereas in higher rainfall regions there are
slightly larger areas of common vetch (Vicia sativa) and bitter vetch (V. ervilia).
Several other species have been tried, most notably the forage legume narbon vetch
(V. narbonensis) and woolly-pod vetch (V. villosa ssp. dasycarpa). Where rainfall
exceeds 300 mm the most promising of these species is thought to be common
vetch (Tow 1987). In such areas, these forage legumes could replace fallow in such
a way that a ley farming system could be established (Ababneh 1983). Aside from
high feed production, the legumes in the ley farming system would have a
tremendous impact on cereal production through symbiotic nitrogen fixation.
Annual medics and vetch are considered to be the most promising legumes for such
a system (Hancock 1990).

At present, cereal/livestock farmers in Jordan are not maximizing their profits or
productivity for two main reasons:

1. They do not grow their own forage to feed their livestock.
2. The fallow year of the cereal/fallow rotation is a wasted year of productivity.

Therefore, a 10-year cereal/forage legume rotation trial was designed in 1985 and
conducted at Ramtha Agricultural Research Station through the Jordan/Australia
Dry Land Farming Project. The objectives of this study were to introduce vetches
or medics as forage legumes to replace fallow, to provide livestock feed to
encourage farmers to adopt an integrated cereal/livestock farming system to meet
the local consumption in terms of livestock products such as red meat and/or milk,
and to improve land use in Jordan.

Materials and Methods

The experiment included the following six treatments with three replicates using
the Complete Randomized Design: grazing forage - barley (GB); hay-making
forage - barley (HB); fallow - barley (FB); barley - fallow (BF); barley - hay-
making forage (BH); barley - grazing forage (BG).

The experiment was sown on 28 December 1985. The crop phase was barley and
the pasture phase a mixture of snail medic (Medicago scutellata cv. Sava), annual
medic (M. rigidula) and common vetch (V. sativa).

All crop species (barley, vetch and medic) were sown at 7, 10 and 3 kg/du (70,
100 and 30 kg/ha) respectively in 70 X 230 m plots and fertilized with 10 kg/du
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(100 kg/ha) of Diammonium Phosphate (DAP). In spring, volunteer cereals were
sprayed with fusilade. At the flowering stage four treatments of BG, BH, GB and
HB were fenced to be grazed by introducing 48 lambs (12 lambs/plot). Herbage
yield, seed yield and weight of each lamb before and after grazing period were
recorded.

Results and Discussion

The most productive treatment for seed production was barley-fallow (BF), with
a very limited variability in herbage yield between forage legume species used in
this trial. However, the economic summary rotation trial over 6 years (1985-1991)
showed that the most profitable farming system (8.8 JD/du; 88 JD/ha) is barley-
grazing forage (BG).

Each farming system consisted of two treatments which were both replicated three
times. For example, fallow and barley were included each year and comprised six
plots. The figures presented are the average of each rotation and its reverse for
each year.

In view of the huge diversity of climatic conditions in rain-fed areas of Jordan, few
species have been used as forage legumes. However, a large area of Jordan is
affected by frost and most of the South Australian medics currently being studied
are frost sensitive (Radwan er al. 1978). Vetches and chicklings are more frost
tolerant and could be used instead of medics; vetches are classified as moderately
frost tolerant (Lakhanova 1985).

The Ramtha Trial has now completed seven full seasons which has allowed the
evaluation of three complete cycles of the 2-year rotation. Some trends are now
appearing but it is essential to continue this trial for another 3 years to ensure the
farming rotations are stable and sustainable. As can be seen in Table 1 the range
of economic return varies proportionally to the average annual rainfall.

The grazing forage (medic)-barley (GB) rotation continues to be the most
profitable. In the seasons of above-average rainfall (1986/87, 1987/88 and 1989/90)
when dense herbage mass (Fig. 1) was obtained, good economic gains were made
from lamb fattening. During these seasons, total red meat production (total
liveweight gain, kg) ranged from 17 to 32 kg/du (170-320 kg/ha) when stocked at
3-4 lambs/du (30-40/ha) of grazing medic. In the other three seasons, lamb
fattening was not possible and gave negative gains for the forage. Barley yields
were 23% lower than for the barley-fallow rotation; this is to be expected in a low-
rainfall environment when annual rainfall is 200 mm. Assisting this depression in
barley yield is the infestation of "wild barley” which has proved difficult to control
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in the non-fallow treatments with the resources and management currently available
on the station.

Table 1. Economic summary of a rotation trial at Ramtha station for 6 years,
1985-1991.

Net return (JD/du)t

Season Rainfall Barley-grazing Barley-hay Barley-

(mm) (medic) (V. sativa) fallow
1985/86 165 -2.42 -2.43 -1.82
1986/87 297 13.43 12.79 6.13
1987/88 311 10.11 3.79 9.05
1988/89 148 —-0.40 -0.50 0.04
1989/90 248 31.32 13.20 13.06
1990/91 168 0.76 0.24 5.17
Average 223 8.80 4.52 5.27

Source: JADF Annual Report (1990).
+ JD/du X 10 = JD/ha.

The barley-fallow (BF) rotation continues to give the highest annual seed yield in
average followed by grazing forage treatment in most cases as shown in Table 2,
but when this is combined with the cost of maintaining a fallow the Annual Gross
Margin is 40% lower than that of the grazing forage-barley (GB) rotation. This
rotation is the easiest to manage with the owner only needing to spend 3 days in
the field (for seeding, spraying and harvesting) and therefore continues to appeal
to those absentee landowners who have jobs in major cities of Jordan.

The hay forage-barley (HB) rotation has a Gross Margin similar to that of the
barley-fallow (BF) rotation but requires more management. Therefore, it can be
said that the use of hay forage or seed and tibn collection is not an economical or
feasible replacement for the barley-fallow rotation in the Ramtha area (Table 1).
However, the herbage yields of V. sativa cv. Beekia do indicate that this forage
would be equal to that of the medic for lamb-fattening purposes (Fig. 1).

31



Table 2. Barley seed yield (kg/du)t at Ramtha station (rotation trial).

Season Rainfall (mm) B-Fi B-V B-M
1986/87 297 246 235 250
1987/88 311 325 160 235
1988/89 148 74 50 30
1989/90 248 190 130 142
1990/91 168 127 65 80
1991/92 380 256 183 196
Average 258 203 137 155

t kg/du x 10 = kg/ha.
1 B-F = Barley-fallow; B-V = Barley-vetch; B-M = Barley-medic.

ar B Grazing Forage-Medic
Hay Forage-Vetch

Dry matter yield (tha)

1986 1987 1988 1989 1980 1991
Production year

Fig. 1. Herbage production from grazing and hay forage; herbage yield in
1988 had 90% vetch as dry matter.
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Conclusions and Recommendations

The grazing forage (medic)-barley rotation after 6 years of continual evaluation
continues to be 40% more profitable than the traditional barley-fallow rotation.

This experiment has provided valuable basic data on the feeding value of several
legume species for grazing, thus providing an economic assessment of livestock
production from these plants.

The high feeding value of vetch has given a new slant to thinking about forage
production in Jordan. Because common vetch is well known in Jordan and seed is
readily available, it is possible to reccommend lamb fattening on vetch. Vetch crops
have been grown in Jordan for many years, mostly for seed production, which is
used for production of concentrate feed for livestock. Forage legumes are an
excellent crop to grow for grazing sheep, goats and cattle for the production of
meat and milk.
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Discussion

A.R. Al-Rawi
You mentioned that in 1990 the red meat produced per dunum on grazing legume
was 32 kg. Does this figure represent red meat or liveweight?

M. Ababneh and F.T. Awawdeh
Yes, the 32 kg represents live body weight. Thus to calculate return, liveweight
should be multiplied by 0.45 to obtain meat produced.

M. Abu Zant
Could you elaborate on the time when grazing was started and terminated? Did the
sheep graze after pod formation?

M. Ababneh
Grazing started at 50% flowering. No, sheep did not graze after pod formation.
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The Search for Dual-purpose Barley

Baha A. Al-Rawi and A.M. Al-Shamma
IPA Agricultural Research Center, Baghdad, Iraq

Abstract

In the central irrigated plains of Iraq, green fodder is in short supply in late autumn
and early winter. Sheep and cattle owners usually rely on barley for their green
forage supply, but the varieties grown (California Mariout, Numar and Arivat) do
not tolerate two rounds of clipping. They supply green fodder but lose their grain
yield because they are early grain producers of spring growth habit. A project was
initiated in 1985 with the objective of recommending a dual-purpose barley variety
that serves the needs of sheep and/or cattle owners for green fodder supply and still
maintains a high grain production when the stand is left for grain yield after two
consecutive rounds of clipping. Three experiments were established: Experiment
I during the 1985/86 and 1986/87 seasons, Experiment II in the 1987/88 season
and Experiment III in 1991/92 and 1992/93 seasons. The research team identified
lines 99 and 265 as agronomically superior to the old recommended varieties of
barley because they could tolerate two consecutive rounds of clipping at the pre-
stem elongation stage. Line 99 averaged 11.28 t/ha of green forage after two
consecutive clippings and produced an average of 4.76 t/ha of grain when the
clipped stand was left for grain production. Line 265 averaged 17.58 t/ha of green
forage and 5.58 t/ha of grain for the same treatment. Both lines are facultative and
of semiprostrate growth habit with a mid to late heading date which makes them
adapted to the long growing season of the central plains of Iraq.

Introduction

The use of winter small-grain crops, mainly wheat and barley and to some extent
oats and rye, is a common practice. However, the popularity of such practice
varies from country to country and from region to region within a country. The
most important factor that impedes or curtails such a practice is the amount of
grain recovered when the stand is left for grain production after early grazing or

clipping.
Hubbard and Harper (1949), in a comprehensive study of 24 varieties of wheat,

oats, rye, barley and some mixtures of these cereals, reported a loss in grain yield
that ranged between 50 and 80% under moderate (10 cm stubble height) to severe
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clipping (5 cm stubble height), respectively. Wasko (1947) found that grazing these
same crops resulted in grain reductions between 23.2 and 48% after a single and
two consecutive clippings, respectively. He also reported that genotypes differ in
their tolerance to clipping practices. Poysa (1985) ir a study on wheat, rye and
triticale reported a loss in grain yield of 6% in wheat and 28% in rye. Triticale
showed an increase of 0.5 t/ha after forage was removed in early stem elongation
stages for these crops.

Bishnoi (1980) found that grain yield after clipping was inconsistent for wheat and
triticale although clipping treatment markedly reduced grain yield of rye. Thakur
and Shands (1954) in a study on seven varieties of wheat, barley and oats reported
grain yield reductions of 14 and 48% after a single and double clipping,
respectively. Sprague (1954) reported up to 50% increase in grain yield after
grazing in only two climatically favorable growing conditions, whereas losses were
incurred due to unfavorable growing conditions for wheat, rye and oats. Day e al.
(1968) in a study on Harlan, a spring-type variety of barley, concluded that
clipping barley twice during the growing season gave a comparable yield to "no-
clipping” treatment. Muldoon (1985) in a study on wheat, barley, oats, rye and
triticale found that after a single-clipping treatment all species fared as well as the
no-clipping treatment in their respective grain yield. However, grain yield for such
entries declined drastically after the second and the following clipping treatments
in wheat and rye and to a lesser degree in barley, oats and rye. The reduction in
grain yield in barley came as a result of a reduction in number of seeds/spike
whereas the reduction in wheat grain yield resulted from the reduction in all yield
components.

In Iraq, barley is a major small-grain crop that is under production in the central
and southern irrigated plains of the country. The central plains, in particular, are
characterized by seasonal climatic conditions (Table 1) that are conducive to an
almost continuous and uninterrupted growth and development of the crop (Nicollos
and May 1964; Cottrell er al. 1982; Cottrell and Dale 1986).

The farmers of the central plains, mostly livestock and sheep owners, in the past
used the old landraces of barley, which successfully lend themselves to hand-
clipping practices or direct grazing during the early crop development (pre-stem
elongation) stages in order to provide part of their green forage needs from late
December to the end of January. In these two months there is a shortage of green
fodder. The stand is then left for grain production. These landraces have proven
themselves to be fodder barleys and amenable to clipping and grazing practices (Al-
Rawi and Al-Shamma 1991). These landraces of barley were replaced by the
spring-type, short-season, grain-producing varieties of barley such as Arivat,
California Mariout and Numar. Under field conditions, these varieties do not lend
themselves to direct grazing or clipping as the old landraces do.
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Table 1. Average monthly day/night temperatures (°C) at Baghdad, Iraq
during 1985/86 and 1986/87 seasons.

1985 1986 1987
Month¥ Day Night Day Night Day Night
January 17.4 6.0 17.3 4.7 18.15 6.3
February 16.4 3.7 17.9 6.9 21.42 7.0
March 21.6 7.4 22.6 9.9 20.98 9.6
April 30.0 15.6 28.7 16.0 2897 13.7
May 37.1 24.6 35.1 18.4 3491 199
June 41.1 23.6 39.2 23.4 4042 24.7
October 29.3 14.4 33.8 19.5 25.16 18.9
November  23.9 12.9 20.1 9.5 23.76 146
December  15.7 4.0 16.5 33 16.1 7.6

t Growing season months.

The economic importance of clipping or grazing practices of small-grain crops is
recognized, as is the existence of various degrees of tolerance to repeated clipping
or direct grazing (two consecutive clippings) among the cultivars of the winter
small-grain species (Crowder 1954; Thakur and Shands 1954; Gardner and Rogers
1956; Morey 1961; Dumphy ef al. 1982). A project was initiated in the 1985/86
season for the purpose of identifying and/or recommending a suitable cultivar of
barley exclusively for green forage production during the early development stages
with no or little concomitant loss in grain-yielding potential when the stand is left
for grain production after clipping or grazing. To fulfil the objective of this project
a program of germplasm introduction and collection was started. Suppliers of the
materials were ICARDA (mainly pedigreed lines initially designated as dual-
purpose barley lines) and CIMMYT (mainly Fs of winter X spring barleys).

Three studies were undertaken; the first lasted from 1985 to 1987, the second study
(an M.Sc. thesis) was finished in 1988, and the third study covered the 1991/92
season.

All studies were conducted at the Fudilia Experiment Station, Baghdad, Iraq. The
soil is silty clay, pH = 7.9 with EC of soil extract measured at 3.2 mmhos.
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Experiment I: 1985/86 and 1986/87

The experiment was run as a split-split plot arrangement in a complete randomized
block design replicated three times. Barley varieties .and lines served as main
treatment. Seeding rates of 120 and 140 kg/ha were subtreatments and clipping
frequencies (no clipping, single clipping and double clipping) were the sub-subplot
treatments. Clipping treatments were performed when stand (on extended leaf
basis) reached between 32 and 36 ¢m in height, similar to what was recommended
by Perry and Chapman (1974). Stubble at clipping was maintained at about 6 cm
above the soil line. Plots were seeded in 11 Nov 1985 and 7 Nov 1986 in the first
and second seasons, respectively. Fertilizer in the form of N-P-K, 27-27-0 (rate
625 kg/ha for 1985/86 season) and 18-18-18 (rate 775 kg/ha for 1986/87 season)
was used in this experiment. The fertilizer was split into two halves; the first half
was applied at seeding date whereas the second half was either applied in full at
early tillering stage for the no-clipping treatment, or after the clipping for the
single-clipping treatment, or again split into two parts and each part applied after
every round of clipping for the double-clipping treatment. The sub-subplot size (the
experimental unit) was 0.6 m x 4 m with 30 cm row spacing. Clipping height was
stabilized through, the use of a 4 m long by 6 cm wide plank held firmly and
vertically next to rows to be clipped. An ordinary hand sickle was used for clipping
treatments.

Nine varieties and lines of barley were used in this study: Numar, California
Mariout, line 108, line 119, line 96, line 99 (6-row types) and Clipper, line 95 and
line 104 (2-row types). However, we will limit our discussion to results obtained
on the 6-row types because of their popularity in the central plains of Iraq.

Results and Discussion

Statistical analysis followed by tests of significance (P < 0.05) revealed that
seeding rates and genotype X seeding rates interaction were not effective in
influencing the green forage yield and grain yield. These results confirmed the
findings of Kirby and Faris (1970), who reported that higher seeding rates have
hampered tiller bud development and survival in barley, and were consistent with
the findings of Bishnoi (1980) and Justus and Thurman (1955), who found that
increasing seeding rates of wheat, rye, oats and triticale did not significantly
increase forage returns in either clipping treatments or hay yield.

Data of green forage yield of the no-clipping (clipped for hay), singl?:-clipping and
double-clipping treatments are presented in Table 2. The no-clipping treatment
significantly outyielded the single-clipping and double-clipping treatments for all
entries. From a phenological point of view such results are not unexpected.
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However, there were no significant differences between green forage yields of the
single-clipping and double-clipping treatments for all entries at the different seeding
rates in both seasons, although the double-clipping treatment outyielded the single-
clipping treatment in forage yield. Average grain yields for all entries in both
seasons are presented in Table 3. Clipping treatments significantly affected grain
yield in both seasons. In the 1985/86 season the single-clipping treatment resulted
in an increase in average grain yield over the no-clipping and the double-clipping
treatments for both seeding rates and for all entries. However, the differences were
significant only for Numar and line 99 at the higher seeding rate. Moreover, lines
96 and 99 did not experience a drastic decline in grain yield after the double-
clipping treatment whereas the other lines were not as tolerant of the double-
clipping treatment. In the 1986/87 season, on a per-entry basis there were no
significant differences among clipping treatments. However, lines 96 and 99
outperformed all others at the two clipping treatments at the two seeding rates.

The decline in grain yield when the stand was left for grain production after the
double-clipping treatment in the 1986/87 season was not as sharp as that in the
1985/86 season for the same treatment. Such discrepancies could have been due to
the quality of fertilizer. Reduced rates of nitrogen fertilization do not necessarily
reduce grain yield in foliage clipping treatments of small grains.

Experiment II: 1987/88 Season

In another experiment, six genotypes of barley were used to study the effect of
genotype, number of clipping treatments and stubble height at clipping on green
forage production, grain yield and morphological yield components: number of
tillers/unit area, average number of seeds/spike and 1000-seed weight. The variety
Numar and lines 96, 99, 108 and 265 were used in this study along with line 95
(not reported here because it is a 2-row line).

Again a split-split plot arrangement of treatments in a complete randomized block
design with three replications was employed. Genotypes were assigned to main
plots. Clipping treatments (no clipping, single clipping and double clipping) were
assigned to the subplots. Stubble heights (3 cm or 6 cm above soil line) were
entered as the sub-subplot. The size (experimental unit) was 0.6 X 4 m. Seeding
rate was 120 kg/ha.

All plots were seeded on 2-3 Nov 1987 in rows spaced 30 cm apart. Fertilizer in
the form of N-P-K, 27-27-0 was applied at seeding at a rate of 320 kg/ha, then 240
kg/ha at early tillering for unclipped plots, but applied at a rate of 100 kg/ha after
each round of clipping. Clipping treatments were performed when stands (on
extended leaf basis) reached between 32 and 36 cm in height. Stubble was
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Table 2. Effect of different seeding rates and clipping frequencies on green forage yield (t/ha) of 6-row barley for two
seasons at Fudilia, Baghdad, Iraq.

1985/86 1986/87
120 kg/ha 140 kg/ha 120 kg/ha 140 kg/ha

Genotype None Single Double  None Single Double = None Single Double  None Single Double
California 680 43 16.4 705 58 144 420 3.0 88 39.4 38 8.0
Mariout
Numar 69.0 55 140 689 5.4 126 497 3.1 87 468 36 9.0
119 556 4.1  10.0 612 53 119 348 32 93 372 37 110
108 482 35 114 46.8 42 13.0 325 29 74 341 41 108
96 486 43 10.1 518 3.0 96 366 3.4 6.4 362 44 719
99 457 46 103 504 46 9.7 378 3.1 79 413 39 82

LSD 5% sub-sub treatment = 7.966; LSD 5% for sub-sub treatments = 6.969.
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Table 3. Effect of different seeding rates and clipping frequencies on grain yield (t/ha) of 6-row barley in two seasons at Fudilia,
Baghdad, Iragq.

1985/86 1986/87
120 kg/ha 140 kg/ha 120 kg/ha 140 kg/ha

Genotype None Single Double None Single Double None Single Double None Single Double
California 2.9 3.5 1.4 2.5 4.1 2.6 4.2 3.7 2.5 3.13 373 3.57
Mariout

Numar 3.0 3.0 2.1 3.0 3.1 1.6 4.3 5.1 3.5 5,09 421 371
119 24 3.0 2.6 2.0 2.9 1.5 3.5 3.4 34 3.33 336 299
108 2.4 3.2 2.5 2.6 3.7 2.1 3.4 3.8 3.2 3.17 370 3.34
96 4.3 3.7 3.1 4.4 4.0 3.5 5.1 5.1 4.3 4.12 477 430

99 3.7 3.7 3.2 3.3 4.6 3.0 4.3 5.4 4.2 438 5.16 4.02




maintained at 3 and 6 cm above the soil line through the use of planks (4 m long
by 3 cm or 6 cm wide) held firmly next to the rows to be clipped.

Results and Discussion

Data on average yield of green forage are presented in Table 4. Genotypes included
in this study differed significantly in their overall performance in green forage
production; Numar and line 265 exceeded all others.

Table 4. Effect of genotype, clipping frequency and stubble height on green
forage yield of 6-row barley in 1987/88 at Fudilia, Baghdad, Iraq.

Clipping
Single Double Average

Gerotype None 3c¢m 6cm 3cm 6cm  Yield (tha)
108 32.8 8.6 5.8 15.6 15.6 18.5
Numar 54.3 7.9 6.9 14.2 14.8 25.5
96 38.4 83 5.9 16.0 12.0 19.8
99 40.1 9.2 7.0 16.7 11.9 20.8
265 46.1 9.9 7.7 18.2 15.5 23.9
Average 7.7 15.1

LSD 5% for genotypes = 2.65; LSD 5% for clipping treatments = 1.37; LSD 5% for
stubble height = 0.31.

The double-clipping treatment significantly outyielded the single-clipping treatment.
Lower stubble height significantly contributed to higher green forage yield for all
entries in the single-clipping treatment. However, for the double-clipping treatment
Numar showed a significant reduction in green forage yield at 3 cm stubble height
whereas line 108 gave similar yields of green forage in the double-clipping
treatment for both stubble heights. Lines 96, 99 and 265 showed a significant
increase in green forage yield when clipped twice at the lower stubble height.
Results of regrowth of Numar and line 108 are supported by results obtained by
Wilson and McGuire (1961) who concluded that a higher leaf area index (LAI) is
not required to realize higher green forage yield. They suggested that 2 or 4 inch
(5 and 10 cm) stubble heights are sufficient for regrowth. Lawrence (1973)
concluded that dry matter yield over two seasons in a study on intermediate wheat
grass was highest when clipping was done at 3.8 cm above the soil line. Laude and
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Fox (1982) defined close clipping as that process through which foliar removal is
carried out at or below 5 cm stubble height.

From the preceding discussion it is safe to conclude that lines 96, 99 and 265 do
behave like some of their weedy relatives in their tolerance of close clipping,
whereas other erect, early spring-type barley varieties and lines such as Numar and
line 108 need to be clipped at a higher stubble height to maintain higher green
forage production in the double-clipping treatment.

Data on average grain yield for the different genotypes after clipping treatments at
different stubble heights are presented in Table 5. Again, genotypes included in this
study differed in their overall performance of grain production potential. Line 99
significantly outyielded all other entries, followed by line 265. Other varieties and
lines showed significant reduction in their overall grain production potential.

Table 5. Effect of genotype, clipping frequency and stubble height on grain
yield of 6-row barley in 1987/88 at Fudilia, Baghdad, Iraq.

Clipping
Single Double Average

yield
Genotype None 3 cm 6 cm 3ecm  6cm {t/ha)
108 4.8 5.6 4.1 4.6 4.2 4.7
Numar 8.2 5.4 6.9 33 3.7 5.5
96 6.7 4.6 4.0 3.7 4.8 4.8
99 6.8 7.2 5.2 6.7 5.4 6.2
265 7.8 5.6 5.7 5.1 5.9 6.0
Average 5.4 4.7

LSD 5% for genotypes = 0.930; LSD 5% for clipping treatments = 0.60; LSD 5% for
stubble height = 0.980,

Of all lines, line 99 showed significant tolerance for close clipping, yielding 7.2
t/ha in the single-clipping treatment and 6.7 t/ha in the double-clipping treatment
at 3 cm stubble height. Numar, on the other hand, showed a marked reduction in
grain yield in the double-clipping treatment with 3 cm stubble height. Other entries
showed stubble (line 265) or varied responses to both clipping treatments and/or
clipping heights. Some of these results are similar to those obtained by Winter and
Thompson (1987) who found that grazing wheat at 1.25 to 1.75 inches (3 and 4.5
cm) did not affect grain yield.
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Experiment III: 1991/92

In Experiment IIl, four barley lines (101, 116, 267 and 270) were used in a split-
plot arrangement of treatments in a complete randomized block design. These lines
previously were identified as top lines after small-plot testing of tolerance to single-
and double-clipping practices in 1987/88 and 1988/89 seasons. The four lines are
characterized by semi-prostrate growth habit and have a midseason heading date.
Lines 99 and 265 were included in this experiment.

The six lines were entered as main treatments and thus were assigned to main
plots. Clipping treatments, namely no clipping, single clipping and double clipping,
were assigned to subplots. Subplot size was 0.6 X 4 m, consisting of two rows
spaced 30 cm apart. Fertilizer in the form of N-P-K 18-18-18 was applied at a rate
of 600 kg/ha. Urea was applied at a rate of 200 kg/ha after each round of clipping.
The no-clipping plots received the same amount of urea. Seeding rate was
maintained at 140 kg/ha; sowing date was 22 Nov 1991.

Clipping was done when the stand was 32-36 cm in height for single- and double-
clipping treatments. Stubble height was maintained at about 6 cm above the soil
line through the use of a 4 m long by 6 cm wide plank held firmly next to the rows
to be clipped. Clipping was done with an ordinary sickle. Border rows were
clipped at the same height to eliminate unfair competition and shading effects.

Results and Discussion

Data on green forage yield for the single-clipping and double-clipping treatments
along with mean entry performance are presented in Table 6. Although there were
significant differences between lines 116 and 99, all other lines were similar in
their overall performances. There also was a significant difference between the
single-clipping and double-clipping treatments, both averaged for overall
genotypes. These results testify to the clemency of the prevailing climatic
conditions from December through January, which contributed to almost
uninterrupted growth and development. Within entries there was a significant
difference between the single- and double-clipping treatments for all entries. The
double-clipping treatments averaged between 14.32 t/ha (line 99) and 21.07 t/ha,
which exceeded the results in Experiments I and II. Urea application must have
played a major role in increasing green forage productivity.

Data on grain yield are presented in Table 7. There were no statistical differences
between mean line performances. These results were expected because lines 101,
116, 267 and 270 were under some kind of selection for two seasons. However,
line 99 gave the highest grain yield, followed by line 265 and line 116.
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Table 6. Effect of genotypes and clipping frequencies on green forage yield
(t/ha) of 6-row barley in 1991/92 at Fudilia, Baghdad, Iraq.

Clipping Average

- yield

Genotype Single Double (t/ha)
270 16.2 15.8 11.0
99 5.1 14.3 9.7
267 6.5 19.5 13.0
116 7.7 21.1 14.4
265 7.5 17.7 12.6
101 8.1 18.8 13.4

LSD 5% among genotypes = 4.134; LSD 5% between clippings = 1.387; LSD 5%
between clippings within genotypes = 3.396.

Table 7. Effect of genotypes and clipping frequencies on grain yield (t/ha) of
6-row barley in 1991/92 at Fudilia, Baghdad, Iraq.

Clipping Average

yield

Genotype None Single Double (t/a)
270 6.2 6.4 4.7 55
99 4.8 6.5 6.4 6.4
267 4,7 6.0 55 5.7
116 43 6.6 5.8 6.2
265 5.0 6.8 5.8 6.3
101 5.5 7.2 4.6 59

LSD 5% among genotypes = 1.716; LSD 5% between clippings = 1.062; LSD 5%
between clippings within genotypes = 2.602.

Grain yield averaged over all entries for the single-clipping treatment significantly
outyielded the no-clipping and double-clipping treatments. On a per-entry basis,
however, all lines maintained higher yield after the single-clipping treatment. In
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fact, the increment in grain yield for the single-clipping treatment over the no-
clipping treatment ranged from about 2% for line 270 to 53.5% for line 116. The
increment in other lines fell within this range. On the other hand, all entries
experienced reductions in their grain yield after the double-clipping treatment
except for line 99 which yielded around 6.4 t/ha.

Conclusions

The maintenance of higher grain yield after either the single- or the double-clipping
treatments in some lines of barley was a function of number of seeds/spike and
1000-seed weight. This was true for Experiments I and II. However, grain yield
after clipping in Experiment Il was a function of the three morphological yield
components: number of seeds/spikes, 1000-seed weight and number of fertile
tillers/unit area. This could have been due to the addition of urea at a rate of 200
kg/ha after each round of clipping. The efficiency in grain production after foliage
removal in some lines of barley such as lines 99 and 265 is probably related to the
abundance of the reserved photosyathates in the crowns and roots of the clipped
plants. This may have come as a result of removing the photosynthetically inert
lower leaves which are of a parasitic nature (Davidson and Donald 1958) or
removing smaller inefficient leaves (Gabrielson 1948; Klendenning and Gorham
1950). Moreover, Sosebee and Weibe (1971) and Fischer (1975) have suggested
that the photosynthetic tissue that develops after clipping (in our studies it took 14
to 17 days to fully develop after the first round of clipping) is more effective at
photosynthesis than the older tissue when there is enough light penetration.

Bokhari and Singh (1974) reported that total nonstructural carbohydrates in the
shoots, crown and roots of western wheatgrass (Agropyron smithii) was highest at
24/13°C day-night temperature and regrowth was better at or slightly above
13/7°C day-night temperatures. Since all genotypes of barley in this study were
subjected to temperatures similar to those, it is suggested that differences in
tolerance to clipping among these barley lines are due to differences in their genetic
makeup. Such tolerance could be explained by the nature of depletion of the
reserved carbohydrates and the ability of certain genotypes to replenish such
reserves after clipping. Perry and Chapman (1974) and Everson (1966) found that
rapid depletion of carbohydrates reserves in basin wild rye (Elymus cinerus)
explains its lack of tolerance to continuous grazing whereas tolerance to intensive
clipping in wheat grass (4. smithic) is related to maintenance of higher total
nonstructural carbohydrates in plants.

On the basis of data presented and discussed here, it is concluded that barley line

99 followed by line 265 is tolerant to double clipping or grazing. Preliminary
results obtained through researcher-managed on-farm trials testify to the ability of
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line 99 to tolerate two consecutive grazings at the pre-stem elongation stage as this
line suffered no subsequent loss in grain yield after grazing.
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Discussion

T. Treacher

I would like information as to whether the varieties had actually been grazed in
farmers’ trials.

B. Al-Rawi

Yes, in fact line 99 has been distributed to 38 farmers in Radwanieh Agriculture
district. The fields were grazed by sheep and cattle once or twice at pre-stem
elongation stage. Then the stand was left for grain production.

A. Hadjichristodoulou

In Iraq you increase grain yield of barley by 1-2 clippings. In the other WANA
countries we get reduction in grain yield. You mention two reasons for this: (1)
heavy nitrogen fertilizer and (2) availability of irrigation. You also mentioned that
the climate of Iraq is favorable. Can you elaborate on this point?

B. Al-Rawi

Yes, usually small grains do thrive under 6/14-17 °C night/day temperatures. In
the central plains of Iraq, such temperatures do occur from December to the end
of February on a regular basis. This contributes to an almost continuous growth
and development of the crop. Also daylight duration falls between 8 and 9 hours
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of sunshine throughout the growing season. Such light duration does help in the
development of the reproductive organ of small grains, barley in particular.

B. Jamal
Does cutting the irrigated barley have an effect on the protein content?

B. Al-Rawi
In fact we did not conduct any protein analysis.

M. Ababneh

What is the effect of cutting on seed yield, and what is the period between first and
second cut?

B. Al-Rawi

We don’t consider time, instead we consider plant height which should be between
32 and 36 cm at cutting. As for grain production, cutting resulted in more grain
yield, especially after one cut as you could see from the tables.

S. Ceccarelli
Do you have any evidence of different effects on disease development?

B. Al-Rawi
No, in fact the powdery mildew was completely eliminated by grazing.

49



130 . BT gL b Jlaaind Gia b iy JS8 b Lila to,
S Sae ST UE Jaeasll Jal G Slaalddl o 3 il e o Y
oo sue S pMaY Dol Lold,! Uy oloallll LEas Sua o cue, Ll
G e penindT elidy L lple Jpeanll p3 LI il G Je GaelL
EEYl Gl USy g 0 Ll aby U (s (30 LYl . SLEH o da

Cple JSiEL e

50



mad elids . ou¥l Jlat 3 el il Llasdl Jloato] 5. GS 5} Laadly
=n3 BeUSH Suly Baa . elp an e gLl cByslas Slaalill Chyle
s osiall 3 e ZAY Ty o lawgll J Lie AN Gy Slaalill Syt
C Jemid olall 3 e BlULeda 3 ToI o) JI GedTl e u5e SSas
3 snall o J) BlaYl . el Load i3y 0 Joub! Yatany o Gae i<y

Cpadl 5S35 35 Tl

Slileall Lia g3 Lanl U poudisy 5285 Ludlalul o3 (3 ol of
ol Lakmf by 3 LEaalad Glad o et Lel) 3 e ookl Ll
Joom 3 LY i Ga LIST Uf Gla¥l Gaes 3 dimy ¢ aS JS
glay olladl L5 pUS1 Ol - &L G Gasasl wdlud ¢ L g, Lle
oslalt e Jaiss Al Ladadl eda 3 Lwla¥ly LI YA ALl Liys JY
el Ciieall J) BLAYL . olie¥t mhanay o slecdly o 55031 ¢ 5 laall
Y uals Slass (s 3,55 =daall 2da puea Ol 13a . R | RN
C oYl wiay daigy Jled 3 Bagaslly ToouY Lol sl Leytal
Slll  Je 55,0 Wikl Liall olaalie 85 J gl s oI 1Y
Joaadl g0l San Eaan . A all piay laall sda Lad Layis A
Lol ST o3a A3 3uiad Ly clldy o o3 G ok, L 13 Lele

. Lollall

el Sleass 3 baaly Lolay] Yyas ola ol Jdf LGa ,LaNl ,aas,
Ol 3 38 A padf m3lE G elld Waadle HSeay o SLagd sda Sl
aBy . UK ia 3 Susaly die sgeas wad Ml Sadl d Lasal (53l
allaall Lia Jlasiw! Joa olaid¥l oya,dl He 3Ly Lol Je sy
Taa,d 3l U 035 gl o 5ol Jed § el gl b dalsld
lagalaiint o3 a3 O Suoud Laslael o6 Gyl alal,o ulsy € g,
o ol olass SLolaTl Jao Jalad ol G5l g g lie JiS S
Siia 03 Luedll ] G Wl ollall Lo o1 J) Slolalf s uls

51



Juia 3 ( JUSa / i€ ) caall Ge TtV . Gabuldl (0) a3, Jsaa
Slaa¥t Jlaaziaf 8oy« Lol Spailly Sue, 3l Jsda (1 laalidd
3 Salty GITALE Glalilly &3 pulsll JS 5,5 adlee 3

MRCARVIR XY
Sload Jlaatiu) 3eiS  3yaill Lo ) L)
(RUE)"
s / Lasg Lalisyl gLl Faalill oLl
g Nl Slaallll (a/px) (a/pas) (= 7paS) ( L,GSa)
Le 3 anlsl
Y0 ELEY  YAo aA- YT Ay 4-/ VAAA
AR EYA £V ay- YYao A, AAVARILYE
Y¥ o,v- A4 - Véo- YYé- 4,0 AY /144
Sle il
YYY yo\v Yve LY AVA v, Gt Jlk
V& Y, AR} £t 18) ALY MRy | BUPLPS
saallll & o5
oA Y, Ye 614 VAL 5l
Y V- Y,Y- Yoo Yov o\Y VE 40 Gaalld

* RUE = Rain Use Efficiency.

