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Research and Production

Genetics of Field Resistance to Leaf
Rust of Wheat under Rainfed
Conditions

B. Yadav!, Mohd Yunus and N.K. Dudi

Wheat  Breeding — Station, CCS  Harvana
Agricultural University, Ambala City 134 003,
Harvana, INDIA

Abstract

Studies were conducted on the inheritance of field resis-
tance to leaf rust (Puccinia recondita Rob. ex Desm,) of
wheat (Triticum spp.) by scoring for reaction type and
rust intensity, and computing the coefficient of infection
in six basic generations (P, P,, F, F;, BC; and BC,) of
a wheat cross WC 44 X WH 283. Low reaction type
(resistance) was found to be under the control of two
recessive genes. Epistatic model indicated that additive
effect was highly significant for rust intensity and coeffi-
cient of infection. Among non-additive effects, domi-
nance X dominance was predominant. Complementary
type of epistasis was operative in both cases.

Key words: Triticum: Puccinia recondita; genctics: rusts;
disease resistance; genetic inheritance; rainfed farming:
India.

Introduction

Leaf rust of wheat is the most widely distributed of all cere-
al rusts (Samborski 1985). Use of wheat cultivars carrying
field resistance has received greater attention than scedling
resistance in the recent past (Simmons 1975). Ficld resis-
tance refers to resistance that has been measured in field
nurseries and does not imply that resistance is either gener-
al or specific (Knott 1982) but, at the same time, it usual-
ly confers protection from a wider spectrum of races than
seedling resistance which is gencrally oligogenic. In simple
terms, resistance can be regarded as oligogenic if segregat-
ing populations fall into clearly defined and easily recog-

1 Mailing address: 37-RDS House, CCS HAU. Hisar 125 004, INDIA
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nizable categories by reaction type. But segregating popula-
tions from parents differing in resistance more ofien than
not show a continuous range of reaction type and disease
intensity under field conditions, and classification is often
difficult. The present investigation was, therefore, undertak-
en to study the genetics of ficld resistance under rainfed
conditions by examining reaction type and rust intensity and
computing the cocfficient of infection.

Material and Methods

The material for the present study comprised six basic gen-
erations (Py. P, F|. Fo. BC| and BC,) of a wheat cross, WC

44 X WH 283. WC 44 (designated as P)) is susceptible to

leat rust of wheat and belongs to an exotic accession of
unknown origin. while WH 283 (designated as P5) is a resis-
tant and high-yiclding variety of Indian origin recommend-
cd for cultivation in the North Western Plain Zone of the
country. The material was grown in a randomized block
design with three replications. Non-segregating generations
(P,. P> and F)) were assigned two plots each, whercas seg-
regating generations were assigned five plots in each repli-
cation. The plot comprised a single row 6 m in length
spaced 23 cm apart. Plant-to-plant distance within rows was
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10 em. To facilitate rust development, spreader rows plant-
ed around each replication were inoculated with a mixture
of races of leaf rust of wheat. For recording observations on
leaf rust, five competitive plants from each of the non-seg-
regating generations, 15 from BC| and BC,. and 100 from
F, population were taken at random and observations
recorded on flag leaf, according to Loegering (1959). The
coefficient of infection was computed following Yadav
(1985). Generation mean analysis was done as proposed by
Hayman (1958).

Results and Discussion

Thirty F; plants were scored for leaf rust reaction types. All
were found to be susceptible (Table 1). This indicated that
low reaction type (resistance) was under the control of
recessive genc(s). Three hundred F, plants were derived
from 30 F| plants segregated for susceptibility and resis-
tance to leaf rust in the field in the ratio of 173:127, respec-
tively. A Chi-square test gave a good fit to 9:7 ratio, indi-
cating that resistance was under the control of two recessive
genes. Further evidence that two recessive genes condi-
tioned resistance to leaf rust was indicated by BC; popula-
tion carrying all susceptible plants and BC, population seg-
regating for 32 susceptible and 13 resistant plants. The data
of BC, population gave a good fit to 3:1 ratio, suggesting
the control of two recessive genes for resistance. These
results substantiate the findings of Williams and Miller
(1982) and Singh et al. (1993). Conversely, Peusha et al.
(1996) report monogenic control of leaf-rust resistance.

Table 1. Segregation pattern for leaf rust reaction in different

generations.
Number of Plants
Generation Susceptible Resistant Total Ratio 12
tested

WC 44 30 0 30 - -
WH 283 0 30 30 - -

F 30 0 30 - -

Fy 173 127 300 9:7 0.245
BC, 45 0 45 - -
BC, 32 13 45 31 0.364

The data on rust intensity and coefficient of infection
was subjected to arcsin transformation. Analysis of variance
(Table 2), involving six generations for rust intensity and
coefficient of infection, revealed highly significant differ-

(%]

ences among generations, indicating that sufficiem genetic
variability existed in the material under study. To determine
gene effects, generation mean analysis was conducted and
results are summarized in Table 3.

Table 2. Mean squares for original and transformed (arcsin)
values of rust severily and coefficient of infection.
Mecan squares
Rust severity CoefTicient of infection

Source of df

variation Original Arcsin  Original Arcsin
Replication 2 393 2.15 0.35 6.50
Treatment 5 671.81* 349.90* 866.43*  589.18*
Error 10 6.61 2.56 5.83 13.97

* Significant at P £0.01

Additive-dominance model was found to be inadequate.
Epistatic model indicated that additive effects were highly
significant for both rust intensity and coefficient of infec-
tion. Krupinsky and Sharp (1978) report similar results for
yellow rust of wheat. There was a decrease in the value of
additive cffects due to transformation, but the level of sig-
nificance did not change. Dominance effect was significant
for coefficient of infection but not for rust intensity.
Additive X additive component was not significant for any
of the characters, whereas a substantial amount of additive
X dominance and dominance X dominance effects indicated
that epistasis played an important role in determining the
inheritance of resistance.

Among the non-additive components, dominance X
dominance effects accounted for the largest proportion of
gene effects for both the characters. Bai and Knott (1994)
report preponderance of the dominance component of vari-
ation. The signs of dominance and dominance X dominance
components were similar in both cases suggesting that the
complementary type of non-allelic interaction was impor-
tant.

An increase in the additive effects in the epistatic model
indicated that the additive effects were not free from inter-
action effects and their elimination changed the values con-
siderably in each case. Predominance of additive effects and
presence of complementary type of epistasis indicated that
selection for increased manifestation of field resistance
could be possible. In order to get transgressive segregants,
break undesirable linkages and simultaneously exploit addi-
tive and non-additive gene effects, biparental mating among
potentially desirable plants may be used in early segregating
generations. Gill et al. (1974) and Redden and Jensen
(1974) also suggest the adoption of biparental mating under
similar situations.
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Table 3. Estimates of genetic parameters for rust severity and coefficient of infection.

Character Model Parameter 12 df
(m) d) (h) 1] @ m
Rust severity 3 parameters
{Original) 24.11 -18.68 8.58 - - - 64.99* 3
+0.44 +0.46 +0.56 - - 40.37* 3
(Arcsin) 27.11 -13.96 5.10
+().30 +(.28 +0.66 - - - 163.88*% 3
Cocfficient of infection
(Original) 21,77 -20.25 5.20 - - - 96.40* 3
+0.40 +0.40 +().85
(Arcsin) 23.17  -16.28 11.64 - - - 96.40* 3
+(0.27 +0.28 +0.29
Rust severity 6 parameters
(Original) 2453 2244 7.39 -1.69  -3.69 21.75 -
+1.69 +1.47 +7.38 +7.36  x1.54 +9.02
28.76  -1640 5.57 -1.55 -2.75 12.28 -
+1.39 (.69 +5.77 +5.72 2075 +6.38
Coefficient of infection
(Original) 2017 -25.74 12.54 1.19 505 29.18 -
*1.08 +1.28 +5.11 +5.02 %135 +6.98
(Arcsin) 25.37 -0.43 -9.18 -1.48 -3.73 19.25 -
+0.77 =1.04 *+3.73 +3.72 +1.08 +5.21

* Significant at P £ 0.01.
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Agronomic and Economic
Characteristics of Improved Wheat
Cultivars under Rainfed Conditions in
the Southern West Bank

Jad Isaac and Nader Sh. Hrimat
Applied Research Institute of Jerusalem (ARIJ),
P.O. Box 860, Bethiehem, West Bank, PALESTINE

Abstract

Five improved wheat cultivars and one local cultivar
were planted under rainfed conditions at Al-Thahirya in
the southern West Bank, Palestine. The research con-
sisted of an experiment for the five improved cultivars,
and demonstrations in the 1992/93 and 1993/94 growing
scasons for all cultivars. The 1993/94 demonstration
included an evaluation of the impact of fertilization
(essential and top-dressing). The durum-wheat (Triticum
turgidum subsp. durum) cultivars were 870, Breket and
local, and the bread-wheat (Triticum aestiviem subsp.
aestivum) cultivars were Beth-Hashita, Attir and Shaffir.
In the 1992/93 demonstration, Shaffir and Beth-Hashita
gave the highest grain yield (303 kg/dunum). In the
1993/94 demonstration, the addition of fertilizer
increased average grain yield by 18.4% for Breket and
121.2% for local. Straw yield increased by 15.9% for
Breket and 94.6% for Shaffir. Attir gave the highest
grain yield (264 kg/dunum)! and Shaffir the greatest
straw yield (473 kg/dunum). In the experiment, Beth-
Hashita produced the highest yields of both grain and
straw (312 and 526 kg/dunum, respectively), though
these yields were not significantly different from those of
the other improved cultivars. Fertilized Shaffir gave the
highest net revenue, US$ 51.70 per dunum. Fertilization
resulted in increased net revenues for all cultivars, with
the exception of Breket. The demonstrations showed
that use of new cultivars with improved fertilization
could improve the productivity of rainfed farming by as
much as 198%, and increase profits by as much as US$
50 per dunum.

Key words: Triticum turgidum Triticum aestivun; testing;
evaluation: varictics: agronomic characters; profit; rainfed
farming: straw: grain: yiclds: fertilizer application: territo-
ries occupied by lIsrael.
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Introduction

Rainfed agriculture accounts for around 95% of total culti-
vated land in the West Bank, and 45% in Gaza. Hence,
improving this sector is extremely important for the devel-
opment of the Occupied Palestiman Territories (OPT). The
prevailing socioeconomic conditions under occupation have
placed limitations on the development of both human and



natural resources. Scientific applied research has also been
constrained by these conditions. Wheat, one of the most
important staple crops in Palestine, has been badly affected
by these conditions. [n the 1960s, the total area cultivated
with wheat in the West Bank was 464,000 dupums, com-
pared with 184,600 dunums in 1993 (ARIJ 1994: RRC
1985-90).