L olar = LanliSTN Jisy Ll Spall il gt 5L

52



Jo¥l bl g3l e Sl Gaewsll § Leple Jomasll palitll GBS dy
S Lo 3oLSI s 1,5 Basall JaEall da . 3ol pas 3 cdliL] Loy
AVAVAR a3 daandl 3 VA ATANAY alise 3 S0V st 3 HEE
l,ha..\l_\.;'l a3 Suesnll e Legens aled Ty Tasall Jsdall 3 Li

pawge 3 AYE S 3oLl e glS s ¢ aa b JEall 3 Oaesle WY S
o fandly o S daiuy 3 alldy e g3 pst] 3 X TV JF AT
Laslus) Gaamn ellly AT aye D Jeb ple Ui, mlS Gty

oY Saansll Tl SUas¥l e Jel ol

SliaS aum; a5 Baane adlee 3 Lale Joadll w3E aas GolEs oy
o L LVl 3=l L Laadl OF OSes + (B8 s Juas ) LaUasd
oplal Jlaafonls ale Joaasl) Y1y olaalill Ga e Joasill g Lol
A-) ai, el inns po o punlibl G b sl JSEo Colds ol g, 0L
Srawsh! 3 Gl ajllant Jaws £ 85,0 Cuens « AYNA alsll g ( 2/ pas
55 skl S sl BULL o Tadly SUMEA] b 50 ds o Saa Y|

. Teeae pl BaLd0e S el olaallild

el el e Saa (D Wbl Slas¥t Jloatin] 5o Gy 3l Las L
Sl paedss 120 1 Saib 4 (0 a8, Juas) slall e ple JSS s s
3 ol colad p il (S USy laalidl 3 Jlaain¥l 50 6GS S Lo gl
oty ale ZpaS T S 3e SIS Balll ma S 4k L el Ll
olaalill et cady SLULL Cilias 3y BN cwlpll § Ldatie 505!
s ol JmiY ) ol Last O elld 3 el o O OSas
BB albl Jlaatad o Gl Uan¥l o (s amilt 5ol 3y8a% g Lt
ootk M Seall Ciball Jlaadw! J) GLAYL fia . Luilio 5yay Sl

C GGl b Jleata 3 aSE e GS 13y el Tatm) 13 530 o

53



Lotip ToGe ( SIaalil! O ) e eoull Wl Slleall Loja JlaZod TauDs ( S5Sa 7 w3 ) cadl o st LD (2) 05, Joan
9 WA L AR Ll DA TEER G u,Y Slalie 3 SaeulGhl Joda 3 Gelys ase | Slaalitl gola ) Gue, b5 Joka 3 aaddl

. AT/144)
[PV | I P—— Y Y I P | ool sl
< siom e J—= < —ia o iy Jl—s Llatally
Solnll Loyl dalol Loyl oL eVl oL LaYl Saby)l Lol dsboil Lot
Lz) (0 1) () 778 ()
144 /14,
- - - VAl 33 VEE-. Saal_n
- VWA - Ve
- - - Y4 e TAY MURS
1441 /14,
Via A Vel Yy VAY Vieo saal &Ll
AN ™ A " VA~ 1
Yao YA 00- £Y- TA- "y &R R
1447, 7144
v YT-A- ALY} TYAY YY-. my- saalligl
AN s £\ £ Al v
VEVY . Voao VoAV VA A3 g ool Jaa
s Olae = LaglyaS3 gy Le b3l Spaull layll SSOLLL AT/1441 L AV L AL /NAAR pelyall G200 £ g 5utia u a3 0 jaall

54



pilse Lias 3 sl (ple) Tostadl SUas¥l @l o (V) o3, Jonaa

NAATIVAAL gl D G800 gy st

AY/144) A AVALL Y A-/MAAN C_ib].l
YVY o WA - -l
V-4_y TVE_A e, i iy
Yo o YAV - Olad
8-\ - £-5) Y4y <, o i
YVE ) YYY - Susk

ol gl SSOLE L VART-VAAN ool AL p gt o S el
Olae = Lyl Jaogy Gl 50

55



SIoAlAll 5.d53 awlge J¥S Sasladl LG ooy Ll

Sl (e dapill eVl el Gaga L Suu¥ G pULE Caan,
A ol femdd Sales e aladl Sladl Cially Gile ! LW e G2IL
g O ol B S Golall a¥slagll LuS oalsy MR Jliay
SolS fua SUas¥l 3 sy ooldn (4-/V8A0) Y posdl 5l L AT,
(WANA4-) AU bl Ll Jleldl 3 Gie giadly dasudl 3 Jel Ul
plall ol Jaalt 5 U8 Tolall ¥yl colSy bliall s ads
lewliasly Lolall Vsl LATL pusll a3 LS. dawylly Jludll § Lata
SMas¥l o faa Tle SLeS Ldls a2, 0 Logiall Gaill 3 Lalh . Gl 3
33y sVl Se Jle Jolags Saa3 283 ATNARY aull L. sl Gl 3
Jase Y3, Jssadl pubigny - golih lailusy 5,0a0 alaya 3 a3 olis
coolaalill lgd odis I Gl Laey 3 U afpal) U

Lasltly ~atssll

STty SaeslBl Joda 3 Slaslill G has oS . Wl LS5 LS
ool LS Sbeall Toja Jlostn] Tpanl il ¢80 aliy 51 5a agao
Lolie ndtll Lo lyf 5005 e Lojall aia L8l . ,uedlf flmY Ly

T G sl Galal g US) e ol JomaZ, LT Lo WYL

Shilall Lia JlesTnf sie caadl o uaddl Lalisf (£) o3, Jaadl s
c o loall BT el p LS] st Lgade Jiasdll LatnYL T, Wl
Lo do S<any o Loy, al b B asfyll ey WEILY 50,91 Glalie § cllidy
3 =il toa o Wl Gojall Jloatinf Toath ouddas S 5, Baly3)0
dagll 3 Ll Cgaall 3 WA 5 LAY XTVe (4-/)8A4) Y1 PO Y
) Sis Lin o lale,s pLaYl oS dyemns alas oo gL OSaD sl
C Qe Sbleall Wl Lojall JlaaTf wic ,USa / i< £V Jolay Yais

56



SaSHLALl e, 501 saey Lol Slaaldll sae . (V) o8, Joao
Juia 3 oddn L3y el gl WS llaall Taja (3 Uyt
C @GR S u,Y Slalia (3 VAAY- VAAN a3 S, 5L

SaeLlll sae WS Lt olaalllisae Glaalf = oo st
T PIRAY (LGS2 )  dsens soLble
1 Y- - 1 Jlead 4-/%4A4
1 YY¥ - 1 taius
6 Va e - ° i
% WA - W £ seall
Y- oA Y Y Ji 4y /v44-
V¢ £V Y \i dauy
W TV A \ i
&v Vee Y A A ¢ saall
A oV, 3 ¢ Jlass 4Y,/144)
Vo VY e Al ¢ oy
Ve ALY \ \ i
oy Y44 ,) AR AR t.-"“““
M1 AV VA ™ ISI! g sandl

57



s bl suaddl i) Sllee Loja

b b e mhin O ollead] e claadl

dogin Jid 35,1000 Lel,od L solhall s lall Jlaafuls Lo Y usas
o e ) Baadall Ll BliaYt aal Jlaatiuf o (Lade ) L Uaadi
Slacdl Glaf . LGS ApaS Ac i Jamasy (W oluSiy 0 VoW M Ly
oz Sus (DAP) pyusa¥l clings U5 slew o &/p3S Ver Jaaa
Vo Jasa Wb Wasailal o5 3l wie P,0O,46% o N18% fe
c Lawliey Gile Lo 3 Golapdl =olS 1] cUad¥l ade Ljgddl S aiS
dal Lualhl eatnls Sl caay Of LY Lao,e ol Lalka
. 2,4-D ik

laaldlf 3455 adlgs

A/VAAL LB awlpll DS WLl Blalie CalTie (3 Baslia 6 Juits o3
Saalin V1 fe claifl Saas o (7 ab, Jyaadl ) AT/N443y, AV N44.
. e Saaliia VA 4 3ujdls

cole,le VTN mlety L LS 2307 Lllea ¥l Saaldll Talan ol ady
C ol G Gagiudl WL Glalis Calid, fe ofaalill oia oiejgy
SUSa VeV L, lads Golis bt Kl Jloki 3 saalis Yo maly Suay
o al(obad . Lol Luoaldl Ggia ) &b Jawy 3 LI Le,lpe gAYy
Vo leylie Yo Lab oLl laga VoV f ol Je Baalds Y Gass
cleslie VY Lb ol ls LGSa YT, Galiany wogiall (3 Baalta

O JSI gV Luld 1Sy 0 LI Saalall Jlalul ofaalill slas o

58



el ot el Galinf bl Lead o Saodl Jlak ol Waslaa G
Tilaie 3 LGS Lol aly wl3S . XVE0 Lafade 3l ) & /pas A
.rulwasg;,f;Ji}lsJazis.a/{.;SWA~ Lol

AT/ 401 . AV /A% . A-NAAY T3l alpll JNA oLl gt
Loa Lob bl + mfiSolhany Sueolll Jsla 3 Tawpe Slaalie i,
I Tolie s« B as¥! (sl bl U ome L (eemsdl sl

L anddl

Jasll Taley iyt
= e Wi ol Lio g L Slaalill e Gueyd 34835 o5

saudill Jeiall 3 oloatlll

Jiadl LIS a5y ¢ asly g0 ae Sobadll WS sbladl 5o sdids Lay
Sl o SRl elld 3 Lol SLG Ladl Lalill Sliabl) Sebe s
s omeL bl Jsiad Miasy ¢ Dbl Golall e buss Jiall 0uSs O Je Jaits
C ool dehy peaS daingy

Laall Jyiall 3 ofsaladl

ol sy Sosalatll Sue, B Jals e legans @ Dlaalill o385 Lo
loal aT5 ISy W Rhs JSAG LY SaeS pT Saas o piRilsey pas
caoliTay o Basly Basy la,licls IO aadll fe Gel)))! Sblall GiS
e poll i Gulat lan L sl Ll pe mSW G g B s
RS VA L CRPORA LI QE IV ICIY

59



Talall 3 Telpll TSy Ll 5,6y JS on Sdis I Sluhall oo s
Ll oo Sluasilly Sl e Legans Jf oladl aie N3 Loyl
Al Sl Jlatnf oo Slaast Sled o Go¥1 3 ity
colawdl SV aany o Gemall Catially o Lel,3d0 aegay o el Gaden
Legans LI a3 adly o Sl Lyl TadlShly o LIidl =Y aeay
B3 R i paste el SaesGdl Jpda § eda mlal
Toaladh 3 @50 LISy - el 5500 e JS S L Solalil . VAAT-YAVA
Go - (Il Bladl Flalll 3 Lol Sa Joall 5L i,V
ol gl Lol Wkt olileall Tegans LT} o3 LIl gy 0l Ll
L e sundidl Jpomas L5 Luidlly o ol Slleadl cdaztily . aadkily

e

colSa Apa< A 1A Jaes Jlaai) -y

po —lual Jats i saalll Ge Saatall Guall eVl Jlaain,) -¢
SV GLLSE L Ve e Ly

posgdl ol gl w8 slew o A/ Ve Glal aaandl -a

oo Wl Dbo GLAS o5 . Tely3)l aie (N 18% P,0, 46%) (DAP)

SOl Llall s oIS (3] ekl sie a8 Ve Jawas L,

ol Busle e elldy 5o nll aie SV Loy e SlieY) Loglas -1
L4 bl adalh

2SS W QK g eabl olamtl Galas o1 JI e U O KA e

@A Il LUSE g g stie 3 il pds el o3 Eiad . Lo Y ey 3
AVAVAAN g 3 el 55000 G ab blubls Lo ylaall Lalasll o 3dss
SUSa YWY ,0 dalad 6 YYV- calh ad LU Gat) o1 U PG ks



Slassiudly ONEWY! Ly pualdl glinfy Laluw - (V) pBs Joso
c (VY S VYY) SN SIAE L GESYE Jaaay Dot

SGESY) Juaa  (soinadt DEWY) (coidlsiudt LYt JSI mY Sludl Gl

4 (Sl —itl) (Ol —ill)  (LESA/pS) (Sl —ilt)  (LUSA —ilh)

- - - " oA 8Y_Y YAVY
- - - Ky g% N4 AvE
YVE £¥ Y, 4. VWA W,Y YVave
Ly VA VeV Yo Y oY\ 1Ay
) A- W - Y, FAWA SR TN
£e,- Y4, YY,¢ YA Vo aY,E  AVA
Ay £4Y £L,L " LA ££,0  YAVA
e 8A 1\ -0 vt ALY 8V ,¥ A
T YA A gee VALY IV,E YAAY
Y AA Ay ger v EALY  VAAY
i -t Wt - £Y,- £0.,+  VAAY
TV A VA_A \41 VA o- VAAL
Yo A as vE A 8- Vv Y44 VA
4,y VoA VEY 0 Ase Ve 0 VALY VAA
™y Voo _A VWEA - £ 50 Ne) VAV
YY,v VEA A, vA- 8., W, VAAA
Vv Y£1 0 TIV,V e YAA EELY  VAAA
VEA TEo A Y-4,0 Ven. \p R YE P VAA-
LY VAV YoY A AL YUA YT, VA
Y, Ve v “ A ae. YY_A £Vo_3A Jaal
T

el elan¥l s /e 3 slamddl Lpae 7 L3 5,00 ¢ yaal

61



o AEAN eaally e Bauaill JuEall 3 ATAY cugll 3 Bal cal

Bosloadl HUas¥l olin Jlaazoof 3 Jel 50 GS Baalldl 3 g 5,50 Jyeaall sl
sloa¥l slis Jlaatinf 5 S zily dum £ DM bl £ 0,500 Jpmall o
Eolh) Jia 3 Y,0 o T, Baallll 3 £,8V (Llas ale JSI wiall G iS )
VUL, JECAVY - Y PRPRPEA LT RPOWIT T I T ) IS (TP 3 7 PR o RPOPR Y L
Lo Ui 3 YLV o ,lie Buallll ChyLls mas ple paS 0¥ ) S
LS . sially dayll e JS 3 L GuuYl Jlat 3 Wdled 50 < oSy

» Deadf slaalid!] Jpans 3 s 5o, claalill Jpass 3 fel culs

Lgtaall lajlland £33 LA Goadl Ghaill 3 Go,¥0 3 aaddl el 58,5
Lo,V heall LIS Tl | o AW JSET 3y L ple Tor = Yor o0 b
Som 0 HaY 3 Gl Jaolall o undl Jpemas Sy o Lyl
(O o) e JSE e Ll o3V T3l Slilay alEY AT 3 Jaata

Crafiall (gae e el Lol 3 olinal 3 s Y dalas Jass Al
i:xL.....Ll;,.‘X\-_,YJm‘.,_A_,. Clhaall QIKH alildl e 4 0 sl
e . (Yl Joas ) poas i EVe Al si Jasay o Lt dagidd
oo pilosl! gV Jass 5V ALY 655 Jsas ) oYl 3 Sl lan Y 0k,
C (VAR NAVY algel o L Ll BuSA Jaae ) Sl il TE ga el
Gody eltdy o Ola )i VY0V BT Ludd (g ptidt WNELYE Jose il Leiy
Sl Gosle e el Ldadd o35 Eoan o AVYE mab (515 . LGas)
Aol (553ll fe Jpanll Lalw) o1 J) plio¥! sadSy o Lawadl Wasll
o S BEU aS S35y 8 S aaS WAy Wes G Lozl

C AN pnlse S st Tadlodl las¥l SlaS o3 oe

62



R At
C_,..L“ r...u
ool = glae / Lo gl giST Ji3y Le 3l Smll (el SS,L
J

Slaa (g el
(TaolSal ) Bladl Blabill § Teby3i Epall Joall 5L
Oaydl = Slae

Ladadl

Goli) T i ey e, Jods G Slaalill e Q& gone o868
sie oM Lalnil pe Lo eaol! LS ool Lo p U] ale aadll
Dol saand LK Sllal Lo)a clad . L3 3 D Gl el
Jlaain] « SUasVl osio Jub 551300 e, 0 S laadl s ytlall Jlaaiuwls
L 3adis o5 Solie¥) slaus Jlesduly sledl GLSS . uall (il
Joia 3 aalin YAy 3o,a0 Jsia 3 saabldie V1 e 3aalls 88 <cyens
olai o Lo DV Slaalill 3 GuSolall Sue, bl sae ply  daess
wsiay dagy Jlab 3 et Tely) Bl 3 LUSs £36,Y olaalidd

L AY/144) 5 A1/0AA- L A VAAR el A S disy LYl

Loya p Lol siaill olaalill Lalh) 555 pedly JSE potmll ol
C el 3 gl ol p L ele Jeasill Ga @yl Je @l ol
el Las 3 4TV U SoYl lasa 3 4TE Se Babipll mayls Al
pose 3y ¢ BoLdll JsEall 2 TTU,0 4-/N8A% aige 3 5L Jae OISy
Aaaall Jsiall AVVEy SoLiill Judall X V-£F 5L Jase oIS 41144

63



The Effect of Full-package Production
Technology on Barley Production in Jordan

Qassem Mamdouh' and Nasri Haddad?
! Ministry of Agriculture, NCARTT, Baga’, Jordan
2 ICARDA, Amman, Jordan

Abstract

Demonstrations were conducted on farmers’ fields with their participation to
compare the effect on barley yield of using full-package barley production
technology and farmers’ conventional practices. The full package consisted of seed-
bed preparation with a chisel plow, early planting with a seed drill before the rain,
an improved cultivar, fertilizer and weed control with herbicides. A total of 54
demonstrations covered an area of 415.2 ha in north, central and south Jordan
during the 1989/90, 1990/91 and 1991/92 seasons. The full package resulted in a
substantial barley yield increase over yield obtained with traditional practices,
ranging from 24 to 275%. The average increase achieved during 1989/90 was
116.5%. In 1990/91, the average increase was 104.3% for individual field
demonstrations and 134% for consolidated fields, whereas the average yield
increase in 1991/92 was 64 % in individual fields and 48.6% in consolidated fields.
Rainfall use efficiency (RUE), expressed as kg grain/l mm rain, was greater in the
demonstrations than in the farmers’ field conditions. RUE values were 4.47 vs.
3.5% in 1989/90, 4.28 vs. 2.30% in 1990/91 and 5.3 vs. 3.3% in 1991/92.
Moreover, the RUE was highest in north Jordan than in central and south Jordan,
and was greater in individual field demonstrations than in consolidated fields.
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Effect of Seed Rates on Barley Productivity

Yassin Sweidan, Walid Al-Tawil and Ghazi Asadi
Directorate of Agricultural Scientific Research, Douma, Damascus, Syria

Abstract

Muitiple-location on-farm trials were conducted in Hama and Raqqa provinces over
three seasons (1990-1992) to identify the best seed rate for barley in the rain-fed
area (250-350 mm annual rainfall). Three levels of seed rates of local barley
varieties (Arabi Abiad at Hama and Arabi Aswad at Raqga) were investigated. The
rates used were 100, 150 and 200 kg/ha during the first season and 70, 100 and
150 kg/ha in the second and third seasons. Planting was done during the second
half of November in all years, using a seed drill available to farmers in the targeted
areas. The site area was 3-6 dunum (0.3-0.6 ha). Seed was planted under two
fertilizer treatments: no fertilization (—F) and with fertilization (+F). Fertilizer
was added at planting at a rate of 50 and 25 kg/ha of urea (46% N) to sites in
Zones 2 (250-350 mm) and 3 (250 mm) respectively. Ammonium nitrate (30% )
was added at tillering to both sites at the rate of 75 kg/ha. Phosphate (46% P,0;)
was added to all sites at the rate of 100 kg/ha before planting. Barley planted at the
rate of 100 kg/ha gave a greater yield than barley at the rates of 70 or 150 kg/ha
under the fertilized and the unfertilized treatments. The yield increase ranged from
2 to 4% with fertilizer and —1 to 7% without fertilizer for both seasons. However,
the differences among seed rates within the fertilizer treatment were not significant.
The economic analysis indicates that using a seed rate of 100 kg/ha increased the
net revenue by 54-771 SL/ha over seed rates of 70 and 150 kg/ha with +F
treatment, and 114 SL/ha over the 70 and 150 kg/ha with —F treatment. The
results suggest that the highest and most economical barley yield can be obtained
with a seed rate of 100 kg/ha.
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Interaction Between National and
International Breeding Programs

S. Ceccarelli
ICARDA, Aleppo, Syria

Abstract

The importance of specific adaptation to maximize yield and yield stability of
barley in stress conditions suggests that repeated cycles of selection in a few sites
have a high probability of reducing the frequency of genotypes specifically adapted
to environmental and/or agronomic conditions not represented at those sites. A
wider and earlier devolution of the selection work done by International
Agricultural Research Centers (IARCs) to breeders of developing countries will
reduce this danger by making use of positive genotype X environment interactions.
It also will reduce the danger of narrowing the genetic diversity within a crop. This
will be an efficient way of finalizing training activities and of establishing self-
reliant breeding programs in less developed countries, which is one of the most
important mandates of an IARC.

Introduction

Distribution of germplasm and training are the most important types of interaction
between national and international crop improvement programs. Distribution of
germplasm from international to national breeding programs takes place mostly
through a system known as "International Nurseries."

International nurseries consist of different types of breeding material which are
distributed to the national programs of different countries to be tested under a wide
range of conditions. In the case of self-pollinated crops the breeding material
distributed through the international nurseries has various degrees of homozygosity.
However, most breeding material is made up of fixed or nearly fixed lines. Taking
as an example the Cereal Improvement Program at ICARDA, the frequency of
segregating populations distributed in the international nurseries during the last 5
years ranges from one-third to one-fifth of all the material distributed. The fixed
or nearly fixed lines usually have been selected for 5-6 years in a number of
environments.
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There are three ways in which the environment and the selection strategy used
during the testing and selection phase will determine some general characteristics
of the lines eventually reaching the national programs.

First, most of the testing and selection is usually done under favorable conditions
(Hildebrand 1990; Simmonds 1991) because it is believed that these are the ideal
conditions for the full expression of genetic differences. That genetic differences
under those conditions, which have little in common with those of the farmers,
may be irrelevant (except for disease resistance) to the real farming world seems
to have escaped the attention of most international breeders.

Second, the selection and testing environments represent a much smaller subset of
environments than the range of environments where the lines will be tested by
national breeding programs. Even when some of the environments used for
selection are stress environments, it is unlikely that they represent all different
types of stress environments. Thus genotype X environment interaction is bound
to play an important role.

Third, the selection strategy most commonly used to decide which lines are the best
in a set of environments is to use mean yields. Lines with high average yields are
frequently those with a high yield in the best environments, and these will find
their way to national breeding programs at the expense of those performing
extremely well only in poor environments.

The effectiveness of the process has been increased by training a large number of
scientists from developing countries on both principles (selection strategy and
environment of selection). Thus all the ingredients to make international breeding
successful at the national level are in place. By making sure that national breeding
programs evaluate lines in the international nurseries under conditions as similar
as possible to those used by the international programs the probability that some
of the lines will be successful is greatly increased. At the adoption level farmers
who can afford to grow the lines under the same conditions (defined as
"progressive” farmers) will benefit from them. Those who can not afford it (the
"illiterate” or "conservative" or "traditional” farmers) will stay with what they had
before (if still available on the seed market).

It is now recognized, and it is not surprising, that this combination of breeding and
training has been highly successful when the environments where the crop was
eventually grown were favorable or could be profitably modified to become
favorable, and much less successful for unfavorable environments (Bramel-Cox et
al. 1991; Simmonds and Talbot 1992).
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This paper has two objectives. First, to discuss the theoretical background of
selection in environments which differ from the target environment, and second,
to illustrate an example of a different type of interaction between national and
international breeding programs.

Direct versus Indirect Selection

From a theoretical standpoint, the efficiency of germplasm distribution through the
international nurseries can be treated as a case of the more general issue of the
relationship between selection environment and testing environment (Rosielle and
Hamblin 1981; Ceccarelli 1989; Simmonds 1991). In even more general terms and
with reference to yield, this is a case of indirect selection. Selection is indirect
when the breeder aims to improve a primary character by selecting for one or more
secondary characters. A secondary character can be the same as the primary
character, but measured in a different environment (Falconer 1981). From a
genetic standpoint selection is always indirect in that the breeder selects for
genotypic values or for the economic value through the phenotypic values (Gallais
1983).

With specific reference to selection in stress and non-stress environments, Rosielle
and Hamblin (1981) showed that selection for tolerance to stress will generally
result in reduced yield in non-stress environments and in reduced mean yield in
stress and non-stress environments. More recently Simmonds (1991), using a
numerical simulation concluded that (1) selection for low-yielding conditions has
to be conducted under low-yielding conditions, (2) that using selection
environments with intermediate yield levels is ineffective, and (3) that alternating
selection cycles in low- and high-yielding environments is equally ineffective.
Similarly Smith er al. (1990) concluded that it is essential to carry out selection
under low-input conditions if significant gains in productivity under such conditions
are to be achieved. Experimental evidence indicates that the selection environment
affects how selections respond to changing environments (Hildebrand 1990;
Ceccarelli and Grando 1991a).

The relative efficiency of indirect versus direct selection can be predicted by the
magnitude of the heritability and of the genetic correlation coefficient. If A is the
trait to be improved in environment X by selecting in environment Y, then
(Falconer 1981):

CRx/Rx =TIg hy /hx
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where CRy is the correlated response in environment X when selection is done in
environment Y, Ry is the direct response when selection is done in environment
Y, 1q is the genetic correlation coefficient between Ay and Ay, hy and h, are the
square roots of heritabilities of A in the two environments.

It is obvious from the formula that when hy = hy, the maximum value of CR,/Ry
is 1 when rg = 1. Therefore, when heritabilities are the same, direct selection will
always be more effective because the genetic correlation coefficient will always be
somewhat less than one. When hy is twice as large as hy, r, must be greater than
0.5 before CRx becomes greater than Ry (Table 1).

Table 1. Values of CRy/Ry as functions of the genetic correlation coefficient
(r¢) and the ratio between the square roots of heritabilities in high-yielding (hy)
and low-yielding (hy) environments (modified from Ceccarelli et al. 1992).

hY/hX
Tg 1 2 3 4 5 6 7 8 9 10
0.1 01 02 03 04 05 06 07 08 09 1.0
02 02 04 06 08 10 12 14 16 18 20
0.3 03 06 09 12 15 1.8 21 24 27 30
04 04 08 12 16 20 24 28 32 36 4.0
05 05 10 15 20 25 30 35 40 45 50
06 06 1.2 18 24 30 36 42 48 54 6.0
07 07 14 21 28 35 42 49 56 63 10
08 08 16 24 32 40 48 56 64 172 8.0
09 09 18 27 32 45 54 63 72 81 90
1.0 10 20 30 40 50 60 7.0 80 9.0 100

With low genetic correlation coefficients (0.1 - 0.2), hy must be at least 10 to 5
times higher than hy for CRy to become higher than R. Estimates of rg, hy and
hy therefore can clarify further whether selection in non-stress environments will
be effective for genotypes that will be grown in stress environments. This is a
problem of strategic importance to breeders in both national and international
programs.
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Experimental Evidence

During the last seven cropping seasons we compared the performance of barley
genotypes in low- and high-yielding conditions. A summary of the comparisons is
shown in Table 2 (Ceccarelli et al. 1992).

The upper part of the table shows the grain yield of the best 5% of the lines
selected in low-yielding (stress) conditions (LY) and the grain yield of the best 5%
of the lines selected in high-yielding (non-stress) conditions (HY) when grown in
LY conditions. In 1988 one of the sites used as a low-yielding environment
(Bouider) had a relatively high average yield because rainfall was more than twice
the average of the other cropping seasons. However, we have kept this site in the
low-yielding group because it was still the lowest testing site used in 1988. The
bottom part of Table 2 shows the grain yield of the same lines in the HY sites.

Table 2. Grain yield (kg/ha) in low-yielding sites (LY, upper part) and high-
yielding sites (HY, lower part) of the top 5% of the barley lines selected for
grain yield either in LY or HY sites (modified from Ceccarelli et al. 1992).

Top-yielding lines

Testing site selected under

Year Sitet Rainfall Mean yield$ LY HY

1985 BR 178 743 +17 1284459 779+79
1986 BO 180 1138+34 1935426 1340479
1987 BR 164 67349 1019+19  654+66
1988 BO 382 2910438 4199+48 3383+132
1989 BO 184 687+16 1287+18 658152
1990 BR 183 471+10 794+17 4291446
1991 BO 207 1050422 1693+24 9534110
1985 TH 373 3489429 3339+114 4210449
1986 TH 316 4007435 4139+78 4970470
1987 TH 343 2668+23 2739+113 3613435
1988 TH 499 4420+45 4672+173 6100467
1989 AT 214 5824460 48741315 78144107
1990 TR 317 3346426 3066+118 4122427
1991 TR 559 47404154 4705+253  6073+65

+ BR = Breda, BO = Bouider, TH = Tel Hadya, AT = Athalassa, TR = Terbol.
} + standard error.
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In LY conditions (mean yields ranging from 471 to 2910 kg/ha) the lines which
had the highest yields in high-yielding conditions yielded between 429 and 3383
kg/ha. On the average they yielded about 37% less than the corresponding lines
which were selected as high yielding in stress conditions (yields ranging from 794
to 4199 kg/ha). In HY conditions (mean yields ranging from 2668 to 5824 kg/ha)
the lines which were high yielding under stress conditions yielded between 2739
and 4874 kg/ha. On the average they yielded 24% less than the lines which were
selected as high yielding in non-stress environments (yields ranging from 3613 to
7814 kg/ha). These data indicate that indirect selection (selection in the absence of
stress to improve yield in the presence of stress) is unlikely to be more effective
than direct selection (selection in the presence of stress). The analysis of the
selection history of the most successful lines in low-yielding environments in three
cycles of yield testing (Ceccarelli and Grando 1991b) indicates that selection of
breeding lines unrelated to local landraces conducted in high-yielding environments
was 28 times less efficient than selection of locally adapted germplasm conducted
in low-yielding environments. Similar comparisons made with different types of
germplasm indicate that when selection was conducted in low-yielding
environments, lines derived from local landraces outyielded non-landrace material
(Table 3). Likewise in high-yielding environments the non-landrace material
outyields the landrace material. The data of Table 3 suggest that repeated cycles
of selection in a given type of environment would progressively reduce the
frequency of breeding lines which might be specifically adapted to other
environments,

This is shown by the generally lower yields of the landraces when evaluated only
in high-yielding conditions. The utilization of landraces in breeding programs for
developing countries is often discouraged on the grounds of their low yield
potential and disease susceptibility. There is no doubt that this is often true when
all selection is conducted under high-input conditions or outside the adaptation area
of the landraces. But when this type of germplasm is evaluated in the conditions
in which it has evolved and is still grown by farmers, conclusions are very
different (van Leur et al. 1989). Therefore using the wrong selection environment
may result in germplasm being discarded which otherwise could prove to be very
useful. The argument of the disease susceptibility of landraces has been discussed
elsewhere (van Leur e al. 1989) and it was shown that pureline selections within
landraces may reveal unsuspected sources of disease resistance.

Estimates of genetic correlation coefficients (Table 4) have been obtained from

yield trials conducted in 1987, 1989, 1990 and 1991 in sites with highly contrasting
site means (Ceccarelli er al. 1992).
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Table 3. Grain yield (kg/ha) under stress (YS) and non-stress (YNS) of barley
breeding material classified according to germplasm type.

YSt YNS§
Type of germplasm Nf Yield Range Yield Range
Non-landraces 155 488 0-893 3901 23104981
Landraces§ 77 788 486-1076 3413 2398-4610
Best check’ 717 4147

+ Number of entries.

} Average of Bouider 1989 and Breda 1990.

§ Average of Tel Hadya 1988, Tel Hadya 1989, Terbol 1990.
{ Pure lines obtained by pure line selection within landraces.
* Harmal for YS, Rihane-03 for YNS.

Table 4. Range of genetic correlation coefficients between yield measured in
a low-yielding and high-yielding site and ratio between correlated and direct
response to selection (CR/R) in a total of 58 trials conducted in four cropping
seasons (modified from Ceccarelli et al. 1992).

CR/R
Year Negative 0-0.2 0.2-04 0.4-06 0.6-0.8 0.8-1.0 > 1
1986/87 6 1 4 2 2 2 1
1988/89 13 2 0
1989/90 5 7 2 0
1990/91 3 4 2 2 1 0
Total 27 14 8 4 2 2 1

There were 17 trials in 1986/87, 15 in 1988/89, 14 in 1989/90 and 12 in 1990/91.
Each trial had two replications and 25 genotypes. Among the 58 estimates of 1,
27 were negative. Among the 31 positive values only 8 were higher than 0.4 and
six of those were associated with average yields in the highest yielding sites
ranging between 1812 and 3180 kg/ha. These values are at or around the value
where in barley a crossover between genotypes with specific adaptation to different
environments often occurs (Fig. 1). In only one case was a positive rg associated
with a relative magnitude of point estimates
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of heritabilities in the two environments such that the CR4/R, ratio was greater
than 1 (= 2.1). In this case the trial had the smallest difference found among all
58 trials between YS (618 kg/ha) and YNS (1812 kg/ha). Both these values are
below the crossover point in Figure 1.

These results indicate that selection in high-yielding environments will produce at
best no correlated response, and at worse a negative correlated response in low-
yielding environments.

The experimental data generated by the barley breeding program at ICARDA
suggest that when lines are tested across a sufficiently wide range of environments,
a crossover type of genotype by environment interaction is a common occurrence
(Fig. 1). Indeed, this has been found to be the case in a number of crops
(Simmonds 1981; Hildebrand 1984; Ceccarelli 1989; Smith et al. 1990).

A close examination of Figure 1 reveals four interesting points. The first is that the
definition of stress environments plays a key role in discussing breeding strategies.
If we define "stress environment" as an environment with average yield slightly
above the crossover point, then genotype A can be defined as "widely adapted” to
all environments above that point. However, if we define "stress environment” as
an environment with average yield below the crossover point, the "wide
adaptation” of genotype A has its lower limit at the crossover point. The second
point relates to the type of comparisons which are made in the analysis illustrated
(Fig. 1). In this analysis the regression line of a typical genotype selected in an
optimum environment (A) is usually compared either with the mean of all the
genotypes in the experiment (and it is unclear what this comparison tells) or with
a local check. Very seldom is genotype A compared with a genotype selected under
a level of stress below the crossover point (such as genotype B) because of the
general assumption discussed in the introduction. The third point is that the
presence of a crossover type of genotype X environment interaction and the
possibility of detecting genotypes specifically adapted to conditions below the
crossover point have been deliberately neglected by training scientists to conduct
selection and testing above the crossover point. The fourth point is whether the
current type of interaction between national and international breeding programs
is the best way to exploit that specific adaptation which is required to maximize
yields in macroenvironments such as those below the crossover point in Figure 1.
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Fig. 1. Crossover type of genotype by environment interaction: A and B are
genotypes selected in high- and low-yielding environments, respectively.

National and International Breeding Programs

International breeding programs, such as those conducted at International
Agricultural Research Centers, have the declared objective of assisting national
programs in increasing agricultural production by developing superior cultivars.
The interaction between national and international breeding programs has been
largely a one-way, "top-down" (Simmonds and Talbot 1992) process where the
international programs develop the germplasm and the national programs test itand
eventually release it as a variety.

The importance of specific adaptation and of the selection environment, especially
for barley breeding in low-yielding environments, and the increased expertise and
competence in national breeding programs, call for a different type of interaction
between national and international breeding programs. The first step is to replace
fixed or semi-fixed lines with segregating populations or less advanced genetic
material. An earlier distribution of breeding material will reduce the probability of
discarding material that is useful in different environments (either climatically or
agronomically) because of its relatively poor performance in some of the sites used
by the international breeding program. An example of the magnitude of the
problem is given in Table 5. In 1991/92, 288 6-row barley lines were evaluated in
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the Magreb countries (Libya, Tunisia, Algeria, Morocco) and in preliminary yield
trials grown at three ICARDA sites (Tel Hadya, Breda and Bouider). In the
Magreb countries selection was visual whereas at ICARDA selection was for yield
potential, yield under stress, early and late heading. Forty-nine of the 103 entries
(47.6%) selected at ICARDA were included in the 154 Magreb selections. Of the
lines selected in the Magreb, 68.2% (105/154) were discarded at ICARDA and of
the lines selected at ICARDA, 52.4% (54/103) were discarded in the Magreb.

Table 5. Suitability of northern Syria for selection of barley germplasm for
Magreb countries.

Selected int N %

Syria 103 35.8
Magreb 154 535
Syria and Magreb 49 47.6
Syria, discarded in Magreb 54 52.4
Magreb, discarded in Syria 105 68.2

1 Initial population size = 288 lines.

This large proportion of wrongly selected and wrongly discarded lines occurred in
a single cycle of selection when all the entries were 6-row (North African farmers
grow only 6-row barleys) and by using contrasting selection criteria. This is a
strong indication that at each cycle of selection there is a high probability of
discarding lines potentially useful in other areas. To fully exploit specific
adaptation and thus make use of positive genotype X environment interaction we
are gradually implementing a replacement of the traditional international nurseries
with progressively less advanced material (Table 6).

When fully implemented, national programs in a given geographical area (North
Africa is used as an example in Table 6) will receive from ICARDA’s barley
breeding program only F, segregating populations. Ideally the F, will be derived
from crosses between parents identified by national breeding programs on the basis
of specific adaptation to the environments and needs of their countries. Selection
between populations will be done in different agroecological environments within
each country under a type of management as close as possible to that of farmers’
fields. Lines selected from the superior F, populations will be advanced, without
futher selection, at ICARDA headquarters and then yield tested in different
locations within each country.
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Table 6. Development of barley germplasm with specific adaptation.

Year New nurseriest Old nurseriest
1990/91 BYT BON BSP
1991/92 SN92 BYT BON BSP
1992/93 PY93 SN93 F, BYT

1993/94 AY94 PY93 SN94  F,-F,
1994/95 NARS AY95 PY95  SN95

+ Nurseries specific for countries in a given area: SN = special nursery (first year testing),
PY = preliminary yield trials (second year testing), AY = advanced yield trials (third year
testing), NARS (national yield testing system).

1 Traditional International Nurseries (same for all countries): BYT = regional yield trial,
BON = observation nursery, BSP = regional segregating populations.

Further to the exploitation of specific adaptation this process is expected to have
two other important advantages. Until now one objective, if not the most important
one, of international breeding programs has been the release of varieties. This can
be deduced from the importance given to the data concerning the number of
varieties released and the area grown to released varieties which are published in
the Annual Reports of International Centers. Enhancing the research capabilities
of National Agricultural Research Systems (NARS), improving their efficiency by
developing, testing and disseminating methodologies, and ultimately building up
breeding programs capable of developing the most appropriate germplasm for their
own countries are at least as important. A change in the type of germplasm
distributed to NARS through the international nurseries may be one step to achieve
this objective. The second advantage is related to genetic diversity. Exploiting
specific adaptation implies that the number of varieties of a given crop grown at
any moment will be large. The benefits of maintaining genetic diversity within a
crop over large areas have been extensively discussed in the literature and do not
need to be further justified.

The role of an international breeding program in this scenario will be first to
ensure continuity against the rapid turnover of staff in national institutions, second
to provide the necessary assistance in specific areas of germplasm development,
and third to assess the relevance of methodological and technological innovations
to increase efficiency of selection.
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Breeding Barley for Drylands

A. Hadjichristodoulou
Agricultural Research Institute, Nicosia, Cyprus

Abstract

Breeding programs for dryland conditions such as those of the West Asia and
North Africa region encounter specific problems such as the unpredictable
fluctuation in annual climatic conditions, which causes significant variation in grain
yield (genotype X year interaction). This variation in amounts and distribution of
precipitation accounts for up to 99% of the variation in grain yield. Unpredictable
GY interaction affects the efficiency of selection when based on grain yield alone.
An analytical procedure is described which uses important adaptive traits for
selection in (1) segregating populations and nurseries where reliable yield data are
not recorded and (2) yield trials where the value of yield data in individual years
is influenced by GY interaction and therefore of low value. The major traits
recommended in efficient selection for consistency of performance are high tillering
capacity, stability of number of tillers/m?, optimum earliness for each region, plant
height of 100 cm (under favorable conditions), stability of height, relatively large
grains, high total biological yield, long awns, disease resistance and early growth
vigor. It is necessary to include as many as possible of the above traits in one
genotype to secure its success under unpredictable, variable conditions.

Introduction

This paper reviews the work on breeding barley for dry areas. It focuses on aspects
of breeding of spring types of Hordeum vulgare ssp. vulgare, grown in winter in
the West Asia and North Africa (WANA) region, in the dry southern
Mediterranean countries and other parts of the world with similar climatic
conditions. Special emphasis is given to the dryland environment, its role in the
adaptation of barley, its effects on modifying adaptive traits, and on the use of
yield components and other traits in order to increase yield and consistency of
performance of barley.
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The Dryland Environment
The dryland environment in the WANA region is characterized by:

1. Low annual precipitation, causing moisture stress during at least some period
of the growing season.

2. Significant within-year variation in annual precipitation at a given site.

3. Significant variation in the distribution of precipitation within a given season.

The first effective rains, adequate for seed germination and seedling growth,
generally do not come at a fixed period, but at any time during October-December
(Photiades and Hadjichristodoulou 1984). The crop matures during April-May,
depending on the area and season. Winters are mild in the coastal areas with
average minimum temperatures of 5-10°C, but lower temperatures are common as
the distance increases from the coast.

Annual precipitation in the barley areas is very low, generally 150-350 mm. The
effects of precipitation on grain yield of barley, wheat, forage barley, forage oats
and forage vetch were studied in detail by Hadjichristodoulou (1976, 1977, 1978,
1982). Variation in precipitation among other environmental factors explained most
of the variation in grain yield. The correlation coefficient between grain yield and
annual precipitation was 0.20-0.85, depending on the variety and crop, but the
multiple correlation coefficient computed from the variation in precipitation during
the growing season was significantly higher, up to 0.99. The most critical periods
of precipitation positively affecting grain yield were during sowing and grain
filling. In southern Australia, Cornish (1950) reported that 70-80% of the variation
in grain yield of wheat during 1896-1941 was due to inter-annual variation in
rainfall. Other studies reviewed by Hadjichristodoulou (1982) report that annual
precipitation and its distribution explained up to 79% in grain yield of dryland
wheat and barley.

Choice of Crop for Drylands

Selection of the best crop for drylands is necessary for a successful breeding
program. Farmers and scientists consider barley as the crop most adapted in the
drylands. In Cyprus, as in the past (Anonymous 1937), barley is still considered
a safer crop than wheat under dryland conditions. In 27 trials conducted in Cyprus
during 1968-73, the mean grain yield of Athenais was 3.2 t/ha, 98% higher than
that of the indigenous durum wheat variety Kyperounda and 75% higher than the
improved bread wheat variety Pitic 62 (Hadjichristodoulou 1974a). Precipitation
at the experimental sites ranged from 201 to 908 mm. Barley was consistently the
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highest-yielding crop in 26 of the trials. In other studies, barley outyielded durum
wheat, bread wheat, and triticale under low-yielding environments, but it gave
lower yield under high-yielding environments (Josephides 1993).

Barghouti and Hadjichristodoulou (1979) reported that in areas receiving 200-400
mm precipitation barley produces 7-9 kg of grain ha! mm precipitation compared
with 1-6 kg produced by wheat. The situation is reversed at higher amounts of
precipitation. In the 66 trials conducted during 1982-91 in Syria by ICARDA in
Zone B (320 mm average rainfall) in which the best barley, durum and bread
wheat varieties were compared, the mean yield of barley was 2.3 t/ha, 31% higher
than that of durum wheat and 29% of aestivum wheat (Michel et al. 1992).

As for consistency of performance, the average yield of barley was higher than that
of wheat in all nine seasons, and significantly so (P = 0.01) in seven seasons. Out
of the 66 trials, the yield of barley was only slightly lower than that of bread wheat
in five trials and of durum wheat in eight trials, while in the remaining trials barley
had a yield advantage over both wheat species. It is evident that breeding efforts
must be concentrated on barley, in order to increase yield and improve consistency
of performance in drylands.

Breeding Barley for Marginal Lands

As mentioned, the annual precipitation at one site may vary considerably. At
Athalassa, near Nicosia, the range of precipitation during the lifetime of our
Institute, 1963-92, was 56-433 mm. It is common for yields, even of barley, to be
extremely low when precipitation is below 200 mm. The economics of such a crop
depend on the cost of production in different areas, but usually it is not economic
to grow barley for grain in these marginal lands. Nothing can be done in areas of
unpredictable low rainfall, but in areas where precipitation is frequently below 200
mm, breeding barley for grain may not be successful. In such areas other farming
systems with barley must be investigated. One such system is the use of barley as
a self-reseeding pasture crop. In this system, the cost of production is significantly
lower, as no reseeding or cultivations are necessary. Barley genotypes suitable for
permanent pastures have been developed in Cyprus by crossing H. vulgare with H.
spontaneum and H. agriocrithon (Hadjichristodoulou 1988a, 1990a).

GE Interaction, a Cause of Slow Progress in Breeding

Several factors have been considered responsible for the slow progress or absence
of progress in breeding under dryland conditions compared with breeding under
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improved conditions: (1) yields are very low in drylands and improved genotypes
cannot show their yield potential, (2) low inputs in human resources or funds,
because the expected gains are not considered significant, and (3) the slow progress
is caused by the GE. Although the first two causes cannot be ignored, it seems that
the major causes for failures or slow progress in breeding programs are the
negative implications of GE interaction.

The importance of GE interaction has been discussed widely (Allard and Bradshaw
1964; Hill 1975). After citing GE interaction as one of the factors limiting the
further improvement of maize, Sprague (1963) expressed the view that "one is
plagued by the rather disturbing feeling that each genotype may have its own
characteristic environmental response. Whether this is true, it appears that the
problem of GE interaction has received much less attention than its importance may
justify.” Today, the breeder has adequate information to aid in developing
consistently high-yielding genotypes over a wide range of environments.

The GE interaction is partitioned into GL, GY and GLY interaction where G stands
for genotype, E is environment, L is Location and Y is year. Thus to eliminate the
location effect in the GE interaction, breeding must aim for specific adaptation at
each location (Allard and Bradshaw 1964; Allard and Hansche 1964; Eberhart and
Russell 1966; Brennan et al. 1981). This is relatively easy to achieve, if the
fluctuation in climatic conditions with year is not significant. In such a case
breeding will aim at developing genotypes adapted to the specific location. The
magnitude of the area represented by each location will depend on the acreage
represented by similar soil, climatic and other environmental conditions.

This explains why, because of specific adaptation, material selected in one season
is discarded the following season, and potentially promising material for the same
season is discarded. In the course of this process, no progress is achieved in
selection under dryland conditions.

These adverse effects of GE interactions on the evaluation of genetic material,
especially in dry areas, are well known to breeders and have been discussed
recently by Brennan er al. (1981) and Fox ez al. (1985).

The Dryland Barley Variety

A successful dryland variety must give high yield under a wide range of
environmental conditions that are mainly caused by the variation in the amount and
distribution of precipitation. The term stability is frequently used to describe such
varieties. Although many scientists explain stability correctly, there is still
confusion on the use of this term. Eberhart and Russell (1966) pointed out that the
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term "stability” often has been used to mean a variety that performs relatively the
same over a wide range of environments (V6 or V4 in Fig. 1). Becker and Leon
(1988) introduced the term "static concept of stability” to describe varieties not
responding to improved conditions, and stated that this stability is usually
associated with relatively poor yield levels. Several studies with grain and forage
cereals in Cyprus and other countries show that varieties responding to improved
environmental conditions (not "stable" in yield) tend to have high mean yield
(Hadjichristodoulou 1988b). The term "consistency of high performance” seems to
better describe the varieties giving high grain yield under a wide range of
environmental conditions (V1 in Fig. 1). Becker and Leon (1988) agreed that the
dynamic concept describes varieties with a predictable response to environments.
Such varieties have high mean yield, regression coefficient b = 1.0 and S2di
(deviations from regression) near zero. The term stability, in statistical terms
meaning low or zero variance, describes correctly traits other than grain yield,
e.g., plant height, tiller number and 1000-grain weight.

The Analytical Breeding Procedure

As pointed out, selection based only on yield perhaps will not make progress in
breeding programs because of significant GE interactions. Plant physiologists and
breeders have been involved in research on the identification of traits that could be
used in selection for moisture stress conditions (review by Hadjichristodoulou
1974b). Acevedo et al. (1991) studied the association of traits with grain yield
under low-rainfall environments and concluded that earliness, many ears/m?, large
grains and prostrate vigorous seedling growth are important traits for selection.
Specific traits also were identified for 2-row and 6-row varieties. However, very
limited work has been reported on breeding for consistency of performance, which
is of primary importance in drylands. Marshall (1987) and Ceccarelli (1988, 1989)
described problems encountered in using analytical procedures (use of
morphological and physiological traits for indirect selection) and the empirical
method (early, multilocation yield testing).

A procedure was proposed by Hadjichristodoulou (1987a, 1992) for breeding for
consistency of performance in drylands. The method requires long-term studies on
optimum values and stability or plasticity of adaptive traits. Once these values are
determined, they can be used for selection in segregating populations, nurseries or
yield trials in a given environment, with increased probability for selecting
consistently high-yielding genotypes.
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100

Yield of varieties

Yield of environment 100

Fig. 1. Theoretical regression lines for the yield of selected types of varieties
over several environments. The regression coefficients (b) are b>1.0 (V,,V,),
b=1.0 (V;), b<1.0 (V) and b=0 (V,, V).

Adaptive Traits for Consistency of Performance

The results of long-term studies conducted in Cyprus on establishing values of
adaptive traits in order to breed barley for consistency of performance under
dryland conditions were reported by Hadjichristodoulou (1985, 1987a, 1987b,
1987¢, 1988b, 1989, 1990b, 1990c, 1991a, 1991b, 1992). The findings are
applicable to the Cyprus environments, but similar procedures are studied in other
environments. Recommended traits for selection in drylands are described below.
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Tillering Capacity

Variation in stand establishment is one of the major causes of unpredictable
variation in grain yield in dry areas as described by Hadjichristodoulou (1985,
1987a, 1987c). This is caused by the variation in number of tillers/m?. High
numbers of tillers per unit area and stability of number of tillers/m? (or plasticity
of number of tillers/plant) were related to high yield and consistency of
performance. The advantage of plasticity of tillering per plant was shown by
Hadjichristodoulou (1985) to be expressed under unfavorable conditions, where the
low-yielding varieties produced 46-51 tillers/m? much fewer than the 82-150 tillers
produced by the high-yielding varieties.

Earliness

Earliness, recorded as days to heading, is an important trait for dry areas. The
studies in Cyprus showed that heading date of the high-yielding genotypes varies
with year, but always falls within an optimum range, relative to standard varieties;
in barley, from the same heading as Kantara to 5-8 days earlier; in durum wheat,
1 day after and 4 days before the heading of Karpasia (Hadjichristodoulou 1985,
1987d). Optimum ranges may vary with region. Late-heading genotypes were more
stable in heading date, and this is attributed to the higher temperatures prevailing
late in spring, when late genotypes reach heading stage.

Plant Height

Plant height is also a major source of variation in grain yield caused by the
unpredictable amounts of precipitation and its distribution, as described by
Hadjichristodoulou (1987a, 1987c, 1987d, 1991b). Studies have shown that for dry
areas genotypes having optimum height around 100 cm associated with stability of
height give high yield in both high-rainfall (causing lodging) and low-rainfall years.
This height is reached under favorable conditions and it is reduced by stress
conditions, but not to the point of causing increased weed competition and
difficulties in mechanical harvesting. The role of height in storing assimilates and
transferring to the grain in dry seasons has been shown by several authors (review
by Hadjichristodoulou 1991a, 1991b).

Grain Size

Grain size, recorded as 1000-grain weight, was among the most stable traits.
Consistently high-yielding genotypes had average stability, and the correlation
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coefficient of 1000-grain weight with grain yield was positive or nonsignificant
(Hadjichristodoulou 1990b). In the case of six-row barley, 1000-grain weight was
positively correlated with grain yield. Thus, selection for large-seeded genotypes
is expected to have a positive effect on yield, especially in the case of 6-row
barley. This can be done visually at all stages of material evaluation.

Total Biological Yield

Total biological yield (TBY) and straw yield were positively correlated with grain
yield (Hadjichristodoulou 1991a). The role of TBY in drylands seems to be
connected with storage of assimilates during the vegetative period (winter) and their
translocation to the grain during the moisture stress period. Also Harvest Index
(HI) was positively associated with grain yield. Thus, TBY and HI are useful
selection criteria for drylands.

Other Traits

The variation in yield caused by unpredictable variations in the environment may
be reduced by selecting for certain physiological or morphological traits other than
the above. There is adequate information for using the following traits in breeding
for consistency of performance under dryland conditions.

Disease resistance

Severity of most diseases is one of the major sources of variation in yield,
especially in wet seasons but also for other diseases in dry seasons (root rots,
nematodes). As discussed by Hadjichristodoulou (1987a, 1987¢) in more detail,
selection for resistance or tolerance eliminates these causes of variation in yield.

Awn length

The relatively high temperatures during the grain-filling period are among the usual
causes of variation in yields under dryland conditions. Experimental evidence,
without exception, points out the usefulness of long awns in such conditions, as
their photosynthetic ability is affected by drought and heat less than that of leaves
(Grundbacher 1963; Evans et al. 1972; Ferguson 1978; Blum 1985). Under
relatively humid conditions the effect of awns on yield was variable, but not
negative. Perhaps it is not by coincidence that all the varieties grown in the dry
areas of the WANA region are awned. It can be concluded that long awns have a
positive effect in dry-hot seasons, and not negative in wet-cool seasons, thus
contributing toward consistently high yields of barley or wheat under all conditions.
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Early growth vigor

The available information was reviewed by Hadjichristodoulou (1987a) and,
although limited, suggests that early growth vigor may be advantageous to winter
cereals in drylands. Barley, a more productive crop than wheat under low-rainfall
conditions, produced more biomass at early stages. Recently, Acevedo et al. (1991)
reported that prostrate habit, vigorous seedling growth and good ground cover are
important traits for dry environments. Thus, early fast growth may be considered
in selecting genotypes for the dry areas.

Population structure

Consistency of performance can be achieved by exploiting individual buffering
(single genotype, homogeneous population), by population buffering (mixture of
genotypes) or high levels of heterozygosity in the population (Allard and Jain 1962;
Allard and Bradshaw 1964; Allard and Hansche 1964; Marshall and Brown 1973).
The most successful varieties of barley in the region, grown for many years,
appear to be nonhomogeneous populations (Ceccarelli et al. 1991). Athenais, an
improved variety introduced from Greece around 1950, has gradually replaced all
other barley land varieties (mixtures of genotypes) in Cyprus. By pureline selection
in Athenais, it was shown that it was not a genetically homogeneous population.
All the available information tends to suggest that, although individual buffering
should be exploited, one should not aim for complete genetic uniformity of
varieties when breeding for consistency of performance in areas of unpredictable
seasonal variation in climatic conditions. Similar conclusions were reached by
Ceccarelli er al. (1991).

Choice of Adaptive Traits

It has been demonstrated that optimum values and stability of the traits described
above play an important role in consistency of high performance in drylands.
Therefore, it is desirable that all the above traits, and of course other traits, must
be considered in selecting for consistency of performance. However, the magnitude
of the contribution of each adaptive trait depends on the environmental conditions
prevailing at the particular site. For example, the effect of stability of tiller number
may become insignificant if the conditions favor optimum stand establishment at
all times. For the same reasons, disease resistance may not play an important role
under conditions of low disease incidence. Too-early genotypes may not be at a
disadvantage in seasons of early onset of the spring and summer drought, and too-
late genotypes in seasons of late rains, but genotypes with optimum heading date
will give satisfactory yields in all conditions.

By multiple regression analysis Ceccarelli et al. (1991) concluded that different
combinations of traits are expected to produce the same effect in terms of final
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yield. However, the most significant effects on grain yield in 2-row barley was
shown by heading date and 1000-grain weight and the least significant by growth
vigor, plant height and growth habit. The multiple correlation coefficient (R) was
0.29-0.84 in four seasons (P = 0.01).

Unpublished data from trials conducted in Cyprus show that in one trial R was
0.98 when plant height, straw yield and HI were used as independent variables. No
improvement was made by adding heading date, 1000-grain weight and volume
weight. In another trial R was 0.79, when heading date and straw yield were used
as independent variables and increased to 0.98 by adding all variables used in the
first trial.

To conclude, although different sets of adaptive traits may play a major role in the
yield of barley in a given environment, for consistency of performance over many
seasons in drylands it is necessary to combine in the same genotype as many as
possible of the adaptive traits which have been found important at a given area. In
this way, the genotype will have built-in adaptive mechanisms for success under
different conditions.
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Discussion

A, Al-Shamma
Tillering is of low heritability so how can we select in the early generation? Also,
tillering could be correlated with plant height and grain size; how could that work?

A. Hadjichristodoulou

Although the heritability of tillering is low, it is possible to select for high tillering
in F-Fs. An example of this is the reported data by the Jordan scientists that the
Cyprus cross CYB-19 has very high tillering capacity. As regards negatively
correlated tillering capacity and tallness, my experience is that by simultancous
selection for both traits it is possible to make progress. It should be mentioned that
in selecting for tallness, a breeder must select for optimum height, not maximum
height. For Cyprus conditions, optimum plant height is around 100 cm (expressed
under favorable growing conditions). For feeding barley, it is not necessary to aim
at very high 1000-grain size (as in the case of malting barley). The breeder must
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not exercise heavy selection pressure for 1000-grain weight, provided that yield is
high and 1000-grain weight is satisfactory.

W. Tawil

1. Why, in your opinion, did up-to-date plant breeders not succeed in developing
new varieties of barley which exceeded the locals in very dry areas (200-250 mm
annual rainfall)?

2. Do you think that the current genetic materials are enough to achieve success
in obtaining superior new barley varieties?

A. Hadjichristodoulou

1. The reasons for slow or no progress in breeding barley for the very dry areas
are caused by the genotype X environment interaction and the type of germplasm
used in crosses. To achieve progress one must first use locally adapted landraces
or wild ssp. spontaneum and material which has been tested in these areas and has
shown good adaptability. Avoid using as parents varieties not tested in these areas.
Second, for selection strategy, the analytical procedure described in the paper must
be used from F,-F, to variety trials in order to increase the chances for selecting
consistently high-yielding genotypes and to avoid the negative effects of G X E
interaction.

2. The current genetic material available in the very dry areas has survived after
many years and possesses all the necessary genes for adaptation to these conditions.
Crosses must be made between the best of these land varieties and also the old
barley, if available in the region; material from other dry areas and new varieties
developed in similar dry areas must be tested and if adapted to the area, they may
also be crossed. But above all, the employment of the correct selection strategy,
developed in the drylands, is absolutely necessary for progress to selection
(analytical procedure). Otherwise, selection will be inefficient, because of G X E
interaction.

B. Al-Rawi

1. Why don’t we entertain the idea advanced by Smith of Oklahoma State
University as regards to modified bulk breeding for the semi-arid zones?

2. What is your opinion on using variety mixtures for consistency or performance?

A. Hadjichristodoulou

1. The traditional pedigree, the bulk breeding methods and all modifications can
be employed. However, for our dry areas with the very high genotype X
environment interactions, if one relies only on yield, progress will be very small.
The use of stability of adaptive traits may increase the chances for selecting
consistently high-yielding genotypes.
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2. It is well established by several researchers that certain mixtures express higher
stability or better consistency of performance than pure varieties. However, it is
also known that consistency of performance can be achieved by individual
buffering, for example by selected homozygous pure varieties. There are examples
in the literature for this. In Cyprus we have such a successful variety (Athenais).
Furthermore, in countries where breeders’ rights apply and where organized seed
production services are available, precise description of the varieties is necessary.
Thus only homozygous-pure varieties can be released. However, for the variable
dryland areas of the WANA Region, I feel that breeders should not aim at absolute
variety purity and homozygosity, in order to safeguard high performance under all
conditions. It is known that most successful local varieties in the region are
mixtures of genotypes and the level of heterogeneity varies with variety.
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Developmental Stability of Adaptive Traits
of Barley

A. Hadjichristodoulou
Agricultural Research Institute, Nicosia, Cyprus

Abstract

Stability of nine traits of 50 barley (Hordeum vulgare L.) varieties was studied in
20 environments under rain-fed conditions in Cyprus. Stability was computed as
variance of log-transformed data (s?log,). Significant differences in stability among
varieties were found in all nine traits studied. Stability of traits was correlated in
14 of the 36 possible pairs of traits. Stability of 1000-grain weight was not
correlated with stability of any of the eight traits, but stability of grain yield was
correlated with stability of six of the eight traits. Plant height, 1000-grain weight,
heading date and harvest index were the most stable traits and yields of grain and
straw the least stable traits. Stability of grain yield (low s?log,) was not associated
with high grain yield. Consistently high-yielding varieties had high regression
coefficient (b), above 1.0. Grain yield also was negatively correlated with sflog,
of harvest index and number of grains per spike. Early, high-yielding varieties had
high plasticity for heading date (high s’log,). The information on stability of traits
can be used in breeding against genotype X environment interactions in arid
environments.

Introduction

The effect of the environment on genotype and the implications of genotype X
environment interactions (GE) in plant breeding are well known (Allard and
Bradshaw 1964; Gullord and Aastveit 1987; Rognli 1987; Hadjichristodoulou
1987a, 1988). Breeding for specific adaptation to identified regions eliminates the
genotype X location interaction. The remaining portion of GE, the genotype X
year interaction, is unpredictable and can be dealt with only by breeding.

For a long time the term “stability” was used to characterize a genotype which
always shows a constant yield over environments, but as Becker (1981) stated, such
genotypes do not respond to improved growing conditions favoring increased yield.
Therefore, breeders now look for genotypes with relatively higher performance
than other varieties in the various environments. Westcott (1987), Adegoke and

111



Frey (1987) and Hadjichristodoulou (1988) reported that in general high-yielding
varieties have regression coefficient b higher than 1.0; thus they exhibit higher
variation in performance than low-yielding varieties, which have b around 0.5. The
term "consistency of performance” (Allard and Bradshaw 1964) describes the
desirable genotype better than the term "stability" of performance.

The effect of environment on barley genotype is expressed on measurable yield
(grain, forage, etc.) but also on traits such as yield components (spike number/m?
or per plant, number of grains/spike and 1000-grain weight), plant height, earliness
and harvest index. The term "developmental stability" is used to indicate low
variance of a trait in response to changes in the environment, and "developmental
flexibility” or plasticity to indicate the ability of genotypes to modify their
phenotype in response to changes in the environment (review by Aastveit and
Aastveit 1984). Although there is some information published on a few traits
(Aastveit and Aastveit 1984; Hadjichristodoulou 1985, 1987c, 1990b) there is no
information allowing comparison of stability among varieties and also among traits.

The present report examines the stability or plasticity of nine adaptive traits of
barley in response to environmental changes in semi-arid areas, and discusses the
interdependence of stability of traits and their effects on agronomic performance.

Materials and Methods

Stability of traits was studied in a trial of 50 varieties, sown in 6-row plots, 5 m
long, of which only 4 m were harvested for grain yield (4.2/m?). The varieties
were sown in 20 environments (10 sites X 2 seed rates, 30 and 120 kg/ha). Data
were recorded on grain yield, straw yield, plant height (distance from the ground
up to the end of the spike, excluding awns), heading date (number of days from
1 March to the date when 50% of the spikes emerged completely from the flag
leaf) and other traits. Total biological yield was computed as the sum of grain plus
straw. Spike number/m* and harvest index (ratio of grain over total biological
yield) were recorded in 18 of the 20 environments. Number of grains/spike were
computed from data on yield, spike number and 1000-grain weight in 16
environments. Lodging was recorded as percentage of plot lodged at maturity.

Sowing was done in November 1987 and harvesting in May 1988. Precipitation
during the growing season was variable, both in amount (316-500 mm) and
distribution within the season. The rainiest months were December and Janaary.
Nitrogen was applied at 56 kg/ha and phosphorus at 14 kg/ha.

Stability of traits was computed as the variance of log-transformed data (slog).
Logarithmic transformations were used in order to correct for scale-dependent
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random variation. The ratio of s?log,/s?log, follows the F distribution with N*! and
N»! degrees of freedom (Lewontin 1966).

Correlation coefficients were computed between stability and means for the various
traits. Regression analysis of variety grain yield on environment mean yield
provided information on consistency of performance over environment.

Methods for Measuring Stability

Several statistics are available for computing the variance of traits of varieties
grown over several environments. Low variance of traits indicates high stability.
The most common of these methods are listed below. More details are given in the
references cited.

1.

Range, x-y. The range between the minimum (x) and maximum (y) values is
considered an estimate of variance. This parameter is easy to compute, but it
is not accurate.

. Variance, s®. The variances of s> and s are computed for two varieties. A

test of significance of the ratio of two variances can be done by the F
distribution. However, the disadvantage of s> is that it is affected by the unit
of measurement (mm, cm, feet, etc.) and by the mean (Lewontin 1966).
Coefficient of variation (CV). The CV = (Sx/x)100 is independent of the
mean but no test of significance is available for statistical comparisons
(Lewontin 1966).

s*log,. The variance (or standard deviation) of the logarithms of measurements
gives a measure of intrinsic variability, which is invariant under a multiplicative
change. It is independent of the unit of measurement. It follows an F
distribution with N'!, N?! df, and allows for a valid statistical comparison
(Lewontin 1966).

. Regression analysis. A regression analysis is based on the performance of a

variety (Yi) over the environment mean of all varieties (Xi). It was first used
by Finlay and Wilkinson (1963) and by Eberhart and Russell (1966). A stable
variety is one with b = 0 and s?; (deviation from regression = 0.0). A
consistently high-yielding variety has high mean (xi), b above 1.0 and .
= 0.0. The advantage of this method is that it gives a practical way o
measuring consistency of high performance. Stable varieties (b = 0) with a high
mean yield do not exist in practice (Adegoke and Frey 1987; Westcott 1987;
Hadjichristodoulou 1988).

. Other methods are available, the merits of which are discussed by Lin er al.

(1986) and Becker and Leon (1988).
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Results
Comparison of Stability of Varieties

The differences in s’log, among varieties were significant in the nine traits (grain
yield, total biological yield, plant height, heading date, number of spikes/m?,
1000-grain weight, number of grains/spike and harvest index). The critical F value
of the ratio of s’log, of two varieties was 2.26 (P = 0.05). The ratio of the highest
and lowest values in each trait was 4:10, significant at P = 0.01. Three major
groups could be distinguished in all traits, i.e., stable varieties (low s?log, values),
unstable varieties (high s’log, values) and the larger group of varieties having
medium stability (intermediate values for s?log,).

Association of Stability among Traits

The relationship of stability among the nine traits was studied by the correlation
coefficients of s’log, among the 50 varieties for pairs of traits. There were
differences in the correlations among pairs of traits. All significant correlation
coefficients among stability of traits were positive, most of them at P = 0.001
(Table 1).

Comparisons of Traits for Stability

Plant height with mean s’log, over the 50 varieties 0.003 was the most stable trait
followed by 1000-grain weight, harvest index and heading date with s?log, =
0.0056, 0.0062 and 0.0086, respectively (Table 2). Grain yield, straw yield and
total biological yield exhibited the lowest stability with s?log, = 0.025, 0.023 and
0.020, respectively. Stability of number of grains per spike was intermediate, s®log,
= 0.016. The F value (df=799-999) for significant differences among traits was
around 1.13 (P = 0.05) and 1.19 (P = 0.01). The ratio of the mean s’log, among
traits was higher than the above values, except for grain yield, straw weight and
sheaf weight, which were the least stable traits.

Correlation Coefficient: Grain Yield and Stability of Traits (s’log,)

Grain yield was correlated positively with s’log, of heading date (r = 0.39,
P = 0.01) and negatively with s’log, of harvest index (r = -0.55, P = 0.01) and
of number of grains/spike (r = -0.30, P = 0.05). Thus, high-yielding varieties
were less stable in heading date, but more stable in harvest index and number of
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Table 1. Correlation coefficients between stability (s’log,) of traits of S0 barley varieties.

Biological  Straw Harvest Heading Plant Spikes Grains 1000-grain
yield yield index date height /m? Ispike weight
Grain yield 0.63*** 0.42** 0.59***  0.08 0.50*** 0.35* 0.49**>  -0.01
Biological yield 0.93***  -0.07 0.04 0.43** 0.36** 0.15 -0.01
Straw yield -0.12 0.09 0.34* 0.34* 0.16 -0.08
Harvest index 0.14 0.19 0.11 0.61*** -0.11
Heading date -0.08 -0.08 0.04 0.13
Plant height 0.47***  0.26 0.22
No. spikes/m? 0.42%**  0.02
No. grains/spike 0.19

* ek p=0.05, 0.01, 0.001.



Table 2. Mean and range of variance estimates of traits of 50 barley varieties
from 16-20 environments.

CV (%) sflog, (x 10°)
Trait Mean  Range Mean Range
Grain yield 31 18 - 49 24.8 8.4 - 50.7
Straw yield 30 22-40 225 8.8-455
Total biological yield 28 19 - 41 20.1 6.7 - 40.2
Heading date 18 9-29 8.6 1.6 - 40.2
Plant height 12 7-18 3.1 09-76
Harvest index 16 10 - 26 6.2 19-254
Number of tillers/m? 30 17 - 42 19 2-385
18 2-row varieties 19 2-33.0
32 6-row varieties 20 9-385
1000-grain weight 16 11-22 5.6 23-97
18 2-row varieties 4.4 23-7.38
32 6-row varieties 6.3 29-9.7
No. grains/spike 29 18 - 68 16.1 6.5-39.4
18 2-row varieties 17.4 6.5-39.4
32 6-row varieties 15.4 6.8 -32.3

After Hadjichristodoulou (1990b).

grains/spike. Stability of the other traits (grain yield, sheaf weight, straw weight,
1000-grain weight, plant height and number of tillers/spike) was not correlated
withgrain yield (r = 0.06-0.24). The correlation coefficient between grain yield
and the regression coefficient (b) of variety grain yield on environment mean yield
was r = 0.56, P = 0.001. Consistently high-yielding varieties (5.2-5.4 t/ha) had
b higher than 1.0 (1.0-1.29), while low-yielding varieties had b around 9.5
(0.31-0.77).
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Discussion and Conclusions

The present study showed that developmental stability for nine traits, including
yield, is genetically controlled. These findings support the ideas put forward by
Bradshaw (1965), the limited data on plant height presented by Aastveit and
Aastveit (1984) and on the number of spikes/m’, heading date and 1000-grain
weight reported by Hadjichristodoulou (1985, 1987c, 1990a). It is, thus, possible
to use developmental stability of adaptive traits in breeding programs aiming at
developing consistently high-yielding varieties.

Before using stability of traits in breeding programs it is necessary to study
whether stability of a given trait in the target environment is associated with
consistency of performance. High mean tiller number and stability of number of
tillers/m®> were associated with consistently high yield in drylands
(Hadjichristodoulou 1985, 1987b).

Late varieties were more stable in heading date than early varieties
(Hadjichristodoulou 1987c¢). This strong negative association between stability of
heading date and earliness may be the reason why stability of heading date was not
associated with stability of seven of the eight traits. The latest determined trait in
the developmental cycle of the plant, 1000-grain weight, was among the most
stable traits, and its stability was not associated with the stability of any of the
other eight traits. It seems that translocation of stem reserves to the grain,
especially in dry seasons (Daniels er al. 1982), eliminates the variation in
1000-grain weight caused by variation in other traits.

Stability of plant height was correlated with stability of four of the eight traits,
including stability of grain yield. Contrary to this, Aastveit and Aastveit (1984)
found no significant correlation between stability of straw length and of grain yield.

The oligogenic or polygenic control of traits has an influence on the variance of
traits. In the present study polygenically controlled traits, such as grain and straw
yield, were actually the most variable traits. Although one of the most obvious
traits affected by environment is height, it was the most stable of the nine traits
studied.

The correlation of grain yield with the two stability parameters, s’log, and b, was
different, not significant in the first, and positive (r = 0.56) in the second. In the
present study consistently high-yielding varieties (b above 1.0) gave the highest
grain yield, as they responded to improved conditions better than low-yielding
varieties. Similar conclusions were reached in other studies (Adegoke and Frey
1987; Westcott 1987; Hadjichristodoulou 1988).
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It can be concluded that stability of traits is genetically controlled, stability of one
trait is often associated with stability of other traits and that high grain yield is
associated with stability of harvest index, number of grains/spike and heading date.
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Discussion

Ahmad Al-Rawi
What are the reasons for the high yields you get in Cyprus, where rainfall is the
same as in the other areas?

A. Hadjichristodoulou

The production of grain expressed in kg of grain ha' mm™ of rainfall is relatively
high. In a study conducted by ICARDA in 1977-1978, using a trial as the same
varieties grown in many countries in the region, barley in Cyprus produced 12.5
kg of grain ha! mm rainfall, while in other countries the production was lower,
as low as 4 kg ha' mm rainfall. The reasons are that the winters of Cyprus are
mild compared with, for example, Syria and Jordan, and the plants continue to
grow in the winter, when water use efficiency is high. Secondly, Cyprus farmers,
from 50 years ago, apply modern practices such as fertilizer use, optimum sowing
date, mechanical sowing and harvesting.

M. Ababneh
In terms of seed production what is the major yield component: number of main
spikes/unit area or number of tillers/unit area?

A. Hadjichristodoulou

Consistently high grain yield over a wide range of conditions can be obtained from
varieties giving high number of tillers and having high stability of number of
tillers/m? (or plasticity of tillering capacity/plant). Such varieties will produce an
average of one tiller/plant if all seeds germinate. But in dry areas, very frequently
a significant percentage of the seeds do not germinate because of inadequate soil
moisture to support the seedlings up to the tillering stage. In this case, the
established plants produce more than one tiller in order to fill all the space
available, producing secondary tillers. Faced with this situation, the breeder must
select single plants in F,-F, generation having 3-6 tillers, more or less of the same
height and earliness as the main tiller. Varieties developed in this way will not
suffer from low-yielding secondary tillers.

S. Ceccarelli

1. At what stage should we screen for variety of adaptive traits?
2. Are there conditions that are best for screening for stability of tillering?
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A. Hadjichristodoulou

1. At the beginning the breeder must identify which traits are the major causes of
variation in grain yield. Then the optimum values and stability of these traits must
be determined for each region. The method of using stability of adaptive traits
must be applied from the F, generation, when no yield data are recorded, but also
in yield trials, when grain yield is recorded, in order to eliminate genotype X
environment (year) interaction.

2. The easiest way to test for stability of tillering is to test genotypes (varieties)
under two seed rates, one low (30 kg/ha) and one high (100-120 kg/ha). The
genotypes with a high number of tillers/m? under both seed rates are expected to
have stability of tillering/unit area. Also, testing under two contrasting conditions,
one favoring good stand (high rainfall) and one causing extremely low stand (dry
conditions), will give a test for stability of tillers.

A. Al-Rawi
Do you think that new technique will enhance genetic gain in barley in the near
future? It seems that classical genetics is very slow in the breeding process.

A. Hadjichristodoulou

Your question actually refers to the comparison of conventional breeding with the
new biotechnology techniques (genetic engineering). At present, very little from
the new methodology can be directly applied to breeding in dry areas. Definitely,
the new technology will increase the efficiency of breeding. However, for the time
being, breeders have to rely on the existing knowledge. When the new technology
reaches the stage of application, it will concern mainly the development of new
germplasm. Testing this material for adaptation to dry areas and for consistency of
performance will have to be done with available selection strategies. Therefore, the
development of such methods, as discussed in the paper, will definitely enhance
genetic gain in barley breeding.
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Improved Varieties and their Influence on
Barley Productivity in the Limited Rainfall
Region of Northern Iraq

Adnan H. Adary and Kassim K. Kassim
IPA Agricultural Research Center, Baghdad, Iragq

Abstract

This paper presents the efforts made to introduce and spread new barley varieties
in the limited rainfall region (200-350 mm) of Northern Iraq. The new cultivars
were Gezira 1 (6-row black barley) and Rihane 03 (6-row white barley). The local
black (2-row black barley) was used as a check. The experiments were conducted
at seven locations: Kirkuk, Fatsa, Ain Husan, Hukna, Kahriz, Mosul and Tel-
Marak of Al-Gezira region. The area of the experiments ranged from 250 n’ to
12.5 ha at different localities. Rihane 03 exceeded the local black by 14% in straw
yield and 31% in grain yield (3223.3 and 2513.0 kg/ha, respectively). It also
exceeded Gezira 1 by 42% in straw and 19% in grain yield. A field day for 63
farmers demonstrated the acceptability of Rihane 03 and the farmers requested seed
of the new varieties.

Introduction

Barley (Hordeum vulgare L.) is the second largest cereal crop after wheat in both
area and production in Iraq. The total area in 1984/85 was 1.45 million hectares
with a total production of 1.33 million tons (average of 919.2 kg/ha; Adary 1989).
Most barley is grown in the limited rainfall zone (200-350 mm) because it is better
adapted to drought conditions than wheat (Adary er al. 1991). However, very
limited work has been done to breed or introduce new barley cultivars to the
region. Local black barley is widely grown by farmers in the region, but little
work has been done to improve this variety through mass selection (Al-Fakhry
1981) or crossing.

Introduction of new barley cultivars is common in Iraq. This has resulted in many
introductions of barley, including Supergelan (1932), California Mariout (1936),
Balady 265 (1939), Arivat (1961), Numar (1971), CM67 (1971) and Gezira 120
(1973). None of these cultivars have been used in large-scale production in Al-
Gezira.
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Rihane 03 was introduced to the region in 1985. During the test period (1986 to
1989) it exceeded the local black at Hammam Al-Alile by 33 to 124% with a
rainfall range from 204 to 540 mm (Anonymous 1985). Under one supplementary
irrigation at heading time with 80 kg N and P/ha, Rihane 03 gave a yield of 4442
kg/ha whereas the local Aswad gave 2296 kg/ha ICARDA 1983).

The aim of the study reported in this paper was to introduce improved cultivars to
the farmers’ fields and study their adaptation at different locations in the Al-Gezira
region,

Materials and Methods

Two improved cultivars were used: Gezira 1 (an improved cultivar resulting from
the cross of Arivat X local Aswad produced by the Ministry of Agriculture and
Irrigation) and Rihane 03 (an introduction from ICARDA in 1985). The local black
was used as a check cultivar. These cultivars were planted at seven locations (250
m? to 12.5 ha) during the 1991/92 growing season: Kirkuk, Kahriz, Fatsa, Ain
Husan, Hukna, Tel-Marak and Mosul. The rate of planting was 120 kg/ha and the
planted area was fertilized by compound fertilizer N-P-K, 27-27-0 at a rate of 160
kg/ha. Modern seed drills were used to plant these cultivars under rain-fed
conditions. A field day was held for 63 farmers of Al-Gezira where they observed
the crop during near-maturation stage at Al-Fatsa (18 May 1992).

At maturity, 10 samples, each of 1 m?, were harvested at random from each field
to estimate biological yield, straw yield, grain yield and plant height. A total
harvest of the field was done by combine for each field to obtain the actual grain
yield per unit area, although some grain loss occurred because of different times
of harvest in each area.

Results and Discussion
Productivity of Rihane
Productivity of Rihane over different localities is presented in Table 1. The
production per unit area ranged from 1240 kg/ha at Kahriz to 3400 kg/ha at Mosul.
As mentioned before, these rates are lower than that based on samples (Table 2).
The productivity levels of Rihane at different locations were acceptable under the

limited rainfall conditions and it is recommended that this variety be increased and
distributed for large-scale production on farmers’ fields.
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Table 1. Productiont of Rihane 03 in Iraq, 1991/92.

Farmer Location Area (ha) Yield (kg/ha)
M. Abdul Rahman Fatsa 2.0 1414.0
N. Jalood Hukna 2.0 2041.5
J. Al-Hasney Kahriz 25 1240.0
A. Zugair Ain Husan 2.0 1920.0
M. Sadoon Tel-Marak 1.5 2120.0
Kirkuk Station Kirkuk 12.5 1840.0
Mosul Station Mosul 250 m? 3400.0

+ Based on total harvest of the field.

Table 2. Estimatest of agronomic characters of Rihane 03 at different
locations, 1991/92.

Plant
Biological Grain yield Harvest height

Location yield (kg/ha) (kg/ha) index (cm)
Fatsa 4910 2682.5 0.56 68.4
Kirkuk 4656 2323.3 0.50 87.8
Kahriz 5206 2580.0 0.50 68.0
Mosul 10624 4555.5 0.43 97.4
Ain Husan 6176 1814.0 0.29 66.7
Hukna 5140 2832.0 0.55 60.0

+ Based on 10 samples of 1 nr.

Comparison of Rihane 03, Gezira 1 and Local Aswad

Table 3 shows straw and grain yields for Gezira 1, Rihane 03 and local Aswad at
four locations. Rihane 03 gave the highest straw yield at Fatsa, Hukna and Ain
Husan. However, at Kahriz, the local Aswad gave the highest. The range of straw
yield for Rihane 03 was 2504 to 4362 kg/ha in different regions. For Gezira 1, the
range was from 1888 at Fatsa to 2692 kg/ha at Ain Husan. Rihane 03 exceeded
both Gezira 1 and the local Aswad at Al-Fatsa, Hukna and Kahriz. At Ain Husan,
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Gezira 1 was the highest. On the average over all locations, Rihane 03 gave 14%
increase in straw yield and 29% in grain yield over the local Aswad. This result
is in agreement with the results reported previously JCARDA 1983; Anonymous
1985). Gezira 1 exceeded the local Aswad by 9.8% in grain yield but it gave 19%
less in straw yield. Also, Rihane exceeded Gezira 1 in straw yield by 42% and
grain yield by 19% (Table 3).

Table 3. Straw and grain yields (kg/ha) for three barley varieties, 1991/92.

Rihane 03 Gezira 1 Local Aswad
Location Straw  Grain Straw  Grain Straw  Grain
Fatsa 2504 2682 1888 1624 2246 1510
Hukna 2790 2832 2052 2274 1908 1862
Ain Husan 4362 1814 2692 2468 3850 2120
Kahriz 3238 2580 2474 2068 3256 2186
Mean 3223 2477 2276 2108 2825 1919
Increase (%) over
Local 14 29 -19 10
Gezira 42 19 24 -9
Conclusions

According to the results obtained from this research, it is evident that productivity
of the improved cultivars Rihane 03 and Gezira 1 is at acceptable levels under the
limited rainfall conditions of northern Iraq. Thus they are recommended for
increase and distribution to the farmers of the region.
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Discussion

S. Ceccarelli
Under drought, 6-vow varieties have lower harvest index than 2-row varieties,
whereas plant height is the reverse.

A. Adary
I agree with that but in one test in Al-Gezira we didn’t get enough real drought to
notice this relationship.

M. Ababneh
Is there any positive correlation between plant height and harvest index in this
study?

A. Adary

The correlation coefficients between plant height and harvest index were not
calculated in this study.
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Effect of Improved Varieties and Fertilizer on
Barley Yield in Jordan

Qassem Mamdouh, Hussein Saleh and Ali Ghraibeh
National Center for Agricultural Research and Technology Transfer, Amman,
Jordan

Abstract

On-farm demonstrations were conducted through the Mashreq Project to show
farmers the effect of improved barley varieties and fertilization on increasing grain
and straw yield. The demonstrations were in the north, center and south of Jordan,
with 19 demonstration in the 1989/90 season, 18 in 1990/91 and 34 in the 1991/92
season. Results over locations and seasons showed that grain yield can be increased
by 14.7% when using the improved variety Rum and by 40.7% when fertilizer is
applied. On the other hand, straw yield was increased by 19.3% as a result of
using the improved variety and by 34.6% in response to fertilization. There is a
need for more demonstrations to extend the technology to more farmers, which will
eventually result in high barley productivity at the farmer and the national levels.
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Improved Cultivars and their Effect on Barley
Yield Improvement

Baha Eldin Jamal and Ahmad Baleh
Directorate of Agricultural Scientific Research, Douma, Damascus, Syria

Abstract

Several promising barley lines were evaluated in farmers’ fields to show farmers
the potential of these cultivars under different cultural practices. The tests were
conducted in Zones 2 and 3 in northern Syria. In Zone 2 (250-350 mm annual
rainfall), Furat 1 and the local were compared under four treatments in the 1989
and 1991 seasons: (1) farmer’s practice, (2) farmer’s practice + fertilizer, (3)
farmer’s practice + herbicide and (4) farmer’s practice + fertilizer + herbicide.
In the 1991/92 season, only treatments with and without fertilizer were used. Furat
1 gave an increase in grain yield over the local which was 15% under the farmer’s
practice, 4% with fertilizer, 20% with herbicide and 10% when both fertilizer and
herbicides were used. In Zone 3 (250 mm annual rainfall), the demonstration
included several promising barley lines. Only fertilizer treatments were applied and
compared with no fertilization. In the three seasons barley showed a significant
response to fertilizer. The promising cultivar WI 2291 showed superiority for straw
yield over the other cultivars, and also had the highest response to fertilizer (a 44%
increase in yield).
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Improving Performance of Awassi Flocks by
Modifying Feeding

T.T. Treacher, A. Goodchild, F. Bahhady and S. Filo
ICARDA, Aleppo, Syria

Abstract

In the Mashreq region most sheep are still kept in nomadic or semi-nomadic
systems, which utilize range and crop by-products in addition to having long
periods of hand-feeding. These systems present special problems for research and
extension. Although we have little indication of how relevant western feeding
standards are for Awassis, there is little alternative to using them as a basis for
ration formulation. The energy cost of walking large distances (> 5 km/day) to
graze very sparse vegetation for most of the year may exceed the intakes of energy
from the herbage. The small intakes of herbage may, however, be critical in
preventing mineral and vitamin deficiencies in current systems, in which mineral
and vitamin supplements are not fed. Fertility and prolificacy can be increased by
improving liveweight and level of feeding before mating. However, more
information is needed on the intake of nutrients from grazing cereal stubbles, the
main feed source in the mating period (June-September), and the changes in
nutrient intake if sheep are fed protein or energy supplements while grazing
stubble. There is some evidence that the feeding levels used by farmers in Syria
in late pregnancy and early lactation are above the energy requirements for the
level of production of the ewes. The lack of response to these high-energy intakes
may be due to the use of diets that are deficient in protein. This paper discusses
some of the nutritional problems of Awassi sheep with the aim of developing
guidelines for the management of nutrition in the different systems in the region.

Introduction

In many countries, guidelines to help flockowners manage the nutrition of sheep
flocks throughout the annual cycle have been developed by combining information
from feeding standards, experimentation on responses of performance of ewes to
level of nutrition and practical experience. There are considerable problems in
developing similar guidelines for Awassi and other fat-tail breeds for use in the
systems of West Asia. There has been little experimentation on the nutrition of
these breeds and there are few indications of how far the feeding standards
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developed in northwest Europe, the USA and Australia from calorimetry and
detailed experimentation on small numbers of thin-tail sheep are relevant to fat-tail
breeds. There is little alternative to using them as a starting point.

A large proportion of the sheep in the region are kept in flocks that are nomadic
or semi-nomadic (75% in Syria). The application of guidelines for management of
nutrition is not easy in these systems, but, in other parts of the world, guidelines
have been developed, using patterns of change in body condition or weight, for the
management of systems in which the sheep are at pasture throughout the year. All
the systems in West Asia now have a period of 100-150 days in winter and early
spring in which the sheep are dependent on hand-feeding of feedstuffs from the
cropping areas. In most flocks, this period includes late pregnancy and early
lactation, the periods with highest nutrient requirements. In view of the length of
this feeding period and its importance for the productivity of the flock,
considerable savings could occur if the right amounts of correctly formulated
rations were fed, resulting in reduced intakes, increased efficiency of food
utilization, or improved performance.