Wheat yields vary between districts due to differences in
annual rainfall. Grain yield averages as much as 21l
kg/dunum in Tulkarem in the northern West Bank. where
rainfall is high, but just 82 kg/dunum in Hebron in the
southern West Bank, where average rainfall is low, although
the actual numbers fluctuate from year 1o year (AR1J 1994).
The annual consumption of wheat in the OPT is estimated
at 240,000 tonnes. yet only 39,000 tonnes are produced
locally (AR 1994).

Improving all levels of production is important. The
Applied Rescarch Institute of Jerusalem (AR1J) has taken a
lead in this work. through introducing new cultivars of
wheat and other ficld crops (among them sorghum and
chickpea) and studying their adaptation to local climatic
conditions: and also through investigating the effects of
applying new technologics in agricultural practices. and
studying the extent to which these new techniques and cul-
tivars are acceptable to farmers.

In carrying out on-farm demonstrations and experiments
with wheat, ARIJ hoped to achieve the following objec-
lives:

- Evaluate the new wheat cultivars in an experiment and
through demonstrations on farmers’ ficlds.

- Study the effects of fertilizer application on different
wheat cultivars in terms of agronomic and economic char-
acteristics.
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Fig. 1. Rainfall for the 1992/93 and 1993/94 growing sea-
sons at Al-Thahirya.

Material and Methods

The rescarch was conducted at Al-Thahirya to the south of
Hebron, an area with average annual rainfall of 300-350
mm. The 1993/94 season was drought-affected, character-
ized by low, poorly distributed and late-starting rainfall.
Also, al-khamasin winds (strong hot winds that signify the
beginning of the hot season) prevailed during the period 11-
22 April, leading to average maximum temperatures in the
range of 23-32.6*C (Table 1). The total amount of rainfall in
1993/94 was 235.1 mm, while in the previous season, it had
been 315 mm (Fig. 1).

Table 1. Rainfall and temperatures for 1993/94 growing season at Al-Thahirya.

Month Rainfall Avg temp Average Extremes of
(mm) (*C) temperature (°C) temperature (°C)
Min Max Min Max
October 0 204 16.3 24.5 14.0 28.0
November 23.0 13.2 9.8 16.6 2.0 21.0
December 395 12.0 9.5 14.9 1.0 19.0
Janvary 82.0 8.5 5.5 11.5 7.0 18.5
February 87.4 8.0 5.0 1.0 2.5 18.0
March 7.2 10.3 7.7 129 2.2 20.6
April 0 17.5 14.5 20.4 4.0 326
May 0 20.0 15.5 204 9.0 322
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There were two elements to the research: an experiment
and demonstrations. The demonstrations were conducted on
an area of 20 dunums, with the help of six farmers. Five
improved and one local wheat cultivar were used. Each cul-
livar’s area in the demonstrations was split into fertilized
and unfertilized areas,

The experiment involved a randomized complete block
design for the five improved cultivars, replicated four times.
Each plot covered 45 m2, the total experiment area (includ-
ing borders) was 1260 m2.

Agricultural practices were conducted in the same man-
ner in both the demonstrations and the experiment, with two
cxceptions. Fertilizer was used throughout the experiment
but only for half of the demonstration areas; and harvesting
and threshing were carried out manually in the experiment
but mechanically in the demonstrations. Land preparation
was as follows:

Tillage: Primary tillage was conducted with a mold-board
plow, used to 20-30 c¢cm depth on 20 October 1993,
Secondary tillage was performed with a duck’s foot harrow,
used to 10-15 ¢cm depth on 22 October 1993. This broke up
clods of dirt. creating a good seedbed.

Essential fertilization: Compound fertilizer (13-7-0) was
broadcast at the rate of 50 kg/dunum (6.5 kg N/dunum and
3.5 kg P2Os/dunum).

Characteristics of planted cultivars: All improved culti-
vars were bought from Hazera'Sced Company and are as
follows (Hazera® 1993):

1. Durum-wheat cvs 870 and Breket: resistant to rust dis-

eases and lodging: flour is of sufficient quality for mak-

ing pastries (Hazera' 1993).

Soft wheat cvs Beth-Hashita, Attir and Shaffir: flour is

well-suited to bread-making (Hazera’ 1993).

3. Local wheat cv Baladi or “local”: obtained from the
farmer; this wheat has durum-wheat characteristics but
tends 10 be impure.

o

Sowing method: Seeds were sown with a driller at the rate
of 10 kg/dunum on | December 1993.

Weed control: All rescarch areas were sprayed with Alber-
super (2,4-D) at the rate of 200 cm3/dunum on 10 February
1994 (during tillering).

Top-dressing fertilizers: Ammonium sulfate (21% N) was

broadcast at the rate of 20 kg/dunum (4.2 kg N/dunum) on
19 February 1994,

Harvesting: In the demonstrations, all cultivars were har-
vested on 24 May 1994, this being the day when the har-
vester was available. The experiment was harvested manu-
ally with a sickle at soil level. Total production was calcu-
lated for each of the planted areas,

Threshing: The demonstrations™ harvested biomass yield
was threshed, using a divider thresher, on 29 May 1994. The
experiment’s biomass yield was threshed by hand in order to
minimize grain loss.

For the demonstrations, grain and straw yields were cal-
culated for all cultivars, under fertilized and unfertilized
conditions, while for the experiment, growth characteristic
results were recorded as an average of five plants selected
randomly in each plot. Productivily characteristics were
assessed by taking an average of three square meters (3 x |
m?) randomly selected in each plot. A large number of pro-
ductivity and growth characteristics were calculated for all
cultivars.

Results and Discussion
Demonstrations

All yielded more grain and straw when fertilized. Grain
yield increased between 18.4 and 121% over the non-fertil-
ized plots, while straw yield increased between 15.9 and
94.6% (Table 2). Bread-wheat cultivars yielded 57% more
grain and 70.2% more straw, while durum cultivars yielded
54.7% more grain and 43.9% more straw. The local wheat
showed the highest potential for responding to fertilizer:
grain yield increased 1219 and straw yield 89.4% when fer-
tilizer was appliced.

When fertilized, bread-wheat cultivars yielded more
grain than durum cultivars. Attir produced the most grain
(264 kg/dunum), and Shaffir gave the highest straw yield
(473 kg/dunum). For unfertilized plots, bread wheat yielded
more grain, with the exception of Beth-Hashita, while the
durum cultivars yielded more straw, with the exception of
the local cultivar.

Grain productivity took the following order. with high-
est yield first: Attir, Shaffir. Beth-Hashita, 870, Breket and
local. For straw yield the order was: Shaffir, Beth-Hashita,
Attir, Breket, 870 and local. The local culivar produced the
lowest grain and straw yields in all treatments. Clearly. it
needs to be replaced with improved, more productive ones.
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Table 2. Planted area, production and productivity of wheat cultivars grown at Al-Thahirya, 1993/94.

Cultivar/ Area Production (kg) Productivity (kg/dunum) % increase in productivity
Treatment (dunum) Grain  Straw Grain Straw Grain Straw
Durum wheat
870
Fertilized 35 687 1088 202 320 24.7 26.0
Unfertilized 0.7 113 178 162 254
Breket
Fertilized 2.6 468 874 180 336 18.4 159
Unfertilized 1.0 152 290 152 290
Local
Fertilized 2.0 292 428 146 214 121.2 894
Unfertilized 0.7 46 79 66 13
Bread wheat
Attir
Fertilized 1.8 475 655 264 364 535 48.6
Unfertilized 04 69 98 172 245
Shaffir
Fertilized 3.6 918 1703 255 473 393 94.6
Unfertilized 0.3 55 73 183 243
Beth-Hashita
Fertilized 2.6 585 1050 225 404 389 67.6
Unfertilized 0.9 146 217 162 241
Total
Fertilized 16.0 3425 5798
Unfertilized 4.0 581 935

Because of the dry conditions prevailing in 1993/94, the
productivity of all cultivars was low compared with the pre-
vious season, with the exception of Attir. In 1992/93, the
planted cultivars 870, Breket, Attir, Shaffir and Beth-
Hashita gave grain yields of 215, 210, 250, 303 and 303
kg/dunum, respectively.

Experiment

The experiment aimed to evaluate the improved wheat cul-
tivars and their potential under local climatic conditions.
Means separation between the cultivars for all studied char-
acteristics was done using Duncan’s Multiple Range Test to
a 5% accuracy level (Little and Hills 1978).

All cultivars were sown on 1 December 1993, and 50%
emergence occurred within 27 days for all cultivars, com-
pared with 15 days in the previous season. This difference

was due to the late onset of rain during the 1993/94 grow-
ing season, and the consequent insufficient soil moisture for
germination and emergence.

The low rainfall and high average temperatures had
other repercussions, especially during the critical growth
stages. The drought conditions reduced the plant growing
period, and shoriened the periods between emergence, tiller-
ing, heading, and physiological maturity. The period from
emergence to heading lasted between 77 and 100 days,
depending on cultivar. The period from emergence to phys-
iological maturity was 125-137 days.

Bread-wheat cultivars rcached the heading stage in 77
days and durum-wheat cultivars in 90 days, compared with
111 and 122 days, respectively, in 1992/93. Both planting
seasons showed that durum-wheat cultivars have longer
growth stages than bread-wheat cultivars (Table 3).
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Table 3. Days from 50% emergence to 50% heading and
physiological maturity, 1993/94,

Cultivar Days from 50% emergence to

50% heading  physiological maturity

870 82 137
Breket 87 133
Local 100 135
Auir 72 130
Shaffir 81 130
Beth-Hashita 77 125

Data for various productivity characteristics is given in
Table 4. Grain yield, straw yield. biomass, and harvest index
of the bread-wheat cultivars were significantly higher than
those of the durum-wheat cultivars. Beth-Hashita gave the
highest grain yield (312 kg/dunum), although this was not
significantly greater than the yields obtained from Attir and
Shaffir. Beth-Hashita also yielded the most straw (526
kg/dunum), but this was not significantly above the yield
obtained from other cultivars.

Durum cultivars were significantly taller than bread cul-
tivars; 870 produced the tallest plants, averaging 91.6 cm.
However, the local cultivar produced the tallest plants in the
demonstrations. averaging 94 ¢m.