In this paper, we have taken the guidelines developed for the management of ewe
flocks in Britain as a starting point for managing the nutrition of ewes of fat-tail
breeds. The British guidelines (MLC 1988) were based on feeding standards
published by ARC (1980, 1984) and MAFF (1984), with some modification of the
protein requirements in pregnancy as a result of experimental results.

Maintenance Requirements

There is a difficulty in deciding, in the absence of experimental data, the probable
maintenance requirements of ewes that spend many hours each day throughout the
year walking and grazing, often in very sparse vegetation.

In his analysis of survey data on sheep-feeding systems in northern Syria, Thomson
(1987) increased the MAFF maintenance allowance, which already contains an
allowance for grazing activity, by 30% to allow for the long distances walked by
the flocks. This would allow for walking 10.5 km on flat land, or 100 m vertically
and 9.4 km horizontally, using the ARC (1980) values of 2.6 and 28.0 kJ kg’
liveweight km™ for the horizontal and vertical components of walking, respectively,
and assuming that efficiency of use of energy for muscular work is the same as for
maintenance. C. Prieto (Estacién Experimental del Zaidén, Granada: pers. comm.)
estimated that the energy cost for goats of walking and grazing in poor mountain
pastures in southern Spain was 11% of maintenance requirement. A survey by
Jaubert and Oglah (1987) found that flocks taken to graze rangeland for
approximately 5 hours/day in winter consumed 20% more feed/head than the ewes
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in flocks that remained in the village. The performance was similar in both groups
of flocks, suggesting that walking long distances to graze poor pasture in winter
has a greater cost than the intake obtained.

More data are needed on the energy cost of grazing sparsely vegetated rangeland.
The limited information available calls into question the practice, almost universal
at present in the region, of taking flocks to graze all through the winter, even when
feeding them large amounts of other feeds at other times of the day.

Currently, at least in Syria, the contribution of rangeland grazing to the flock’s
annual energy requirements is low and falling. Thomson ef al. (1989) calculated
that the contribution ranged from 25 to 50% in the three villages in the survey.
The 25% contribution of rangeland fell to less than 15% in the year with below-
average rainfall, in which the period of hand-feeding was extended by 50%. Since
then, the contribution has certainly fallen, as sheep numbers have increased by
50% in Syria and the rangeland has been further degraded. Grazing in rangeland
may make a slightly greater contribution to protein intake than to energy intake,
as the protein content of many range plants, especially in spring, is higher than that
of many of the feeds used. Range grazing might make a vital contribution to the
intake of minerals and vitamins in the current systems, in which minerals and
vitamins are not added to the diets or made available on a free access basis. The
appearance of symptoms of vitamin E/selenium deficiency in lambs in Syria
following the dry years of 1990 and 1991, in which there was very little growth
of rangeland, supports the suggestion that the small intakes of herbage from the
range are critical for the avoidance of deficiencies in the current systems.

It seems probable that substantial savings in feed could result from eliminating
grazing in rangeland in winter and early spring, when herbage growth is negligible
and feed requirements high, and feeding correctly formulated diets that include
minerals and vitamins. This could lead to a beneficial resting of rangeland, if all
flockowners in an area made this change in management. Experimentation and
on-farm trials are needed to test the benefits and costs of this change in
management.

Nutrition at Mating

Most surveys show that lambing percentages (defined as the number of lambs
reared per 100 ewes put to the ram) are low in flocks in West Asia. For example,
in the survey published by Thomson et al. (1989), 87 lambs were born per 100
ewes put to the ram, but this fell to 65% lambs reared because the percentage of
lambs reared was only 75%. Although many factors, including breed, disease (both
in ewes in pregnancy and in lambs) and management at lambing time, can affect

159



lambing percentage, nutrition before and at mating can affect the proportion of both
barren ewes and of ewes producing twin lambs.

Great emphasis was put in the past on the effects on the lambing percentage of
flushing, the practice of giving a high level of nutrition for 2 or 3 weeks before
mating started. An analysis by Coop (1962) clearly showed that two separate
effects of nutrition occur at mating. One is an effect of the body condition (or
weight) of the ewes, which Coop called the static effect, and the second is the
effect of current level of nutrition, the dynamic effect. Body condition at mating
was found to have the larger effect on lambing percentage, with the actual level of
nutrition at the time of mating being less important, except in very thin ewes. A
large amount of experimentation subsequently has confirmed the effect of body
condition at mating on the number of ova shed from the ovaries at oestrous,
although there are a few breeds (e.g., Cheviot and Finnish Landrace) in which
there is little or no effect.

Effects on fertility of liveweight at mating have been demonstrated in Awassi ewes.
Thomson and Bahhady (1988) found that weight at mating affected lambing rate,
defined as the number of pregnant ewes per 100 ewes put to the ram, up to a
weight of about 53 kg, with no further response at higher weights (Table 1). A
small proportion of ewes (2-4%) weighing more than 43 kg produced twin lambs.
Similarly, in a long-term stocking rate experiment (MLC 1982) at ICARDA,
lambing percentage increased above 100% in some years, when weight at mating
was above 50 kg. These results come from experiments in which different
nutritional levels were imposed for long periods and thus do not allow a separation
of the effects of body condition and of current nutrition. It is important that
research is carried out to estimate the magnitude of the static and dynamic effects
in fat-tail breeds, as, in West Asia, they are generally mated when they are grazing
cereal stubble and may be subjected to wide fluctuations in nutrient intake, as they
move on to, and then graze down, individual areas of stubble. It is, therefore, very
important to know at what range of body condition the fertility of the fat-tail ewe
is likely to be affected by level of nutrition at mating.

Stubble Grazing

In the West Asia region, mating and a large part of pregnancy occur while ewes
are grazing stubble, and thus clear information is needed on the intakes of nutrients
by ewes grazing stubble and on their responses to high-energy or high-protein
supplements. Data exist from Morocco (Guessous et al. 1989) and now from
ICARDA, where intakes of heads, leaf and stem were calculated from quadrats cut
at intervals of 2 to 5 days as sheep grazed barley stubble for 28 days at stocking
rates of 20, 40 and 60 sheep/ha (ICARDA 1992). As intakes of heads and leaf
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Table 1. Effect of liveweight at mating on fertility of Awassi ewes (Thomson
and Bahhady 1988).

Mean weight (kg)
340 395 435 485 525 57.0
Lambing ratet 76 71 95 93 100 100
Percentage of twins 0 0 2 2 4 0

1 Lambing rate = (No. ewes pregnant/no. ewes put to ram) x 100.

declined and of stem increased, the intakes of nutrients declined rapidly: at 40
sheep/ha from 14 MJ of metabolizable energy (ME) and 80 g of crude protein (CP)
on day 3 of the grazing period, to 6 MJ and 20 g on day 12 and 2 MJ and 1 g on
day 22.

Early Pregnancy (Months 1-3)

The fertilized ovum is at first free in the uterus, but, at about day 18 of pregnancy,
implantation in the wall of the uterus takes place and development of the placenta
starts. The placenta and uterus continue to grow through the first 3 months of
pregnancy. At the end of the third month the placenta is fully developed and the
uterus only increases slightly in weight by the end of pregnancy (Table 2). The
foetus or foetuses are, however, very small at 3 months. A single foetus in a 45-kg
ewe only weighs about 0.6 kg, 13% of its weight at lambing, and twin foetuses
will have a total weight of about 1.7 kg, 21% of their final weight.

The proportion of fertilized ova implanted is affected by extremes of both high and
low nutrition and by high temperature. Implantation in fat-tail ewes mated in
midsummer in West Asia may be reduced by very high temperatures and
fluctuating nutrient intake, if ewes are forced to completely utilize stubbles.
Immediately after mating, the management should be adjusted to ensure that intakes
are not below maintenance. This may be difficult to achieve in flocks mated over
a long period.

A few studies have shown that very low nutrition in the second and third months
of pregnancy can slow the development of the placenta and reduce its final size,
which in turn can limit the transfer of nutrients from the mother to the foetus in the
last weeks of pregnancy and result in a smaller foews at lambing. A maintenance
level of nutrition (6.3 MJ of ME and 65 g CP/day for a 45-kg ewe) is certainly
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adequate to avoid these effects and, in ewes in good body condition, a reduction
in body weight of up to 7% in months 2 and 3 of pregnancy will have no effect on
the subsequent growth of the foetus. Such reductions, however, are difficult to
manage in flocks with wide spreads in the dates of mating, as ewes will still be
coming into first fertile oestrous, or be at the stage of implantation, when other
ewes have reached the end of their first month of pregnancy.

Table 2. Weights of the products of conception (kg) in a 45-kg ewe with a
single foetus (Robinson et al. 1977).

Days after

conception Uterus Placenta Fluids Foetus
60 0.31 0.44 0.45 0.05
90 0.43 0.69 0.99 0.56
120 0.60 0.69 0.81 2.26
135 0.18 0.69 0.75 3.70
145 0.77 0.69 1.13 4.57

Late Pregnancy (Months 4 and 5)

In the last 2 months of pregnancy, the growth of the foetus or foetuses is rapid
(Table 2) and, as the efficiency of conversion of energy to foetal growth is very
low (approximately 0.13), nutrient allowances (Table 3) increase rapidly. In the
last 2 weeks of pregnancy, the energy allowances are 40 and 65% higher in ewes
with single and twin foetuses, respectively, than the allowance required in months
2 and 3 of pregnancy. Protein requirements in pregnancy are supplied if the diet
contains 10 g CP/MJ of ME, except for ewes with twin foetuses, which need a diet
with minimum protein:energy ratio of 12.7 g/MJ of ME in the last 2 weeks of
pregnancy. The allowances in Table 3 are for a diet with a high energy
concentration of approximately 11 MI/kg DM. Diets with lower energy
concentrations will require higher intakes of energy and protein. For example, for
a diet with an ME concentration of 8 MJ/kg DM, the allowances are 10% higher.
Not only are higher intakes of nutrients required on poorer quality diets, but it is
more difficult to supply them, as voluntary intakes of diets with lower energy
concentration are lower than those of higher density diets.
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Table 3. Metabolizable energy allowances (MJ/day) for maintenance and in
late pregnancy for a 45-kg ewe on a diet with a ME concentration of 11 MJ/kg
DM (MAFF 1984).

Weeks before lambing
6 4 2
Maintenance 6.3
Single foetus 7.2 8.0 8.8
Twin foetuses 7.7 8.9 10.3

More than 90% of the secretory tissue in the udder is laid down in the last 50 days
of pregnancy, with a little deposition still continuing in the first few days of
lactation. Underfeeding in late pregnancy results in a reduction in the secretion of
colostrum and a delay of several hours in the onset of full lactation after lambing.
This is more common in ewes with twin foetuses that have had a diet with low
protein content. Very severe undernutrition, resulting in a large reduction in lamb
birthweight, can lead to reduction of milk yield in the subsequent lactation of
10-35%.

In West Asia, flocks are usually fed diets consisting almost entirely of straw during
pregnancy. Calculations suggest that on these diets the intakes are less than the
allowances, especially for protein. Experimentation is needed to assess the extent
of reductions in birthweight resulting from feeding predominantly straw in late
pregnancy and the responses to feeding supplements to bring the intakes of
nutrients close to the nutrient allowances.

Lactation

Nutrient allowances for lactation are difficult to state, as underfed ewes can
maintain a high level of milk production by utilizing fat reserves if the withdrawal
stimulus by the lambs is strong. Only about 10% of total body protein is labile and
can be mobilized to support lactation. For example, in a 45-kg ewe the mobilized
protein will be sufficient for only 6 kg of milk. In early lactation, therefore,
protein intake has a greater effect on milk production than energy intake.

The intakes of ewes producing 1 kg of milk/day, which is sufficient for the lamb

to grow at 200 g/day, have to be substantially increased above the allowances in
late pregnancy. Energy and protein intakes have to be increased by 60% in early
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lactation (Table 4) to prevent utilization of any body reserves. In ewes losing 0.5
of a condition score in the first 6 weeks of lactation (3 kg in a 45-kg ewe) an
increase in energy intake of 30% is needed but protein intake needs to increase by
65%, as the absolute requirement for protein is slightly higher than for a ewe
maintaining weight.

Table 4. Daily allowances in lactation for metabolizable energy and crude
protein for 45-kg ewe (MLC 1982).

Change in Energy (MJ) Protein (g)
Milk yield (kg) body scoret
1.0 0 14.2 140
-0.5 11.4 145
1.5 0 17.7 180
-0.5 15.0 210

1 In the first 6 weeks of lactation.

Survey data from northern Syria indicate that flockowners usually increase feeding
in lactation by offering large amounts (> 1 kg) of barley or mixtures of
concentrated feedstuffs, such as cottonseed cake, wheat bran, bread and sugar beet
pulp. Daily intakes between November and February in 2 years were 17.0 MJ of
ME and 170 g CP, almost sufficient for ewes producing 1.5 kg of milk/day, rather
than the 0.8 kg that the lamb growth rate of approximately 160 g/day indicates was
actually produced (Jaubert and Oglah 1987). Jaubert and Oglah suggest that part
of the poor average response to the level of feeding in lactation may result from
a proportion of the ewes being in low body condition at lambing because of poor
feeding in pregnancy. In other situations, where high ratios of barley:straw are fed,
the diet may be deficient in protein for lactating ewes.
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Discussion

H. Nabulsi

1. Feeding sheep in lots during the winter gives a time of rest to rangelands and
avoids tracking over small plants.

2. Stubble intake depends on stocking rate. The herder must keep an eye on the
score and condition of his flock so as to supplement the feed if necessary.

T. Treacher

1. I think the possibility of improving rangeland by eliminating or minimizing
grazing in winter and early spring is important and could actually save feed, if
there is a high energy cost to grazing sparse pasture.

2. I am sure that a good shepherd can do much to prevent undernutrition in the
stubble grazing period by watching his sheep. As mating usually takes place during
the period when stubble is grazed, it is very important to define the optimal range
of body condition at mating. This will enable adjustment of management so that the
majority of the flock are in a condition in which the current level of nutrition,
unless very extreme, will have little effect on the fertility of the flock.

M. Harb
How could you measure maintenance level without using the very expensive
calorimetric method?

T. Treacher

By doing experimentation on the level of feeding, which will give us some
indication of the requirements.
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M. Harb
Do you think that a complete correct diet should be prepared to be supplemented
in winter?

T. Treacher

Complete diets could be used but they are expensive as they have to be prepared
using expensive machinery. I feel the real need is to give information to farmers
so they are more fully aware of the nutritive value of different feeds available at
the moment and how to combine them to give a resonably well-balanced diet.
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Recent Work at ICARDA on the Quality of
Feeds and Supplementation Strategies

A.V. Goodchild, T. Treacher, S. Rihawi and A. Termanini
ICARDA, Aleppo, Syria

Abstract

This paper summarizes 10 years of results of ICARDA’s experiments on barley
straw quality. The work aims to provide cereal breeders with a rapid means of
predicting the nutritive value of straw, especially in years when it is likely to be
of poor quality. Sheep were fed up to nine different varieties of barley straw grown
in 10 years having typical year-to-year rainfall variation. Straw varieties were
ranked on the basis of their long-term mean voluntary intakes. Differences between
varieties were more consistent in years of good grain yield, in which straw
production was also high but of relatively poor quality. The ranking of varieties
was well correlated with in vitro digestibility, acid detergent fibre and rate of gas
production in vitro, but not with protein content because the ranking of varieties
for protein content changes from year to year. Voluntary intake of varieties has
recently been predicted well by near infra red spectroscopy.

Recent experiments investigated the best use of supplements. Changing the time at
which concentrate supplements are fed relative to grazing straw or stubble can be
a cost-free management intervention. Feeding a supplement at, or 4 hours before,
feeding straw resulted in higher intakes of straw than feeding it 4 hours after straw.
Both barley and cottonseed cake supplements increased straw intake by up to 50%.
Urea treatment is often used to increase the digestibility and voluntary intake of
straw. The digestible organic matter intake of sheep fed low-protein barley straw
was 288 g, of urea-treated straw 556 g and of urea-supplemented straw as much
as 450 g. The beneficial supplementary effects of Atriplex halimus browse, Salsola
vermiculata browse, pea straw and common vetch straw were assessed as
replacements for conventional supplements such as cottonseed cake.

Intake of Barley Straw Varieties
When ICARDA in the early years tried to introduce a high-yielding barley variety

(Beecher) to farmers, they reported that the sheep did not like to eat the straw, and
occasionally bled in the mouth when they did eat it. Since then, animal nutritionists
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have been cooperating with barley breeders in finding quick ways to screen barley
varieties for quality early in the breeding programs.

It is not possible to give a fixed definition of barley straw quality because sheep
benefit from characteristics of the straw in different ways according to how much
straw is fed, what other feeds are in the diet, and how much the sheep are expected
to produce. ICARDA has assumed that straw provides most of the dietary dry
matter, and that if farmers feed supplements they will be minimal in quantity and
cost. In ICARDA trials, the variety preferences of lactating sheep have been
similar to those of sheep that do not need much more than maintenance energy
(i.e., not growing, pregnant or lactating).

The benchmark measure of quality is voluntary intake, which is closely correlated
with metabolizable energy intake, which is in turn an excellent predictor of
performance. The problem is that voluntary intake measurements have to be
replicated to be meaningful, and are therefore expensive and cannot be performed
on small samples of experimental varieties.

Currently we are developing quick routine tests that can be done on coarsely milled
samples of straw. We have been working mainly with chemical tests, but
behavioral tests (e.g., palatability) and micro-anatomical measurements (e.g., cell
wall thickness distribution) are also possible. This is because it is easy to store and
sample milled straw and, if needed, analyses can be repeated at any time for extra
precision. In the past, we have measured characteristics that can be estimated on
the intact straw such as leaf to stem ratio or plant height. However, plant height,
itself a desirable economic character, is negatively correlated with leafiness, a
component of straw value. Therefore, so as not to have conflicting breeding aims,
we must ensure that stems as well as leaves have good nutritive value.

A second reason for using laboratory measurements is that we can use them to
predict voluntary intake directly. Laboratory measures include Near Infra-red
Reflectance Spectroscopy, which can be applied to a large number of samples and
has been successfully calibrated (by Fuad Jabi el-Haramein at ICARDA) against
voluntary intake.

Variation in Barley Straw Quality

Year-to-year differences in weather are the most important cause of variation of
barley straw quality. Nutritional value is closely correlated with rainfall in the three
months before maturity, February to April in Tel Hadya. Table 1 shows some
averages of intake and other indicators of nutritive value for several years of
differing spring rainfall.
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Differences in quality between varieties are most important to farmers in years with
high rainfall, when straw tends to be of low quality, particularly if farmers can be
persuaded to store straw for feeding in drier years. Fortunately, it is in the wet
years that straw quality is most consistently affected by variety (Table 2). We also
found that differences between varieties were most stable when we gave
supplements to prevent protein deficiency. Since the protein content of straw varies
unpredictably from one year to another, supplementation of sheep with protein
allows the more stable characteristics such as fiber content and fiber quality to have
a greater effect on intake. Sheep respond to protein supplements in smaller
quantities than energy supplements, as will be shown in the next section, even
though there is not a great difference in the cost per kg between, say, barley grain
and cottonseed cake in the Mashreq region.

The last column in Table 3 (overall mean intake) is a sort of "genetic merit score”
for nutritive value. Where we did digestibility trials, the digestible organic matter
intakes were always closely correlated with voluntary organic matter intakes.

We have been looking at different chemical and physical tests to see which of them
are best correlated with the merit score just mentioned. The best relationships are
for in vitro digestibility, acid detergent fibre, and near infra-red predictions of
intake. When we predicted digestibility or fiber by near infra-red, the result was

Table 1. Relationship between quality indicators and spring rainfall in nine
barley straw varieties.

OM intake NDFf ADF ADL DOMD N

Rainfall (g/54 kg

Year (mm)t bodywt.) ~  “cTtomoeteteomeoees (g’kg DM) -----mmmoomooeee

1989 24 1632 674 328 32 598 10.6
1990 73 1115 755 391 564 6.6
1984 82 1006 746 426 426 4.7
1985 95 982 732 422 49 409 53
1983 118 740 738 472 377 4.9
1986 124 892 794 480 67 414 4.1
1982 126 933 769 439 388 5.3
1988 219 627 796 484 76 392 3.0

+ February to April.
${ OM = organic matter; NDF = neutral detergent fiber; ADF = acid detergent fiber;
ADL = acid detergent lignin; DOMD = digestible OM in dry matter; N = nitrogen.
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Table 2. Correlations between actual intakes and overall mean intaket of
different barley straw varieties by Awassi sheep.

Unsupplemented Supplemented

Year r No. vars. r No. vars.

Wet springs (115-230 mm, Feb-Apr)

1983 0.96, 0.98 3

1986 0.89 4 0.70, 0.58 4
1986 0.94, 0.64 4
1988 0.66, 0.47 4 0.97 4
1988 0.74 9

Dry springs (20-110 mm, Feb-Apr)

1984 0.46 8 0.69, 0.94 4
1985 0.51 9 0.71 9
1989 0.01 4

1989 0.23 6

t See Table 3.

also well correlated with merit score. Protein content, for reasons just mentioned,
and the electrical energy needed to grind the sample (Hohenheim University
results), were poorly correlated with merit score. Generally, the relationships were
best when straw was harvested after a dry spring.

Times of Feeding Supplement and Straw

The time of day at which to feed concentrate supplements (relative to when stubble
is grazed or straw is fed) is a simple, cost-free management decision. Supplements
can be fed, for example, before grazing, at midday, after grazing or during the
night. Farmers have traditionally fed supplements in the evening after animals have
been grazing. They claim that if they feed supplements such as barley in the
morning, sheep will eat less when grazing and, if they feed supplements in the
evening, they will keep sheep warm at night. We have performed two experiments
with ewe lambs to measure whether any difference results from feeding a
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supplement at one time of day rather than another. Supplements that help rumen
microbes to ferment fibre could be most effective if fed in the morning and low-
protein supplements might depress fibre digestion least if they were fed later than
the straw.

Voluntary Intake

In the first experiment we fed supplements 3.5 hours before, at the same time as,
and 3.5 hours after ¢tibn. In the second experiment the relevant time intervals were
4 hours. The supplements were cottonseed cake (low and high levels in the
respective experiments), barley, and the same quantity of barley with urea (in the
second experiment only). The quantities are shown in Table 4. We used Awassi
ewe lambs in digestibility crates fed ad libitum. The experiment included 11 days
in which sheep became adapted to the diets and 10 days in which we measured the
quantity and composition of feed, refused feed and feces. There were 4 and 3
sheep on each treatment weighing about 39 kg.

Digestibility

In the first experiment all supplements provided the same amount of protein, and
in the second experiment they all provided the same amount of digestible organic
matter. The effect of time of feeding was not significant, but there did seem to be
an advantage in feeding cottonseed cake at the same time as tibn in both
experiments (Table 4). This was not true when barley was fed.

Barley caused the intake of ¢ibn to increase, by 27-44% in the first and 19-27% in
the second experiment. Cottonseed cake increased tibn intake by 33-54 and 29-
54%, respectively. Urea did not increase the intake of barley-tibn diets, suggesting
they already contained sufficient rumen-degradable protein. Both supplements
increased straw digestible organic matter intake by a slightly greater percentage
than they increased straw intake.

Urea Treatment, Urea Supplementation and Coarse Milling

Farmers in the Middle East have a number of different options for improving
straw-based rations for sheep. They have traditionally chopped or coarsely milled
cereal straw to produce tibn for feeding sheep. They say this reduces feed selection
and waste. Milling also allows a greater proportion of digestion to occur in the
small intestine (with a small sacrifice in rumen digestion). This can lead to higher
intakes and more efficient energy metabolism.
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Table 3. Long-term mean voluntary organic matter intakes (g/day), corrected for between-experiment variation but not
for supplementation, for a sheep weighing 54 kg (metabolic body size 20 kg*™).

Unsupplemented (U) Supplemented (S) Overall
No. No. mean
Variety Mean expts Mean expts U+S)2
Beecher 702 13 716 8 708
Badia 708 3 830 3 769
Arar 744 3 876 1 810
C63 790 9 826 8 808
ER/Apam 772 10 856 8 814
Rihane ‘S’ 756 4 926 1 841
Antares 844 4 892 1 868
Arabi Aswad 766 3 928 1 847
Arabi Abiad 860 11 924 6 892




Table 4. Dry matter intake of tibn when supplements were fed before, at the
same time, or after tibn was offered.

Relative time of feeding
supplement
SE of

Daily supplement None Before Together After mean
Tibn intake (g DM/day)
Experiment 1

None 410

Barley, 240 g 575 595 525

Cottonseed cake, 80 g 595 635 550 35
Experiment 2

None 490

Barley, 165 g 625 580 605

Barley 165 g, urea 17.1 g 625 600 650

Cottonseed cake, 229 g 635 750 680 38
Digestible OM intake (g/day)
Experiment 1

None 180

Barley, 240 g 270 270 235

Cottonseed cake, 80 g 270 295 260 18

Urea Treatment and Supplementation

Urea treatment is also an option and can increase the digestibility and voluntary
intake of straw. Typically, each ton of straw is ensiled with urea dissolved in water
in a closed container. The urea decomposes into ammonia (and some carbon
dioxide) which improves the digestibility of fibre. Urea can also be used in much
smaller quantities, as a nitrogen supplement. We tested the relative merit of urea
supplementation and urea treatment in both coarsely milled and long straw, using
24 Awassi castrated males in digestibility crates.
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We treated straw in two of the six treatments according to the method of M.
Hadjipanayotou (Agricultural Research Institute, Nicosia, pers. comm.). Each kg
of straw was mixed with a solution of 40 g urea in 0.4 L of water in large black
heavy-gauge polythene bags. This was a relatively low rate of urea application.
After 3 months (January to March) the bags were opened and the straw laid out in
the shade to lose free ammonia and moisture. After this, treated and untreated
straw contained 84 and 30 g crude protein (CP) respectively; the untreated straw
was supplemented with 20 g urea/kg to give a calculated CP that was equivalent
to that of the treated straw.

Voluntary dry matter (DM) intake was increased from 717 to 1026 g/day by
supplement but was no greater (1030 g/day) with urea treatment. Digestible organic
matter (OM) in the DM was increased from 402 to 436 g/kg by supplementation,
and to 540 g/kg by urea treatment. Liveweights were affected in the same way as
metabolizable energy (ME) intakes. Rumen ammonia level was low in control
sheep (8-26 mg N/L) and was increased by both supplement (43-140) and treatment
(83-207).

The advantage of urea treatment over supplementation was in digestibility rather
than intake. As a result, sheep ate more ME. However, the increase in ME intake
due to supplementation was 2.4 MJ/day, over half as much as the 4.0 MJ/day
increase achieved with treatment. We used only 40% of the quantity of urea (16
rather than 40 g/kg straw as fed). It is likely that we would have obtained a similar
response using two or three times less urea for supplementation.

We consider urea for animal feeding to be a scarce resource in WANA and that the
crude protein content of mature barley straw is a greater constraint to intake than
organic matter digestibility. We will continue to advise that it is better to
supplement a larger number of sheep with urea than to feed a smaller number of
sheep with urea-treated straw. In some circumstances, for example with nitrogen-
fertilized wheat straw, there may be a relatively greater response to urea treatment;
the economics of treatment also may be more favorable where a less expensive
source of ammonia such as ammonia gas can be used.

Coarse Milling
Coarse milling of straw reduced spillage to practically nil. Because selection was
eliminated, analysis of straw CP was lower and fibre fractions were higher in the

diet consumed (Table 5). The higher digestibility (DOMD) of milled straw was
unexpected.
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Saltbush Foliage as a Supplement to Barley Straw

There is an ecological need to introduce shrubs into the barley/livestock zone
because they capture wind-blown soil, can help prevent water erosion, are tolerant
of drought and are efficient water users. These advantages are not immediately
attractive to farmers, who we believe will become more interested in shrubs if they
can be used to improve animal nutrition.

Table 5. Dietary content, intake, digestibility and calculated ME intake of
straw alone, with urea supplementation or with urea treatment.

Digestible
Crude NDFt  ADFf{ DM OM in MEIl}

protein (g/kg (g/kg (g/kg intake DM MY/
Straw DM) DM) DM) (g/day) (g/g DM) day)
Unsupplemented
Long straw 32 700 410 720 0.38 4.1
Tibn 27 800 450 710 0.43 4.6
Urea-supplemented
Long straw 88 690 410 970 0.41 5.9
Tibn 84 790 440 1080 0.47 7.6
Urea-treated
Long straw 84 600 340 1100 0.53 8.8
Tibn 84 800 490 960 0.55 8.0

+ NDF = neutral detergent fibre, ADF = acid detergent fibre.
1 Metabolizable energy intake, assuming that 1 kg digestible OM = 15 MJ ME.

We expect saltbushes (halophytes) to be more useful in mixed diets than when fed
alone, because of high concentrations of sodium (32-82 g/kg dry matter), potassium
(13-41), calcium (13-21) and magnesium, and 50 g/kg of potentially toxic oxalate.
We have therefore commenced research to determine how intake of barley straw
and digestible nutrients responds to supplementation with halophyte browse.

Twenty-eight castrated male sheep were used in an intake and digestibility trial
(methods described above) in which we supplemented barley straw with either
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minerals or the foliage of shrubs harvested in August. We fed two levels (about
200 and 400 g/day) of each of three shrubs: Salsola vermiculata, Atriplex halimus
ecotype 1 and A. halimus ecotype 2. The latter was a fleshier type of plant.

Halophyte increased the intake of ¢ibn and the dietary digestibility in proportion to
the amount we offered (Table 6), a result that has been reported for A. nummularia
by Wilson (1966). Intake of straw supplemented with A. halimus ecotype 2 was
slightly higher than when other varieties were fed. The calculated DM digestibility
of halophytes was about 0.7. This figure was, however, inflated by the large
amounts of soluble ash they contained.

The three varieties of halophyte fed seemed to be suitable supplements for barley
straw. For each kg of halophyte DM fed, the voluntary barley straw intake
increased by between 340 and 630 g DM. The most likely reason for the increased
intake was because it corrected the protein deficiency of the straw. The CP content
of the halophytes averaged 150 g/kg DM, in comparison with the barley straw
which contained 33 g CP/kg DM.

Table 6. The effect of halophyte supplements on the intake and digestibility of
barley straw.

Dry matter intake (g/day)

DMD#
Supplement Saltbush  7ibn  Total Digestible (g/g)
None 705 705 320 0.45
Salsola: 200 g 210 750 960 480 0.50
400 g 390 860 1250 660 0.52
A. halimus type 1: 200 g 210 780 990 510 0.51
400 g 350 870 1220 650 0.53
A. halimus type 2: 200 g 220 880 1100 560 0.51
400 g 410 920 1330 740 0.54
SEM 9 38 42 31 0.017

t Dry matter digestibility.

In addition to investigation of halophytes as protein supplements, we are interested
in measuring dietary preferences and effects on the performance of sheep grazing
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stubble when halophytes are grown in barley fields, in determining how the rumen
adapts to oxalates and the large water intakes that occur when sheep eat diets high
in halophytes, and in defining other consequences to the animal of high mineral and
oxalate levels.

Pea Straw and Common Vetch Straw as Supplements to
Barley Straw

It is a fascinating possibility that one kind of straw can be a supplement to another
(McMeniman et al. 1988). We have seen that the rumen-degradable nitrogen
content of barley straw can be low enough to limit microbial activity in the rumen.
In such cases straw intake and ration digestibility improve when a supplement
containing relatively more crude protein than the straw is fed. Ruminants often can
benefit from a larger supply of protein than can be synthesized by rumen microbes,
which is one reason why cottonseed cake increased straw intake more than barley
+ urea in one of the experiments described above. Legume hays or straws can be
valuable supplements containing both kinds of protein.

In an intake and digestibility trial that was part of the Ph.D. studies of Eunice
Carter, we fed barley straw, mixtures of barley and pea straws containing 33, 67
or 100% pea straw, mixtures of barley and vetch straws containing similar levels
of vetch straw, and a "standard” diet containing barley straw and 15% cottonseed
cake. We fed each of the eight treatments to six sheep.

Table 7. Intakes (g/50 kg body weight) and digestible OM in the DM (g/kg) of
barley straw with legume straw supplements.

Crude DM DOM Digestible
protein intake intake OM in DM
Supplement (g/kg DM)  (g/day)  (g/day) (g/s DM)
None 22 785 360 0.46
Pea straw: alone 79 1220 595 0.49
33% 41 955 455 0.48
67% 60 1070 490 0.46
Vetch straw: alone 78 1575 810 0.52
33% 41 1065 515 0.48
67% 59 1345 670 0.50
15% cottonseed cake 64 1250 615 0.49
SEM 43 22 0.015
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Pea and vetch straws had very similar crude protein contents (Table 7). Vetch
straw was a little more digestible than pea straw, which may have helped to
increase voluntary intake. Sheep ate more of the 67% vetch straw ration than they
did of ration supplemented with cottonseed cake, even though it contained less
crude protein. Pea straw supplements increased voluntary intake, but only by 50-
60% of the increase caused by the comparable vetch straw supplement.
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Discussion

B. Al-Rawi
How about the effect of gossypol when you use cottonseed cake in your diet?

A. Goodchild

We used cottonseed cake as a protein supplement rather than as a source of energy.
Therefore we rarely use it for more than 20% of the ration. Whole cottonseed
may be toxic when fed at higher levels to ruminants in which rumen fermentation
is slow. Cottonseed cake that has been heated during oil extraction, as we use, is
much safer.

M. Abu Zanat

It is well known, and documented in the literature, that supplementing the grazing
animals in the morning will replace the voluntary feed intake, but in your
experiments this is not clear.

A. Goodchild

The major effect of time of supplementation appeared with cottonseed cake rather
than barley: straw intake was greatest when cottonseed cake was offered at the
same time as straw, probably because the rumen microbes that digested cellulose
were stimulated.

H. Nabulsi
Do you think that ICARDA is putting too much emphasis on straw?
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A. Goodchild

I agree that straw is less important in some countries than others, especially where
much of the grain has to be imported. ICARDA livestock scientists are supporting
breeders in their efforts to increase straw yields in dry years, and are also working
with forage legumes and atriplex.

M. Ababneh
The tibn quality depends on leaf/stem ratio. How is this affected by rainfall?

A. Goodchild

Leafiness tends to be greatest in short plants during dry years. 1 think it is
important to breed for grain and straw yields rather than for leafiness. That does
not stop breeders from selecting for stem quality.
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Urea Blocks and Agricultural By-products for
Feeding Sheep in the Critical Rainfall Zones,
Mashreq Region

M. Hadjipanayiotou
Agricultural Research Institute, Nicosia, Cyprus

Abstract

The sparse vegetation in the critical rainfall zones of the Mashreq region provides
a weak feed resource base that can mainly sustain sheep. As a result, small
ruminants have been part of the agricultural production systems in the region.
Given the growing dependence on foreign sources for both livestock products and
livestock feedstuffs, the need for greater and improved use of domestic resources
becomes more evident. Crop residues and agro-industrial by-products that are not
widely utilized at present can fill at least part of the gap between supply and
demand for conventional feed resources. Furthermore, the efficiency of utilization
of traditional feed resources like cereal straws can be improved significantly by
applying basic principles of ruminant nutrition. Sugarbeet pulp, citrus pulp, olive
cake, tomato pulp, brewers grain, poultry excreta and others can be utilized as
straight feeds and/or as supplements for upgrading the nutritional value of cereal
straws and of feedstuffs available for grazing from the range during the long dry
period. This paper reviews experiences within and outside the region of using
nonconventional by-products as animal feedstuffs, the methods employed for
upgrading their nutritional, storage and handling qualities and how urea blocks can
be utilized as a means for enhancing greater and improved use of available
resources.

Introduction

The sparse vegetation in the countries of the Mashreq region provides a weak feed
resource base that can mainly sustain sheep. As a result, small ruminants have been
part of the agricultural production systems in the region. The existence of animals
in the agricultural system not only complements other parts of the agricultural
system, but also adds stability to a farmer’s income and consumption, adds
liquidity to the cash flow, provides flexibility to farmer’s management options, has
social value and serves as a store of wealth.
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Despite the substantial rate of growth of sheep populations, sheep meat and milk
production (Table 1), the countries of the Mashreq region continue to import sheep
meat and milk products. Furthermore, all three countries are importers of barley
grain and of other animal feedstuffs for feeding the existing animal population.
Supplementary feeding of sheep by concentrate diets mainly based on cereal grains
and wheat bran is practised for a considerable part of the year.

Given the growing dependence on foreign sources for livestock products and
feedstuffs there is an obvious need to develop domestic resources to the maximum.
Opportunities in this area do exist. Crop residues and agro-industrial by-products
that are not widely used at present can fill at least part of the gap between supply
and demand for conventional feed resources. Furthermore, the efficiency of
utilization of traditional feed resources like cereal straws, used as an indoor feed
or as stubble grazing, can be improved significantly by applying basic principles
of ruminant nutrition. Sugarbeet pulp, citrus pulp, olive cake, tomato pulp, brewers
grain and poultry excreta can be utilized as straight feeds instead of imported
feedstuffs and/or as supplements for upgrading the nutritional worth of cereal
straws and of feedstuffs available for grazing during the long dry period.
Multinutrient urea blocks, made of a variety of agricultural by-products, can also
be used as supplements for sheep and goats on poor-quality roughages.

This paper reviews experiences within and outside the region on the possibilities
of using agricultural by-products as animal feedstuffs, methods employed for
upgrading their nutritional, storage and handling qualities and how urea blocks can
be utilized for enhancing greater and improved use of available resources.

Inventory of Materials

Crop residues, agro-industrial by-products and animal wastes can comprise at least
part of the finished diet of ruminant animals (Hadjipanayiotou 1987). However, to
make the best use of by-products it is important to know the type, quantity,
seasonal availability, alternative uses and cost of by-products; to tabulate their
feeding value by studies with local animals and feeding systems, and to assess the
location of by-products versus location of livestock (number of animals, expected
animal productivity). The quantities of by-products available can be estimated from
the main product produced (Table 2).

Agro-industrial By-products

High-moisture agro-industrial by-products (18-20% DM) such as citrus, sugarbeet
and tomato pulp are of high nutritional value. Although dehydration of these
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Table 1. Sheep populations, milk preduction and imports in Iraq, Jordan and Syria.

Iraq Jordan Syria
Item 1986 1990 1986 1990 1986 1990
No. sheep (1000 head) 8981 9600 930 1260 11,669 14,395
Mutton and lamb (1000 head, 16 kg/head) 1278 1600 270 284 4498 4530
Sheep milk (1000 t) 170 175 15 20 420 439
Barley imports (t) 210,000 209,490 106,470
Sheep meat imports (t) 10,000 8882 439

Source: FAO Production and Trade Yearbooks (1986a, 1986b, 1990a, 1990b).



by-products results in a product that is very easy to handle, it adds overhead costs.
About 250-280 L of fossil fuel and 200 kwh of electricity are required to produce
1 t of dry material (88-90% DM).

In some countries these by-products are given to animals either fresh or after being
sun-dried. In this way, however, only small quantities of the by-product can be
utilized under the production system prevailing in the region. High-moisture
by-products offered fresh are wasted to some extent and the most soluble nutrients
run away with effluent. On the other hand, high-moisture agro-industrial
by-products exposed to sun for drying can ferment and sour quickly, and may
become a fly-breeding nuisance. Furthermore, the material may get moldy, which
has adverse effects.

Transportation of these by-products is uneconomical so they must be utilized close
to the production site. The presence of animals in the area and the development of
methods for processing and feeding by-products that are simple, effective, low-
cost, safe and acceptable at the farmer level is of great importance for enhancing
their utilization.

Citrus pulp, grape marc, sugarbeet pulp and tomato pulp have been successfully
ensiled with low moisture content crop residues (chopped straw, groundnut shells)
or screened poultry litter. Such silages replaced conventional feedstuffs (i.e.,
concentrates); some animal performance data are given in Table 3.

Sugar beet tops and crowns may comprise an important source of feed DM in
certain areas. Collectable fresh (15% DM) material yield is estimated at 30 t/ha.
The main contaminant of beet tops is silica from soil which can vary from 8 to
25% of the DM. Sugarbeet tops should be ensiled in alternate layers with dry
by-products (straw, groundnut shells, poultry litter); the liquid effluent can be
collected and used as feed.

Olive Cakes

This by-product is used to a limited extent in animal feeding. Crude olive cake, a
mixture of kernels and pulp, is the residue after the extraction of oil by pressure
or centrifuging. It has a low nutritive value, and because of its high ether extract
content (about 11.5%) cannot be kept. Extraction of oil from olive cake is an
essential step because not only is oil a valuable product, it also improves the
storage quality and digestibility of the residue. Removal of stones, using a screen,
strong air draft or a combination of the two, results in a product of better
nutritional value. Olive cake may be a valuable source of roughage, especially in
dry years when there is scarcity of cereal straws.
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Table 2. Ratio of residue (by-product) to main product.

Residue Ratio

Wheat, barley, rice, oat straw 1:1

Maize, millet, sorghum stovers 2:1

Groundnut hulls 0.32 : 0.68

Olive cake (OC) 1:2.7
Solvent-extracted OC (SEOC) 1:35

Screened, solvent-extracted OC (SSEOC) 1:8.0

Olive pulp 1:7.2

Grape marc 0.06 : 0.94

Citrus pulp 0.45-0.6 : 0.55-0.40
Tomato pulp 0.07 : 0.93
Sugarbeet pulp 0.25-0.33 : 0.75-0.67

Caged layer excreta (kg DM head™! day™)
Broiler litter (kg DM head! day™)

0.026
0.020%

1 Including litter.

Table 3. Effect of sugarbeet pulp/poultry litter silage (4:1) fed to lactating

Awassi ewes (from Allen 1991).