The bread-wheat cultivars produced more tillers than the

durum cultivars, though the difference was not significant.
Beth-Hashita produced the most: 5.9 tillers/plant,

Bread-wheat cultivars  produced significantly more
spikes/plant than durum-wheat cultivars, with the exception
of Attir. Beth-Hashita produced the most, averaging 5.5
spikes/plant.

Peduncle length was 18.1 ¢m for Breket, the longest, and
12.1 ¢m for Beth-Hashita, the shortest. In the demonstra-
tions, the local cultivar had the shortest peduncles. 3.6 cm.
Comparing the improved cultivars with the local cultivar,
peduncie length correlated positively with the period
between heading and maturity. The local cultivar took
longer to reach heading stage. Al-khamasin winds coincided
with the heading stage resulting in sun scald, a retarded
growth rate and a premature maturity stage only 35 days
after the heading stage had been reached. This reflected
negatively on all production characteristics.

Cultivar 870 had the longest spikes (19.6 c¢m) and
Shaffir the largest number of spikelets/spike (20.4). Cultivar
870 also had the longest awns, with an average of 11.6 cm,
but Breket's awns were not significantly shorter. The bread-
wheat cultivars recorded shorter awns. Average awn length
for the local cultivar was 7.4 ¢m.

The average number of normal grains/spikelet was sig-
nificantly higher for bread cultivars than for durum culti-
vars, Attir had the most normal grains/spikelet. with an

Table 4. Productivity and growth characteristics of wheat cultivars at Al-Thahirya, 1993/94.

Characteristic 870 Breket Beth-Hashita Attir Shaffir

Productivity (kg/dunum)

Biomass 653 b ¥ 653 b 838 a 800 a 819a
Grain 214 b 203 b 312a 299 a 294 a
Straw 439 450 526 501 525

Harvest index 049b 040 ¢ 0.51a 0.90 a 0.56 a

Plant height (¢m) 91.6 a 89.4b 774c 86.8 ¢ 855d

No. tillers/plant 34 3.7 59 4.6 56

Peduncle length (cm) 17.4 a 18.1a 12.1b 16.0 a 14.6 ab

No. spikes/plant 320 32b 55a 4.3 ab S4a

Spike length (cm) 19.6 a 18.2a 17.2 ab 15.1 be 14.1 ¢

No. spikelets/spike 18.2b l6.4 ¢ 17.1 cb 17.7 ¢b 204 a

Awn length (cm) 11.6a 10.9 a 5.1b 46b 44 b

No. normal grains/spikelel 27b 260 32a 34a dla

No. unfertile florets/spikelet 20 2.1 2.0 1.9 1.9

No. grains/spike 44.9 ab 394 ab 44.8 ab 49.6 ab 535a

1000-grain weight (g) 32 36 33 33 30

¥ Values in a row followed by the same letter(s) do not differ significantly at 5% level (Duncan’s Multiple Range Test).



average of 3.4, There was no significant variation among
cultivars in the number of infertile florets/spikelet. the aver-
age being 2.0.

Total normal grains/spike was highest (53.5) for Shattir,
though this was not significantly different from that of the
other cultivars.

Breket produced the highest 1000-grain weight (36 2),
which was not significantly different from that of the other
cultivars. The scason’s drought conditions were directly
reflected in the 1000-grain weight, which can be clearly
seen when one compares the results of the previous scason
(1992/93): 870 with 47 g. Breket with 42 g, Beth-Hashita
with 42 g, Shaffir with 41 g, and Attir with 37 g. In 1992/93,
average 1000-grain weights were 10.5 ¢ higher for durum-
wheat cultivars and 8.0 g higher for bread-wheat cultivars
than in 1993/94.

Differences between demonstration and experiment
results

For all cultivars, the experiment resulted in higher grain and
straw yields than the demonstration. For grain yield. the dif-
ference ranged between 12 kg/dunum for 870 and 87
kg/dunum for Shatfir. For straw yield, the difference ranged
between 52 kg/dunum for Shaffir and 122 kg/dunum for
Beth-Hashita (Table 5).

Experiment results surpassed demonstration results for
the following reasons:

Land topography: The experiment arca was level, while the
demonstration lands were irregular, one being sloped and
the other V-shaped.

Growth conditions: Based on the greener color of plants in
the experiment, demonstration plants were more affected by
al-khamasin winds. even though both were located in the
same general arca.
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Harvesting: Harvesting of the experimental area was con-
ducted at the soil-surtace level. manually, with a sickle. The
demonstration area was mechanically harvested. being cut
more than 10 cm above the soil surface, although this var-
ied with land topography.

Threshing: Plants harvested from the experiment were
threshed by hand in the laboratory. while those from the
demonstration were threshed mechanically.

Plants in the demonstration sulfered from the following: sun
scale, spike breakage and loss during harvesting (some cul-
tivars, e.g.. Beth-Hashita, were harvested late, beyond the
maturity stage), straw loss due to mechanical harvest and
threshing loss due to small grains being separated with the
hay.

Financial analysis of the demonstration

The inputs of wheat production could be classified as mate-
rials, mechanization. labor. land rent and miscellaneous
costs (c.g.. transportation of fertilizers, seeds and straw,
which are calculated as 8% of total input costs excluding
rent). The costs of the various inputs are shown in Table 6.
The calculations show that one dunum of fertilized wheat
required inputs of USS 75.30, while unfertilized wheat
required US$ 59.50 per dunum.

Total revenue was calculated for cach cultivar, fertilized
and unfertilized, by adding the combined grain yield at
wholesale prices to combined straw yicld at wholesale
prices. These were USS$ 0.27/kg for durum-wheat grain, and
USS$ 0.22/kg for bread-wheat grain. One kilogram of straw
was USS 0.15. Net revenue was calculated by subtracting
the grain total costs from total revenue.

Net revenues from fertilized bread-wheat cultivars were
greater than from fertilized durum-wheat cuhivars, With the
exception of Breket, fertilized wheat gave greater net rev-
enue than unfertilized wheat (Table 7).

Table 5. Comparative experiment and demonstration yields, 1993/94.

Cultivar Grain productivity (kg/dunum) Straw productivity (kg/dunum)
Cxperiment  Demonstration  Difference Experiment  Demonstration Difference
370 214 202 12 439 320 119
Breket 203 180 23 450 336 114
Attir 294 255 39 525 473 52
Shaffir 312 225 87 526 404 122
Beth-Hashita 299 264 35 501 364 137

9
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Table 6. Financial input for fertilized and unfertilized wheat cultivars,

Financial input Cost (US$ per dunum)
Fertilized Unfertilized
Materials: grain 3.40 4.30
pesticide (Alber-super) 1.80 1.80
compound fertilizer 10.40 -
top-dressing fertilizer 3.60 -
Total 19.20 6.10
Mechanization: primary tillage 8.20 8.20
secondary tillage 2.30 2.30
harrowing 2.30 2.30
seed driller 3.30 3.30
pesticide application 1.60 1.60
harvester 6.60 6.60
thresher 7.90 7.90
Total 32.20 32.20
Labor: compound fertilizer broadcasting 0.70 -
top-dressing 0.70 -
thresher workers 0.70 0.70
bailing 3.30 3.30
yicld-filling 0.70 0.70
Total 6.10 4.70
Miscellaneous 4.60 3.30
Land rent 13.20 13.20
Total 75.30 59.50

Table 7. Total and net revenues for different wheat cultivars under different fertilizer treatments for the demonstra-
tion at Al-Thahirya, 1993/94.

Cultivar Productivity (kg/dunum) Total revenue Net revenue
Grain Straw (US$/dunum) (US$/dunum)
Durum wheat
870
fertilized 202 320 102.50 27.20
unfertilized 162 254 81.80 22.30
Breket
fertilized 180 336 99.00 23.70
unfentilized 152 290 84.50 25.00
Local
fertilized 146 214 71.50 -3.80
unfertilized 65 112 3440 -25.10
Bread wheat
Attir
fertilized 264 364 112.70 37.40
unfertilized 176 245 75.50 16.00
Shaffir
fertilized 255 473 127.00 51.70
unfertilized 183 243 76.70 17.20
Beth-Hashita
fertilized 225 404 110.00 34.70
unfertilized 162 241 71.80 12.30

10
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Fertilized Shaffir gave the highest net revenue, USS dunum. All cultivars yielded higher net revenues under

51.70. while the untertilized local cultivar gave the lowest fertilization, with the exception of Breket.

nel revenue, with a loss of US$ 25.10. - The local cultivar was the most affected by the dry condi-

tions, yiclding the least grain, straw and net revenue, and
The net revenues of unfertilized durum-wheat cultivars recording losses both with and without fertilization.

(870 and Breket) were higher than those of bread-wheat cul- - The local cultivar, cultivated using commonly practiced

tivars. This showed bread wheat to be highly responsive to methods in farmers’ ficld, gave yields of 70-110

fertilization. The durum wheat was less responsive to fertil- kg/dunum. This estimate is based on weights collected

ization, but better adapted to unfertilized cultivation. from farmers neighboring the demonstration and experi-
menl.

Conclusions A farmer from the previous season’s experiment planted

some land with Attir, using grains produced from the

The drought conditions in the 1993/94 growing season had 1992/93 growing season, and fertilized it only with an

an adverse effect on plant strength and the length of the essential treatment of animal manure. The grain yield was

growth period, compared with the 1992/93 scason. 210 kg/dunum, a result which encourages AR to continue

Specifically, the following effects were evident from the and expand its cooperative work with farmers in the OPT.

rescarch:

- Al-khamasin winds had a greater effect (negative) on fer- Recommendations
tilized than on unfertilized plots.

- Bread-wheat cultivars needed fewer days to reach differ- This experiment is worth repeating in the coming years.
ent stages of growth, which made them more tolerant to Emphasis should be on the effects of fertilizers. Studies
dry conditions. should be expanded to ditferent parts of the OPT., working

- The yields of fertilized wheat were greater than those of with farmers in order to foster improvement of wheat pro-
unfertilized wheat with differences of 49% in grain yield duction.
and 57% in straw yicld.

- Fertilized bread-wheat cultivars  surpassed  fentilized ARLJ hopes 1o reach farmers through coordination with
durum-wheat cultivars in both grain and straw yield. both governmental and NGO extension agents. Workshops
When unfertilized, bread wheat surpassed the durum- and ficld days will expose farmers to new agricultural prac-
wheat cultivars in grain yield, but not in straw yicld. tices and cultivars. and this could ultimately improve pro-

- The grain yield of bread-wheat cultivars did not vary sig- duction and net revenue.
nificantly in the demonstration. Attir gave the highest
grain yield with 264 kg/dunum, and Shaffir gave the AR also plans to establish cooperation with NGOs and
greatest straw yield of 473 kg/dunum,. with the national agricultural authority, so as to develop a

- All cultivars yielded more grain and straw in the experi- national strategy for improving the agricultural sector.

ment than in the fertilized part of the demonstration. Beth-
Hashita was the most productive, yielding 312 kg
grain/dunum and 526 kg straw/dunum, followed by Attir, References
and finally Shaffir. The differences between these three

cultivars were not significant cither in grain or straw ARL] (Applied Rescarch Institute. Jerusalem). 1994,
yields. Dryland Farming in Palestine. Bethlehem, West Bank.
RRC (Rural Rescarch Center). 1985-90. Agriculwral
The total cost of production was US$ 75.30 per dunum Statistical Bulletin for the West Bank and Gaza Strip.
for fertilized land, and USS 59.50 per dunum for unfertil- Volumes 1-9. An-Najah National University, Nablus.
ized land. West Bank.

Hazera® (Seed Company). 1993. Seed Catalogue. Haifa,
- Fertilized Shaffir produced the highest net revenue of Lile. Th.M. and FJ. Hills 1978. Agriculwral
USS 51.70 per dunum. Of the unfertilized cultivars, Experimentation. John Wiley and Sons, Chichester,
Breket produced the highest net revenue, US$ 25.00 per England.
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Effect of Leaf Rust Epidemics on the
Yields of Bread Wheat in the Volga
Region of Russia

S.A. Voronina, S.N. Sibikeev and V.A.

Krupnov

Laboratory  of  Genetics and  Cytology,
Agricultural Research Institute for the South-East
Regions, Tulaikov 8t.,7, Saratov, 410020, RUSSIA

Abstract

Average bread wheat (Triticum aestivum L.. subsp. aes-
tivim) yields in the Volga Region of Russia are affected
by periodic drought and by leaf-rust epidemics and pow-
dery mildew in non-drought years. By combining genes
for disease resistance from local wild wheat and related
cultivars with germplasm of local bread-wheat Saratov
cultivars resistant to heat and drought, three pairs of
near isogenic lines were developed. The performance of
the most productive line, 1. 503, was observed over four
years, 1990-93. During the severe drought of 1991, the
vield from L 503 was 2.3% higher than that of its non-
resistant analogue S 58. During conditions of leaf-rust
epidemics in 1990 and 1993, the yield was 50% higher.
Genes for disease resistance can be combined with
germplasm from local heat and drought-resistant bread-
wheat strains to produce new, higher yielding cultivars
for local conditions.

Key words: Triticum aestivion: rusts; epidemics: discase
resistance: drought resistance: genetic improvement; yields:
Russian Federation.

Introduction

Long-term observations in the Volga Region revealed that
when drought years alternate with moisture years, severe
epidemics of Ieaf rust and other leaf discases occur. These
two factors of abiotic and biotic stress significantly reduce
wheat yield. Thus, the union of resistance to drought and
discases in one cultivar is an urgent problem.

In Russia, Saratov bread wheat cultivars are the most
heat and drought resistant, but a majority ot them are not
resistant to leaf rust. Plant breeding for resistance to
Puccinia recondita is limited 10 a few highly effective resis-
tant genes (Lr). In the Volga Region, only L 9, Lr 19 and Lr
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24 are highly effective against local leaf rust populations.
New bread wheat cultivars need to be developed that con-
tain a combination of resistance genes to drought and leaf
rust.

Material and Methods

The Laboratory of Genetics and Cytology at the
Agricultural Research Institute for the South-East Regions
has developed such cultivars by transferring effective genes
resistant to leafl rust and other discases into selected local
bread wheat cultivars. Genes resistant to leaf rust and pow-
dery mildew were derived from a number of species of wild
wheat. Triticum monococcum, T. sinskajae, T. dicoccum, T.
persicum, 1. timopheevit, as well as Aegilops speltoides, Ac.
auscheri. Agropyron intermedium and Ag. elongatum were
initially selected. Discase-resistant genes were transferred
from 7. dicoccum., T. persicum and local strains of Ag. inter-
nieditm to produce the new cultivars.



Results and Discussion

In 1990 and 1993, years of severe leaf rust epidemic condi-
tions. the lines of bread wheat carrying Lr genes from wild
relatives showed substantial advantage over susceptible cul-
tivars (Table 1) with increased grain yields of 32-52%. For
a more objective evaluation of the effect of Lr genes under
leaf-rust cpidemic conditions, three pairs of near-isogenic
lines carrying Lr genes were studied.

In the first pair of near isogenic lines. AS 29, an ana-
logue of cultivar Saratovskaya 29 (S 29) carried the resistant
gene Lr 14, derived from 7. dicoccum. This gene currently
has only a residual effect that slows plant leaf rusting.

Under leaf-rust epidemic conditions, the yield ol AS 29
was significantly lower than the yields from the other lines
but significantly higher than that of its non-resistant ana-
logue S 29.

In the second and third pairs of isogenic lines, 359 and
400. the resistant analogues, carrying different combina-
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tions of Lr genes, produced higher yields than their ana-
logue and the non-resistant cultivar S 29 (Table 2).

The increase in Lr genes of the resistant cultivars in
years with lcal-rust epidemics increased total yields over a
number of years. A comparison of the yields of the resistant
cultivar L. 503—carrying the Lr gene from Ag. elongatum
(Lr 19) and the standard cultivar Saratovskaya 58 (S 38) for
1990 to 1993—is shown in Table 3.

In the years with severe leaf rust epidemics, 1990 and
1993, the grain yield of L 503 was 32-56% higher than that
of S 58. In the drought years—1992 and especially 1991—
the grain yield of L 503 was not significantly higher than
that of S 58. Over four years, the grain yield average of L
503 was 24.8% higher than that of S 58.

Development  of  bread-wheat  cultivars  from  the
germplasm of local drought-resistant cultivars and disease-
resistant genes from wild wheat and related species can
increase yields in areas of periodic drought and leaf-disease
epidemics, such as the Volga Region of Russia.

Table 1. The effect of resistance to leaf rust on the yield of bread-wheat cultivars and lines during disease epidemics.

Cultivars / Rust Lr genes  Source of Yield (t/ha) Yield increase
lines reaction Lr genes 1990 1993 Average over standard (%)
S 58% S - - 2.56 2381 2.69 -
L 503 R Lr 19 Ae. elongatum 398 4.27 4.12 53
Lr 14a 7. dicoccum
L 244 R Lr Agi Ag. imtermedium 3.62 3.70 3.60 36
L 513 R Lr 19 Ag. clongatum 4.07 4.10 4.08 152
Lr Agi Ag. imtermedium
L 21 R Lr9 Ae. umbelluiata 3.34 3.75 3.55 32
Lr19 Ag. elongatum

+ Standard.
$ = Susceptible; R = Resistant.

Table 2. Effect of leaf-rust epidemics on yields of near-isogenic bread-wheat lines tested in Saratov, Russia, 1993,

Near-isogenic line Rust reaction Lr genes

Disease severity (%)

Yicld (t/ha) Yield loss (%)

AS 29 R 14a 30 3.100 by 0
S29 S - 90 2288 a 35
359 R 13,14, 19 0 4381 d 0
359 S - 90 3291 ¢ 33
400 R 13,23 0 4.305d 0
400 S - 90 3365¢ 28

R = Resistant: § = Susceptible.

1 Values followed by the same letier are not significantly different (P = 0.05) according to Duncan’s Multiple Range Test.
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Table 3. Grain yield (t/ha) of bread-wheat cultivars, 1990-93,

Cultivar Rust reaction Year Average
1990+ 1991% 1992 1993+

S 588 S 2.56 1.68 3.00 2.81 2.6l

L 503 R 4.00 1.72 3.05 4.27 3.26

Increase in yield of L 503 t0 S 58

t/ha 1.44 0.04 0.05 1.46 065

e 56.1 2.3 1.4 51.8 248

S = Susceptible: R = Resistant.
T Severe leal-rust epidemic.
 Severe drought.

§ Standard.

Field and Laboratory Screening of
Barley Genotypes for Aphid Resistance

in Egypt

A.A. El-Sayed!, S.I. Bishara?, M.A. El-
Hariry2, I.A. Marzouk2 and M. Abdel-Hamid!

IField Crops Research Institute, ARC, Giza,
EGYPT

2Plant Protection Research Institute, ARC, Dokki,
EGYPT

Abstract

Breeding lines and cultivars of barley (Hordeum vulgare
L. subsp. vuigare) were evaluated for their levels of sen-
sitivity to aphid infestation under laboratory and field
conditions in Egypt. In the 1992/93 season, laboratory
screening of 80 barley genotypes revealed 9 resistant and
8 moderately resistant entries to the corn leaf aphid
Rhopalosiphum maidis. Resistance determination was
based on the average daily reproduction rate of the
female aphids. Field screening of 80 genotypes in two
localities revealed the existence of 5 entries in Mallawi
and 15 in Giza that harbored the lowest aphid popula-
tion (0-25 aphids per plant) and the least percentage of
infested plants per plot. In the 1993/94 scason, laborato-
ry screening revealed 2 resistant and 4 moderately resis-
tant genotypes to R. maidis out of 60 entries. Field
screening of the same 60 genotypes grown at Giza
Research Station revealed 4 entries resistant to aphid
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buildup. Field screening of 80 barley genotypes (the
1992/93 group) grown at Mallawi Rescarch Station for
the second scason revealed 8 resistant entries. Five of
these were also resistant in the previous season cither at
Giza or at Mallawi.

Key words: Hordeum vilgare, Aphidoidea;
Rhopalosiphum maidis; genotypes; testing: pest resistance:

Egypt.

Introduction

In the Middle Egypt. barley ficlds are more liable to aphid
attack than adjacent wheat (Triticum spp.) ficlds (Bishara
1987). The dominant aphid species are Rhopalosiphum
padi, R. maidis and. 10 a lesser extent, Schizaphis graminum
and Sitobion avenae (El-Hariry 1979; Tantawi 1985). In the
“Barley Belt” of the northwestern coast of Egypt, however,
survey studies revealed that R. maidis was the dominant
species of aphids (Noaman et al. 1992).

Breeding for resistance 10 aphids has been one of the
main components in the barlcy program in Egypt since
1988. The present work included field and laboratory
screening of barley genotypes aimed at finding sources of
resistance to aphids. Painter (1951) emphasized the impor-
tance of plant resistance to insects as a major factor which
should be incorporated in any breeding program for main
crops.