Control Silage

No. of animals 23 23
Days on test 49 49
Initial weight (kg) 61.1 59.3
Final weight (kg) 65.4 63.2
Weight gain (g/day) 88 80
Milk yield (g/day) 543 508
Feed intake (g head™ day™) 1228 956

Concentrate 464 395

Lentils 240 203

Leguminous straw 1043

Silage (33% DM)

The use of olive cake can be enhanced by introducing the cake in urea blocks; the
inclusion level can be from 10 to 50%. Such blocks have been made in Cyprus,
Tunisia and Syria. Another alternative use of olive cake is to ensile it with poultry
litter and with a small quantity of an ingredient rich in soluble carbohydrates, such

as ground corn grain,
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Animal Wastes

Traditionally, animal waste is applied to farm land as fertilizer. It has been shown,
however, that the economic value of animal excreta, including bedding and
associated material, is 3 to 10 times greater than its value as a plant nutrient (Smith
and Wheeler 1979). In both nutritional and economic terms, poultry litter has the
highest value and cattle waste the lowest.

A serious obstacle to the feeding of animal excreta to livestock is pathogenic
organisms present in the litter. Thus, animal excreta should be processed before
feeding to animals. Caswell er al. (1975) have shown that poultry waste can be
rendered free of pathogens by autoclaving, fumigation and dry heat alone or in
combination with paraformaldehyde. In addition, other methods of processing, such
as ensiling (Caswell ez al. 1977) and deep stacking (Strickler 1977) have been
effective in eliminating or killing pathogens.

Dried poultry litter has been used successfully in diets of Friesian heifers, fattening
bull calves and kids, and lactating Chios ewes and Damascus goats
(Hadjipanayiotou 1984). Replacement of cottonseed cake and part of barley grain
with poultry litter in a concentrate mixture fed to lactating Damascus goats in Syria
did not adversely affect milk yield (558 g/day for control vs. 621 g/day for goats
fed poultry litter).

Because of increased cost of fossil fuel, the initial high costs for installing a
dehydration plant and the considerable loss of nitrogen (about 30%), the ensiling
of litter with high-moisture agro-industrial by-products (citrus pulp, sugarbeet pulp,
tomato pulp, grape marc) is strongly recommended.

Crop Residues

Cereal straws and dry mature plants in the grazing areas are the major feed
resource for small ruminants from June to September (cereal straws) and October
to February. Apart from low digestibility, one of the main factors limiting straw
intake is its low nitrogen content. Studies carried out in Cyprus (Hadjipanayiotou
et al. 1975) showed that Chios yearlings given straw alone suffered severe weight
losses (85 g/day). Furthermore, straw intake decreased with time and was
accompanied by an increase in weight losses. The practice applied so far, i.e.,
feeding the poor-quality roughages along with large quantities of concentrates with
or without any supplement (cereal stubble grazing period) results in a decreased
cellulolytic activity in the rumen leading to a low digestibility. This low
digestibility can be considerably improved by treatment with chemicals (NaOH,
urea, ammonia gas, NH,OH). In studies carried out at the Cyprus Agricultural
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Research Institute, straw treated with 10% urea solution at the rate of 400 ml/kg
had higher voluntary intake, metabolizable energy intake and crude fibre and dry
matter digestibility by 47, 77, 40 and 26%, respectively, than untreated straw.

When upgraded urea-treated straw was given to high-yielding dairy and/or growing
animals on an overall good-quality diet, response to urea treatment was marginal.
Conversely, when treated straw was given to animals on a poor feeding regime,
response to treatment was highly significant.

Supplementation feeding is another method for improving straw intake and
utilization. Supplementation feeding of straw with soybean meal (150 g head
day") or molasses-urea mixture ad libitum resulted in increased straw intake.
Similarly, straw intake by mature Chios ewes was increased by 31, 22 and 19%
when straw was supplemented with soybean meal (80 g soybean meal + 170 g
barley grain), 240 g barley grain + 10 g urea or 250 g barley grain head" day™,
respectively.

ICARDA studies showed that addition of barley grain (around 170 g head" day)
changed liveweight losses on unsupplemented straw into modest liveweight gains
but there were no significant increases in the supply of dietary energy from straw.
Provision of cottonseed cake (around 130 g head™ day™) significantly improved the
organic matter intake from straw and resulted in substantial liveweight gains.
Egyptian studies showed that the nutritive value of low-quality by-products is
improved by the addition of protein or energy-rich supplements, as well as by
combining them with good-quality feedstuffs such as alfalfa or berseem.

Urea Blocks

The potential of multinutrient blocks to increase both the level and efficiency of
livestock production and its profitability has been substantial, and might be proven
a major technology breakthrough for extensive milk and meat production systems.

It is well recognized that a continuous supply of urea in the rumen increases the
nutritional value of poor-quality roughages (Campling et al. 1962). Urea,
consumed over a short period of time, is rapidly converted to ammonia in the
rumen and on poor-quality roughage diets is rapidly absorbed and converted to
urea and lost in urine. On the other hand, urea incorporated into blocks can be
consumed on a regular basis in small but frequent meals; thus, in extensive grazing
situations this is a husbandry practice regularly providing grazing animals with
fermentable N (Leng 1984). In addition, blocks have been considered as an ideal
mode for supplementation because of the convenience in transportation, storage and
particularly ease of application by the farmers (Sansoucy 1986).
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Composition of urea blocks

Urea blocks were initially made of large quantities of molasses. Although
molasses-urea blocks (MUB) gave some very positive results in many parts of the
world, their wider use could not be applied in many other countries or areas within
countries because molasses is not available. As a result, block manufacturing with
or without limited (30 to 5%) quantities of molasses has been applied using a
variety of agricultural by-products (olive cake, fresh sugarbeet pulp, citrus pulp,
tomato pulp, brewers’ grain, wheat bran, brewers’ yeast) and poultry excreta
(Hassoun 1989; Hadjipanayiotou er al. 1991; Hadjipanayiotou 1992).

A number of binders such as cement, ground quicklime [CaO], slaked lime
[Ca(OH),), plaster of Paris {CaSO, - 2H,O] and bentonite have been used. The level
of binder required is highly correlated with the ingredients used and the block
storage period prior to despatch. The quantity of binder required was reduced to
4% when even small levels (5%) of molasses were used. Variable levels (2-20%)
of urea inclusion have been used by various workers; macrominerals (e.g., NaCl),
microminerals, vitamins, pharmaceuticals and other additives may be incorporated
into blocks.

Block manufacturing

Blocks can be manufactured by small agro-industries and by families. The latter,
however, requires training for farmers since high levels of urea might lead to urea
poisoning. The urea-block manufacturing process (mixing of ingredients, moulding,
unmoulding, curing/drying) has been described by Hadjipanayiotou er al. (1991)
and Allen (1991).

Manpower, buildings and other equipment requirements for a plant that outputs
1000 t/year have been estimated by Allen (1991) based on Sudanese and Syrian
experience.

Animal response to blocks

Studies carried out in Syria (Allen 1991) showed that sheep grazing cereal stubble
during the dry period (July to October) and not given any supplement performed
significantly better when given urea blocks (Table 4). Similarly, Pakistani studies
(Hadjipanayiotou 1984, 1987; Habib et al. 1991) demonstrated that block feeding
was highly effective in improving the growth rate of yearlings (control - 29 g/ day,
block + 113 g/day). This increase incurred a marginal cost of 0.80 PRs/kg body
weight gain (1 US$=21 PRs). Early studies (Mirza et al. 1988) with lambs grazing
dry range showed a similar, although less pronounced, positive response to blocks.
This was ascribed to a better feeding regime prior to block feeding in the latter
case. In the same study, comparison of conventional concentrates with block
feeding showed the economic benefits of using blocks over concentrates on dry
range (7.99 vs 10.85 PRs/kg gain or 36% improvement).
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Table 4. The effect of urea block feeding on the performance of Awassi sheep
grazing cereal stubbles in two areas of Syria.

Salamieh Sweida
Treatment Control  Block Control  Block
No. of animals 100 100 71 64
Weight changes (g/day) -105 -31 31 87
Block intake (g/day) 97 60

These results clearly demonstrate that block feeding is a useful economic strategy
in overcoming dry season losses of grazing lambs. This appears to have a large
impact on the lifelong performance of the animals. The lambs showing faster
growth on a block lick supplement will reach maturity earlier, and with healthy
breeding the overall life productivity of the animals should be greatly enhanced.

There was also a positive effect of blocks on milk yield and reproduction. In the
studies of Habib ez al. (1991), block feeding increased the daily milk yield in both
cows and buffaloes. However, the effect was greater in cows than in buffaloes (42
vs 22%). The average daily milk yield increased from 3.8 to 5.4 L in cows and
from 3.7 to 4.5 L in buffaloes.

Indonesian studies (Hendratno et al. 1991) have shown that molasses urea blocks
improved milk yield of Friesian cows and Etawa crossbred goats. Similarly, MUB
supplementation reduced gestation period, the time between pregnancies and
improved kid birthweight, kid weight gain and milk yield of goats.

Conclusions

Experience gained within and outside the region indicates that crop residues,
agro-industrial by-products and animal wastes can be used for feeding ruminant
animals. Simple, low-cost and safe technologies already tested in Syria can be
applied in other countries of the region for processing/upgrading by-products.
Where straw is available in large quantities and it comprises a considerable part of
the diet, chemical treatment with urea will improve the returns of animal owners.
Based on the promising results from feeding multinutrient blocks in increasing both
the level and efficiency of livestock production, it is safe to recommend urea-block
feeding to ruminants grazing cereal stubble and mature dry plants on the range.
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Discussion

B. Jamal
Do you expect an effect on milk and meat quality by using the by-product in sheep
feeding?

M. Hadjipanayiotou

In a long study conducted in Cyprus, no effect was observed. However, we should
be careful about some toxic material that might be present in some of the by-
products.
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Sheep Improvement in the Mashreq Project in
Iraq

A.R. Al-Rawi, M.H. Al-Salman, W.A. Al-Azzawi and H.A. Al-Hadeethi
IPA Agricultural Research Center, Baghdad, Iraq

Abstract

A total of 2053 records on purebred sheep (Iraqi Awassi, Turkish Awassi and
Assaf) and their crossbred lambs were analyzed for body weight at birth, weaning,
6 and 9 months of age. Crossbreeding of Iraqi Awassi with Assaf and Turkish
Awassi increased average daily gain by 18.3 and 5.4%, respectively. The influence
of year and ewe breed groups on milk yield and lactation period was studied on
1828, 201 and 53 records of Iragi Awassi ewes, Turkish and Assaf ewes. The
results revealed that Turkish and Assaf were superior (P < 0.01) to Iraqi Awassi
sheep for milk yield by 47.2 and 45.1%, respectively.

Introduction

Sheep in Iraq are triple-purpose animals, providing milk and wool in addition to
meat. These products are the most important sources of income to sheep owners.
For more efficient production of meat, milk and wool it is important that sheep
have good adaptability, fertility, longevity and efficient feed conversion. Sheep
production can be increased by increasing the number of animals, which produce
at the same level, or by increasing production per animal. Increasing the
production is usually more efficient. It could be possible to increase the overall
value of the animals by improving both the genetic and non-genetic factors
responsible for high production and thereby increase productivity per animal.
Genetic improvement will be effective only where nutrition, management and
disease control are adequate to permit animals to express their genetic potential.
There is a great opportunity to increase productivity of sheep in Iraq through
utilization of available native breeds (Aziz 1977; Al-Rawi er al. 1982; Hermiz
1988; Al-Nidawi 1991).

This paper concerns what is known about genetic variation in native sheep and how
it was used to improve efficiency of sheep production. It is also the purpose cf this
study to review literature on selection objectives and criteria used in Iraq as well
as to discuss results obtained in a breeding program of crossbreeding among
Turkish Awassi Assaf, D’man, Hamdani and local Awassi.
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Materials and Methods

The breeding program at Al-Radwaniech sheep-breeding center started in March
1990 after the importation of 170 (33 males and 137 females) head of Turkish
Awassi and 100 head of Assaf sheep. Local Awassi, Hamdani and D’man breeds
were obtained locally. The main objectives of the breeding program are: (1) to
improve local Awassi sheep for extensive systems, usually for dryland farming,
through within-breed selection and crossing local Awassi with Turkish Awassi, (2)
to obtain improved populations of two-way crossbreds for semi-intensive systems,
and (3) to obtain a population of four-breed crosses characterized by good genetic
potential for growth rate, milk yield and prolificacy, which is suited mainly for
semi-intensive systems.

Research efforts and recording schemes at Al-Radwanieh were initiated with the
cooperation of the IPA Agricultural Research Center, UNDP, AFESD and
ICARDA. The total number of sheep for each breed group are presented in Table
1. The breeding season started in April each year. All matings were sire-identified
or pedigreed using hand matings. Table 2 summarizes hand-mating carried out
during the breeding season of 1992. Hormonal treatments were used as artificially
controlled estrous and super ovulation. Intravaginal sponges were used for estrous
synchronization followed by an injection of 500-750 IV PMSG for increasing the
ovulation rate.

Animals were ear-tagged and the following records were kept for each one: body
weight at birth, weaning, 6 and 9 months of age; mating date; ram used; lambing
date; type of birth; sex; milk yield at various stages of lactation, and body
dimensions. Milk yield was recorded 2 weeks after parturition. Lambs were
separated from their dams at 0700 hours during the 1991 and 1992 seasons.
Milking started at 1400 hours and milk weight was recorded for each ewe. The
biweekly single test was multiplied by 2 as an estimate of daily milk yield.
Lactational milk yield was calculated by muitiplying the daily milk yield of the test
by its corresponding period (usually 2 weeks) until the ewe dried up. Data were
subjected to statistical analysis using a SAS program.

Sheep grazed shrubs, weeds and available green pasture for the whole winter and
in the spring. They received 250-500 g of concentrate mixture during the season,
late pregnancy and lactation. During summer, the animals grazed the stubble of
barley and wheat fields. Mineral block and water were available at all times. The
animals were regularly vaccinated and dosed against diseases and internal parasites.
Two dippings were carried out yearly to control ectoparasites.
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Table 1. Number and breed groups of sheep at Al-Radwanieh breeding station.

Rams Ewes Lambs
Breed Group Adult Yrig.+ Adult Yrig. Male Fem.  Total
Local Awassi (L) 14 11 1478 122 79 86 1790
Turkish Awassi (T) 23 30 125 30 66 51 325
Assaf A 22 5 47 5 21 17 117
Hamdani H 28 28
D’man D 6 6
TXxL 61 60 756
AXxL 36 31 517
DxL 4
TxH 3 2 5
Total 65 143 1678 248 739 675 3548

1 Yrlg. = yearling.
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Table 2. Summary of reproductive activities during spring 1992.

Breed group of ewes

Breed group of yearling ewes

Breed of rams T A L H D TLX A XL T A L Total
Turkish (T) 113 321 29 27 26 516
Assaf (A) 45 504 7 7 24 6 11 604
Local (L) 131 21 152
D’man (D) 44 21 2 47
Hamdani (H) 4 4
TxL 75 21 8 104
A XL 81 8 16 105
Total 113 45 1156 28 11 50 32 27 6 84 1552




Results and Discussion

Year and breed group effects were significant (P < 0.01) for lactational milk yield
and lactation period. Breed group least-squares means for lactational milk yield
ranged from 43.2 kg (local Awassi) to 62.7 kg (Assaf) and 63.6 kg (Turkish
Awassi) (Table 3). Corresponding figures for lactation period were 143.7, 143.6
and 155.1 days. These results indicated that under similar environmental conditions
and management systems, Turkish Awassi and Assaf exceeded local Awassi for
lactational milk yield by 47.2 and 45.1%, respectively. Lactational milk yield
increased from 41.2 kg in 1991 to 49.3 kg in 1992. Such increments were due to
improved feeding and selection applied on ewes after the end of their lactation.

Year, breed group, type of birth and sex significantly affected weaning weight, and
total body gain from birth increased from 2.95 kg in 1991 to 3.2 kg in 1992 (Table
4). Corresponding figures for weaning weights, total gain and average daily gain
were 14.2-16.9 kg, 11.5-13.7 kg and 77-134 g/day, respectively. These results
were lower than those reported by Eliya (1969) and Yalcin (1986). Eliya (1969)
indicated that average milk yield of Iragi Awassi ranged from 42 to 75 kg. Milk
production of a large Awassi flock kept at Ceylanpinar State farm in Turkey was
90-155 kg (Yalcin 1986). Pekel er al. (1993) stated that mean lactation yield
obtained on the randomly selected ewes on Ceylanpinar State farm until 1985
varied roughly between 140 and 223 kg, depending on the level of feeding.

At Al-Rashidia Sheep Station an experimental flock of 400 is part of a long
experiment on developing a strain of Awassi sheep with high milk production. Milk
yield of Awassi ewes was recorded in 1984 with one test yield every week. Some
individuals attained a record of 100 kg per lactation. Hamdani sheep are the largest
of all Traqi breeds at all ages followed by the Awassi (Table 5). Awassi ewes are
the best milk producers followed by Hamdani ewes (Bhat 1985). Selection
experiments using body weight as a selection criterion were done at the Abu-
Ghraib Experimental Station for the Awassi breed and at Aski Kalak Station for the
Hamdani breed during the early 1970s. The results were successful in increasing
body weight in both Awassi and Hamdani breeds. There was an increase of about
6 kg of body weight in one generation (Bhat 1985). Unfortunately, no sustained
efforts in this direction have been made, and most attempts have not yielded the
desired results.

At Al-Sho’la Station a project on selection for body weight and growth rate is
applied on 200 ewes and another selection program is being applied on 150 other
ewes for twinning rate with a single control line of 150 ewes for both experiments.
Selection intensity was 70% on the female line and 5% on the male line. Sires
were selected oa the basis of their own growth performance and dams on their
mothering ability.

195



Table 3. Mean comparisons for some milk production in sheep.

Source of variation N Total milk yield Lactation (d)
Year

1991 938 41.282 120.412
1992 1144 49.344 164.858
Ewe breed group

Turkish 201 63.623 155.124
Local 1828 43.248 143.737
Assaf 53 62.765 143.604
Interaction

1991 x A. Turkish 116 58.978 135.491
1991 x A. Local 803 38.222 118.712
1991 x Assaf 19 62.558 100.158
1992 x A. Turkish 85 69.962 181.918
1992 x A. Local 1025 47.185 163.342
1992 x Assaf 34 62.881 167.882

Table 4. Least-squares means of body weights and total gain.

Source of No. Birthwt. Weaning  Gain ADG %
variation animals kg) wt. (kg)  (kg) ®

Year

1991 795 3.0 14.3 11.6 77

1992 1258 3.2 17.0 13.7 134

Breed of lambs

Turkish (T) 195 3.1 15.9 12.8 108 16.1
Assaf (A) 44 3.1 17.0 139 117 258
Local (L) 574 3.1 15.2 12.2 93 258
TXL 735 3.1 15.6 12.6 98 54
A XL 505 3.2 15.1 11.9 110 18.3
Type of birth

Single 1438 4.2 18.2 140 137 26
Twin 536 33 16.1 12.8 115 26
Triplet 73 2.8 15.0 122 107 26
Tetra 6 2.0 13.7 11.7 26 26
Sex

Male 1055 3.2 16.2 13.0 114 97
Female 998 3.0 15.3 12.3 97 97
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Table 5. Comparison of production traits in Iraqi breeds of sheep.

Awassi Arabi Karradi Hamdani

Trait Male Female Male  Female Male  Female Male  Female
Weight (kg)

Birth 4.5 4.3 35 3.0 4.0 3.5 5.0 4.5

Weaning 28.0 25.0 20.0 18.0 24.0 220 30.0 27.0

Yearling 50.0 45.0 38.0 30.0 40.0 34.0 55.0 50.0

Mature 65.0 55.0 50.0 40.0 50.0 42.0 80.0 65.0

Fleece 25 2.0 2.0 1.5 3.0 23 4.0 25
Milk production (kg) 106 40 60 80
Lactation period (d) 142 140 130 145
% ewes lambing 75 55 80 89
Lambing % 120 104 104 124




Unfortunately, no published data are available for the genetic gain attained.
Selection involves development of a high twinning line; a female born as a twin
and/or who gave at least one lambing with twins was selected from the foundation
population; a male selected for the flock must be born as a twin, and his mother
should have given at least two lambings with twins. Although data were collected
but not analyzed, preliminary results showed that twinning rate was expected to be
around 130%.

Conclusions

The rate of genetic improvements attained varies with the trait to be improved in
the various flocks. Body weight and growth rate are relatively easy to measure and
have medium to high heritability. Multiple birth has low heritability. So, if within-
breed methods of improvement are to be used, intensive selection must be
undertaken to build up a flock of ewes of high prolificacy or to use a highly
prolific breed such as D’man to introduce gene(s) responsible for twinning rate.
Milk production traits have medium heritability and need accurate evaluation of
rams (progeny testing) as well as ewes for entry into selected flocks. Crossing
among local breeds with high milk-producing breeds could enhance genetic
improvement of the local breed. Therefore, at Al-Radwanieh breeding station,
crossbreeding and selection are the main technique for local sheep improvement.
Such a breeding plan could exploit additive and non-additive gene effects of milk
yield, growth rate and prolificacy.
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Breeding Systems and Selection Strategies for
Sheep and Goat Improvement in Cyprus
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Nicosia, Cyprus

Abstract

The aim of any breeding program is to genetically improve one or more traits of
economic importance in a population. The choice of a breeding and selection
system depends on the degree of inheritance of the trait(s), the selection pressure
(selection differential) and the generation interval. The necessary prerequisites to
ensure genetic progress are the implementation of a performance recording scheme
and sound evaluation procedures and the organization of a program for the
dissemination (diffusion) of improved genetic material in the population. Animal
breeding in Cyprus aims at genetically improving milk and meat production
through selection and/or crossbreeding, the production of improved types suitable
for the environmental conditions they are called to perform in and the evaluation
of the important environmental effects affecting animal productivity. The
performance of purebreds and crossbreds under a semi-intensive production system,
the procedures followed for the evaluation of superior individuals and the selection
systems are discussed. Future work on breed evaluation and selection procedures
and the formation of a synthetic breed involving two sheep breeds are also
presented.

Introduction

The diversity of objectives, the different management systems and breeds, the level
of farmer’s organization and the degree of involvement of government institutions
in the development, implementation and maintenance of recording schemes, are
some of the reasons for the variety of programs for genetic improvement of sheep
and goats.

The aim of any breeding program is to genetically improve one or more traits of
economic importance. The choice of the appropriate breeding program depends on
the degree of inheritance, the selection pressure and the generation interval. Hence
the first step in developing an improvement program is to define the breeding goals
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and devise techniques appropriate for their measurement. The necessary tools for
developing any improvement program are:

1. Performance recording
2. Genetic evaluation procedures
3. Organization of a system for the diffusion of genetic material.

In general, we recognize three major production objectives: milk, meat and wool
in the case of sheep, or hair in the case of goats. The main targets of genetic
improvement in Cyprus have been milk and meat.

Selection Objectives and Criteria

Selection is the deliberate differential reproduction of some individuals from others.
It is either natural or artificial. In the world of animal production and improvement
we are only concerned with artificial selection.

The main selection objectives in milk breeds are yield and quality of milk. Milk
yield can be defined (in our breeding goals) as total production, part-lactation
production following weaning, or peak yield. It is important that we define the
selection trait, because we shall have to measure it with accuracy and precision.

Defining the selection criteria in meat breeds may be cumbersome. Should we
measure liveweight, growth rate or carcass weight? How about measuring carcass
composition? How important is mothering ability, litter size, quantity of milk
suckled, fertility of ewe (goat), etc.? Should we combine some of these traits into
a total score (index) or should we select each trait independently? Do we have the
means (tools) to measure these traits and sound evaluation procedures to objectively
evaluate individual animals?

There are many selection criteria to choose from if we want to improve milk, meat
or both. However, some traits may be antagonistic to each other. Therefore,
reliable estimates of the genetic parameters (heritabilities, genetic variances and
covariances) and the generation interval are essential.

Our choice should always be to identify selection criteria that are easy to measure
and that describe the selection objective directly. In some cases it may be costly to
do that. We then can resort to indirect selection criteria that are highly associated
genetically with the primary selection criterion.
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Selection for Superior Breeding Stock

Selection for superior breeding stock is the process by which individuals are
chosen, on the basis of their phenotypic merit, to be used as parents of the next
generation. A number of systems of selection are available, such as:

1. Mass selection

2. Pedigree selection

3. Progeny test

4. Selection based on collaterals

5. Selection for specific or general combining ability.

The methods of selection available to the animal breeder are, regardless of the
selection system employed:

1. Linebreeding

2. Inbreeding

Outcrossing

Grading up

Crossbreeding

Formation of new breed.

ounkw

Selection Tools
Performance Recording

The first and most important selection tool is performance records. The magnitude
and intensity of recording depends largely on the degree of organization and
technical support of government or private institutions. It is often costly. We
generally recognize two types of recording schemes: on-station and on-farm
performance recording systems. The minimum requirements for either system are:

Individual identification of all animals

Mating and lambing dates

Type of birth and/or litter size

Monthly controls of milk yield (morning and evening)

Fat content of milk

Liveweight records of lambs at regular intervals (birth, before and after
weaning)

7. Liveweight records of ewes at mating and at lambing.

oUnRwLN =

This basic recording structure can be adapted to the specific situation of different
areas.
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Estimation of Breeding Values

Genetic evaluation procedures should combine, in an optimum way, the
performance of the individual and of its relatives (sire, dam, collaterals).
Non-genetic effects such as season of freshening, age (or lactation number) at
parturition and lactation length also should be considered.

If the trait under selection pressure can be measured on the individual (liveweight),
mass selection is the best selection procedure. When milk yield is under selection,
the use of relatives (dam, sibs or progeny) becomes an integral part of the
procedure, since it can only be measured in one sex. When we aim for the
simultaneous improvement of more than one traits, we must employ one of the
following tools:

1. Independent culling levels
2. Tandem selection
3. Selection based on total score (index).

A recently developed evaluation procedure combines information on the individual
with that of its relatives using Best Linear Unbiased Predictors (BLUP) under an
"Animal Model."

The selection index method has been used for over a decade in Cyprus. The basic
requirements for its development are:

1. Estimates of genetic parameters (Tables 1 to 4)

2. Adjustment factors (additive or multiplicative) for growth traits (Tables 5 and
6)

3. Adjustment factors (additive or multiplicative) for milk production (Tables 7 and
8).

Breeding Programs

The decision as to which program should be employed for the genetic improvement
of any population depends on a number of factors. The general idea is to utilize
available resources and employ a breeding program at minimum cost. A necessary
prerequisite for the choice of the best suitable breeding program is the knowledge
of the kind of gene action (additive or nonadditive) with the greater influenca on
the traits we wish to improve.
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Table 1. Estimates of heritability, genetic and phenotypic variances and
economic weights used in computing selection indexes of Chios sheep.

Parameter
Economic
Character Heritability Genetic Phenotypic weights
Liveweight (kg)
Weaning 0.46 2.95 6.41 1.00
105 day 0.68 9.38 13.75 1.00
Milk yield (kg)
90 day 0.31 1436.90 4635.15 0.15
Total 0.34 1700.06 5024.35 0.15

Table 2. Estimates of genetic and phenotypic covariances and correlations
among traits used in computing selection indexes of Chios sheep.

90-day milk yield Total milk yield
Character Genetic  Phenotypic Genetic  Phenotypic

Covariances

Weaning weight -0.56 -7.49 -0.34 -11.58
105-day weight 2.80 2.71 3.37 -8.22
Correlations

Weaning weight -0.07 -0.06 -0.02 - 0.06
105-day weight 0.19 -0.02 0.11 -0.03

Table 3. Estimates of heritability, genetic and phenotypic variance and
economic weights used in computing selection indexes of Damascus goats.

Parameter
Economic
Character Heritability =~ Genetic Phenotypic weights
Liveweight (kg)
Weaning 0.77 5.90 7.63 1.0
140-day 0.78 12.66 16.23 1.0
Milk yield (kg)
90-day 0.45 1596.42 3514.54 0.10
Total 0.28 3271.43  11898.08 0.10
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Table 4. Estimates of genetic and phenotypic covariances and correlations
among traits used in computing selection indexes of Damascus goats.

90-day milk yield Total milk yield
Character Genetic  Phenotypic Genetic ~ Phenotypic

Covariances
Weaning weight 1.31 -9.37 2.99 -14.92
140-day weight 15.94 8.98 36.98 14.31
Correlations
Weaning weight 1.31 -9.37 2.99 -14.92
140-day weight 0.26 0.03 0.43 0.03

Table S. Effects of crossbreeding and estimates of heterosis in Chios X Awassi
lambs.

Traitt
Breed or cross BWT WWT WTI5 ADGI ADG2

Chios (Ch) 4.0 13.5 27.5 0.215 0.230
Awassi (A) 49 16.8 30.7 0.257 0.238
Ch x A 5.1 17.1 30.1 0.260 0.220
A X Ch 4.2 16.2 31.9 0.250 0.274
Heterosis (%) 4.5 10.9 6.5 8.1 56

T BWT = birthweight, WWT = weaning weight; WT15 = weight at 15 weeks; ADG1 =
average daily gain from birth to weaning; ADG2 = average daily gain from weaning to 15
weeks.

Upgrading of native populations using an ‘improver’ breed, systematic
crossbreeding schemes aiming at the utilization of general and specific combining
ability and breed substitution are some of the available methods that can be used
to improve the productivity of the local breeds of sheep and goats. Several methods
are available for the selection of superior breeding stock, such as mass selection,
pedigree selection, progeny test and selection based on collateral relatives.
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Table 6. Reproductive traits of Chios X Awassi ewes.

eod Trait}

Breedorcross 1oy LSBL _LWTB __LSWN _ LWTWN
Chios (Ch) 1.73 1.61 6.6 1.50 20.3
Awassi (A) 1.12 1.10 54 1.07 17.0
Ch x A 1.42 1.39 6.7 1.34 21.2
A x Ch 1.25 1.24 6.1 1.20 19.6
Heterosis (%) neg. neg. 6.67 neg. 9.38

+ LSB = total iambs born/ewe lambing; LSBL = lambs born live/ewe lambing; LWTB
= litter weight at birth; LSWN = lambs weaned; LWTWN = litter weight at weaning.

Table 7. Milk production of Chios X Awassi ewes.

Traitt
Breed or cross \\; ¥o0 DAYS TOTMLK FAT1 FATKG _FCM
Chios (Ch) 130 161 174 6.4 11.1 179
Awassi (A) 113 173 173 7.3 12.7 194
Ch X A 131 133 167 6.5 11.0 175
A x Ch 119 118 150 6.5 9.8 157
Heterosis (%) 2.88 neg. neg. neg. neg. neg.

+ MLK90 = 90-day milk yield (after weaning); DAYS = days in milk; TOTMLK = total
milk yield; FAT = fat percent; FATKG = fat yield; FCM = milk yield corrected at 6%
fat content.

Table 8. Lamb traits of Chios x East Friesian crosses.

od Trait}

Breed or cross  pwr WWT  WTIS  ADGl __ ADG2
Chios (Ch) 4.0 13.5 275 0215  0.230
EF x Ch (F1) 4.7 16.7 31.0 0247  0.250
EF x Ch (F2) 42 14.8 31.3 0246  0.266
(EF x Ch) x Ch 4.4 14.2 30.8 0231  0.267
Ch X (EF x Ch) 4.4 14.6 31.5 0240 0269

+ BWT = birthweight, WWT = weaning weight; WT15 = weight at 15 weeks; ADG1 =
average daily gain from birth to weaning; ADG2 = average daily gain from weaning to 15
weeks.
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Whatever the proposed program, it should be kept in mind that an efficient
improvement program must generate genetic progress and ensure the diffusion of
improved genetic material to the entire population (recorded and nonrecorded
flocks).

Animal Improvement in Cyprus

The first serious attempts to improve livestock production were initiated with the
importation of ‘improvers’ (Chios, Awassi and East Friesian sheep and Saanen and
Damascus goats). Animal breeding work aimed at:

1. Improving, through selection, the traits of economic importance, such as milk,
and meat

2. Producing, through crossbreeding, types which would combine the favorable
attributes of the parental breeds

3. Estimating the necessary genetic parameters for important economic traits and
determining the appropriate methods for their improvement

4. Evaluating environmental effects that affect production and developing
appropriate adjustment factors.

Comparisons among breeds and estimation of heterotic effects for several breed
crosses were carried out over a number of years for traits of economic importance
(Mavrogenis 1982, 1983, 1988a). Reproductive traits were monitored
systematically for ewes and lambs to establish breed differences in fertility, sexual
maturity, seasonality of breeding and prolificacy. Crossbreds were evaluated under
three different production systems (Mavrogenis 1988b). Selection procedures within
purebreds, based initially on single trait selection, utilize the index method for the
simultaneous improvement of both milk and meat production in Chios sheep and
Damascus goats (Mavrogenis 1985; Mavrogenis and Constantinou 1990). Milk
production is evaluated on the basis of the dam’s 90-day production following
weaning and lamb liveweight on the individual at 105 or 140 days of age for lambs
and kids, respectively (Mavrogenis and Constantinou 1991a, 1991b). These early
criteria for liveweight were decided upon following studies showing that, unlike
weaning weight, they were free of maternal effects and were genetically
independent of mature weight (Mavrogenis 1985; Mavrogenis and Constantinou
1990).

The selection scheme for both sheep and goats is organized in three levels (tiers).
Closed-nucleus units are maintained for Chios sheep and Damascus goats (700
sheep and 800 goats) at three government stations. About 4000-5000 sheep and
goats in private flocks are also under recording with some assistance from the
government (extension). About 7% of males and 33% of females are selected as
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breeding replacements every year in the nucleus flocks. No migration into these
closed flocks is allowed. About 10% of the males from the nucleus flocks are
distributed to the multiplication units (private recorded flocks) and some 200 males
to the commercial herds each year. There is free exchange of genetic material
between recorded and nonrecorded flocks. Al is practised on a limited scale. To
enable the identification of both parents, hand-mating is practised in the nucleus
flocks. No assortative mating is followed but random mating is. The necessary
precautions are maintained against relational interbreeding (matings among related
individuals are avoided) (Ricordeau et al. 1992).

Crossbreeding Studies

Crossbreeding studies were at some point restricted to the most promising breed
groups, i.e., between Chios X Awassi and Chios X E. Friesian. The crossbreeding
programs with Awassi aimed at improving the ability of Chios and its advanced
crosses with the Cyprus fat-tailed sheep to withstand adverse management and
environmental conditions. The program involving the E. Friesian breed aimed at
further improving the milking capacity and udder conformation traits as well as the
growth potential of the Chios breed and its crosses.

Estimates of heterosis showed that in some cases crossbreeding was not the best
method of improvement and that much more work was needed to understand the
mode of inheritance and the effects of crossbreeding (Tables 5 to 10). For example,
estimated heterosis in Chios X Awassi reciprocal crosses was 4.5% for birth
weight and 10.9% for weaning weight, whereas estimates for litter size were
negative and for litter weight were positive. The studies involving the E. Friesian
indicated that maternal effects could be important and further studies aiming at
breed formation were initiated.

Selection Studies

The estimation of heritabilities for and genetic associations among important
economic traits indicated that genetic progress by selection would be effective.
Evaluation procedures were improved using correction factors for the most
important environmental effects and by the incorporation of grand-dam proofs in
evaluating milk production. Based on those estimates, selection on the basis of the
index should be effective and genetic change for milk was estimated at about 6.7
kg/year and 1.8 kg/year for liveweight.
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Table 9. Reproductive traits of Chios x East Friesian ewes.

Traitf
Breed or cross | SBMLK LSBLDAYS LWTB LSWN LWIWN
Chios (Ch) 1.73 1.61 66  1.50 20.3
EF x Ch (F) 1.91 1.83 85  1.70 25.6
EF x Ch (F,) 1.69 1.60 72 1.48 21.6
(EF x Ch) X Ch 1.83 1.80 79  1.63 24.3
Ch x (EF x Ch) 1.58 1.54 69  1.49 23.4

t LSB = total lambs born/ewe lambing; LSBL = lambs bomn live/ewe lambing; LWTB
= litter weight at birth; LSWN = lambs weaned; LWTWN = litter weight at weaning.

Table 10. Milk production of Chios X ‘East Friesian ewes.

Traitt
Breed or cross ;i 00 DAYS TOTMLK FAT FATKG FCM
Chios (Ch) 130 161 174 64 1.1 179
EF x Ch (F,) 155 161 215 59 126 212
EF x Ch (F,) 126 143 164 6.1 100 165
(EF x Ch) x Ch 131 144 169 61 102 170
Ch x (EF x Ch) 123 140 165 6.1 99 166

t MLK90 = 90-day milk yield (after weaning); DAYS = days in milk; TOTMLK = total
milk yield; FAT = fat percent; FATKG = fat yield; FCM = milk yield corrected at 6%
fat content.

Present and Future Work

Four projects are currently being implemented, all aiming at the genetic
improvement of sheep and goats. A selection study involving the Chios sheep was
initiated 3 years ago to measure response to selection for total score (index) and a
crossbreeding study involving E. Friesian and Chios. A similar selection study is
being implemented for Damascus goats, while a local goat breed is being evaluated
under two different production systems.
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Discussion

A. Al-Rawi
Do you think if you don’t have heterosis in crossbreds you should not give the
male to farmers?

A. Mavrogenis
I don’t recommend giving crossbred rams to farmers; I would give him purebreds.

M. Duwayri

1. Were you expecting heterosis in the commercial traits, i.e., milk, meat, etc.?
2. What type of mating did you use? Is artificial insemination (AI) or embryo
transfer technology used to enhance production of F, hybrid?

A. Mavrogenis

1. No, I was not expecting heterosis in milk or in growth rate.

2. We use hand mating, natural service, not Al. Al is not used in Cyprus because
of nonacceptance by the farmers. The fertility rate following the use of hormones
and Al is as low as 50% compared with a natural mating fertility rate of 85%
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(after two cycles of mating). Embryo transfer is not used extensively, only
experimentally at research stations.

S. Hamadeh
What are the reasons for no heterosis in fitness traits in Awassi X Chios crossbred
sheep?

A. Mavrogenis

One possible explanation might be that litter size in sheep is moderately heritable
(h?=0.25) and influenced by additive gene action.
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Factors Affecting Reproductive and Lactation
Performances of Awassi Sheep

Oktay Giirsoy
University of Cukurova, Faculty of Agriculture, Department of Animal Science,
Adana, Turkey

Abstract

Awassi sheep are considered the most important sheep breed of the Middle Eastern
countries. The breed is recognized as one of the highest milking sheep in the
world, but its reproductive performance is fairly low. Milk and lamb sales
constitute over 80% of the income from sheep, so improvements in milking ability
and number of lambs weaned will increase the social and economic welfare of
producers. Recent research shows that producers are not milking more than 60-70
kg and weaning not more than 0.7 lambs per ewe per year. It has been clearly
shown by various researchers that milk yields can be increased to 100-120 kg and
the number of lambs weaned to 1.0 or more, if production methods are changed
and inputs are increased. Reproductive efficiency and milk production are closely
related to genetic and environmental factors. Genetic improvement can take a long
time, but improvement of environmental factors generally results in good responses
in shorter periods of time. This paper discusses the factors associated with
increasing milk yield and the number of lambs weaned per ewe served.

Introduction

Sheep production is the most important livestock production activity in most of the
arid and semi-arid areas of the Middle East, Near East, Far East and Africa. It
provides food, fiber, income, social security, even prestige to some. Although its
products are strategic commodities for the people and the governments, it has been
ignored by governments and therefore production has remained unchanged, as
primitive as the old nomadic sheep husbandry of our ancestors.

In the Arabian peninsula and the southeastern part of Turkey, Awassi is the
dominant breed. Syria, Iraq, Jordan and Turkey have approximately 30 million
Awassi sheep. According to the surveys conducted in all these countries producers
get 60-70 kg milk and wean 0.7 lambs per ewe annually. These are very low levels
of production.

211



Results of research on this breed indicate that there are many factors affecting
reproductive performance of Awassi such as age (Finci 1957; Goot 1966; Fox et
al. 1971; Wallach and Eyal 1974; Kassem et al. 1989; Giirsoy 1992) and level of
nutrition (Younis er al. 1978; Giirsoy and Ozcan 1983; Ozcan er al. 1992),
Similarly the results of numerous research studies indicate that lactation
performances are affected by level of nutrition (Bulgurlu 1960; Bulgurlu and
Sevgican 1964; Giirsoy and Ozcan 1983), age or lactation sequence (Eligin 1970;
Karam er al. 1971; Wallach and Eyal 1974), lamb rearing systems, time of
lambing, methods and number of milkings, size of litter and health in general.

It is possible to achieve substantial improvements in production at the farmers’
level. The small increments of improvement may add up to significant increases in
their income levels.

This paper deals with the macro-environmental factors that significantly affect
reproductive efficiency and the lactation yield of Awassi sheep, and the means by
which production can be improved.

Factors Affecting Reproductive Efficiency

Like all quantitative traits, reproduction is affected by both genetic and
environmental (nongenetic) factors. It is known that intra-breed variation is mostly
due to environmental factors, but manipulating the nongenetic factors is easier and
results are obtained in a shorter time.

Genetic Make-up

Reproductive performances of some sheep breeds in terms of lambs born per
lambing ewe are given in Table 1. Inter-breed differences are significant; Finnish
Landrace, Chios, Romanov, East Friesian, D’man, Javanese, Horro and Hu-Yang
breeds are some of the well-known prolific breeds (Sonmez and Kaymakgi 1987;
Owen 1988).

The Awassi sheep is generally considered to be a nonprolific breed similar to
Akkaraman, Morkaraman, Dagli¢, Karayaka and Kivircik breeds. One of the valid
theories about the low prolificacy of Awassi argues that Awassi has been selected
for high milk yield and size while reproductive efficiency has been neglected.
Favoring rams of larger size created bias against twin-born, slow-growing lambs
(Epstein 1985). Another view emphasizes the preferences of the producers for
single-born thrifty lambs because of the insufficient level of nutrients provided by
meager conditions that caused high lamb mortality in multiple births (Ozcan 1990).
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Table 1. Reproductive performances of some sheep breeds (Sonmez and
Kaymakgi 1987).

Lambs Lambs
Breed born/100 Breed born/100

lambing ewes lambing ewes
Anatolian Merino 118 Javanese 160
Awassi 115-117 Karacabey Merino 137
Border Leicester 113-181 Karakul 100-125
Cheviot 114-178 Kivircik 108-117
Chios 161-227 Konya Merino 144
Clun Forest 155 Langhe 139
Columbia 120-156 Leicester 120-167
Corriedale 106-125 Lincoln 129-157
Cotswold 144-150 Merino 103-161
D’man 198-267 Oxford Down 135-172
Dorset Horn 127-158 Rahmani 124
East Friesian 100-102 Rambouillet 110-161
Finnish Landrace 156-227 Romanov 195-231
German Meat 150-230 Romney Marsh 108-142
Merino 115-163 Southdown 116-170
Hampshire 160 Suffolk 100-181
Herro >200 Teksel 188
Hu-Yang 117 Welsh Mountain 115
Ile de France 119 Zigaja 144-151
Imroz 160

Research showed that the twinning rate of ewes that have twinned once or twice
previously is 42% (Finci 1957). Turner et al. (1972), in their study on the
response to selection for multiple births in the Australian Merino, found that the
twin-born sheep had 31% more lambs/ewe joined than the single-born ewes. This
indicates that twinning has some genetic components.

Table 2 gives the heritability (h?) of twinning and lambs born/ewe joined (LBEJ)
for some breeds. Heritability of twinning ranges between 0.04 and 0.22.
Heritability of LBEJ is somewhat higher than twinning but it also ranges between
0.03 and 0.50 (S6nmez and Kaymakgql 1987).
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Table 2. Heritability of twinning and lambs born/ewe joined (LBEJ) in some
breeds.

Breed Age h?
Twinning British 2-5 0.04-0.22
Swedish 2-5 0.09
Rahmani 2-7 0.08
Ossimi 0.04
LBEJ Australian Merino 2 0.03-0.20
American Rambouillet 3 0.35
Mountenin 2+3 0.19
British 2-6 0.21
Romney (New Zealand) 2-4 0-0.07
Finnish Landrace 0.04
Konya Merino 0-0.15
0.03-0.17
0.03-0.50
0.20
0.13

Environmental Factors

Many environmental factors are known to govern reproductive performance of
Awassi sheep. Determining the magriitude of their effects is very important because
the expected improvements are more pronounced and achieved in shorter periods.

Age of Ewe

It has been clearly shown that the age of the ewe affects twinning to a great extent.
Table 3 shows the effect of age on the number of lambs/ewe lambed for different
breeds (Sonmez and Kaymakgl 1987). Twinning rate increases up the 4th and Sth
lambing and then declines gradually (Tables 4, 5). In Ceylanpinar analyses of the
lambing records of 27 flocks showed that yearlings have fewer twins (2.1%) and
the number of lambs born/ewe served is significantly lower than the other ages.
The rates for barrenness, conception rate, abortion and stillbirth were similar for
all ages. According to these results, keeping ewes until 8-9 years of age increases
the number of lambs/ewe served compared with keeping a very young flock.
Precocity is an important source of increasing returns from sheep but it depends
on factors such as breed, weight, nutrition and management of the lambs. The
early maturing breeds can have precocious lambing at the age of almost one year

214



and therefore are mated at the age of 7-8 months when they reach 60-70% of their
mature size. Awassi lambs have been shown to have successful precocious lambing
(Finci 1957). This is a potential cost-minimizing practice because it cuts almost one
full year of costs and provides appreciable income from the sales of lamb and milk.
In fact, it requires at least semi-intensive to intensive management and the lambs
should reach at least 35-40 kg before mating. Otherwise, this practice will
adversely affect the lifetime production of the yearling.

Table 3. Relationship between age and lambs born/lambing ewe (adapted from
Sénmez and Kaymakgi 1987).

Age of ewe

Breed 1t 2 3 4 5 6 1 8 >9
Clun Forest 1.36 1.60 166 1.85 1.70 1.30
German Meat
Merino 1.18 1.28 1.34 140 1.26
Romanov 240 237 230
Finn 2.19 224 212
Finn 2.0 3.00 3.30 3.40 3.40
German Merino 1.19 1.26 1.39 1.40 1.41 1.39 1.37 1.41
Black-headed
meat type 1.09 1.18 1.20 127 1.25 1.26 1.22 1.18
Chios 1.97 231 2.32 238 225 225 2.11 1.66
Imroz 1.05 1.08 1.11 1.18 1.41 1.10 1.23 1.50
Anatolian
Merino 1.08 1.19 1.40 1.34
Konya Merino 1.25 145 1.57 1.62 154 1.50

Level of Nutrition

In general, a low plane of nutrition adversely affects the reproductive performance
of sheep. The effects are primarily seen in the sexual maturity of the lambs, oestrus
activity of the mature ewe, the number of ova shed, fertilization and implantation
of ova (conception), viability of embryo and fetus as well as the lamb survival after
birth (Economides 1986). In reality, farmers do not care about the number of
lambs born or twinning rate; all they care about is the number and the weight of
lambs they market.
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Table 4. Influence of age on twinning (Finci 1957).

Twinning ewes

Age group (years)

No. %
2 45 3.27
3 88 6.40
4 190 13.82
5 208 15.13
6 266 19.35
7 233 16.94
8 215 15.64
9 130 9.45

There have been numerous research studies on the effect of a high plane of
nutrition on the reproductive performance of Awassi sheep. Table 6 gives the
results of a study carried out on Ceylanpinar State Farm. Flushing increased the
number of lambs born/ewe served by 29% and the twinning rate by 21.5% (Giirsoy
and Ozcan 1983). These increases are not totally attributable to flushing because
some improvement was due to the semi-intensive conditions provided. For
instance, barrenness figures were found to be 12% for the extensive and 5.3% for
the semi-intensive systems. The significant differences among the lamb survival
rates originated from the different levels of nutrition provided to the flocks before
and after lambing.

An important aspect, however, is the economical analyses of flushing, steaming up
and supplemental feeding at post-lambing stages. Any production-increasing
practice can only be adopted if the farmer sees and believes that it provides a
distinct economic benefit. Hence, all the nutritional betterments require economical
analyses because different conditions prevail in different areas and all production
increases may not necessarily be feasible.

Weight of Ewe

There is a close relation between the weight of ewe and its reproductive
performance. In other words, as the liveweight of the ewes increases, lambs
born/lambing ewe (LBLE) increase accordingly. Table 7 gives the relationship
between liveweight and lambs born/lambing ewe for some breeds (S6nmez and
Kaymakq) 1987). For instance, for every kilogram of liveweight increase in the
Chios breed (from 34 to 54 kg), LBLE increases around 6% . High body condition,
arising from better nutrition and management, is essential for a higher lamb crop
in all breeds of sheep.
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Table 5. Reproductive data on Awassi sheep at Ceylanpinar State Farm (Giirsoy 1992).

Age of ewe (yeam)
2 3 4 $ 6 Mean
%

Teait n % n % n % n % n % n %
Ewes mated 2312 - 1770 - 3361 - 2640 - 21 . 2166 - -
Ewes conceived 2218 95.9 1707 96.4 3203 95.3 2465 93.4 2580 93.1 2026 93.5 94.6
Infertile ewes L] 4.1 63 3.6 158 4.7 178 6.6 191 6.9 140 6.5 54
Abortions and stillbirths 55 24 E3] 3.1 116 35 56 2.1 49 1.8 34 1.6 24
Ewes lambed 2163 93.6 1645 92.9 3087 91.9 2409 91.3 2547 91.9 1992 92 92.3

Single 2114 914 1503 84.9 2574 76.6 2018 76.4 2203 79.5 1701 78.5 81.2

Twins 49 2.1 142 8 513 15.2 391 14.8 344 12.4 291 134 11.05
Lambs bomn 212 95.7 1787 101 3600 109 2800 106.1 2891 104.3 2283 105.4 108.6

Male 1096 49.6 940 52.6 1762 49.5 1364 48.7 1466 50.7 1159 50.8 503

Female 1115 50.4 847 47.4 1838 51.1 1436 51.3 1425 49.2 1124 49.2 49.8
Lambs/ewe mated 1 95.7 1 101 1.1 109 1.1 106.7 1 104.3 1.1 1054 103.7
Lamba/ewe lambed 1 102.3 1.1 103.6 1.2 116.6 1.2 116.2 1.1 1135 1.2 114.6 112.0.5

+ Expressed as percentage of ewes mated.



Table 6. Reproductive performance of Awassi sheep under extensive
and semi-intensive conditions (Giirsoy and Ozcan 1983).

Management system

Extensive Semi-intensive

Traits n %t n %
Ewes mated 349 356
Ewes conceived 307 88.0 337 94.7
Infertile ewes 42 12.0 19 53
Abortions and 14 4.0 8 2.3
stillbirths 239 83.9 329 92.4
Ewes lambed

Single 275 93.9 238 72.3

Twins 18 6.1 91 27.7
Lambs born 31 89.1 420 118.0
Lambs/ewe lambed 1.1 106.1 1.2 127.7
Lambs/ewe mated 0.9 89.1 1.2 118.0

1 Expressed as percentage of ewes mated.

Table 7. Relation between lambs born/lambing ewe and liveweight in some
sheep breeds.

No. lambs born/lambing ewe

Liveweight class

kg) German Black-headed
Chios Imroz Merino meat type

<35 1.61 1.08

35.1-44 1.82 1.11

44.1-55 2.37 1.63 1.14 1.05
55.1-62 1.14 1.10
62.1-69 1.26 1.14
69.1-76 1.35 1.23

> 76 1.42 1.16
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Other Factors

Among other factors, time of mating (atmospheric temperature and length of
daylight), fertility of ram, method of mating, the number of rams joined, age and
semen characteristics of ram may be considered as highly important.

It is a common practice to join 1 ram/30-40 ewes for natural mating of Awassi and
other breeds in Turkey. This may be considered as joining too many rams, but
taking into account the extensive conditions and poor feeding conditions, it may
then be justified. A higher number of ewes/ram may extend the mating and
definitely the lambing season, resulting in low fertility and poor uniformity of
lambs. In the case of Al it is not recommended to harvest more than two ejaculates
daily and flushing of rams is highly recommended for higher lambing rates.

Rams must undergo semen evaluation because low semen quality will have a
detrimental effect and cause a high rate of infertility.

Ways to Improve Reproductive Performance

The most important and meaningful criterion for reproduction is lambs weaned/ewe
joined (LWEJ). This term incorporates fertility, fecundity, lamb survival, maternal
effects and management as a whole (Galal 1986). To increase LWEJ the following
measures may be taken into consideration:

1. Select rams and ewes that are twin born and keep those ewes with twinning

records for a longer time.

Select the rams from families of high reproductive performance.

Cull the ewes with infertility records.

Select heavy and large-framed rams and ewes.

Do not tolerate reproductive defects.

Select rams with large and even-sized testicles.

Ensure that breeding stock possesses all the desirable characteristics of the

Awassi breed.

Apply flushing 3 weeks before mating and discontinue flushing for the ewes

already mated.

9. Provide a higher nutritional level 4 weeks prior to lambing.

10. Confine the ewes to the lambing quarter a few days before lambing.

11. Regularly screen for brucellosis and other diseases that cause abortion.

12. Implement the annual vaccination program very strictly.

13. In case of natural mating, do not allow more than 40 ewes/ram under
extensive management conditions.

14. Do not use less than 0.2 ml of fresh semen/insemination.

NounkwN
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15. Use progestagens and gonadotropins (e.g., PMSG) for synchronization and
super-ovulation if cheaply available.

16. Crossbreed with high-milking, prolific breeds (Chios and East Friesian) if
management conditions are favorable.

The above measures may cause significant increases in the reproductive
performances of Awassi sheep and it is worth remembering that under the existing
management conditions in Turkey, Iraq, Syria and Jordan increases in fecundity
will cause a drastic fall in birthweights of lambs, leading to very high mortalities.
Hence, measures for increased reproduction should include higher level of nutrition
and better management.

Factors Affecting Lactation Performances

Sheep milk is the major source of animal protein in the diets of southeastern and
eastern Turkey and the arid and semi-arid areas of the Middle East. It is consumed
in great quantities in the form of milk, yoghurt, leban, lebne, cheese and butterfat.
These products, which are consumed by the household and presented as gifts, are
not taken into consideration as returns of sheep by the producers or researchers.
In the extended families of the Middle East these constitute a great sum and should
not be neglected or underestimated. Whatever their actual rank among the returns
from sheep, they are important products of Awassi sheep.

Many factors affect the milking ability of Awassi. Like all quantitative traits some
are genetic and some are environmental.

Genetic Make-up

Awassi sheep is a dairy breed and is known as the second-highest yielding breed
after the famous German East Friesian breed. The East Friesian breed is highly
unadaptive to the arid and semi-arid conditions where Awassi performs very well.
According to recent FAO publications the Awassi can produce as much as 1463
liters (Epstein 1985). Mean lactation yields exceeding 500 kg have been recorded
in the improved purebred flocks.

Recent reports from different areas of the Middle East verify the existence of
significant differences among the various strains of Awassi sheep (Bahhady et al.
1992; El Rawi and Mohammad 1992; Giirsoy er al. 1992). A significant part of
variation under the same conditions stems from the genetic make-up of the ewes
concerned. This fact justifies the great prospects of genetic improvement through
selection (Table 8).
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Environmental Factors

Among the nongenetic (environmental) factors, the age of ewe, level of nutrition,
suckling regime, time of lambing, body condition, twinning, type of feed, method
and number of milkings and diseases may be listed as important ones.

Age of Ewe
Tables 9 and 10 summarize the findings of various researchers. It can be seen that

milk production increases by age up to the 4th and 5th lactations and then starts to
decline gradually (Finci 1957; Elicin 1970; Wallach and Eyal 1974).

Table 8. Comparisons of lactation traits (X + Sx) of the top 43 State Farm
exceptional ewes in 1989 (combined with 1988 screening).

Exceptional ewes

Traits National State Farm¥  Control ewes

Lactation length (days) 192.0+4.1af 2059+1.7b 187.1+4.4a
Minimum 133 159 95
Maximum 213 224 222

Lactation yield (kg) 230.54+109a 209.7+7.0b 222.849.3a
Minimum 119.7 253.9 97.5
Maximum 374 469 360

Mean daily milk yield 1.1940.04a 1.9140.04b 1.1940.03a

(kg) 0.9 1.2 0.7
Minimum 1.8 2.3 2.0
Maximum

Maximum individual 2.15+0.1a 2.664+0.1b 2.10+0.1a

daily milk yield (kg) 1.3 2.1 1
Minimum 3.8 4.2 4.3
Maximum

Number of ewes 37 43 43

+ Values within a column followed by the same letter are not significantly different at the
5% level.
$ 1987 and 1988 screening.
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Table 9. Milk yields (kg) of Awassi ewes of different ages in Iraq (Karam ef
al. 1970).

Milk yield (kg)

Age of Mean length
ewe 90 days Post- Total of lactation
(yrs) No. pre-weaning weaning lactation (days)

2 7 75.3 35 78.8 140

3 9 108.1 10.5 118.6 123

4 6 108.9 21.7 130.6 148

5 9 106.7 17.0 123.7 133

Level of Nutrition

Awassi is a dairy sheep and requires a certain quantity and quality of feed in order
to meet its needs and produce accordingly. For instance, ewes weighing 60-70 kg
require 0.8 feed units and 70 g digestible protein (DP) for maintenance and 1.6-1.9
kg dry matter (DM). A ewe producing 3 kg milk daily requires 2.5 feed units, 285
g DP and 2.0-2.7 kg DM (Epstein 1985). Generally, ewes lose weight during
lactation, which indicates insufficient feeding.

Significant increases in milk yield may be expected by feeding ewes according to
their production levels all over the Middle East. In areas where milk is in great
demand and can be marketed without any difficulty it may be feasible to
supplement ewes with commercial feed. Here the most important criterion may be
the milk/feed price ratio. It was 2.5 in southeastern Turkey during the last
lactation, owing to high price for white (feta) cheese. In any area where this ratio
is above 1.0 it should be feasible to supplement the lactating ewes.

The high milk production values reported by Israel are partly due to the high level
of nutrition offered to the ewes during lactation. A ewe can only express herself
under the most favorable conditions. This clearly implies that it is not possible to
force the genetic limits without offering all the nutrients in required amounts.

Low protein intake for a particular level of energy will reduce milk yield
drastically. As milk yield increases, the minimum ratio of crude protein and
metabolizable energy increases. Finally, increasing crude protein intake without
increasing the metabolizable energy intake will stimulate milk production provided
that the ewe has not reached her full capacity (Treacher 1989).
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Table 10. Influence of age on lactation length of Awassi sheep (Elicin 1970).

Age of ewe No. Milk yield Mean daily yield Lactation length
(yrs) ewes Lactations kg % kg % days %

2 55 1 116.04 100.00 0.75 100.00 155.96 100.00
3 40 2 144.69 124.24 0.87 116.22 164.32  105.36
4 49 3 165.06 137.51 0.98 129.92 167.73  107.55
5 66 4 175.01 150.81 1.03 136.56 170.16  109.10
6 24 5 168.02 144.79 0.94 124.34 179.00 114.77
7 33 6 158.65 138.15 0.92 112.60 170.81  109.52




Suckling Regime

The effect of suckling regime on the milk yield of sheep varies. For instance,
Atzmon and Doron (1951) experimentally showed that lamb growth was not
significantly different among the groups of lambs that suckled (1) all the milk for
8 weeks, (2) all the milk for 4 weeks and half the milk for another 4 weeks, (3)
all the milk for 2 weeks and half the milk for another 6 weeks. Restricted suckling
of this kind increased the marketable milk significantly. Eyal (1972) reported that
weaning at any time after birth did not affect milk production of Awassi ewes.

In another experiment, 66 Awassi sheep were divided into two groups: (1) lambs
were weaned after birth and artificially reared and the ewes were milked for 22
weeks, (2) lambs were allowed to suckle their mothers after each milking. No
significant differences were found with respect to the marketable milk (Morag et
al. 1970). Louca (1972) in Cyprus found that suckling for 12 hours and suckling
all the milk did not have any significant effect on the milk yields. Zervas et al.
(1979) in Greece found that weaning at either 3 or 6 weeks did not affect milk
production significantly. Economides (1983) reported that weaning lambs at 35 and
70 days did not affect milk yields of the mothers.

Lawlor er al. (1974) studied the effect of early weaning on the lactation yields of
Awassi, Chios and Cyprus Fat Tail breeds by weaning at birth, 2 and 25 days after
birth. Awassi lactation yields were 195, 212 and 252 kg, respectively. Weaning at
birth and 2 days after affected lactation yield significantly. Economides (1986)
stated that restricted suckling increases marketable milk significantly but weaning
at birth, and just a few days after lambing, adversely affects milk production in
low-yielding breeds.

Torun (1987), in his study on the effect of early milking on the marketable milk
of Awassi sheep, found that partial milking starting a week after lambing increased
milk yield significantly compared with normal milking, which starts 2 months after
lambing on Ceylanpinar State Farm.

It can be recommended that lambs be allowed to suckle all the milk for 30 days
and then to suckle the residual milk for 30-60 minutes within the next 30 days and
afterwards be weaned totally. It can be recommended that the high-yielding ewes
be partially milked after lambing because they will have surplus milk that may
cause udder problems if not emptied.
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Time of Lambing

The normal lambing season in Turkey and the other Middle Eastern countries is
concentrated in December and January. This is the time traditionally synchronized
with the peak of vegetation. Hence lamb growth and milk production reach their
maximum in March and April. Starting from the middle of May onwards,
vegetation dries and fails to provide adequate nutrition. Observations with the
summer-lambing sheep on Ceylanpinar State Farm and at the Cukurova University
Farm showed that lamb growth, lactation length and yield declined because of high
temperature, lack of lush vegetation and even adequate feed. Early lambing in
October and November under extensive conditions affects lactation yield because
normally sheep produce over 50% of the lactation yield within the first 8-10 weeks
of lactation.

Twinning

Some studies on the Western breeds indicate that twin-lambing ewes have higher
milk yields than single-lambing ewes (T. Treacher, ICARDA, pers. comm. 1992).
There are no studies on Awassi that indicate this trend and a study is being
conducted on a large sample of different ages in the Ceylanpinar population. If it
is verified then it should be taken into consideration during selection of the
breeding stock.

Method of Milking

It has been clearly shown that machine milking decreases milk production
compared with hand milking and various research showed that hand-stripping in
machine-milked ewes yielded 5-30% additional milk. Hand-stripping can harvest
the alveolar milk, which contains 75% of the total fat (Unuanuna 1986).

According to Sarican and Demirbren (1983), only 51-62% of the marketable milk
can be milked by machine and it requires hand or machine stripping in order to
increase milk harvest. Another 21-31% can be harvested by stripping.

Other Factors

Many other known or unknown factors affect milk production of sheep; some of

these are interrelated. It is not the intention of this paper to include all factors
involved.
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Ways of Improving Milk Yield

Improving milk yield has two components: namely genetic and environmental
factors. It takes a long time to achieve genetic improvement in milk production
because heritability of this trait is low. Improvement through the improvement of
environmental factors, although not permanent, is easier and results are achieved
faster.

Genetic improvements include pure breeding and selection (Finci 1957) and
crossbreeding with dairy breeds such as East Friesian to obtain the high-yielding
Assaf type as named in Israel.

The following measures may be taken into consideration for improving the lactation
yields of Awassi sheep:

1. Assess the lactation characteristics of the flocks and select rams from the twin-
born lambs of the exceptional ewes. Do not use the same ram for more than 2
years.

. Reserve the twin-born ewe lambs of exceptional ewes as replacements.

Acquire rams of high genetic value from other sources.

Use teaser rams 2 weeks prior to mating for oestrus synchronization. This will

facilitate uniform milking,

Start partial milking with exceptionally high milkers right after lambing.

. Feed ewes according to their milk production levels.

. Allow lambs to suckle all the milk for the first 30 days and then shift them to
suckling residual milk for 30-60 minutes after each milking for another 30 days;
afterwards, wean them totally.

8. Provide silage or other lush roughage towards the end of lactation for extending

the lactation period.

ho
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Conclusions

Awassi sheep, with their present level of production, have good potential in genetic
selection for milk yield and efforts should be increased for attaining this goal.
However, even with its present genetic make-up, the Awassi has the capacity to
return higher levels of income provided that its nutritional requirements are met
and management and health conditions are improved.

226



References

Atzmon, J. and N. Doron. 1951. Reports on experiments and demonstrations in the sheep flock of
Acre Stock Farm. Acre Shecp Breeders® Association. Israel Ministry of Agriculture.

Bahhady, F., A. Goodchild, A. Hertani and T. Treacher. 1992. Comparison of the performance of
Turkish and Syrian strains of Awassi ewes. Workshop on The Stratcgics for the Devclopment of
Fat-tail Shecp in thc Near East, 5-9 October 1992, University of Cukurova, Faculty of
Agriculture, Adana.

Bulgurlu, Pt. 1960. Rasyoncl besleme ve itinali bakim fartlarinda ijvesi ve Sakiz koyunlarinin siit
verimleri dzerinde araftirmalar [Rescarch on milk production of Ivesi and Sakiz sheep under
controlled feeding and good management conditions]. Acgean Universite Ziraat Fakultesi
Yayinlarl 48.

Bulgurlu, §. and F. Sevgican. 1964. Rasyonel besleme ve itinali bakim sartlarinda ivesi, Sakiz ve
Kivircikoyunlarinin siit verimleri izerinde aragtirmalar [Research on milk production of Ivesi,
Sakiz and Kivircik sheep under controlled feed and good management conditions). Aegean
Universite Ziraat Fakultesi Dergisi 1(1):1-16.

Economides, S. 1983. Intcnsive sheep production in the Near East. FAO Animal Production and
Health Paper 40. FAO, Rome.

Economides, S. 1986. Nutrition and management of shecp and goat. Small Ruminant Production in
the Developing Countrics. FAO Animal Production and Health Paper 58. FAO, Rome.

El Rawi, A.R. and M.H. Mohammed. 1992. Annual report. Masreq project. 4th Regional Technical
Meeting, 26-28 Scpt 1992, ICARDA, Amman, Jordan.

Eligin, A. 1970. Ceylanpinar Deviet Uretme Giftliginde yetigtirlen ivesi koyunlarinin siit verimi,
laktasyon uzunlugu ve yizde yag nisbeti ile ilgili aragiirmalar [Research on milk yield, lactation
length and fat content of milk from Ivesi sheep at Ceylanpinar Statc Farm]. Ankara Universite
Ziraat Fakultesi Yayinlari 385. Ankara.

Epstcin, H. 1985. The Awassi sheep with special reference to the improved dairy type. FAO Animal
Production and Health Paper 75. FAO, Rome.

Eyal, E. 1972. Biological and environmental factors affecting assessment of the true production and
genetic potential of dairy sheep. Symposium on Milk Recording Practices for Sheep and Goat,
19-24 March 1972, Isracl.

Finci, M. 1957. The improvement of Awassi breed of sheep in Isracl. Bulletin of the Research
Council of Isracl 6B:1-2.

Fox, C., R. Chaaban, W. Hardison, S. Badawi, E. Choveini and M. Maalouf. 1971. Sclection and
breeding programs of Awassi and Chios sheep. Publication No. 36. Institut des Récherches
Agronomiques, Liban.

Galal, E.S. 1986. Sclection for incrcased production in multi-purposc sheep and goat. Pages 111-117
in Small Ruminant Production in the Developing Countrics. FAO Animal Production and Health
Paper 58. FAO, Rome.

Goot, H. 1966. Studies on the native Awassi sheep and its crosses with exotic East Fricsian Milk
Sheep. Bulletin of the National University, Institute of Agriculture Rehavot 115.

Giirsoy, O. and L. Ozcan. 1983. Ceylapinar Develt Uretme Cifligi ekstansif ve yari-entansif
kosulawrinda yetistirilen ivesi koyunlarinin bazi 6zellikleri iizerinde karsilagirmali aragtirmalar
[Comparative rescarch on somc characteristics of Ivesi sheep raised under intensive and semi-
intensive conditions at Ceylanpinar State Farm). Cukurova Universitc Ziraat Fakultesi Yilligi,
14(3-4):155-168.

Giirsoy, O., E. Pekel, L. Ozcan, O. Torun and V. Timon. 1992. Genetic selection for milk yield in
Awassi sheep. 1. Reproduction and Lactation. Turkish Journal of Veterinary and Animal Science,
16(3):535-546. Ankara.

227



Giirsoy, O. 1992. Ceylanpinar Tarim igletmesinde yetigtirilen Ivesi koyunlarinda d5l verim kriterleri
ve yagin ddl verimine etkisi [Fertility and effect of age on fertility in Ivesi sheep raised at
Ceylanpinar State Farm]. Gukurova Universite Ziraat Fakultesi Dergisi, 7(2):173-188.

Karam, H.A., K.H. Juma, M. Al-Shabbibi, J. Eliya and H.N. Abu Al-Ma'Ali. 1970. Milk
production in Awassi sheep and Hungarian Mcrino Sheep in Iraq. Journal of Agricultural Science
76:507-511.

Kassem, R., J.B. Owen, 1. Fadel, H. Juha and C.J. Whitaker. 1989, Aspects of fertility and lambs
survival in Awassi sheep under semi-arid condition. Rescarch and Development in Agriculture
6(3):161-168.

Lawlor, M.J., A. Louca and A. Mavrogenis. 1974. The effect of three suckling regimes on the
lactation performance of Cyprus-fat-tailed Chios and Awassi sheep and the growth rate of the
lambs. Animal Production 18:293-299.

Lischka, R. 1976. Der cinfluss verschiedener aufzuchtverfahren auf dic Gewichtsentwicklung von
lammem und dic milchleistung der miitter bei Kivircik, Awassi und Sakizschafen sowie
kreuzungen mit dem Ostfriesischen milchschaf [The influence of different rearing methods on the
growth rate of lambs and milk production of ewes of Kivircik, Awassi and Sakiz sheep, and
crosses with E. Friesian sheep]. Justus Liebig University, Giessen.

Louca, A. 1972. The effect of suckling regime on growth rate and lactation performance of the
Cyprus Fat-tailed and Chios sheep. Animal Production 15:53-59,

Morag, M., A. Raz and E. Eyal. 1970. Mother-offspring relationship in Awassi. IV. The effect of
weaning at birth, or after 15 wecks, on lactation performance in dairy ewe. Journal of
Agricultural Science 75:183-187.

Owen, J.B. 1988. A stratcgy for exploitation of sheep genotypes for improved flock performance.
Pages 111-121 in Increasing Small Ruminant Productivity in Semi-arid Areas (E.F. Thomson and
F.S. Thomson, eds.). Kluwer Academic Publishers.

Ozcan, L. 1990. Koyunculuk (Sheep husbandry]. T.0.K.B. Tegkilatlanma ve Destekleme Cenel
Mudiirliigs Yayin Dairesi Bagkanlig) Mesleki Yaylnlar, Cenel: 343, Seri:15, Ankara.

Ozcan, L., O. Torun, O. Giirsoy and E. Pekel. 1992. GAP bélgesinde yetigtirilen ivesilerin sat dol
ve et verimlerinin islahininda egzotik irkladan yararanma olanaklan [The possibility of using
exotic races to improve milk, fertility and meat production of Ivesi sheep in the GAP region).
8. Chrono-gestle Oestrus Senkronizasyonu (Unpublished), Adana.

Sarican, C. and E. Demiréren. 1983. Sagim pratikleri ve hijyeni. Koyun, kegi yetigtiriciligi ve kuzu
besiciligi semineri [Practices of milking and hygienc]. T. C. Tarim ve Orman Bakanlig), Ziraat
Isleri Gen. Mid. Yayinlani.

Sonmez, R. and M. Kaymakgl. 1987. Koyunlarda d6] verimi [Fertility of sheep). Acgean U. Ziraat
Fakultesi Yay. No. 404:347. Aegean Universite Ziraat Fakuliesi Ofset Basimevi, Izmir.

Torun, O. 1987. Ceylanpinar ivesilerinde erken sagimin analarin sit verimi ve kuzularin geligimi
lizerine etkileri [The cffect of early milking on the milk production of cwes and development of
lambs in Ceylanpinar Ivesi sheep). Gukurova Universite Fen Bilimleri Enstitiisi (Unpublished
Ph.D. Thesis), Adana.

Treacher, T.T. 1989. Nutrition of the dairy ewe. North American Dairy Sheep Symposium,
University of Minnesota, 25-28 July 1989, St. Paul, MN.

Tumer, H.N., R.H. Hayman, L.K. Triffity and R.W. Prunster. 1972. Response to sclection for
multiple birth in Australian Merino. Animal Production 4:165-166.

Unanuer, P.A. 1986. Machine milking of sheep. Bullctin of International Dairy Federation 202.

Wallach, E. and E. Eyal. 1974. The performance of intensively managed indigenous Iranian sheep
and of Awassi shecp imported to Iran from Isracl. Zeitschrit fuer Tierziichtung und
Zichtungsbiologic 91:232-239, 317-326.

Younis, A.A., A.A. Al-Kamali and E.A. El-Tawill. 1978. Effects of flushing on fertility of Awassi
and Hammadani ewes. World Review of Animal Production 14(2):5-6.

228



Zervas, N., L. Matsoukas and J. Hatjiminaoglou. 1979. L'influence de la durée de I'allaitement sur
Ia production laititre des meres et la croissance des agneaux en race ovine Serres [Effect of
length of lactation on milk production and lambing rate in Serres sheep]. Pages 747-758 in Extrait
du Procds-verbal de la Séance du 16 Mai 1979. Academic d’Agriculture de France.

Discussion
A. Al-Rawi
Do you think there is any antagonistic relationship between fitness trait and
production traits?
O. Gursoy

No, I don’t think that there is an antagonistic relationship between fertility and milk
and meat production.
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Comparison of the Performance of Turkish
and Syrian Strains of Awassi Ewes at Two
Levels of Nutrition

F. Bahhady, A. Goodchild, H. Heritani, A. Termanini and T. Treacher
ICARDA, Aleppo, Syria

Abstract

Milk yields and lamb growth rates of two strains of Awassi ewes were compared
at feeding levels that provided thé energy and protein requirements for ewes
producing 2 kg (high = H) or 1 kg (low = L) of milk/day. The two strains were:
40 selected ewes imported from Ceylanpinar State Farm in Turkey (T) and 40
unselected ewes from ICARDA’s flock at Tel Hadya station (S). In weeks 1-4 of
lactation the lambs were suckled continuously. In weeks 5 and 6 the lambs were
suckled during the day and the ewes were milked after the lambs had been
separated for 12 hours at night. At the end of week 6 the lambs were removed and
the ewes milked twice daily by hand. Milk yield was recorded at the morning and
evening milkings on 1 day/week. Liveweights of the ewes after lambing were
S=49 kg and T=53 kg. There were no differences between the strains in growth
of lambs during the suckling period, or from weaning until 14 weeks of age. Milk
yields between weeks 7 and 14 were significantly affected by both strain and
feeding level with mean daily yields of 1.1, 0.9, 1.4 and 1.1 kg for treatments SH,
SL, TH and TL, respectively. The coefficiants of variation for milk yield from
weeks 7 to 14 were 38, 41, 26 and 19% for treatments SH, SL, TH and TL,
respectively, indicating that the variation in individual yield was higher in the
unselected Syrian ewes.

Introduction

There are approximately 1 million Awassi sheep in southern Turkey. Selection for
milk yield in Awassi sheep is centered on the Ceylanpinar State Farm, where
selection flocks were started with 50 exceptional ewes, obtained by screening 400
commercial flocks in five provinces, and 55 exceptional ewes from the Ceylanpinar
Farm itself. In March 1991, ICARDA purchased 40 ewes, aged 2 years, and 2
rams from the Ceylanpinar flock. In 1992 these ewes and 40 ewes selected at
random from the 2-year-old ewes in the flock at ICARDA'’s Tel Hadya station in
northern Syria were compared using two levels of nutrition in lactation.
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The ewes in the ICARDA flock are typical of well-managed flocks in northern
Syria. The flock was started in 1979 with ewes purchased from the Wadi el Azeb
Sheep and Range Centre, which had obtained ewes from Bedouin flocks in the
northwestern part of the Syrian steppe. No ewes have been brought into ICARDA’s
flock since 1985, although a small number of rams are purchased occasionally from
El Kraim Station, Selamieh.

Design

The ewes of the Turkish (T) and Syrian (S) strains were blocked for weight after
lambing and allocated at random to high (H) and low (L) nutritional treatments,
which were defined as the metabolizable energy requirements for ewes producing
2 and 1 kg of milk per day. These levels were chosen on the basis of the expected
peak yields of the two strains. Gursoy (Univ. of Cukurova, pers. comm.) found
peak milk yields of 1.9 and 2.1 kg/day in 1988 and 1989 in 50 control ewes,
representative of the main flock of Turkish strain ewes at Ceylanpinar State Farm.
The peak yield of the better ewes in the ICARDA flock is 1 kg/day. At the end of
week 14 of lactation, the feeding levels were reduced.

Management

The ewes were synchronized for oestrous, using Cronogest sponges, and mated to
rams of the same strain. The mean mating date for the first cycle was 9 September
1991. Three ewes were mated at the second cycle. Ewes were managed as one
group in pregnancy. Initially, they grazed stubble with supplementation to maintain
their weights. From 6 weeks before lambing, they were fed individually according
to ARC (1980) requirements, with feeds adjusted to their initial weights. Daily feed
for a 50-kg ewe was 700 g (fresh weight) cereal straw, 120 g cottonseed cake (csc)
and 405 g barley grain at 6 weeks before lambing, increasing to 595 g in the week
before lambing. After lambing, the four treatment groups were managed separately.
Individual feeding levels were adjusted on the basis of weight on the day after
lambing. From lambing until 10 May, daily feed allowances for 50-59 kg ewes
were 510 g (fresh weight) vetch hay, 150 g csc and 1470 g barley grain at level
H and, at level L, 770 g cereal straw, 150 g csc and 770 g barley. Each day the
ewes were grazed on very poor pasture from 0900 to 1700 hours, but it was
considered that grazing made no significant contribution to feed intake. The
calculated metabolizable energy (ME) levels were 22.85 and 15.05 MJ at levels H
and L respectively.

On 10 May, intakes were reduced to 260 g vetch hay, 70 g csc and 1180 g barley
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(level H) and 1000 g straw, 110 g csc and 340 g barley (level L). On 7 July,
feeding was drastically reduced to assist the ewes to dry off.

After lambing, the management of lambs and of milking was typical of flocks
specializing in milk production in Syria. The lambs remained with the ewes
continuously for 4 weeks. This was followed by 2 weeks of partial suckling, in
which the lambs were removed at 2000 hours and offered creep food in separate
pens. The ewes were hand milked at 0800 hours and the lambs were then returned
to spend the day with their mothers.

Individual milk yields were recorded weekly, starting in week 5. In weeks 5 and
6, there was only one milking; subsequently, morning and evening yields were
recorded each Thursday. Initially, yield was measured volumetrically to the nearest
10 g but, from week 10, a balance accurate to 1 g was used. In addition the total
yield of each treatment group was recorded at each milking.

Results

Results were analyzed from 18, 14, 15 and 17 ewes on treatments SH, SL, TH and
TL, respectively.

Lamb Growth

There were five pairs of twins from the Turkish and only one from the Syrian
ewes, which resulted in significant differences in birth weights between strains
(Table 1). Each ewe suckled only one lamb. Although the Turkish lambs had
slightly higher growth rates, in the period of full suckling (weeks 1-4), the
differences were not significant. When the period of partial suckling in weeks S
and 6 of lactation was included, growth rates were very similar but showed a
significant effect (P > 0.05) of feeding level of the ewe. The growth of lambs
from weaning at 6 weeks until 14 weeks was not affected by treatment. The overall
growth from birth to 14 weeks was higher (P > 0.05) in Turkish lambs but the
weight at 14 weeks, although higher in Turkish lambs, was not significantly greater
than in Syrian lambs.

Feed Intakes of Ewes

There were few refusals of feed after the second week of lactation. Mean intakes
of metabolizable energy (MJ/day) from lambing until week 14, when feeding level
was changed, and from weeks 15 to 21 were SH 21.2 and 17.0, SL 14.5 and 11.0,
TH 21.3 and 17.3 and TL 14.7 and 11.2, respectively.
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Table 1. Lamb weights and daily gains at two feeding levels.

Syrian Turkish Significance
H L H L Strain Level

Birth weight (kg) 47 4.8 45 4.2 * ns
Daily gain (g)

Weeks 1-4 280 280 320 285 ns ns

Weeks 1-6 280 265 310 270 ns *

Weeks 7-14 250 255 270 280 ns ns

Weeks 1-14 260 260 285 275 * ns

Wt. at 14 wk (kg) 299 29.9 31.8 303 ns ns

Weight Changes of Ewes

There was a difference between the strains of 4 kg in the weights of the ewes after
lambing (Table 2), but at no stage did strain have a significant effect on weight
change. Before the lambs were weaned at 6 weeks after lambing, ewes on the low
level of feeding lost significantly more weight than those on the high level (110 vs.
15 g/day). There were no significant differences between treatments in the gains
made in weeks 7 to 14. When feed intake was reduced at the end of week 14,
weight declined again and the losses were significantly greater at the lower level
of feeding.

Table 2. Liveweight and weight changes of ewes.

Syrian Turkish Significance
H L H L Strain Level
Weight after 49 49 53 53 xx ns
lambing (kg)
Change (g/day)
Weeks 1-6 0 -105 -90 -30 -115 ns *kx
Weeks 7-14 200 170 90 185 155 ns ns
Weeks 15-21 -15 90 90 -5 -105 ns xkx

233



Milk Yields

Milk yields were not estimated in the full suckling period. During the period of
partial suckling in weeks 5 and 6, milk production at the morning milking was
significantly lower at the lower level of feeding (Table 3). In the first period of
twice daily milking (weeks 7 to 14), there was a significant difference (P > 0.01)
in yield between the strains, with the Turkish ewes producing 25% more milk than
the Syrian. The 16% difference in yield between feeding levels was close to
significance (P > 0.06). In weeks 15 to 21, when energy intake reduced by 20%
at level H and 24 % at level L, the difference between the strains declined to 14%
and was not significant. Over the whole period from weeks 7 to 21, the Turkish
strain produced 22% more milk (P > 0.01). There also was a significant effect of
feeding level P > 0.05).

Table 3. Mean milk yields (g/day) of Syrian and Turkish ewes.