Material and Methods

Laboratory screening

Barley breeding lines were tested in the laboratory for
estimating their levels of sensitivity to infestation with the
corn leaf aphid R. maidis. A colony of R. maidis was raised
in the laboratory in the 1992/93 and 1993/94 scasons on
local barley cv Giza 121, grown in 12 em plastic pots, under
near-constant conditions of temperature (22 + 2°C), relative
humidity (65 + 5%) and illumination (14/10 h light/dark
cycle).

The tested barley genotypes were grown in groups of
five seedlings per pot, with four replicates for each entry in
cach season. In 1992/93, 80 entries were tested, and in
1993/94, another 60 were tested. Three days after seedling
emergence, five viviparous female aphids were introduced
into each pot (one female per seedling). Pots were then cov-
ered by a lantern glass with muslin top for confining the
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aphids and their progeny to each pot. Six days after initial
infestation. the number of aphids per pot was counted.
Resistance was determined as the average daily reproduc-
tive rate of the female aphids, not exceeding one nymph per
female per day, i.e.. up to 30 aphids (five females over six
days). Barley genotypes harboring 30-40 aphids were con-
sidered moderately resistant.

Field screening

The 1992/93 barley breeding materials (80 genotypes) were
tested at Giza Research Station in the 1992/93 scason for
their levels of resistance to aphid infestation. At Mallawi
Research Station, the same barley material was evaluated in
the 1992/93 season and re-evaluated in 1993/94 for confir-
mation of the previous year’s results.

The 1993/94 breeding material (60 genotypes) was also
evaluated in the field al Giza Research Station in 1993/94,

Two criteria for evaluation were used:

(a) level or rate of infestation (RI) of plants with aphids was
scored on a 1-5 scale:
1 = 0-25 aphids/plant; 2 = 26-50; 3 = 51-100; 4 = 101-
500; and 5 = more than 500; and

(b) percentage of infested plants per plot.

Barley genotypes harboring the fewest aphids (score 1)
and lowest percentage of infested plants per plot were con-
sidered resistant.

Ficld observations were recorded in February and
March during peak aphid activity, which coincides with
very sensitive stages of plant growth.

Results and Discussion
Laboratory screening

The maximum number of aphids and their progeny pro-
duced by 5 females in 6 days was 127 aphids in case of the
breeding line M64-76/honfjo/york/3/MS5/Galt//As46/4/Hj34
-80/Astrix/5/CN 12/ Cl.  The average daily reproduction
rate was 4.23 individuals/female/day.

The genotypes, allowing for a reproduction rate of up to
one aphid per female per day, ie.. 30 individuals/5
females/6 days, were considered as promising sources of
resistance. Using this criterion, 9 entries were resistant and
8 moderately resistant (Table 1).

15
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Table 1. Laboratory-screened barley genotypes for resistance to R. maidis aphids (80 genotypes, 1992/93).

Entry Name/pedigree or source No. of aphids/5S
no. females/6 days
Resistant genotypes:
71 6F5 Sakhw/NWC 91/92 18.50
74 DL 541 20.75
36 Coala’s/Apm/1B65//11012-2/3/Api/CM67//DS/Pro/4/Jet/Cp
ICB84-0655-4AP-0AP-13APH-OAP 2175
45 Arar/386540 ICB 84-1739-OAP-3 APH-PAP 24.50
72 L 91710 25.75
77 L 91/8 26.00
73 L 91/9 29.25
12 80-5013/5/Cr-115/Pro//Bc/3/Api/CM67/4/Giza 20 ICB 88-1696-OAP 29.25
43 CEN/Bg 10°’S’ ICB 84-0548-1AB-OAP-1IAPH-OAP 29.50
Moderately resistant genotypes:
44 N-Acc-4000-301-80-/IFB 974 ICB 84-1423-4-AP-OAP-17APH-OAP 32.00
42 Deir Alla 106//APV/EB 89-8-2-15-4/3/Chzo’s’/Prn. ICB 84-0163-
6AP-OAP-20 APH-PAP 35.25
33 Lignee 527/NK 1272 ICB 84-0323-8 AP-OAP-14 AP-PTR 36.25
4 Giza 126 36.50
53 WI 2269/Lignee 131 ICB 83-0800-5- AP-QOAP 37.25
28 Arar//com.cr.29/C6 ICB 85-1594-5 AP-2 AP-OAP 38.25
29 Arar/Pl 386540 ICB 84-1739-11 AP-2-OAP-OAP 38.50
41 Deir Alla 106//APV/EB 89-8-2-15-4/3/Chzo’s 35.50

Out of 60 barley genotypes (the 1993/94 breeding mate-
rial), only two cntries exhibited resistance to buildup of R.
maidis aphids, and 4 cntries were moderately resistant
(Table 2). Four of these genotypes are landraces (LBEG).

It is worth noting that the newly released, drought-toler-
ant barley cv Giza 126, adapted to rainfed areas in Egypt, is
moderately resistant to aphids (Tables | and 2). Among the
1993/94 group (Table 2) entries no. 16, 19, 13, and 25 are
early maturing, while no. [8 is very carly maturing. Entries
no. 16, 4, and 25 arc drought tolerant, and nos. 16 and 25 are
high yielding.

Field screening

The dominant aphid species on barley in the experimental
plots at Giza and Mallawy in the 1992/93 scason was R.
maidis since the previous crop in the two areas was maize.

(a) Giza Resecarch Station

Aphid infestation of barley was very low in the spring of

1993 in Giza. The rate of infestation (RI) among the 80 test-
ed barley genotypes ranged between 1 and 2 on a 1-5 scale.
Aphids were always clustering at the basal part of the flag
leaf at low density infestations.

16

Table 2, Resistance levels of 60 barley genotypes to R.
maidis, 1993/94 group (laboratory screening).

Entry Name/pedigree No. aphids/
no. S females/
6 days

Resistant genotypes
16 116132 89023-20 51 LBEG 92/93  22.75
18 116134 89032-18 75 LBEG 92/93  24.50

Moderately resistant genotypes

19 116134 89032-21 79 LBEG 92/93  32.00
13 116131 89013-44 39 LBEG 92/93  35.25
4. Giza 126 38.50
25 Arar/Lignee 527 ICB 85-0626-6

AP-OAP-18 APH-OAP 40.00

On the other hand. the percentage of plants harboring
aphids per plot ranged between | and 80%. There were 15
barley entries which scored | (RI) and exhibited the lowest
percentage of infested plants per plot (1%) (Table 3). Four
of these entries (no. 36, 41, 42 and 74) were also resistant in
laboratory tests (Table 1).
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Table 3. Field-screened barley genotypes showing lowest infestation rate (R.1. = 1) and the least percentage of infest-

ed plants per plot (=1%), Giza locality (92/93).

Entry no. Name/pedigree
24 Nopas's/f4/Makner/Aths//Cl 14122/3/ Ager//Api/CM 67 ICB 87-1509-OAP
25 Coala’s’/Atki CYB-3996-AP-IAP-OAP
26 Aths/Lignee 686 ICB 82-0979-5 AP-OAP-OAP-12 AP-OTR
27 Aths/Lignee 686 1CB 82-0979-5 AP-OAP-24 AP-OTR
M Arar//1762/BC-2L-2Y 1CB 83-0687-7AP-OTR-OAP-IAP-OTR
36 Coala’s’/Apm/IB 65//11012-2/3/Api/CM 6'/ //Ds/Pro/d/Jer/CP
OCB 84-0655-4AP-OAP-13 APH-OAP
37 Arar//2762/BC-21.-2Y
1CB 83-0687-7 AP-OTR-OAP-1 AP-IAPH-OAP
38 Mari/Aths* 2/M-Aut-73-337-1 CYB-3574-CAP
39 Baca's'#3/AC 253//CH 08887/C1 25761
ICB 84-0674 OAP-15 AP-1 APH-OAP
40 Baca's'/3/AC 253//C1 25761
ICB 84-0674 OAP-18 AP-1 APH-OAP
41 Deir Alla 106//Api/EB 89-8-2-15-4/3/chzo’s'/Pm
ICB 84-0163-6 AP-OAP-16 APH-OAP
42 Deir Alla 106//Api/EB 89-8-2-15-4/3/chzo’s’/Prn
ICB 84-0163-6- AP-OAP-20 APH-OAP
48 Aths/Lignee 686 ICB 82-0979-5 AP-OAPO-OAP-5 AP-OTR
74 DI. 541
76 L9177

The fact that some entries were not attacked by aphids
in the field does not necessarily mean that they are resistant,
because at such low aphid population, many barley geno-
types may escape infestation.

(b) Mallawi Research Station (Middle Egypt)

Aphid infestation of barley in this locality is normally high,
but in the 1992/93 scason it was comparatively lower than
the previous seasons. However. screening was successful as
the rate of infestation of plants ranged between score 1 and
3.

Honeydew was slight on plants where the rate of infes-
tation was 2, but abundant in score 3. The percentage of
infested plants per plot ranged between 20 and 80%. There
were 5 genotypes that scored 1 (RI) and had the lowest per-
centage of infested plants per plot (20B30%) (Table 4).

Laboratory and field screening sometimes gave similar
results. Entry no. 74 was resistant in the laboratory and
under field conditions at Giza and Mallawi. Entry no. 36,
which was resistant in the laboratory, exhibited the same
character under Giza field conditions,

Table 4. Field-screening genotypes showing lowest infes-
tation rate (R.1.=1) and the least percentage of
infested plants per plot (20-30%), Mallawi

locality (92/93).
Entry Name/pedigree
no.
56 Baca’s'/3/Ac 253//Cl//08887/C1 05761
ICB 84-0674-OAP-22 AP-1APH-OAP
70 C1 7273
74 DL 541
79 W2291/W1 2269
80 Giza 123

In the 1993/94 season, infestation of barley at Giza was
generally moderate to high. RI ranged between | and 4, and
the percentage of infested plants per plot varied between 20
and 90%. The dominant aphid species was R. maidis, most
probably because the previous crop was maize.

Evaluation carried out at Giza Research Station of the 60
barley genotypes (1993/94 breeding material) for their lev-
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cls of resistance to aphids revealed 4 resistant and 5 moder-
ately resistant genoty(Table 5). The results in Tables 2 and
3 indicate that laboratory screening was confirmed by field
evaluation in Giza.