Syrian Turkish Significance
Weeks H L H L Strain  Level
Sand6 580 445 660 420 ns bl
7-14 1045 935 1370 1140 ** ns
15-21 515 400 615 460 ns b
7-21 800 685 1015 825 b *

There were large variations in milk yield between ewes in each treatment (Table
4). The coefficient of variation for yield from weeks 7 to 14 was higher in the
Syrian ewes than in the Turkish, indicating that the variability in yield between
individuals was higher in unselected Syrian ewes. Although the ranges of individual
yield were large, no individual yield was 3 standard deviations above the treatment
mean. The highest yields of individual ewes on treatments SH and TH were,
however, more than 2 standard deviations above the mean.

Conclusions

Selected Turkish ewes were 4 kg heavier after lambing than unselected Syrian
ewes. Growth rates of lambs did not differ between the strains. Milk yields during
the period of hand milking, from 7 to 21 weeks of lactation, were 22% higher in
Turkish than in Syrian ewes. There were large variations in individual yields in
both strains. Two ewes had mean yields more than 2 standard deviations above
their treatment mean,
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Table 4. Variation in milk production in weeks 7 to 14.

Syrian Turkish

H L H L
Number of ewes 18 14 15 17
Mean (g/day) 1045 935 1369 1142
SE 93 102 92 52
cv 38 41 26 19
Individual yields (g/day)
Highest 2055 1667 2286 1508
Second 1701 1466 1723 1443
Third 1281 1279 1665 1396
Lowest 206 435 625 715

Reference

ARC. 1980. The Nutrient Requirements of Ruminant Livestock. CAB, Wallingford, Oxford, UK.

Discussion

N. Haddad
I notice that selected Turkish ewes respond better to high feed than the local ewes;
why and what benefit might this have?

F. Bahhady

Different grazing and feeding trials conducted at Tel Hadya included ewes of the
same age and treated under the same management. These ewes showed big
variation between individuals in milk yield. The Turkish strain was selected for
milk production, their milk yield was increased and subsequently they responded
to feed intake more than the Syrian local. The main benefit, in my view, of
selected or improved Awassi is to introduce them to farmers who can produce
enough feed to meet their need.

A. Qrunfuleh

Why was a comparison not made between the selected Turkish Awassi and selected
Syrian Awassi, especially as we now have improved flocks of Syrian Awassi at
Hama Research Center and Al-Kreem Center?
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F. Bahhady

The ICARDA flock in Tel Hadya was established in 1979 by purchasing 100 ewes
from Wadi Al-Azeb. In 1985 an additional 30 ewes were purchased from Aleppo
Governorate. A high variation in milk production between the ewes under different
nutrition and management systems was found. Therefore, ICARDA requested the
purchase of 40 uniform improved ewes, which were available at Hama Research
Center, to compare them with the flock in Tel Hadya. However, the request was
turned down and therefore we got the approval of the Ministry of Agriculture and
Agricultural Reform to import 40 improved ewes from Turkey, which we used in
this trial.
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The Effect of Early Weaning on Milk
Production and Growth Rate of Awassi
Lambs

Faisal Tawfic Awawdeh
NCARTT, Amman, Jordan

Abstract

Three demonstrations were conducted on owners’ flocks, one in the north of Jordan
and two in central Jordan, to compare the effect of early weaning with a traditional
regime on marketable milk yield and on the growth rate of lambs. Two groups
were used in each demonstration: treatment and control. Lambs in treatment groups
in demonstration 1 and 3 received restricted suckling at 21 days of age by
separation from their dams daily in the evening; they joined them after the morning
milking. In the second demonstration, milking was performed in the evening and
lambs were separated in the morning. The control group was managed according
to the owner’s system. Groups 1, 2 and 3 contained 39, 43 and 46 lambs,
respectively. Weaning weight was 15.4 and 20.3 kg for the control group and 16.0
and 13.7 kg for the treatment group for demonstrations 1 and 3, respectively. In
the second demonstration, weaning weight was 15.7 and 15.9 kg for the control
and the treatment groups, respectively. Daily gain was 170.9 and 173.6 g head®
day™” for demonstration 1, 126.4 and 94.9 g head" day™ for demonstration 2, and
100.5 and 155.5 g head" day™ for demonstration 3 for the treatment and control
groups, respectively. Ewe lambs kept in the flock had a body weight at 129 days
of age of 27.5 and 26.1 kg for control and treatment groups, respectively. The
treatment groups produced more commercial milk than the control group: 259, 180
and 435.5 kg in demonstrations 1, 2 and 3, respectively.
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Effect of Urea-treated Straw on Milk
Production of Ewes and Meat Production of
Lambs

Abdel Rahman Qrunfuleh and Loai Laban
Directorate of Agricultural Scientific Research, Douma, Damascus, Syria

Abstract

Fifty Awassi ewes and 50 lambs were divided into two groups and fed on two
different rations for 60 days, where 30% of the concentrates were replaced by 700
g of urea-treated straw. The initial and final weights were measured. The milk
produced was measured after the lambs were weaned at 2 months of age. The
average daily weight gain of lambs in the group fed urea-treated straw was higher
by 15 g/day. The milk production of ewes under treatment was higher by 110 g
ewe’! day” compared with the control group. Feeding on urea-treated straw resulted
in a significant reduction in cost of feed and more meat and milk.
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Economic Analysis of Fertilizer Use in Barley
Production: A Case Study in Rain-fed Areas
of Iraq

Kamil H. Shideed and Adnan Adary
IPA Agricultural Research Center, Baghdad, Iraq

Abstract

In efforts to increase agricultural productivity in rain-fed areas, Iraqi researchers
have promoted two technological packages consisting of components such as
variety, fertilizer and planting method. Two varieties, Jazera 1 and a local black,
were used with a seeding rate of 120 kg/ha and a fertilizer rate of 160 kg/ha. Two
technological packages, "full-package” and "farmer-package,” were included and
compared with conventional farming. This study was conducted to economically
analyze the responsiveness of the two varieties to fertilizers. The improved variety
(Jazera 1) was more responsive to fertilizer than the local variety under both
technological packages. As a result, return to investment on fertilization was higher
for the Jazera variety. Accordingly, this positive interaction between fertilizer and
the Jazera variety will enhance the diffusion of both technologies, since the
adoption of one component is expected to accelerate the adoption of the other one.
These findings are further supported by statistical tests of paired observations of
net returns.

Introduction

Population and income growth are expected to cause major long-run increases in
demand for agricultural products. To meet this growing demand, annual food and
feed-grain production must increase from its current level. This critical situation,
however, relates directly to the long-run capacity for greater domestic agricultural
output. The main option for increasing output is through greater use of capital
inputs such as fertilizers, insecticides, pesticides and machinery (Lu et al. 1979).

Fertilizers have contributed the most to output growth in many countries. This is
mainly due to the fact that yield-increasing varieties are almost invariably
associated with high levels of fertilizer use. In the United States, for example, the
introduction of high-yielding crop varieties is closely associated with the growth
in fertilizer use (Hayami and Ruttan 1985). In connection with the complementarity
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between fertilizer input and the development of new crop varieties, Iraqi
researchers have conducted several pilot studies on barley fertilization in limited-
rainfall areas of Northern Iraq. The main objective of this paper is to economically
analyze the impact of fertilizer use on net returns to farmers. In addition, rate of
return to investment on fertilization is calculated and compared for different
varieties and various technological packages.

Data and Procedure

Agronomists conducted pilot studies on farmers’ fields in 1991/92 to demonstrate
the importance of fertilizer use in increasing barley production in rain-fed areas of
limited rainfall (200-350 mm). These studies included 10 areas in the northern
region of Iraq. Two varieties, Jazera 1 and local black, were used with a seeding
rate of 120 kg/ha. The fertilizer rate was 160 kg/ha of N-P-K (27-27-0). Two
technology scenarios (practices) were included: the "full-package” technology,
which involves the introduction of new machinery, and the "farmer-package”
technology, which involves improving the use of farmer’s own machinery. Yield
data of these alternative treatments are presented in Table 1.

The yield observations were converted to net returns (= total revenue — total
cost). To do so, enterprise budgets for barley were developed for each treatment
under different varieties and various practices. The resulting net return observations
are presented in Table 2. However, the means, standard deviations and coefficient
of variations are summarized and presented in Table 3, which shows that the net
return of both varieties increased as a result of fertilization for both the full-
package and the farmer-package technologies, compared with the conventional
production of barley. This result supports the conclusion that package technology
will enhance the diffusion of both fertilizer and improved varieties.

Results
Return to Investment of Fertilizer
Return to investment of fertilizer measures the profitability of barley production
due to fertilizer use (Kay 1981). Estimated values of return to investment of

fertilization (Table 4) indicate that the return varies with respect to area, variety
and technology.
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Table 1. Yield (t/ha) of two barley varieties under different farming practices,
northern Iraq, 1991/92.

Full package Farmer package

Arca JF+ JF- LF+ LF- JF+ JF- LF+ LF-
Tel-Asmar 1.7 1.4 1.8 0.8 2.1 1.0 1.9 0.8
Tel-Atia 1.1 0.5 1.1 0.5 1.8 0.6 1.3 0.6
Muslatan 1.1 03 09 0.2 0.9 0.3 0.8 0.2
Baage 0.8 07 07 0.7 0.8 0.7 0.8 0.7
Ein-Talawi 1.1 0.7 1.0 0.6 1.3 0.4 1.2 0.6
Khreeze 1.9 1.2 1.7 1.2 1.1 1.1 0.8 0.6
Hakna 1.9 0.6 09 0.4 21 1.1 1.3 1.0
Tel-Fares 0.6 06 0.7 0.6 0.5 0.4 0.5 0.4
Ein Al Husan 2.3 0.9 1.8 1.2

Al-Fatsa 1.2 1.2 1.4 1.2

Mcan 14 0.8 1.2 0.7 1.3 0.7 1.1 0.6
28D 0.54 035 0.43 0.35 061 033 044 023

t JF+ = Jazera variety with fertilizer; JF- = Jazera variety without fertilizer; LF+ =
local black variety with fertilizer; LF- = local black variety without fertilizer.

Table 2. Net returnst (ID/ha) of two harley varieties under different farming
practices, Northern Iraq, 1991/92.

Full package} Farmer package

Area JF+ JF- LF+ LF- JF+ JF- LF+  LF-
Tel-Asmar 3405 2737 3537 1675 4277 1939 3767 1675
Tel-Atia 2091 1041 2131 1019 3513 1239 2491 1195
Muslatan 2183 543 1743 487 1839 519 1679 479
Baage 1527 1335 1455 1367 1599 1359 1615 1399
Ein-Talawi 2239 1439 2079 999 2519 839 2399 1119
Khreeze 3743 2479 3423 2359 2279 2175 1655 1247
Hakna 3751 1199 1689 785 4285 2239 2687 1959
Tel-Fares 1287 1199 1487 1093 1073 877 895 795
Ein-Alhusan 4575 1735 3639 2359
Al-Fatsa 2447 2359 2721 2373
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Table 3. Mean, SD and CV for net returns of different barley varieties under
different farming practices.

Full package Farmer package
Variety and Cvi cv
fertilizert Mean SD (%) Mean SD (%)
Jazera (F+) 27249 1079.4 39 2673.1 1222.7 46
Jazera (F-) 1606.7 707.6 44 1398.4 653.2 47
Local (F+) 2390.5 870.2 36 2148.6 879.1 41
Local (F-) 1451.7  703.0 48 1233.6 466.7 38
Conventional 1476.9  687.3 46 1008.7 854.6 85

1 Variables are as defined in Table 1.
1 CV = (SD/mean) x 100.

Under both full and farmer packages, the Jazera variety has greater return to
investment of fertilizer than the local variety. This result suggests that the Jazera
variety is more responsive to fertilizer than the local variety, and thus it is more
profitable. Profitability is the most important determinant of the rate of diffusion.
Griliches (1976) indicates that hybrid corn diffused more rapidly in areas where it
was more profitable than in areas where it was less so. Accordingly, the
profitability of the Jazera variety as shown in Table 4 is expected to enhance its
diffusion in the region.

Testing for Significant Differences

To statistically test the differences between net returns of alternative treatment, a
t-test of paired observations was used (Neter et al. 1989). A comparison of
calculated values with Table 5 values, at appropriate degrees of freedom and
specified levels of significance, shows that differences in net returns due to
fertilizer are significant at the 1% level for both varieties and under the two
packages. Fertilization makes the net returns of the Jazera and local varieties under
the two packages significantly higher (at 1%) than the net return of barley under
the conventional practice.
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Table 4. Return (ID/ha) to investment of fertilizer in barley production under
different varieties and alternative practices.

Full package Farmer package
Area Jazera Local Jazera Local
Tel-Asmar 334 93.1 116.9 104.6
Tel-Atia 52.5 55.6 113.7 64.8
Muslatan 82.0 62.8 66.0 60.0
Baage 9.6 4.4 12.0 10.8
Ein-Talawi 40.0 54.0 84.0 64.0
Khreeze 63.2 53.2 5.2 20.4
Hakna 127.6 45.2 102.3 36.4
Tel-Fares 4.4 19.7 9.8 5.0
Ein-Al-Husan 142.0 64.0 9.8 5.0
Al-Fatsa 4.4 17.4 9.8 5.0
Average 55.9 46.9 63.7 45.7

Table S. The t-test and levels of significance for paired observations of net
returns of barley with and without fertilizer.

Full package Farmer package
Variety and
fertilizert t-test§ « level t-test o level
JF+ /JF- 3.62 0.01 3.749 0.02
LF+ / LF- 5.63 0.01 3.83 0.01
JF+ / Conventional 3.95 0.01 5.49 0.01
LF+ / Conventional 4.76 0.01 4.48 0.01
JF+ / LF+ 1.50 nsi 2.69 0.05

f Variables are as defined in Table 1,

f ns = not significant.

§ Table value for:

t(x=0.01,df=9)=3.250; t(a=0.05,df=9)=3.250; t(«=0.01,df=7)=3.499;
t(a=0.05,df=7)=2.365.
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Although the Jazera variety is more responsive to fertilizer than the local variety,
differences between the net returns of these varieties are not significant under the
full-package technology. However, these differences are significantly different from
zero at the 5% level under the farmer-package technology.

A similar test was conducted to demonstrate statistical differences due to package
type. Net returns of the Jazera variety are not significantly different between the
full and farmer packages. Similarly, the differences of net returns of the local
variety were not significant with respect to package type. However, earlier analysis
showed that coefficients of variation of net returns were lower for the full-package
(see Table 3). This may suggest that the full-package technology is less risky than
the farmer-package technology. Since risk and uncertainty about a new diffusion
exist, the full-package technology would have a faster rate of diffusion than the
farmer-package. On this matter, Kebede et al. (1990) argue that adoption of
agricultural production technologies in developing countries is influenced by
economic and social factors as well as by physical and technical aspects of farming
and the risk attitude of farmers.

Conclusions

One of the necessary conditions for productivity growth is the development and
diffusion of land-saving technologies (Kebede et al. 1990). High-yielding crop
varieties are essentially an input designed to facilitate the substitution of fertilizer
for land. Agricultural research designed to produce and improve an economically
viable and ecologically adaptable technology continues to be a critical link in the
agricultural development process in many countries.

This study was designed to economically analyze the responsiveness of different
barley varieties to fertilizers under alternative technologies. Results reveal that the
improved variety (Jazera 1) is more responsive to fertilizer than the local variety
under both technological packages considered. As a resuit, return to investment on
fertilization is higher for the Jazera variety. Accordingly, this positive interaction
between fertilizer and the Jazera variety will enhance the diffusion of both
technologies, since the adoption of one component is expected to accelerate the
adoption of the other one. However, because of capital scarcity, especially for
small farmers, and risk considerations, farmers are rarely in a position to adopt a
complete package (Byerlee and de Polanco 1986). Components initially adopted
will be those that provide the highest rate of return on total capital expenses. This
would also suggest the potential adoption of fertilizer and the Jazera variety as a
result of their high dividends.
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Discussion

N. Mona
How do you classify the Iraqi farmers in terms of risk for applying fertilizer on
barley?

K. Shideed

Attitudes of Iraqi farmers to risk have not been empirically investigated. However,
the literature has established that farmers are generally risk averse. This means that
there is trade-off between variance and mean, since fertilizers are highly profitable,
it is expected that their adoption will be enhanced in the region.
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The Mashreq Project Approach to Technology
Transfer: Strategy and Practice

Richard Tutwiler' and Nasri Haddad?
! Farm Resource Management Program, ICARDA, Aleppo, Syria
? Regional Coordinator, ICARDA, Amman, Jordan

Abstract

The Mashreq Project approach to technology transfer incorporates multidisciplinary
teams using a problem orientation and participatory approach within the context of
a multinational network of researchers. This paper reviews that orientation and
organization, and provides an account of the project activities during its first 3
years in the three participating countries. Several observations on setting priorities
and targeting activities are made and suggestions are given for their
implementation.

Introduction

The objective of the Mashreq Project is to transfer improved agricultural
technologies developed by national research programs to farmers and sheep owners
in the 200-350 mm average annual rainfall zones of Syria, Jordan and Iraq.
Although concentrating on the transfer of available technology, the project also
supports technology generation if this is determined to be needed for the
improvement of barley and sheep productivity in the project area.

The project strategy is to use a generalized farming systems approach which
involves farmers, extensionists, and researchers working together to find practical
solutions to production problems faced by farmers. Effective cooperation among
these three participating groups is achieved through organized teams and activities,
including an emphasis on training and information sharing.

Mashreq Project participating scientists and institutions have worked together to
develop a technology transfer strategy specifically tailored to meet the stated
objectives of the project. The evolution of the strategy began with the Project
Document and has continued during the first three years of project implementation.
The guiding principles are plans and activities allowing considerable flexibility and
high levels of interaction among participants with mechanisms built in to provide
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the information necessary to monitor progress, measure success, and identify
problems and constraints to achieving project objectives.

Strategic Components

The Project Document stresses the importance of multidisciplinary teams. Each
participating country has contributed specialists from different disciplines to form
national teams under the general responsibility of a National Project Coordinator.
Each national team includes researchers and extensionists. The Project Document
indicated that each national team should consist of the following disciplines: plant
breeding, agronomy, soil fertility, forage production, pasture production, animal
breeding, animal management and extension.

The second component of the Mashreq Project strategy is problem orientation.
The national teams, following initial assessments of the situation in each country
and within project areas within countries, have identified specific problems to be
addressed. Although all three countries recognize the common problem areas of
barley production, forage production, sheep nutrition and sheep fertility, each
national team has identified a set of problems specific to its national circumstances
and those of the farmers in the project areas. Problem definition and orientation of
national project activities has given an added dimension to the individual national
teams which was not originally envisioned in the Project Document. The problem-
orientation component is reflected in the varied composition and annual workplans
of each national team.

The third strategic component is a multinational network encompassing the three
participating countries, ICARDA, neighboring countries, and international research
organizations. After problems are identified and workplans are prepared at the
national level, they are reviewed and finalized in a regional technical meeting
which involves coordinators and scientists from the three countries, together with
ICARDA scientists and consultants from the region. During this meeting results of
previous activities are discussed in terms of overall progress toward project
objectives, and regional activities for the coming year are identified and planned
according to need.

The multinational network has developed through interactions among national
teams, all of which share the basic Mashreq Project objectives. Network activities
concentrate on information exchange, applying experience gained by one national
team to the circumstances of other teams, and developing human resources through
joint training and educational activities. During regional training courses, study
tours and travelling workshops, personal and professional relations are established
among scientists which enhance the utilization of both the information and
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institutional linkages generated by project activities.

ICARDA is playing a major catalytic role in establishing the multinational network.
Although each national team has contributed significantly to the establishment and
activities of the network, ICARDA is uniquely placed as an international center
based in the region to bring together in common endeavors the institutions and
scientists from diverse national research systems. The "linkage effect” created by
the network has had positive impact on activity planning and implementation at
both the regional and national levels of the project.

The multinational network has had considerable success in reducing the potential
risks inherent in implementing a three-country, multi-institution technology transfer
program. The risks and their potential for negative impact were spelled out by the
Project Document, and the project participants have worked together to change the
pre-project situation and thus reduce the risk factors.

The fourth strategic component is the use of a participatory approach to
technology generation and transfer. The original Project Document correctly states
that national research institutions, both alone and in cooperation with international
and bilateral agencies, have developed a range of improved technologies which
have the potential to increase barley, forage and livestock production. However,
given the high environmental variability that characterizes the ecosystem of the
project area, innovative technologies require prior validation before
recommendation and large programs of dissemination. Validation must be done
under the objective and subjective circumstance faced by farmers. This demands
farmer participation in the process of technology identification, development,
adaptation, and transfer.

Inclusion of extensionists in teams of scientists is not sufficient, and the national
teams have taken special care to include the participation of farmers at all levels
of the process. Early on, Mashreq Project scientists and extensionists recognized
the advantages of building a three-way equal partnership among themselves and the
farmers of the project area. It must be recognized that this optimal situation is an
objective which has not been fully realized. But, compared with the initial baseline
of the first year of implementation, there have been major advances. Initially,
national participants had little experience of multidisciplinary teamwork and
virtually no familiarity with participatory approaches to agricultural research and
technology transfer. Moreover, the farmers themselves had not previously been
directly involved in research. The project also faced problems of leadership and
management responsibilities within national programs traditionally organized along
formal bureaucratic lines that left little scope for participatory research and transfer
activities.
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Through the efforts of the Project Coordinator, the multinational committees, and
the national teams, considerable progress has been made in establishing the
participatory approach as a recognized alternative in generating, adapting and
transferring new technologies. National project teams represent the action units for
participatory activities, irrespective of the Departments to which their members
belong.

The fifth component is human resource development. This has been alluded to
as part of the multinational network activities, but it should be recognized that this
responsibility is shared by the individual national teams. The basic principle
followed is that the best approach to human resource development is experiential,
i.e., that people learn by doing. Therefore, regional and national training and
educational activities are designed in terms of subject and content to fit the needs
of participants according to their workplans.

Technology Transfer Activities

The original Project Document does not present a complete program of technology
transfer activities for the project to undertake. However, it does mention a number
of different types of activities which can be inferred as promoting technology
transfer. These include diagnostic surveys, farmer selection and targeting, on-farm
researcher-managed trials, on-farm farmer-managed trials, demonstrations,
monitoring on-farm trials and on-station back-up research. During its first three
years of implementation the project has developed an approach to the logical
ordering of these activities for individual technologies in the respective project
areas.

The starting point is the recognition that the Project Document specifically states
that the objective of project activities is to enhance the transfer and adoption of
technologies already developed and adapted for improved production in the
barley-livestock farming system. Although there is a recognized need to validate
some technologies through back-up research and on-farm researcher-managed
trials, the Mashreq Project is not expected to develop new technologies per se. This
fact has had a heavy influence on the processual ordering of project activities with
farmers.

There are a large number of alternative, and to some extent competing, approaches
to integrating research, extension and farmer participation in technology transfer.
The majority of them contain at least the three basic activity categories of
diagnosis, testing and evaluation, and adoption and impact assessment. These
categories have been used by the Mashreq Project to organize the various activities
identified by the Project Document, plus a few others implied by the document but
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not explicitly mentioned. The logical connections among the various activities have
been developed by project participants themselves during a number of periodic
seminars, training courses, and workshops.

The organization of the three categories and the individual activities within them
follows a schematic progression, although it is recognized by project participants
that the progression is not unilineal. In fact, the project has maintained considerable
flexibility in its transfer activities depending upon the level of adaptation of the
various technologies, farmer and researcher identification of problems and
solutions, and farmer evaluation of the technologies concerned. For the sake of
simplicity, however, we have chosen to list the categories and activities in a linear
fashion in Tables 1, 2 and 3.

Category 1 includes basic research activities in which researchers are expected to
take the lead role in teams composed of both researchers and extensionists.
Farmers participate particularly in the diagnosis studies conducted on-farm.
Farmers and extensionists also participate in Researcher-managed On-farm Trials,
but the researchers themselves must take responsibility for designing the trials,
implementing them, and recording and analyzing the results.

Category II activities are all conducted on-farm and therefore the primary
responsibility for them lies with the extensionists and the farmers, although
researchers have a responsibility to follow these activities and utilize their results.

Category III activities involve all participants equally, although there is a necessary
division of labor among them.

Tables 1, 2 and 3 present the activities undertaken in each country, by problem
area and category, during the 1991/92 season. The tabulation reveals the general
pattern of activities, relative emphasis and progression among the problem areas
and technologies, and some of the major interrelationships among activities.

It is immediately apparent that the project has not yet undertaken any Category III
activities. The reason is simply that it is too early to assess adoption and impact of
technologies attributable solely to Mashreq Project activities. However, basic data
to be utilized in Category III activities are now being collected and synthesized
through other activities, especially diagnostic studies, on-farm trials and monitoring
activities. It is expected that by the fifth year of implementation initial adoption
studies can be done for barley production technologies in Syria and Jordan.

A second important observation is that there is a relative preponderance of

activities in Category I relative to Category Il in all three countries. There are good
reasons for this. Although the Project Document stresses the transfer of existing
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Table 1. Iraq workplan activities, 1991/92.

Barley production

Forage production

Sheep feeding

Sheep reproduction

Category 1
Diagnosis

Back-up research
(on-station)

Res. managed (on-
farm)

Category 2

Farmer managed
(on-farm)

Extension

Mosul area survey

Eval. dual purpose
Eval. forage barley
Eval. clipping

Mult. long coleoptile
Eval. barley lines

Mult. dual barley
Mult. barley lines

+ Full-package barley

Improved farmer pack.
+ Dual-purpose barley

Field days

Mosul area survey

Eval. triticale strains
Triticale parent incs.
Mult. triticale strains
Eval. pasture barley

Eval. triticale lines

Forage legume rotation

Field days

+ Fattening study

+ Urea straw

Flushing ewes
Liquid diet

Field days

Eval. offspring
Eval. ewes

Eval. rams

Prod. pure and cross
1 Health program

+ Milk production
Semen quality

+ Awassi rams
+ Estrous synchron.

Field days
TV programs

+ Field day subject not covered in monitoring surveys.
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Table 1. Iraq workplan activities, 1991/92.

Barley production

Forage production

Sheep feeding

Sheep reproduction

Category 1
Diagnosis

Back-up research
(on-station)

Res. managed (on-
farm)

Category 2

Farmer managed
(on-farm)

Extension

Mosul area survey

Eval. dual purpose
Eval. forage barley
Eval. clipping

Mult. long coleoptile
Eval. barley lines

Mult. dual barley
Mult. barley lines

+ Full-package barley

Improved farmer pack.

1 Dual-purpose barley
Field days

Mosul area survey

Eval. triticale strains
Triticale parent incs.
Mult. triticale strains
Eval. pasture barley
Eval. triticale lines

Forage legume rotation

Field days

1 Fattening study

% Urea straw

Flushing ewes
Liquid diet

Field days

Eval. offspring
Eval. ewes

Eval. rams

Prod. pure and cross
+ Health program

T Milk production
Semen quality

+ Awassi rams
t Estrous synchron.

Field days
TV programs

1 Field day subject not covered in monitoring surveys.
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Table 3. Syria workplan activities, 1991/92,

Barley production Forage production Sheep feeding Sheep reproduction
Category 1
Diagnosis (Barlcy prod. survey]t {Al-Bab study]) [Three villages] [Three villages]
Barley pest survey {Breda studyft) [Breda study]
Back-up research Gamma ray treatments Eval. pasture barley [Treated straw] [Body condition and

(on-station)

Res. Managed (on-
farm)

f Testing lines + fert.
1 Testing package
¥ No-till testing

Eval. forages
Eval. harvest losses

{ Forage legumc rotation

Forage mixtures
i Ley farming

§ Urca + litter
§ Ureca straw
§ Early weaning

nutrit. on fert.]

§ Use of hormones
Eval. Awassi rams
§ Synchronization

Straw baling Flushing
Evaluate forages § By-products
Category 2
Farmer managed } Variety + fert.
(on-farm) $ Local var. + fert.
1 Herbicide + fert.
1 Sced rate + fert.
Extension Ficld dayst Ficld dayst Field dayst Field dayst
Seminarst Seminarst Seminarst Scminarst
Monitoring Dcmonstration and researcher-managed farmerst
Field day participantst Field day participantst
Neighborst Neighborst
Category 3
Adoption [Fertilizer use]

+ Activities in brackets arc non-project rescarch. § Technologies covered in farmer monitoring surveys. § Field day subject not covered in monitoring surveys.



technologies, it also recognizes that many of the technologies named in the
document have not yet been validated for local environmental conditions, much less
actual farm-level management conditions. In particular, most forage production,
sheep feeding and sheep reproduction technologies identified in the Project
Document have not been adequately validated and adapted for transfer. Therefore,
they remain in the testing stage. Some farmer evaluation has nonetheless been
incorporated through extension and monitoring involvement in on-station and
researcher-managed on-farm work.

The particular technologies and categories within which they are found in each
country is a reflection of the different farming systems, national priorities, and
stage of adaptation and validation of those technologies in each country.

Once its performance is validated through on-farm research, a technology is given
to farmers to use and evaluate independently (through farmer-managed
demonstrations) without guidance or management input by researchers. To date this
type of evaluation is being undertaken mostly for standard barley production
technology in the form of various combinations of component technologies,
particularly fertilizer, improved varieties, seed drills and herbicides. Farmers’
judgements and acceptance information for the components, both individually and
in combination, are collected and synthesized through extensive monitoring studies
of demonstrators, participants in extension field days and seminars, and farmers not
directly participating in the Mashreq Project.

Extensionists working in the Mashreq Project have implemented an extensive
program of field days and seminars in all three countries. These activities bring
farmers and researchers together and cover a range of farmer-managed
demonstrations, researcher-managed trials and on-station back-up research. Farmer
observations and attitudes toward the technologies shown and explained in these
activities are included in the monitoring activities.

The monitoring activities have several purposes. The first and most basic is to
assess farmer acceptance of the technologies that the project is validating and trying
to transfer through its various activities. Acceptance is the precondition for
adoption and achievement of the overall project goal of increasing productivity in
the barley-livestock farming system. The second purpose is to evaluate an
important assumption made by the Project Document, namely that "the adoption
of the recommended technology by a large proportion of farmers, in the target
areas and beyond, will be stimulated through on-farm field demonstrations
involving researchers, extensionists and farmers.” In fact, a key function of the
monitoring work is to determine the effectiveness of the demonstration program in
transferring technologies to farmers. Each national team has implemented a variety
of different types of demonstrations, and the monitoring work is designed to
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determine which of these types is most effective in achieving an acceptable rate of
farmer acceptance and adoption for particular technologies in specific
recommendation domains. A corollary of this is the readjustment of target farmer
groups based on relative rates of acceptance and subjective incentives for adoption.
Initial targeting and demonstration farmer selection is expected to be revised as the
result of monitoring the demonstration program.

The third purpose is to identify constraints faced by farmers with regard to
adoption of the range of technologies offered by the project. This is an important
diagnostic dimension of the monitoring activities. A number of potential constraints
have been identified by the Project Document. Among these are availability and
cost of technological inputs (e.g., fertilizers, improved variety seeds, recommended
machinery), price differentials among various crop and livestock options, and
technical back-up to farmers from both extension and research. To this list can be
added the obvious importance of acceptable performance under farmer conditions
of the improved technology. The monitoring studies provide evidence for
determining the degree of risk embodied in these factors.

The fourth purpose is to utilize the results of the monitoring activities to identify
where future emphasis should be placed in overcoming production problems.
Examples of this type of result could be a relative de-emphasis on fertilizer use
because of relatively high acceptance, but increased emphasis on seed rate
problems and evaluation of the need for herbicides in the drier areas.

The workplan activities in each country show a significant degree of integration
among categories and problem areas. This is as it should be. Integration has taken
place, especially in terms of farmer participation in diagnosis, extension activities
and monitoring. Thus the results of one activity are applicable across a range of
problem areas and technologies. This reflects the reality of the local farming
systems which integrate crop, forage and livestock production.

It should be noted that the Mashreq Project has made extensive use of previous
research results with the workplans of each country. Some of these non-project
studies are indicated in the workplan tables, where it can be seen that previous
diagnostic research, in particular, has made an important contribution in both
Jordan and Syria. In Iraq, the national project team undertook its own diagnostic
study because no previous research was available.

Looking Toward the Future

Our brief review and discussion of the Mashreq Project approach to technology
transfer has led us to some tentative items for discussion regarding the future
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directions of the project. The first item is diagnostic research in livestock
production. Except in Syria, where the national program has worked extensively
with ICARDA over the years in the diagnosis of sheep feeding and reproduction,
there are few studies that the project has utilized in identifying and analyzing farm-
level problems, constraints and incentives in sheep production. It may be helpful
for priority setting and targeting in this important subject area to place a greater
emphasis on farm-level diagnosis of livestock production in the future.

The second suggestion is to work toward a better integration of the forage-
production work with the sheep-feeding research. Grazing management is a crucial
aspect of this.

The third suggestion is to devise farmer-managed demonstrations of sheep-feeding
and sheep-reproduction technologies which do not require unacceptably high levels
of new management skills and technical expertise on the part of farmers. In other
words, there should be a movement of technologies in these problem areas out of
the hands of researchers and into the hands of farmers for the purpose of obtaining
farmer evaluations based on direct experience using the technologies.

The fourth suggestion is to review progress in the barley production component
demonstrations with the object of selecting a narrower range of demonstration
types. Resources saved from reducing the range of different demonstrations
conducted could then be devoted to implementing demonstrations in the other
problem areas.

Discussion

R. Booth

It appears from your comments on partial adoption that the concept of better
targeting of particular packages has emerged. Do we have the information available
to better target the specific packages?

R. Tutwiler
Yes and no.

R. Booth

The best option is likely to be to demonstrate a range of options rather than to
target specific packages.
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Effectiveness of Mashreq Barley
Demonstrations in Jordan

M. Oglah', Q. Mamdouh®, I. Khraisat', R. Tutwiler’ and N. Haddad®
! NCARTT, Amman, Jordan
2 ICARDA, Aleppo, Syria
? ICARDA, Amman, Jordan

Abstract

Participants in improved barley production demonstrations were monitored for the
period 1989-92. Results indicate large increases in the use of full-package
technology, consisting of improved variety, fertilizer, seed drill and herbicide
application. Somewhat smaller increases were observed for individual components,
although the total use of improved varieties and fertilizer, either in combination or
as individual components, was more than double the current use level of full-
package technology. The most efficient form of demonstration appears to be the
full-package rather than single-component technologies. Farmers can observe the
response from the full package and decide for themselves the best components to
adopt to meet their needs.

Monitoring of Barley Demonstrations in Jordan

The Mashreq Project started in Jordan as in Syria and Iraq in the 1989/90 season.
After 3 years of implementing a number of demonstrations and trials on farmers’
fields, it was found necessary to follow up the farmers in the study area. The
purpose of this process was to study the effect of technologies that the project was
trying to transfer to farmers. This study would indicate to what extent farmers are
accepting the practices being used on their lands by the project. The ratio of
acceptance will help in adjusting the project approach if necessary, or modifying
the method of performing the demonstrations. The procedures of work followed
by the project in Jordan are summarized in the following.
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Methodology
Farm Target

The project aims to increase the productivity of barley, pasture and sheep in
marginal areas that receive 200-350 mm of annual rainfall. Therefore, the project
focused on farmers who live in these areas and consider barley production and
sheep as the best investment for their resources. The marginal areas in Jordan are
located in three geographical regions:

1. North: the eastern side of Irbid province and the western and west-southern side
of Mafraq province.

2. Central: southern areas of Amman province, particularly in Madaba area.

3. South: eastern areas of Kerak province, Tafila province and Shoubak area.

Diagnosis of Farming System in Target Area

The marginal area in Jordan includes 70% of the arable land where about 41% of
the Jordanian population live. The main characteristics of the farming system in the
area is the low productivity of barley, forages and red meat, and a fragile system
of integration between cropping and animal production. The area is also
characterized by irregular rainfall; therefore, farmers are always worried about
unexpected weather. They try to select crops and practices that will produce even
the minimum yield under these conditions instead of applying new methods or
technology that could increase their production.

Identifying Farmers’ Problems

Researchers cannot recommend a suitable technology for solving farmers’ problems
before defining these problems and knowing the obstacles faced by farmers at the
farm level. The dominant circumstances in the farm might play a vital role in
defining practices and then selecting the proper technology that will have a good
potential for adoption by farmers.

The project team in Jordan has used all data available from two previous studies
for diagnosis of the farming systems in the target area:

1. A farm survey implemented in 1988 by a cooperative research project between

the Jordanian National Program represented by the Faculty of Agriculture at
Jordan University of Science and Technology (JUST) and the International
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Center for Agricultural Research in the Dry Areas (ICARDA) represented by
the Farm Resource Management Program (FRMP). This survey covered 55
farmers distributed in 20 villages in the Mafraq area in North Jordan. In 1989
a complementary survey included another 59 farmers from 15 villages in
addition to the 1988 villages.

2. A comprehensive farm survey conducted in 1989 by Dr N. Khaldi of the
International Food Policy Research Institute (IFPRI). This survey was executed
by the Jordanian National program on 454 barley and wheat farmers all over
Jordan. The Mashreq Project focused on the sample of farmers living in the
marginal zone; they comprise 75.9% of the total sample.

The total number of barley farmers covered in this survey was 334, distributed in
north, central and south Jordan.

The results of analysis indicated that the major problem of farmers in marginal
areas is the low productivity of barley grain and other feedstuff. This problem led
to a shortage in red meat and obliged Jordan to import most of its meat
requirement. If we look for the reasons that created the low productivity problem,
it will be found that it might be due to the farmers themselves since they still use
conventional practices in barley cropping. Because they rely completely on
farming, they do not try to increase their production either by investing more
inputs or by initiating new practices that could be more profitable.

Barley Demonstrations

The Mashreq Project has proposed a plan to solve the problem of low productivity
of barley based on the results of research conducted by the National Program and
cooperative research projects with some international centers. These results enabled
the project team to define the most suitable farming practices for barley production.
All these practices and technologies, which led to a significant increase in barley
grain and straw, were called a full-package technology. These technologies should
have the following characteristics: be applicable by farmers; be available at
reasonable cost; should not require unreasonable changes in farming system, and
should solve farmers’ problems.

The full-package inputs include the following practices:

Land preparation by using a chisel plow
Seed bed preparation by duck-foot plow
Early sowing before rain

Sowing by seed drill

Using a seed rate of 70 kg/ha

289



Using an improved variety of seed such as Rum, ACSAD 176 or Deir Alla 106

Using fertilizers at the rate of:

- 100 kg/ha of diammonium phosphate incorporated into the soil at time of
sowing

- 50 kg/ha of urea or 150 kg/ha of ammonium sulfates, top-dressed at tillering
stage if rainfall is adequate

Using chemical herbicides for weed control if necessary.

The current study focused on only four components of this packages: improved
variety, fertilizer, seed drill and chemical herbicides. These four components were
demonstrated on farmers’ fields either individually or as a package. The full-
package practices were tested on two levels of farms:

1.

Consolidated farms, where the demonstration was conducted on a large area
belonging to more than one farmer. This practice enabled the machines to work
more easily and encouraged farmers to cooperate and exchange information.

. Individual farms, where improved variety, fertilizers, seed drill and herbicides

were demonstrated together on a parcel of land owned by one farmer.

Other types of demonstrations (Table 1) included one or two of the above-
mentioned components such as:

Improved variety: an amount of improved barley seed was given to farmers to
be grown on half of their land; a local barley cultivar was grown on the other
half

Fertilizers were applied on half of the farmers’ barley field to be compared with
a non-fertilized half

Improved variety plus fertilizer: this was called a double-input demonstration
since farmers could see the effect of fertilizers on both varieties. The field was
divided into four parcels, two of them cropped to a local cultivar and only one
fertilized. The other two parcels were cropped to an improved variety and
treated the same as the local ones.

Farmers’ Groups Included in the Sample

In total, 476 farmers were included in the monitoring study. The four groups
comprised:

1.

Farmers who cooperated with the project by implementing demonstrations on
their land and sharing the management with the project team

2. Farmers who participated in the project activities by attending field days and/or

seminars organized by the project
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3. Farmers who owned a barley field adjacent to the demonstrations
4. Farmers who were randomly selected and not included in the above three
groups.

Table 1. Distribution of barley demonstration sites by region in Jordan during
three seasons, 1989/90-1991/92.

Research district

Type of

demonstration Karak Madaba Ramtha Shoubak Tafila Total

Full-package practices

Consolidated 16 7 4 27
farms
Individual 12 16 15 43
farms
Variety 5 1 3 1 10
Fertilizer 4 2 1 1 8
Variety + 21 25 25 26 7 104
fertilizer
Total 58 51 48 28 7 192

A special questionnaire was established for the purpose of the study. Twenty-nine
questions were common for the four groups, and each group had extra, special
questions according to its involvement in the project.

Results
Socioeconomic Characteristics

The preliminary analysis indicates that farm income contributes 38.5% of the total
family income. Although the farm-dependent farmers get more than 75% of their
family income from the farm, they comprise only 33% of the whole sample. Of
these, 59 % own livestock, which increases their total family income compared with
the other farm-dependent farmers without livestock (Table 2).

Of farmers who are not solely dependent on farm income, 49% of them have
sheep, but farm production contributes, on average, only 20% of total family
income.
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Data on socioeconomic characteristics of the cooperating farmers were only
subjected to analysis because of their importance in the sample as they were in
direct contact with the project team. The average age of farmers was 51 years,
average family size was 9 and the average number of family members working on
the farm was 1.6 persons. Percentage of illiteracy was 20.8%, average education
level was 7.4 grades, and the lowest level was 3.6 grades.