In Mallawi region, aphid infestation of barley was mod-
crate in the spring of 1994, and the aphid species present
were R. padi. R. maidis and S. graminum.

Evaluation of the 80 barley genotypes (1992/93 breed-
ing material) for their levels of sensitivity 10 aphid buildup
was conducted at Mallawi Research Station in 1993/94 for
the second consecutive season. Field observations revealed
the existence of 8 highly resistant genotypes which were
free from aphids (Table 6).

It is worth noting that entries no. 26, 27, 48, 56, and 74
proved resistant in the previous season both at Giza and
Mallawi,

The present laboratory screening technigue has several
advantages: (a) accuracy in evaluating aphid reproduction
on each genotype through standardization of the initial
infestation rate (5 female aphids per 5 seedlings, i.e.. one
female per seedling) as the unit of testing for a limited peri-
od of six days to avoid overcrowding of aphids and wilting
of the host plant on which they feed, and (b) rapid screening
of hundreds of genotypes all year round in the laboratory
which can be controlled at favorable temperature, relative
humidity and light conditions.

Table 5. Rate of infestation with aphids (R.1.) and per-
centage of infested barley plants per plot (93/94
material) at Giza.

Entry Name/pedigree Rl %
no.

Resistant
4 Giza 126 I 20
16 116132 89023-20 51 LBEG 92/93 1 20
18 116134 89032-18 78 LBEG 92/92 1 20
19 116134 89032-21 79 LBEG 9293 | 20

Moderately Resistant
13 116131 89013-44 39 92/93 I 30
17 116134 89032-16 76 LBEG 92/93 | 30
25 Arar/Lignee 527 ICB 85-0625-6

AP-OAP-18 APH-OAP I 30
26 Haram-02//11012-2/Mzq/3/Arar/4/ 1 30
Harma-02//11012-2/Mzq/3/ Lingee 527
ICB 85-1152-2 AP-4AP-OTR-2AP-
OTR-OAP
WI 2197/Cl 13544/ Arar I 30

n
~

Table 6. Barley genotypes resistant to aphids under field
conditions at Mallawi (92/93 breeding material)
in the spring of 1994,

Entry no. Name/pedigree
15 Deir Alla 106/Cel/3/Bco. Mt/Mzg//Apm/5106
ICB 83-0215-4 Ao-OTR-OAP
26 Aths/Lignee 686
ICB 82-0979-5 AP-OAP-OAP-12 AP-OTR
27 Aths/Lignee 686
ICB 82-0979-5 AP-OAP-24 AP-OTR
33 Lignee 527/NK 1272
ICB 84-0323-8 AP-OAP-14 AP-OTR
48 Aths/Lignee 686
ICB 52-0979-AP-OAP-OAP-5 AP-OTR
54 Early Arar/Pl 386540-1739-2 AP-OAP
ICB 84-1739-2 AP-3 APH-AP
56 Baca's"/s/AC 253//CI0761

ICB 84-0674-OAP-22 AP-1 APH-OAP
74 DL 541

Another mcthod of screening cereals for aphid resis-
tance (Starks and Burton 1977) is more suitable for the
greenbug (Schizaphis graminum), in which unknown num-
bers of aphids are left to crawl freely from source plants to
the test seedlings, grown in rows inside flat trays left uncov-
cred, and no count of aphids is recorded; only damage rat-
ing. For this reason, this technique was not adopted in the
present studies.

Several researchers have studied screening of barley
genotypes for aphid resistance. Hormchong and Wood
(1963) suggest that the gene pair responsible for Schizaphis
graminum resistance in barley is apparently different from
the pair that impacts resistance to R, maidis. Webster and
Starks (1984) report that greater resistance in an R-strain of
barley to 8. graminum occurred when antibiosis, non-pref-
erence and tolerance were considered together.

Resistance to aphids in barley has been attributed 10
physical factors, e.g.. thickness of schlerenchyma cells and
number of vascular bundles (El-Serwiy et al. 1985) or sur-
face wax on the leaves (Tsumuki et al. 1987), or to the
chemical composition of the leaves. Todd et al. (1971) con-
clude that resistance of barley genotypes 10 8. graminum
might be due to the presence of phenolic and flavonoid
compounds in the leaves, while Juncja et al. (1972) identify
benzyl alcohol as a possible cause of resistance.

Another chemical causing resistance to cercal aphids in
barley is gramine in the leaves (Salas 1991). For this reason,
biochemical investigations seem essential in the future plan
of work in order to identify resistance factors in the breed-
ing material available.
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Productivity and Quality of Spring
Bread Wheat Differing in Photoperiodic
Sensitivity

V.A. Elesin and V.A. Krupnov

Laboratory  of Genetics and  Cyvtology,
Agricultural Research Institute for South-East
Regions, Tulaikov Street 7, Saratov, 410020,
RUSSIA

Abstract

By introducing the dominant Ppd alleles into the genetic
background of Saratov bread-wheat (Triticum aestivum
subsp. aestivum) cultivars with early heading, heading
was shortened by 2.5-6.4 days with no significant influ-
ence on yield or quality. This shows that this method
could be used in wheat breeding for early maturity.
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Introduction

The majority of spring bread-wheat cultivars in the Volga
Region of Russia are day-length sensitive, since they do not
carry dominant Ppd alleles (Krupnov et al. 1988). The influ-
ence of Ppd alleles on car emergence is prominent; the
effects of these genes is about 25%. Thus, by introduction of
Ppd alleles into the genetic background of spring bread
wheat, it is possible to breed early maturing cultivars,

Under drought conditions, which occur rapidly in the
Volga Region. the grains of medium- and late-maturing cul-
tivars shrivel and yields are decreased (Kuzmina 1972).
Therefore, it is important to study the productivity and qual-
ity of Saratov spring bread-wheat cultivars and their Ppd
analogues, which differ in their sensitivity to day length,
heading and maturity.

Material and Methods

The donor of the Ppd alleles was Mexican spring bread-
wheat cultivar Sonora 64, which carries two or three Ppd
genes (Mclntosh 1975). Over a number of years, the fol-
lowing cultivars and their Ppd analogues were examined:

Saratovskaya 29 (S 29) and S 29 PI! = S 29 x 6/Sonora 64
Saratovskaya 42 (S 42) and S 42 Pl = S 42 x 6/Sonora 64
Saratovskaya 55 (8 55) and S 55 PI = § 55 x 6/Sonora 64
Saratovskaya 56 (S 56) and S 56 Pl = S 56 x 6/Sonora 64

The photoperiod-insensitive analogues (Pl analogues)
were developed at the Laboratory of Genetics and Cytology
of the Agricultural Research Institute for South-East
Regions in Russia. These analogues cach carry two or three
Ppd genes from Sonora 64 and are carlier maturing than
their recipient cultivars. This collection of cultivars and
their Pl analogues was studied during 1986-1990 in the field
using a randomized complete block design with three or six
replications. Plots size was seven 7-m rows with 0.15 m row
spacing. A standard sceding rate of approximately 400
plants/m? was used. Sixteen vegetative and yield traits,
bread-making qualities and physical traits of dough were
measured every year.

I pr= photoperiodic insensitivity

Results and Discussion

During the study period, there were periodic years of
drought and high rainfall: 1988 was a dry year and 1990 a
wet year, while 1986 and 1987 were intermediate.

The study of the vegetation period of the cultivars and
their Pl analogues showed that the P1 analogues were earli-
er heading than their cultivar recipients. On average, days to
heading within the five-year study period were reduced by
2.5-6.4 days. and in some ycars (e.g.. 1990) by 9.5 days
(Table ). Grain-filling period of the PI analogues was not
different from the cultivar recipients. even slightly longer.
The number of spikes/m? was not significantly different
between the cultivars and their Pl analogues, except for
lines S 29 PI (nos. 939 and 942), which had significantly
more spikes/m? than S 29. In spite of the significant reduc-
tion of days to heading of the Pl analogues compared to the
cultivar recipients, the majority of PI analogues had the
same productivity, thousand-kernel weight and test weight
as the cultivars.

During four years of the study, the PI analogues were not
significantly different in flour yield from the cultivars,
except S 29 PI (Table 2). Regarding gluten content, there
were no significant differences between the cultivars and
their Pl analogues. Similarly, for strength of gluten, the Pl
analogues were not significantly different from the culti-
vars, except S S5 Pl Thus, the majority of the PI analogues
satisfy the requirements for hard wheats. and appear as good
fillers.

Studying the physical traits of the dough (farinographi-
cal analysis) of the cultivars and their P1 analogues as an
average of four years (1986-1988 and 1990) revealed that
there were no significant differences between the Pl ana-
logues and their parent cultivars in water absorption, forma-
tion and resistance ol the dough (Table 3). However, the
dilution of the dough and the valorimeter number of the Ppd
analogues were slightly lower than those of the cultivar
recipients,

Loaf volume and porosity number of the cultivars and
their Ppd analogues were not different. except for S 55 Pl
(no. 954). which was less than S 55. However, the majority
of Ppd analogues were close to the parenmt cultivars, and
thus satisfy the requirements for hard whewts.

By introducing the dominant Ppd alleles into their
genetic background. Saratov bread-wheat culivars were
early heading. Shortening of days to heading by 2.5-6.4
days without affecting their yicld and quality reveals the
validity of this method in wheat breeding for carly maturity.
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Table 3. Physical traits of the dough of cultivars and their Ppd analogues, average of four years (1986-98 and 1990).
Cultivar/line Line no. Physical trait of dough (farinograph)
Water Formation Resistance Dilution Valorimeter
absorption (%)  (min) (min) (un. ph.)! no. (un. v.) 2
$29 938 70.8 c-ct 5.7 5.7 55.6 a-a 60.6 c-¢
S29P1 939 70.6 c-¢ 5.3 53 65.0 a-b 579 b-c
S29PI 942 70.3 a-c 5.6 5.6 73.7 a-d 57.8 b-c
S 55 953 70.4 b-¢ 6.0 64 65.6 a-b 60.2 c-c
S55PI 954 71.2 ¢-¢ 5.0 5.0 83.1 ad 56.4 b-¢
S55PI 956 70.1 a-¢ 58 59 58.7 a-b 60.9 c-¢
S 42 945 70.7 d-¢ 4.4 44 103.7 d-d 53.0¢c-c
S42PI 946 68.9 a-a 3.6 3.6 101.2 ¢-d 41.7 a-a
S42 Pl 947 8.8 a-a 4.3 4.3 90.0 b-d 52.0 a-b
S 56 961 69.8 a-¢ 5.9 59 64.4 a-b 60.5 c-c
S 56 PI 962 69.1 a-c 54 53 66.2 a-b 58.5 b-¢
S56PI 965 69.1 a-b 55 5.7 70.6 a-¢ 59.5 bc

+ Means in a column followed by the same lenter(s) are not significantly different at £ = 0.05.