Use of Technology in Barley Farming

A combination of fertilizer and improved variety is used by farmers more than a
seed drill combined with herbicides. Also, the first combination is more accepted
and the average increase in acceptance is faster than for the seed drill and herbicide
combination all over Jordan. This indicates that Jordanian farmers in general tend
to jump a step or two in the process of adopting the full-package technology. This
is evidenced by the percentage change between the technology users before and
after the demonstrations. The results show that using herbicides as a weed control
method in barley fields seems to lose its popularity except as a fourth component
in the full-package practice.

The results of data analysis indicate that a considerable change occurred in use of
technology by farmers in barley cropping between 1989 and 1992. Table 3 shows
comparisons between the two years in north, central and south Jordan. In 1989
there was a high percentage of farmers using fertilizers, but the other inputs were
used in low percentages. The higher percentage of technologies used was recorded
in north Jordan. The use of the four components as a package was very low.
Relatively low averages of using improved variety together with the seed drill may
be due to the nonavailability of the drill.

Table 2. Distribution of farm income compared with farmer’s interest in
sheep.

Number of sheep/ha
Farmer None < 4 > 4
Dependent 64 54 39
Farm income (%) 73.4 76.8 85.5
Non-dependent 162 102 54
Farm income (%) 18.2 20.5 20.6

+ Dependent = sole income derived from farm; non-dependent = income from farm and
outside.
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Table 3. Comparison of technology used in barley farming by different groups of farmers, 1989 and 1992.

Demonstration Neighbors Field days Random
Type of technology No. % No. % No. % No. %
North Jordan (Ramtha and Mafraq)
N 34 37 20 14
Full package 3 8.8 2 5.4 | 5.0 1 7.1
Variety 11 32.3 12 324 7 35.0 2 14.3
Fertilizer 11 323 9 24.3 9 45.0 4 28.6
Seed drill 10 29.4 4 10.8 5 25.0 3 21.4
Herbicide 4 11.8 9 24.3 3 15.0 i 7.1
None 17 50.0 16 432 6 30.0 10 71.4
Central Jordan (Amman and Madaba)
N 49 38 25 12
Full package 3 6.1 0 0.0 0 0.0 0 0.0
Variety 26 53.1 1 2.6 0 0.0 0 0.0
Fertilizer 10 20.4 14 36.8 7 28.0 1 83
Seed drill 18 36.7 3 7.9 2 8.0 2 16.7
Herbicide 21 42.9 10 26.3 6 24.0 3 25.0
None 13 26.5 21 553 15 60.0 8 75.0
South Jordan (Karak + Shoubak + Tafila)
N 92 68 35 35
Full package 24 26.1 14 20.6 1 2.9 1 2.9
Variety 37 40.2 23 33.8 1 2.9 4 11.4
Fertilizer 45 48.9 26 38.2 3 8.6 9 25.7
Seed drill 40 43.5 24 353 6 17.1 7 20.0
Herbicide 37 40.2 28 41.2 13 37.1 12 343
None 24 26.1 31 45.6 21 60.0 20 571




The important column to look at in the 1992 sample is the last one (randomly
selected sample) as the others were subjected to bias during selection. It seems
there is a trend toward using technologies in general, but there is a clear tendency
to use one component more than another. Fertilizer use in 1992 was slightly
decreased in north Jordan except by farmers who attended field days. A lower
average of fertilizer use also was recorded by the selected farmers in north and
central Jordan. This might be due to the droughts that occurred in 1989 and 1992
and to the size of the sample, which does not represent the total number of
farmers. A general tendency toward more use of technologies could be a natural
result of the increase of availability.

Acceptance of Demonstration

Table 4 represents the situation with farmers before and after demonstrations on
their lands. The percentage change in using all the components of the full-package
is positively increased either as a package or as a single component. In 1989, 44%
of the farmers sampled were using fertilizer before the demonstration, but 77% of
those sampled accepted or intended to use fertilizer after having seen the effect of
fertilizer in the demonstration. This indicates a change of 33.7% of the total
sample, equal to 76.6% of the users. This percentage can be considered as an
indication of the effectiveness of demonstrations in improving farmer acceptance
of technology.

Table 4. Level of acceptance (as % of total participants) of Mashreq
technologies after 3 years of project demonstrations on farmers’ fields (1989
vs 1992) in Jordan (results from 192 participating farmers).

Previous Post-demo
Technology practice acceptance Change
Full package 17.0 39.0 +127.0
Fertilizer 4.0 77.7 +76.6
Variety 37.7 68.0 +118.0
Drill 38.8 57.7 +48.5
Herbicide 36.0 41.1 +14.3
None 36.0 20.6 -42.9

Note: Many farmers use more than one component technology, therefore column totals
equal more than 192.
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The results show a high ratio of acceptance of most components of technology as
well as all of them as a package. The ratio of acceptance of each component
separately or combined varies from region to region, for example, between Karak
and other regions. However, the effectiveness of the program was indicated by the
percentage change in Karak, which was less than in other regions. This could be
due to the high adoption rate in Karak before the last season of demonstrations.
The adoption rate might be increased after only one or two years of the project’s
start.

Conclusions and Recommendations

The most efficient use of the project resources to achieve an adoption of barley
production technologies is to implement only full-package demonstrations. This
recommendation is applicable in north and central Jordan and at least in the Karak
region in the south. The most convenient demonstrations in Shoubak and Tafila are
those consisting of fertilizers and improved variety.

We conclude from the results that herbicides are applied only as a fourth
component in full-package practices, and if farmers have the choice of dropping
one of the four components, it will be herbicides.

Minimizing demonstrations of a component that is already practised by farmers is
preferable and might improve the technology transfer process among participating
farmers.
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Effectiveness of Mashreq Project
Demonstrations in Syria

A. Mazid', R. Tutwiler', Y. Sweidan? and A. Khneifis?
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? Directorate of Scientific Agricultural Research, Douma, Syria

Abstract

The Mashreq Project in Syria aims to transfer available technology to farmers in
the 200-350 mm average annual rainfall zones. During the 1990/91 and 1991/92
cropping seasons, the project scientists conducted 52 demonstration trials in
farmers’ fields throughout the rtarget areas in Syria. In addition to the on-farm
activities, the project activities included monitoring farmers to follow up on the
process of adoption of new technology. A sample of 163 farmers was selected
during both seasons, which included farmers collaborating in the project, farmers
from the neighborhood who were aware of the Mashreq Project activities, and
farmers who did not know about the project. Analysis of the 1990/91 survey
indicated that farmers participating in the project did so to acquire scientific and
practical knowledge and experience. In 1991/92 the demonstration program focused
on barley production packages and survey results indicated that the demonstration
program in Syria has been effective in improving the rate of acceptance. Adoption
of new technology is still in its early stages, but the primary indicators are positive
and encouraging.

Introduction

Barley is the most widely grown cereal crop in Syria and ranks first in terms of
total sown area. Barley is predominant in environments receiving between 200 and
350 mm of rainfall. Both the barley grain and straw are utilized as feed for
livestock, especially sheep, and thus crop and livestock management are closely
interlinked. Rainfall is low and variable, so seasonal distribution of rainfall is of
major importance. Because of the uncertainty of crop performance, farmers seem
to be hesitant to make substantial investments in improving production.
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Barley-Livestock Farming Systems in Syria

Several diagnostic surveys of barley producers in Syria have been undertaken
(ICARDA 1985). The trends observed are summarized here. During the last 50
years there has been a decline in productivity. The introduction of mechanization
and an increase in population have resulted in more intensive cultivation of the land
and the expansion of production into more marginal areas. Land used to be
fallowed for one or more years, but in many areas this is being replaced by
continuous cereal cropping. The increased exploitation of the land has not been
matched by increased inputs, with resulting poor soil fertility and therefore low
yields. Although physical and economic responses to fertilizer application have
been demonstrated in field trials, very few farmers have decided to use fertilizer.
Lack of investment in inputs is further exacerbated by land tenure systems in
northeast Syria where large commercial producers sharecrop the land of smaller
farmers, an arrangement which does not provide an incentive for investment in soil
fertility to either party.

Associated with the low levels of productivity, severe seasonal shortages of sheep
feed occur. Winter and early spring are critical, and during these periods the sheep
rely on supplemental feeds. Another important aspect of these systems is that many
farmers are seeking off-farm employment. This probably reflects both increased
opportunity for such activities and decline in profitability of farming. Whatever the
reason, the relative scarcity of labor, particularly in critical seasons, may well have
implications for the introduction of new farming practices.

The first stage in farming systems research emphasizes formal and informal surveys
to gather information about current farmer practices and_identify constraints that
limit production. An extensive survey of 153 farmers in 51 villages during the
1981/82 cropping season in northern Syria, which covers about 95% of the barley-
production areas in the country, has provided a wealth of information useful for
planning and assessing Mashreq Project activities (Somel er al. 1984).

The survey followed the farmers’ operations in three visits: the first visit was prior
to planting, when economic information and data on production practices were
collected. The second visit was during spring to make field observations on
agronomy, plant physiology, pathology, entomology and to collect plant and soil
samples. The third visit was after harvesting to gather information on yields,
production, utilization, storage and marketing of barley. These visits were
conducted by multidisciplinary teams of social and biology scientists. Table 1
presents some general descriptive information resulting from this study.
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Table 1. Barley production practices in the 1981/82 season in Syria (% of 153 farmers).

Northwest Northeast

2 3 4 2 3 4 Average
No. of observations 30 24 15 21 27 36
Cropping practices
Fallowed the previous year 70 46 20 29 11 11 31
Continuous barley 20 38 20 57 82 86 51
Land preparation
Plowing before fall 70 58 67 43 19 14 45
Plowing in fall 67 42 17 81 78 89 62
Plowing before and in fall 43 21 20 10 11 8 19
Planting method
Drilling 43 21 3 52 48 36 34
Mechanical broadcasting 7 0 3 48 48 50 26
Hand broadcasting 50 79 93 0 4 14 40
Seed source
Stocks 80 67 80 91 70 69 76
Neighbor 7 8 7 0 0 3 4
Market 17 21 10 5 0 6 10
Sharecropper 3 4 7 5 30 22 12
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Northwest Northeast

2 3 4 2 3 4 Average
No. of observations 30 24 15 21 27 36
Fertilizer use
Phosphate in fall 50 0 0 5 0 0 9
Nitrogen in fall 50 0 0 0 0 0 9
Nitrogen in spring 37 0 0 0 0 0 6
Varieties
Arabi Aswad 57 46 57 95 100 94 75
Arabi Abiad 50 63 53 5 0 6 30
Seed rate (kg/ha) 133 110 97 102 98 98 107
Grain yield (1981/82) (kg/ha) 698 494 376 586 283 322 460
Grain yield (long term) (kg/ha) 681 957 573 997 782 567 760
Phosphate available in soil (ppm) 6.74 1.25 7.54 4.94 4.26 5.34 6.01




Problems of Barley Production

It was possible from the diagnostic surveys to identify problems related to barley
production in Syria as follows:

Barley yields were low; the general mean during the long run was about 760 kg
grain/ha, and in the drier areas it was less than 500 kg/ha

Farmers’ inputs were low; only 10% of farmers used fertilizer and these were
all in high-rainfall areas

Natural soil fertility was low; about 70% of barley-field soils that were analyzed
had less than 6 ppm of available P (Olsen method)

More than 50% of the farmers continuously grow barley in the same fields
All barley varieties were local.

Research to Improve Barley Production

ICARDA in collaboration with national programs has worked for many years to
improve barley productivity. A summary of some of these results follows.

1.

2.

To assess the biological and economic response of barley to nitrogen and
phosphate fertilizers, 75. on-farm trials were conducted between 1984/85 and
1987/88 in Zones 2 and 3 of Syria. Of 75 trials, 74 produced a significant grain
or straw yield response to fertilizer, either to N or P or both (ICARDA 1990).
In general,

- The importance of N increased and that of P decreased with increasing
rainfall, but response to N and P applied together increased with rainfall.

- N was more important in the lower-yielding barley-barley rotation than in a
fallow-barley rotation, although not by a wide margin.

- Initial soil status of available phosphate and mineral N influenced barley
response to fertilizer.

- Barley responded to fertilizer. Seasonal rainfall, soil type, soil fertility status
and crop sequences all had important effects on crop growth.

- The economic analysis (Mazid and Bailey 1992) shows that economic optimum
fertilizer rate varies considerably with rainfall and relative prices. Fertilizer use
on rain-fed barley, especially at the appropriate level, may not be risky.
Promising pure-line selections have been derived from Syrian landraces and
tested in diverse environments of Syria ICARDA 1989). One of these lines is
Tadmor, derived from the black-seeded landrace Arabi Aswad. Another is Arta,
which is derived from the landrace Arabi Abiad. ICARDA’s advanced
germplasm is tested in the region through international nurseries to identify
promising genotypes for direct use by NARS and ICARDA. Some barley
varieties were selected and multiplied in Syria through this system.
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3. On-station long-term rotation trials, on-farm grazing trials, and on-farm rotation
trials ICARDA 1987) successfully demonstrated that annually sown forage
legumes (vetch and lathyrus) can economically replace fallow or break a
continuous barley cultivation. The profitability of doing so is substantially
increased when phosphate fertilizer is used in the rotation.

Mashreq Project in Syria

The Mashreq Project concentrates on rain-fed barley, forages, pastures and
livestock (mainly sheep) to transfer available technology to the farmers in the 200-
350 mm average annual rainfall zones. The project will also promote effective
collaboration between Syrian researchers and extension institutions to increase the
adoption of the recommended technology by a large proportion of farmers in the
target areas to:

e Increase productivity of barley, forage and livestock in the marginal areas
receiving 200-350 mm rainfall per year

Improve grazing management and sheep reproduction

Reduce feed concentrate needs through using hay and straw

Introduce forages to replace fallow

Improve cooperation among research and extension services

Establish a regional network.

During the 1990/91 and 1991/92 cropping seasons, the Mashreq Project in Syria
conducted 52 demonstration trials distributed in the target areas (Fig. 1). The
activities included plant production, livestock production and monitoring
participating farmers. The work was distributed in two agricultural stability zones:
Zone 2, receiving annual precipitation of 250-350 mm and not less than 250 mm
during two-thirds of the related years, i.e., it is possible to have two barley seasons
each 3 years; and Zone 3, receiving annual precipitation of 250-350 mm, and not
less than this during half of the related years, i.e., it is possible to have one to two
seasons each 3 years. The 1991/92 activities in Syria were as listed below.

Plant Production Activities

On-farm activities
Demonstration of barley production technology:

- improved barley cultivars and fertilization in Zone 2

- response of local barley to fertilization in Zone 3

- the effect of chemical weed control on barley in Zone 2.
Barley seeding rate demonstrations.
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Researcher-managed on-farm studies
Testing of promising barley lines:
- promising barley lines, with fertilizer and weed control for Zone 2
- promising barley lines with fertilizer for Zone 3
- barley/forage legume rotation study (Zones 2 and 3).
No-tillage barley production trials in Zone 3.
Demonstrations of barley-triticale/forage legume mixtures.
Evaluating barley/annual medic ley farming system.
Demonstration of straw baling.
Evaluation of three most promising forage legume species from low-rainfall areas.

Back-up research

Evaluation of self-regenerating pasture barley.

Evaluation of forage legume species for low-rainfall areas.

Estimates of barley grain losses as a result of delayed harvesting.

Survey of barley pests in farmers’ fields and the economics of chemical control.
Effect of gamma ray treatment on barley production.

TURKEY

Kameshli

IRAQ

Dei®Ez-Zor

Fig. 1. Target areas of Mashreq Project in Syria.
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Animal Production Activities

Demonstration on farmer’s sheep flocks

Increasing fertility of Awassi sheep by hormonal treatment.

Effect of improved Awassi rams on increasing production in farmers’ flocks.
Effect of flushing on increasing lamb crop in farmers’ flocks.

Evaluate new technologies (researcher-managed)

Effect of early weaning on increasing the economic return for sheep owners.
Effect of urea + chicken litter blocks on sheep production.

Effect of urea-treated straw on lamb fattening.

Monitoring Participating Farmers

Monitoring and survey of participating farmers
Besides the on-farm activities and demonstration trials at the farmers’ fields,
Mashreq Project activities included monitoring farmers to follow up the process of
new technology adoption demonstrated in the project.

A sample of 163 farmers was selected from the project area during 1990/91 and
1991/92 cropping seasons (Table 2). Fifty-two farmers collaborated in this project;
77 farmers were from the neighborhood and knew about Mashreq Project activities
and 34 farmers were neighbors who did not know about the project activities. The
neighboring farmers were selected randomly. Sample size was 88 farmers in the
first season and 75 farmers in the second season. Mashreq Project researchers
visited the sampled farmers after designing a suitable questionnaire. The first year’s
questionnaire was different from that of the second year, but both questionnaires
emphasized new technologies applied to barley and plant production activities more
than new technologies used on livestock. Interviews were during July after
harvesting and disposal of the crop.

Sample Description

Statistical tests were done in four dimensions; the first dimension was participation
in the project, and the sample was divided into three groups: farmers who
collaborate with the Mashreq Project, neighboring farmers who have knowledge
about the project activities, neighboring farmers who do not know about this
project.
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Table 2. Distribution of farmers sampled in northern Syria.

Neighbors
Neighbors (non-
Collaborators (participants)  participants)  Total (%)%}

Provinces
Hama 18 28 13 36.2
Raqqa 17 24 10 31.3
Hassakeh 17 25 11 3255
Zone
2 29 45 17 55.8
3 23 32 17 4.4
Cropping
seasons
1990/91 26 51 11 54.0
1991/92 26 26 23 46.0
Total 52 31.9%) 77 (47.2%) 34 (20.9%)

T Expressed as percentage of total (= 163) farmers.

The second dimension was provinces. The sample was divided into three groups:
Hama farmers, Ragqa farmers and Hassakeh farmers.

The third dimension was according to agricultural stability zones: Zone 2 and Zone
3 farmers. The last dimension of the analysis was by cropping season: surveys
were done in the 1990/91 and 1991/92 seasons.

The statistical analysis shows that there are no significant differences for most
socioeconomic variables except education, livestock importance, need of feed and
number of sheep across provinces.

Farming Practices of Barley Production

Variety

All farmers grew local varieties because of the unavailability of new ones. The
promising new varieties are still under test. While the local variety Arabic Abiad
predominates in the west (Hama), the local variety Arabic Aswad predominates in
the northeast regions (Ragqa and Hassakeh).
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Sowing methods

Manual broadcasting of the seed is most common in Hama, whereas the Harrow
seeders are mostly used in the northeast (Raqqa and Hassakeh). However, it seems
that the method of sowing barley has not changed during the last 10 years.

Seed rate

A tendency for increasing the seed rate has been reported. The average seed rate
for the whole sample was about 155 kg/ha (with a range of 100-350 kg/ha). These
figures indicate an increase of 50% over the seed rates used 10 years ago. Farmers
in Zone 2 generally use higher seed rates than those in Zone 1. Farmers gave
several reasons for the increased seed rates: poor or low germination rate of the
seeds, dense plant population to compete with weeds, etc. However, these reasons
have not been tested for their effects and importance.

Seed source

Farmers’ own stocks are the principal seed source, followed by the Agricultural
Bank as the second source of seed. However, there is a clear difference in seed
source between zones and provinces.

Fertilizer application

Fertilizer use on barley has increased considerably, the percentage of applicants
now being more than five times the number 10 years ago. A higher percentage of
fertilizer users was reported by farmers cooperating with the project than by
noncooperators. There is also a high percentage of new adopters of fertilizer on
barley. This could be due to the impact of the project. A higher percentage of non-
adopters are in Zone 3 than in Zone 2, and in Raqqa than in other provinces. This
situation should be considered when locating next year’s on-farm trials and
demonstrations.

Land use and cropping pattern

About 63% of the total farm area (of the sample farmers) was allotted to barley,
19% for wheat, 6% for legumes and other crops, and 11% was fallowed.
However, these cropping patterns did not differ between agroclimatic zones or
between years (from year to year). However, there were some differences between
provinces, such as higher allocations for barley in Raqqa and relatively higher
importance for wheat in Hassakeh. Therefore, the medic trials should be
concentrated in Hama and Raqqa provinces to replace the fallow. Rotation trials
and the introduction of forage legumes should be concentrated over all the study
areas to reduce the practice of continuous barley which has negative and damaging
effects on soil characteristics, as is well demonstrated by research results.
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Farmers’ Acceptance of New Technologies

Emphasis was given in the 1990/91 farm survey to identifying farmers’ reasons for
participating in the project. About 75% of the 26 participants stated that acquiring
scientific and practical knowledge and experience is the principal reason for their
participation (Table 3). The benefits gained from the project were related to
knowing about the positive response of barley to fertilizer application, about new
and promising varieties, and about optimal seed rates.

Some questions concerning acceptance of the new technologies were addressed to
non-participating neighboring farmers. Positive answers were given by 75% of
these non-participants. This can be viewed as a good indicator of the positive
impact of the project.

In the 1991/92 season, the demonstration program focused on barley production
packages, with a total of eight individual components. Twenty-six farmers had
demonstration trials. All of them included fertilizer as one component, 23 included
promising lines (Arta, Zamabaka, Tadmor or WI 2991), 22 included released
varieties (Furat 1 or 2), 16 included a medic rotation, and 2 included an annual
forage legume rotation. The minimum package demonstrated was fertilizer, variety
and/or promising lines. The maximum package was fertilizer, variety, promising
lines, drill, seed rate, no tillage and forages. In order to estimate the acceptance
of individual components, we had to de-aggregate the components within packages.

Unfortunately, this method precludes us from commenting upon the impact of
component interactions. There are not enough cases to allow a statistically valid
assessment of component interaction except for fertilizer with variety or promising
lines.

As mentioned, the 1991/92 sample included the 26 collaborating farmers, 26
farmers who had no demonstrations but attended seminars or field days, and 23
farmers with no involvement in the project activities. Acceptance rates were
determined by asking farmers if they would adopt individual components if these
were available. A "Yes" answer means positive acceptance of a component. A
"No" answer means a negative acceptance. Farmers without knowledge of a
particular component were excluded from that component’s acceptance rating.
Table 4 presents acceptance ratings for some package components.

306



LOE

Table 3. Farmers’ opinions (% of those surveyed) about the Mashreq Project in 1990/1991.

Province Zone
Total

Raqqa Hassakeh Hama 1 2 sample
Reasons for collaboration
Acquiring scientific knowledge 85.8 85.7 70.0 78.8 80.0 75.0
Acquiring practical experience 14.3 10.0 4,2
Economic considerations 14.3 10.0 7.1 10.0 8.4
Fertilizer importance 429 14.3 7.1 30.0 12.5
Knowing about varieties requested by 10.0 14.3 8.3
MAAR
Benefits gained
From fertilizer use 87.5 85.9 37.5 50.8 81.9 65.0
From new varieties 62.5 71.4 75.0 75.0 63.7 69.4
From optimal seed rate 62.5 25.0 33.3 36.4 34.6
Technology acceptance by neighbors 58.3 84.6 80.0 75.5 75.0 75.3




Table 4. Acceptance rating in 1991/92 season (% of farmers).

Neighbors
Component Collaborators ~ Participants  Nonparticipants
Fertilizer 100 76 51
Released varieties 95 81%
Promising lines 87 81t 0
Seed drill 94 91 48

+ Neighboring participants in project activities at field days did not differentiate between
released varieties and promising lines.

Conclusions

In general, these figures present a pattern indicating that the demonstration program
in Syria has been effective in improving the acceptance of the farm components.
Unfortunately, we are unable to generate ratings for no-tillage, medic and forages
because of the limited number of demonstrations and field days.

It should be recognized that the adoption process of any technology, idea or
innovation does not occur instantly or suddenly. It takes time, and passes through
several stages starting with knowledge or awareness to persuasion to decision-
making, then implementation and, finally, confirmation. During these sequential
stages, farmers need information related to the tested technology. The information
needed differs according to each of the adoption stages. For the "knowledge
stages" farmers would like to know about the components of the technology and
how it works, whereas for the "persuasion and decision stage” the information
required is related to the evaluation of technology in order to reduce farmers’ fears
of expected risk due to adoption. This helps them, thereby, to take a decision either
to adopt the technology or parts of their fields as a certainty test of its
performance, or to reject the technology and its adoption.

Applying these adoption concepts on the Mashreq Project in Syria, it can be stated

that the technology tested is still in its early stages of adoption, i.e., knowledge and
persuasion. However, the indications are positive and encouraging.
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Response of Barley Cultivars to Fertilization
and Economic Feasibility of Fertilization in
Zones 2 and 3 in Syria

Mohammad Adeeb Safi and Illias Jabour
Soils Directorate, Douma, Damascus, Syria

Abstract

During three growing seasons (1990-1992), 25 demonstrations in Zone 2 and 21
in Zone 3 were conducted on farmers’ fields to determine the response of barley
cultivars to fertilization, and also to study the economic feasibility of fertilization
in these agricultural zones in northern Syria. The local cultivar responded
positively to fertilization in 23 out of 25 demonstrations in Zone 2. Fertilization
resulted in a grain yield increase of 371 kg/ha and a straw yield increase of 593
kg/ha. The net return was 2450 SL/ha with an investment revenue of 235%. Furat
1, the improved cultivar, was profitable in 17 locations out of 25, with a net profit
of 2427 SL/ha and investment revenue of 233%. In Zone 3, the local cultivar
responded positively to fertilization in 20 out of 21 locations. The fertilized
treatment gave an increase of 271 kg/ha in grain yield and 522 kg/ha in straw
yield. Fertilization resulted in a net profit of 1811, 1449, 1589 SL/ha for the three
cultivars local, Tadmor and WI2291, respectively.
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Panel Discussions




Crop-Livestock Integration

Panel
Dr T. Treacher (Chairman) Dr R. Tutwiler
Mr H. Nabulsi Dr E. Bailey (Rapporteur)
Dr M. Jones
Comments from Panel
T. Treacher

It is recognized that there is a problem with integration of crop and livestock
components of the Mashreq Project. The panel was asked to define the problem,
and then to consider the implications for technology transfer.

M. Jones

Defining the problem: how much integration is there already? Do we want to
increase it? If so, why? Do we all agree on what crop-livestock integration is?
Within the Mashreq Project are three basic forms of crop-livestock integration:

1. Smallholder farmers with dual enterprises with different degrees of
interdependence of crops and livestock

2. Interaction between crop farmers and independent livestock producers who
utilize crop residues (different operators in two different enterprises)

3. More commercial crop farmers growing feed crops for the market.

The materials involved are fodder crops, crop residues and animal manure back to
crops. The issues are: declining grazing resources but increasing crop residues
(particularly with increase in irrigated areas); much greater mobility of livestock;
development of market economy, and a trend among producers to greater
specialization, further separating crop and livestock producers.

T. Treacher

A balance between feed resources and small ruminant numbers exists. If we include
the < 200 mm zone (outside Mashreq Project) then in the past there was a balance
between the grazed feed resources and the number of small ruminants, with animal
numbers fluctuating in relation to drought years (balancing). A number of factors
have resulted in the transfer of inputs from crop-growing areas to the steppe-based
animals. Animal numbers have not stabilized, but have increased. There is
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increasing dependence (integration) of livestock on barley. Now, more than 60%
of feed for the year comes from the cropped areas.

The issues include: at what level do we consider crop-livestock integration — farm
level (production unit level), regional level, national level? At the national level the
factor of imports of inputs is important.

At one level, one could say there is no problem. Economically the system
functions. But underlying this is a feeling that it is not sustainable in the biological
sense, and in the long term it is not economically sustainable.

R. Tutwiler

{Asked by Treacher to comment on a critical factor: if there is an imbalance
between animal numbers and feed supply, is this inevitable? Will technology that
increases feed supplies or farm incomes merely lead to increased animal numbers,
i.e., will it simply exacerbate the problem?]

Is it inevitable that there is an imbalance between animal numbers and feed supply?
Normally, historically, imbalances are corrected. People leave the system, animal
numbers are reduced, etc. If farmers adopt technologies that increase feed supply
on the farm, will this lead to expansion in animal numbers? If farmers are finding
livestock profitable and can continue to make a profit by increasing the number,
then they will. There is a distinction between quantity (number of animals) and
quality of the animals and their products.

What about alternative investment opportunities? We can see investment trends, in
machinery for example. But to anticipate how farmers will invest is difficult.
Livestock will continue to be an important agricultural activity and producers will
continue to invest in livestock.

Re the Mashreq Project and the question of crop-livestock integration and
technology transfer: in practical activities, we have to address ourselves to the farm
level and also to specialized producers. This implies different technologies for
different types of farmers.

H. Nabulsi

Integration implies the combination of two or more things. We have to take into
consideration the resources available: land, animals, plants, humans. We cannot
have animals without land on which to produce feed. There is also an animal-
animal interrelation related to the choice of activity. Different animals utilize plants
in different ways: sheep vs. goats vs. camels.
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We have to consider the type of farmer: those who are both farmers and herders
vs. specialists (as mentioned by Jones). Human resources also include the
researchers, policy makers/decision makers etc.

Re the balance between animal numbers and feed supply: in the past the balance
was there. There was no problem of overgrazing; animals moved in relation to
water supplies and grazing availability. New developments (mechanization,
transportation) have led to the imbalance and deterioration of rangelands.

Re level of integration: for the moment we should tackle the individual level
(production unit) and assess specialization vs. diversification (risk reduction).

Re technology: identify positive aspects of technology for transfer. Introduction of
forages into the cropping system is one of the most important components, in
addition to grazing management.

Re research: focus on feed requirements of local animals in their local
environments; mechanical harvesting of legumes and development of suitable
cultivars for mechanical harvesting.

General Discussion

N. Haddad

From my experience with the Mashreq Project we face difficulties with introducing
some technology components (e.g., legumes) because of the lack of integration at
the farm level. 1 propose that farmers who have both crops and livestock
(diversified, reducing risk) are more likely to adopt innovations. There should be
a focus on encouraging such integration at the farm level and this should be explicit
in the project.

R. Booth

The panel has discussed the level of interactions and imbalances, but has failed to
address the lack of integration within the research community. Are there any
comments on how, in the Mashreq Project, we can integrate crop and livestock
scientists and crop and livestock research?

A. Qrunfuleh

Dependence of animals on agricultural resources is increasing because of the
deterioration of the pasture land. In the Mashreq Project we have not yet developed
a strategy for addressing this problem.
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F. Bahhady

We have to address the point: who is responsible for raising the animals? Many
livestock owners are absentee farmers/herders. We have to work with farmers in
villages as a group; these are the target farmers.

T. Treacher
I am unconvinced that getting together in workshops is sufficient to bring about
integrated research in crops/livestock.

K. Shideed

There remains the problem of agricultural policy. Policies tend to be biased toward
crops at the expense of livestock. Policies do not support integration of crops and
livestock.

M. Ababneh

Re forage production: we must start with

1. Agricultural policy to support introduction of forage legumes into wheat as well
as barley zone (i.e., replacing wheat/fallow);

2. Incentives to make farmers accept the system, including making services and
inputs available and cheap;

3. Introduction of appropriate, adapted species of forage legumes.

M. Harb
Do we need integration? And in which system? There are three systems of sheep
production:

1. Farmers with sheep on arable land

2. Intensive producers (feedlots, fatteners)

3. Independent sheep herders, who often have a hostile relationship with crop
farmers. This is where the problem is.

T. Treacher
If we accept that integration is needed, how do we achieve it?

M. Harb

Of the feed available to sheep, 60% comes from cereals and cereal residues, 30%
from rangeland. Thus we have to look at these two components of feed (cereals
and range) with the participation of those producers involved. We must also look
at incentives/subsidies.

T. Goodchild
One problem has not yet been touched on: the variability in climate and therefore
variability in feed production from year to year. We have to use integration to
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stabilize feed supply (e.g., storage of feed from one year to the next). This relates
to defining feed requirements, etc. We also have to look at the whole continuum
from production to utilization, storage, marketing, etc.

T. Treacher

Why is this not going on already? We are not starting at the right place. Re
Ababneh’s and other’s comments: we have to "convince" the farmer. This is a top-
down approach. Is there room for a participatory, bottom-up approach in the
Mashreq Project? Is this a feasible research approach for integrating crops and
livestock?

Q. Mamdouh

In the Mashreq Project our target has been farmers who have both crops and
sheep. But if we go to crop farmers or to sheepherders, will they accept the same
system that is targeted to mixed farmers? Also, farmers are responding to
agricultural policy, subsidies, etc. So a program to integrate crops and livestock
has to be within a well-defined policy.

A. Adary

Sheep herders can buy their fodder from any part of the country. Without
developing fodder resources within an area it is not possible to talk about
integration. All components of the system must be present.

S. Hamadeh

You have to define the problems. Are they technical, socioeconomic, political,
etc.? How will the Mashreq Project deal with often conflicting aims of
sustainability and productivity?

Closing Comments

M. Jones

In response to Booth’s remarks on integrating crop and livestock scientists: we
cannot change systems abruptly, but must follow the direction in which systems are
evolving and try to influence the evolution. This may need more diagnosis or more
“action research.” My concern with the Mashreq Project is that the livestock
research has been mainly on breeding, and not on management and feed which is
where livestock interact with crops.

In response to Tutwiler’s remarks in the morning session suggesting there is not

enough diagnosis of animal production, livestock diagnosis involves farmer
participation. Where do we start? In the workshop, livestock scientists have talked
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about different livestock production systems, which are not the same as the systems
we have discussed in this panel (e.g., references to extensive and semi-intensive
systems in other papers). A starting point would be a diagnosis of current different
systems of livestock production and possibilities for crop-livestock integration.

In response to Dr Treacher’s comments on a top-down vs. a bottom-up research
approach: does anyone have any suggestions for technologies that could be called
integrative technologies? Mr Nabulsi has mentioned grazing management. Dr
Tutwiler suggests feed processing, particularly of legumes, i.e., hay-making vs.
harvesting at maturity.

N. Nabulsi

Re integration within the farm, from my own experience. In 1990/91, a bad season
with late rains, I had planned to plant 250 du (25 ha) to vetch, planning to harvest
it for grain and straw. Because I have sheep and goats I went ahead and planted
despite the late rain. If I could not harvest I would graze it. The production was
very low. I harvested 60 du (6 ha) manually (expensive in labour) and the
remainder was grazed by my sheep. If I had not had animals on my farm I could
not have handled, and benefitted from, the crop in this way.

Re Nasri Haddad’s question as to whether sheepherders are quitting the system: in
the feedlot/intensive system, most people have quit, yet lamb fattening in the
intensive systems is successful. The majority of people in animal production are
there to stay.

Two important points for integration (and development): research and policy. We
don’t need to "convince" farmers. If you have a feasible, practical solution,
farmers will adopt. If it is not feasible, then farmers will never be "convinced."

Re policy: dry farming and livestock are neglected within agricultural policy in
general.

T. Treacher

1. We need to define target farmers and these are the farmers who have both
crops and livestock. We should work toward integrating these farmers within the
production unit. Nomadic or range-based sheepherders are more difficult to help
within the Mashreq Project. In the next phase of the Mashreq Project it should be
made very clear and specific which farmers our technology is directed at.

2. A participatory, bottom-up approach has to be attempted, and this is the role
of the national programs. ICARDA can help, but national programs have to
undertake this problem, particularly how to integrate scientists into a team to
undertake this approach.
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An example of such research at ICARDA is on straw processing. Forty-five
farmers were interviewed and asked an open-ended question: "What is your biggest
problem?” Invariably they defined the spring period (lactation) as their major
problem, and that the lack of rainfall during this period contributes to the problem.
Scientists can now work with farmers (participatory) on solving the problem
identified by the farmer (bottom up).

In summary, I recommend a participatory, farmer-led approach, in place of the

top-down, “convincing the farmer" approach to research in crop-livestock
integration.
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Mashreq Project’s Future Directions

Panel

Dr R. Booth (Chairman)
Dr N. Haddad (Rapporteur)

Comments from Chairman

Dr Booth asked the group to focus the discussion on two major issues:

1. The future directions within the existing Mashreq project
2. The direction of a second phase of the project and the justification for a second
phase.

General Discussion

Future Directions

W. Al-Tawil
Raised several points which he suggested be included in the future project
activities:

- to priorize project technologies and implement them according to their
importance and their possible adoption by farmers.

- mechanical harvesting of forage legume crops should be given more attention
by the project.

- crop-livestock integration is being successfully implemented in irrigated areas;
however, in the dry areas not much information is available and more research
is needed.

- constraints for adoption of project technology should be identified and carefully
studied.

- project evaluation is needed for better implementation of future activities.

- field days and publication should be intensified and the project should invest in
them in the future.
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A. Khneifis
The demonstration in Syria should be distributed after obtaining good knowledge
of the farmer and his capabilities in dealing with the technology.

A. Qrunfuleh
As 52% of farmer’s income in Syria comes from animal production, future project
activities should have more focus on animal production activities.

B. Al-Rawi
We should focus at this stage on successes, and not overload farmers with the
technology. More emphasis should be given to training and education.

K. Shideed

More emphasis should be given to economical evaluation, effectiveness studies,
development of strategies for risk avoidance and socioeconomic factors affecting
adoption. He encourages the project to take a close look at the full-package system
introduced by the project.

A. Al-Shamma
Some project efforts should be devoted to seed production.

A. Adary
Large areas should be planted and more advanced technology should be introduced.

S. Ceccarelli
The area project trials should be increased with efficient evaluation. The project
should produce its own seeds.

Second Phase

R. Booth

Dr Booth indicated to the group that from the last two days’ presentations we find
that the project was successful. Therefore, he questioned why the countries do not
carry the project on their own. Is there a need for phase 2? He asked for the
participant’s reaction.

N. Mona

I do not agree with Dr Booth’s assumption and feel that there are structural
changes the project will not be able to solve, one of which is the problem of
marketing efficiency.

341



R. Booth
If I were a donor, I would not be convinced by this argument.

B. Al-Rawi
Phase 2 is needed and should have a shifting in directions, not objectives. Focus
on technology to suit local conditions.

M. Mechil
The project should focus on farmer training and education. Many of the results are
not available to farmers. Extension should have a stronger role.

Y. Sweidan
The project was successful in developing and strengthening the relationship
between research and extension.

A. Hajichristodoulou
The government should be more involved to ensure 100% project success.

R. Booth
I would remind the participants about the next phase of the project and ask what
you think about a next phase. The development of a next phase should be a bottom-

up approach and not a top-down. For a new document to be developed there should
be feedback.

N. Haddad

The present phase of the project was able to achieve the objectives but there are
many areas which are not fully implemented. For example, in animal production
most of the activities are still under validation by testing them on sheepowner
flocks. If successful, they will be demonstrated and adopted by farmers. Moreover,
the technology when applied might need refinement to suit local farmers’
conditions, and here rises the importance of a feedback mechanism from extension
and farmers to researchers. Future project focus will be on extension and
extension-related activities. Monitoring and adaptation and impact studies will be
a major component of the second phase of the project.

Q. Mamdouh
Animal production activities started late in the project and the time left will not be
enough for achieving the full objective in this area.

S. Ceccarelli

The economic situation in the donor community will not be in favor of supporting
a second phase. The key word should be the integration between crop and livestock
at the farm level.
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K. Tadrous
I would like the second phase to include some activities on the range.

R. Booth
Please give your views on project activities, the balance between commodities, and
between crops and small ruminants, and the countries to be included in the second
phase. I suggest that in the second phase the countries should take over the in-
country activities and the donor should support the inter-country (among countries)
activities.

B. Jamal
The project has the mobility and the flexibility to introduce the technologies to
farmers and it is important that such mobility shall continue.

M. Jones
The focus in the second phase should be on farmers and extension with support
from researchers. More focus on integration also is needed.

A. Qrunfuleh
Some animal production technology such as the improved rams needs a second
phase to be well evaluated and make an impact.

M. Safi
In the second phase a soil analysis approach might be followed to determine
fertilizer requirement at the farm level.

A. Mavrogenis
Integration is also needed within the same discipline, i.e., integration between
animal breeders and animal nutritionists.

A. Al Rawi

Much has been achieved with barley, but more focus is needed on forage
production through an integrated system (plant/animal). Also, some emphasis on
unconventional sources of feed is required.

H. Nabulsi

I agree with Dr Al-Rawi that the concentration should be on forage and legume
feed production. Mechanical harvesting and grazing management need to be
addressed. Farmers need advice about utilization of green fodders and techniques
for lamb fattening.

M. Hadjipanayiotou
The second phase should be oriented to help farmers apply what has been found
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by resedrchers within and outside the region, especially in the area of feed
production and utilization.

0. Gursoy

The activities in animal production started relatively late owing to the nature of
these activities and to the progress that was made in the national programs. In the
second phase, there will be a better chance to achieve progress. The second phase
should consider the integration of the improvement, nutrient and management
technologies. It should also consider the increase in product with the marketing
aspects. Farmer training should be intensified.

S. Al-Haj Hassan
Lebanon is ready and willing to participate in the second phase. Results are
available at the national program but need to be transferred to farmers.

A. Hadjichristodolou

Cyprus is ready to participate, although from the donor point of view this might
not be possible. However, scientists and institutions in Cyprus are ready to
continue the interaction with the project and with the scientists in the national
programs.

M. Jones
The second phase should consider the participatory approach of farmers, more
focus on socioeconomics and livestock aspects.

Closing Comments

R. Booth

Dr Booth indicated to the group that there is an urgent need for the national
programs to give these issues some thoughts, provide their views on the project’s
future, and send them back to the regional coordinator. Their response should
include their opinion, interest, comments and justification for a new phase. After
this is received we will be able to start working on a new document for a second
phase of the project which will be done in close cooperation with national
programs.
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