Units of farinograph apparatus.
< Units of valorimeter apparatus.
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Effect of Salinity Stress on the
Accumulation and Distribution of
Proline in Wheat

Farida Begum1 and J.L. Karmoker
Departinent of Botany, Dhaka University, Dhaka,
BANGLADESH

Abstract

Two wheat cultivars, Akbar and Barkat, were grown in
solution culture for 28 days with five different concen-
trations of NaCl to determine the effect of salinity on the
accumulation of proline. Salinity caused a 2.3- and 3-
fold increase in proline level in the root and shoot,
respectively, of Akbar. Similarly, a dramatic nine-fold
increase in proline level in the root and a two-fold
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increase in the shoot were observed in Barkat following
salinity treatment. In view of these results, it is speculat-
ed that proline produced in the leaf is transported to the
root, thereby helping the wheat plant to regulate the
osmotic potential of root cells under salinity.

Key words: wheats; salinity: proline: osmotic stress: salt
tolerance: stems: roots; leaves; Bangladesh.

Introduction

Proline is an indicator of stress damage (Hansen and Tully
1979). Barnett and Naylor (1966) observed an increase in
proline level in Bermuda grass following salt stress. By rais-
ing osmotic potential in a culture medium, an increase in
proline concentration was observed by Treichel (1975) in
Aster trifolium. Osmotic potential increased in Aster trifoli-
wm when NaCl was added to the culture medium. Stewart
and Lee (1974) also observed an increase in proline level
with increase in NaCl concentration. Palfi and Juhasz
(1970} recorded an increase in proline accumulation in
leaves of Capsicum annuum L. by increasing salt concen-
tration of irrigated water. Chu et al. (1976) observed a rapid
accumulation of proline when barley plants were subjected
10 salinity level with osmotic potential greater than -5.7
atmosphere. The increase in proline content due to NaCl
stress was reported in many plants such as barley (Yasseen
et al. 1987), mustard (Shadded and Zidan 1989), sunflower
and mung bean (Shaha and Gupta 1993). It was observed
that the increase in free-proline concentration is strongly
related o the concentration of Na+ and K+ in the plant sap
(Treichel 1975), and thus proline might be involved in the
process of osmotic adjustment.

Wheat has been introduced as a second cereal crop in
Bangladesh. Efforts are being made 1o bring a large area in
the country, currently uncultivable because of salinity, under
cultivation by introducing salinity-tolerant crops. among
them wheat.

In the present study, proline content in the root and shoot
of the two cultivars Akbar and Barkat. both high-yielding
and recently released cultivars, was measured for finding
the relationship between proline level and salinity tolerance
of the two cultivars.

Material and Methods

Akbar and Barkat were used as plant material. The plants
were grown for 28 days in half-strength Hoagland solution
(Hoagland and Arnon 1950) containing 25, 50, 100 and 150
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mM NaCl. These were used as control. Proline was extract-
¢d from dried powdered plant material in 4 ml of 90% alco-
hol. The aliquot was then centrifuged at 4500 and the clear
solution containing proline was separated and evaporated to
dryness and diluted to 2 ml with distilled water. Proline con-
tent was measured in a 0.5 ml sample of extract by the Troll
and Lindsley method (Troll and Lindsley 1955).

Results and Discussion

Accumulation of proline decreased by 25% in the roots of
Akbar and Barkat under the 25 mM NaCl treatment (Figs |
and 2). Proline accumulation increased 2.3-told in the roots
of Akbar at 50 mM NaCl, and by 15% in the roots of Barkat.
A 3- 10 9-fold increase in proline level was observed under
the 100 mM NaCl treatment (Fig. 1). In Barkat, the accu-
mulation of proline in the roots increased by 23% and 2.6-
fold under the 100 and 150 mM NaCl treatments, respec-
tively (Fig. 2).

AL 25 mM NaCl stress, proline content in the shoot
increased by 42 and 46% in Akbar and Barkat, respectively
(Figs | and 2). Similarly. at 50 mM NaCl, the proline level
increased by 84%: in Akbar and 18% in Barkat. Both the 100
and 150 mM NaCl treatments caused a dramatic 3-fold
increase in proline level in the shoot of Akbar (Fig. 1).
Salinity caused an 18 and 89% increase in proline content in
the shoot of Barkat at 100 and 150 mM NaCl, respectively
(Fig. 2).

Salinity caused a dramatic increase in proline level in
the root and shoot of both Akbar and Barkat (Figs 1 and 2).
These results agree with those obtained by Shaha and Gupta
(1993) who found that proline content increased in sun-
flower and mung bean under NaCl stress. Kishore et al.
(1986) found an increase in proline level except for an ini-
tial decrease in Jeaves of grape vines. Our result is also sup-
ported by the work of Chu et al. (1976) who found that
salinity caused an increase in proline content in barley.
Furthermore, salinity-induced increase in proline level was
also reported in Brassica juncea (Jain et al. 1991), Hordeum
vulgare (Yasseen et al. 1987; Pesci and Beffagna 1986),
Capsicum annuwum (Palfi and Juhasz 1970), rice (Dubey and
Rani 1989) and in Bermuda grass (Barnctt and Naylor
1966).

Yasseen et al. (1989) observed that proline accumulates
in the endosperm and radicals with increase in NaCl con-
centration in the external medium. Proline concentration in
barley consistently increased with increase in salinity by
conversion of some amino acids to proline.

(8]
w
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The concentration of proline in the shoot of Akbar and
Barkat were higher than that in the root under salinity (Figs
1 and 2). This result shows that proline synthesized in the
shoot under salinity and was transported to the root, which
played a vital role in maintaining osmotic potential of the
root cells.

Proline acts as an endogenous osmotic regulant (Stewart
and Lee 1974). Accumulation of proline under salinity
stress in the roots and shoot of wheat may be attributed to
an increase in abscisic acid because salinity is known to
increase both ABA and proline level. For example, abscisic
acid level was found to be increased by salinity stress (Kefu
et al. 1991; Mizrahi et al. 1970). Similarly, proline level was
found to be stimulated by salinity stress (Chu et al. 1976,
Kishore et al. 1986). Stewart and Larher (1980) report an
accumulation of proline level when barley plants were treat-
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ed with ABA. Similarly, an increase in abscisic acid-
induced proline accumulation under salinity stress was
observed in barley (Pesci and Beffagna 1986). Huber (1974)
observes that proline content was in the scedlings of
Pennisetum tvphoides when treated with NaCl and ABA.

Therefore, it is suggested that the observed stimulatory
effeet of salinity on accumulation of proline in Akbar and
Barkat cultivars (Figs 1 and 2) is positively corrected with
salinity-induced increase in abscisic acid level.

Na Cl salinity stress increased proline level in both root
and shoot of wheat (Figs 1 and 2). The stimulation of pro-
line accumulation under salinity plays a favorable role in
maintaining osmotic potential of cells and thus alleviates the
salinity tolerance of plants.
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Fig. 1. Effect of salinity on accumulation of proline in

the root and shoot of 2§-day-old intact plants of
wheat cv Akbar. Solid symbols represent the
control. Bars represent standard error. Each
value is a mean of four replicates.
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Fig. 2. Effect of salinity on accumulation of proline in
the root and shoot of 28-day-old intact plants of
wheat cv Barkat.. Solid symbols represent the
control. Bars represent standard error. Each
value is a mean of four replicates.
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Performance of Durum-Wheat
Genotypes in Northern Sudan

Abdalla Ibrahim Sheikh Mohamed
Hudeiba Research Station, PO. Box 31, El-
Dammer, SUDAN

Abstract

Introduced durum wheat (7riticum turgidum L. subsp.
durum) genotypes were evaluated for grain yield and
related characters at Hudeiba, northern Sudan. Grain
yield of the tested genotypes ranged from 0.7 to 4 t/ha,
with many genotypes showing 6-30 % better yields than
the check (1.7-2.9 t/ha). Heading of the genotypes was
within 45-80 days, while maturity was within 81-113
days, depending on season. The genotypes with medium
maturity gave better grain yield than the early and late
genotypes. Tillering capacity of the genotypes varied
greatly (260-590 spikes/m2), but there was less variation
among the genotypes in plant height (58-91 cm).
Seeds/spike and 1000-kernel weight ranges were 24-43
and 32-56 g, respectively, with many genotypes with
larger seed weight than the check (36—41g). Thus, selec-
tion of durum-wheat genotypes with medium maturity,
high tillering capacity and large number of seeds/spike,
besides seed yield itself, could be effective under north-
ern Sudan conditions.

Key words: Triticum mrgidum: introduced varieties; geno-
types: crop performance:; grain; yields; heading; tillering:
seed size: maturity; Sudan.

Introduction

Durum whealt is a potential crop in Sudan. Correlation stud-
ies in durum wheat show positive association of seed yield
with plant height. tillers/plant. seeds/pike. 1000-kernel
weight and biological yicld (Belay et al 1993, Nachit and

Jarrah 1986). Amin et al. (1992) indicate the importance of

grains/spike and harvest index for ultimate yield improve-
ment in durum wheat. Belay et al. (1993) conclude that
besides sced yield itself, plant height and 1000-kernel
weight may be considered good indirect selection criteria
under their study conditions.

This paper discusses the performance of introduced durum-
wheat genotypes under northern Sudan conditions.

26

Ohgualt Lok (b ol pealll ya dadlyg 3k elai

oadlall

(Triticum | Bl pealll G Aans 33155 )b a2adS o3
Slaaally Ll sl sas o tergidim Lsubsp  durum)
a5 aby Ol (el (3 Gadell 5 Ley Lol
O Lale cafil 4 (07 Go 5yaaaall 5okl Lyall 2030
S £30-6 Ty Juadl Ui cdael L8151 5 0I G LaiII
o Jladl 3a 2LVl sue s (afok 29-1.7) salidl
PN ‘-.L;‘Jl sae ply Gaa (o .L.c_,.a 80-45 Saala 5okl aia
pwsall e CiBgts ol pay Logs 1381 Gule gudil
Laa e Unwgiall guaill 5,35 ob3 Ldhyell bl adacly
S on (Menlsy 5,alally 35Kl 5okl dls e ol
Y1 o2 /Ui 590-260) Uai¥ e 381,50 5 k0 55080
91-58) Liall Jobo 3 23ty 03 5 k0 g J3 IS calaal
224 La 1000 I 5555 Ll /553301 1y (s3al SAS g (pase
LSl okl o a3 S ga g po o Jgal e §56-32 5 43
O0Se a5 A (§41-36) aalidl Jle yo3ll 559 b 4 siiall
g 3500 pad3 LBl ea Bl e 215 55k et
u—A)—I—\-S Jaey :-Lln..u‘il"_Lga_a.lL:. Syadegihweis
a3 YU el dg3h3 2,3l Za e Yo Uil f 5 4340
-Cyho gaad! Q_ILM. g.s dasbadl i g ,ha

Material and Methods

Durum-wheat genolypes received from the
CIMMYT/ICARDA program in the 1992/93, 1993/94 and
1994/95 seasons were grown at Hudeiba (17¢ N, 34« E) in
northern Sudan, and compared with the bread-wheat check
Wadi El Neil. A randomized complete block design with
two replicates was used. The plot size was 2.5 x 1.8 m with
a net harvested area of 3 m?. Planting. on flat plots, was by
hand-drilling seeds in rows 30 cm apart using a secd rate of
130 kg/ha. Sowing was during the third week of November
in each scason. Nitrogen fertilizer was added at the rate of
86 kg N/ha, applied as urea in two cqual doses on the sec-
ond irrigation and at heading. Irrigation was applied at 2-
week intervals till maturity. Weed control was by hand-
weeding once. Aphids were controlled by spraying with
Ekatin once. Characters studied were days to heading. days
to maturity, plant height, grain yicld and yicld components.
Mecan minimum and maximum temperatures and relative
humidity during the growing season are given in Table 1.
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Table 1. Metrological data during the 1992/93 and 1994/95 growing seasons at Hudeiba.

Month 1992/93 1993/94 1994/95
Min. Max. R.H. Min. Max. R.H. Min. Max. R.H.

October 24 40 40 25 40 37 25 40 35
November 19 34 41 22 36 50 19 31 35
December 13 29 48 17 33 51 14 29 47
January 13 29 43 16 32 53 15 31 51
February 12 30 40 i4 31 53 14 30 44
March 18 36 25 15 34 28 18 37 31
April 22 40 29 23 4] 21 21 40 21

Min.: Mcan minimum temperature (°C).
Max.: Mean maximum temperature 1°C).
R.H.: Relative humidity (%) at 0600 h.

Results and Discussion

The performance of the genotypes in each season are pre-
sented in Tables 2. 3 and 4. There were significant differ-
ences among the genotypes for all the studied characters.

1992/93 scason

In this season, grain yields of the tested genotypes were in
the range of 1.9-3.9 vha, with Mrb15/Ru(1) being the best
(Table 2) . Many of the genotypes were signiticantly higher
than the check (2.9 t/ha) in grain yield, with a yield advan-
tage of 10-30%. The genotypes rcached heading within
57-80 days and maturity within 97-113 days. with the ear-
liest genotype being Stojocri-3 and the latest Awalbit-6 and
Aw12/bit (1). The variation in plant height between the
genotypes ranged between 76 and 91 ¢m, which was not
high. None of the lines were better than the check (Wadi El
Neil) in tillering with a range of 378-574 spikes/m?2. High
variation existed among the genotypes in sceds/spike
(24-47). the best genotype being Awalbit-6, which was the
latest in maturity. Most of the lines had more seed weight
than the check (Wadi El Neil); durum wheat has mostly
bolder sceds than bread wheat (35-47g/1000 seeds).
Stojocri-5 was the best genotype in seed weight (Table 2)

1993/94 scason

The scason was relatively warmer than the previous scason
and this adversely atfected the performance of the tested
genotypes (Tables | and 3). Grain yield ranged from (.7 to
2.9 t/ha, with Omruf-2 being the best genotype (Table 3). In
addition to Omruf-2, the genotypes Somo/Auk (1) and
Qfn/kill outyielded the check (Wadi El Neil). with yield
advantages of 32. 16 and 6%. respectively. The warm
weather accelerated the development of the genotypes, with
heading  reached within 45-64 days and maturity within
81-103 days. The genotypes with higher vield were of
medium maturity (Table 3). Similar results were observed in
a study on bread-wheat genotypes (Sheikh Mohamed 1993).

Plant height was in the range 58-73 cm. Tillering capacity
was the most affected by growing-season conditions. and
ranged between 260 and 403 spikes/m?2, with only one geno-
type (Omrabi-6) exceeding the check Wadi El Neil, The
number of sceds/spike was low (23-37). while seed weight
was higher (39-56 g/1000 seeds). Genotype Lagost-2 had
the largest sced number and seed weight (Table 3).

1994/95 season

All the tested genotypes this scason were better than the
bread-wheat check (Wadi El Neil), with grain yields of
1.7-3 t/ha and grain-yield advantages of 6-75%. The geno-
type with the highest grain yield was Omruf-1 (Table 4).
The genotypes reached heading within 49-64 days and
maturity within 88-101 days, with Stork being the earlicst
and Omrabi-5 the latest. Plant height ranged from 62 to 83
cm. None of the lines were better than the check in tillering
capacity with a range of 330-590 spikes/m>. The number of
seeds/spike ranged from 24 to 43, and seed weight ranged
from 32 1o 48 g/1000 sceds (Table 4).

Conclusion

In general, the medium-maturity genotypes gave good yield
than the carly or late genotypes, mainly under the adverse
conditions of the 1993/94 season. Therefore, selection of
durum-wheat genotypes with medium maturity. high tiller-
ing capacity and large number of sceds/spike. besides seed
yield itself, could be effective under northern Sudan condi-
tions,
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Table 2. Performance of durum-wheat genotypes during the 1992/93 season.

Name/cross Grain Days to Days to Plant Spikes/ Sceds/  1000-seed
yield (kg/ha) heading maturity  height (cm)  m? spike weight (g)

Strok 2492 63 104 77 540 36 38
Belikh-2 2217 72 109 84 467 34 38
Awalbit-6 2925 80 113 91 415 47 35
Omrabi-3 2538 72 109 88 507 38 42
Stojocri-3 3067 57 97 76 392 30 43
Stojocri-5 2980 71 104 83 497 34 47
Awl2/Bit (1) 1920 80 1?2 86 363 35 36
Omrabi-5 2922 72 108 89 484 31 43
Genil-1 2527 69 106 88 472 43 40
Omrabi-6 2717 67 107 91 470 30 40
Mrb15/Ru (1) 3873 67 107 88 449 44 36
Waha Cham-1 2840 64 97 76 460 33 40
Awl 2/Bit (2) 2743 63 101 84 475 34 41
Mrb15/Ru (2) 2863 71 106 86 430 41 40
Waddalmez-2 3387 62 103 89 510 24 41
Stk/-//-/Cir 71 3233 69 107 88 482 27 47
Stojocri-6 3717 75 108 90 455 31 45
Stojocri-7 2712 71 105 85 398 31 44
Gd.512/Dw 15023(1) 3442 66 104 86 457 38 40
Korifla 2720 59 100 80 465 35 42
Heider//MyHo 2580 74 107 87 487 31 43
Genil-4 3253 63 104 84 502 33 41
Gd.512/Dw 15023(2) 3055 66 103 83 478 28 42
Wadi EI Neil (check) 2917 63 107 88 574 34 37
Mean 2920 68 105 85 468 34 A\
SEx 313 2 2 2 38 4 2
CV. % 15 4 3 4 12 18 8
Significance * ol ok ¥ * * #

*, ** Significant differences among the lines at P=0.5 and P=0.01, respectively.
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Table 3. Performance of durum-wheat genotypes during the 1992/93 season.

Name/cross Grain Days to Days to Plant Spikes/ Seeds/  1000-sced
yield (kg/ha)  heading maturity  height (cm) m? spike weight (g)
Strok 942 54 86 59 277 28 46
Genil-3 1492 58 92 71 330 29 47
Genil-5 1400 53 87 63 223 26 45
Genil-4 1840 54 89 65 243 31 49
Genil-6 768 54 103 73 323 28 49
Lagost-2 1712 58 95 65 283 37 56
Lagost-3 1230 57 93 61 273 30 50
Omrabi-5 703 63 102 69 377 29 46
Omrabi-6 1438 64 92 66 403 32 43
Massara-| 1670 64 100 65 260 28 46
Heider//Mt/Ho 1863 60 94 62 293 25 45
Waha Cham-1 1868 52 85 58 307 29 41
Omyruf-2 2873 60 96 62 343 38 39
Omruf-3 1605 55 89 61 303 34 40
Omruf-4 865 55 86 62 303 24 48
Stojocri-3 920 45 81 62 290 23 48
Wadelmez-6 1422 55 86 58 267 26 42
Balloran 1503 54 89 64 303 27 41
Qfn/kill 2312 57 90 64 333 35 43
Korifla 1318 52 89 63 297 28 46
Som/-//-/Auk(1) 2540 64 92 63 373 37 41
Som/-//-/Auk(2) 1730 67 102 69 350 30 41
Stn/-/1-IAlar 84 1973 64 98 68 330 35 47
Wadi El Neil (check) 2182 59 96 68 400 28 4]
Mean 1590 58 93 65 312 30 45
SE. % 333 1 2 2 38 2 3
CV. % 30 3 4 5 17 12 9
Significance ® w EE s * @ *

*, %% Significant differences among the lines at P=0.5 and P=0.01, respectively
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Table 4. Performance of durum-wheat genotypes during the 1994/95 scason.

Name/cross Grain Days to Days to Plant Spikes/ Seeds/ 1000-seed
yield (kg/ha) heading maturily  height (cm) m?2 spike weight (g)

Strok 1950 49 88 65 390 28 41
Omruf-2 2300 60 95 74 470 43 41
Lagost-2 2112 56 83 73 390 36 46
Lagost-3 2233 57 95 71 370 35 44
Stojocri-7 2155 64 97 75 330 34 42
Sebah 2476 60 96 71 350 40 41
Omrabi-6 1974 63 100 80 410 38 34
Omrabi-5 1837 64 101 83 437 41 35
Zeina-1 2094 55 93 73 480 37 44
Zeina-2 1996 56 94 72 400 i3 42
Zeina-3 1999 57 96 72 407 36 3
Waha Cham-1 1921 51 88 62 413 33 44
Gercan 2347 56 94 79 380 34 39
Gersabil-2 1774 57 95 70 403 24 43
Gerboy 1790 58 95 73 420 42 41
Moulsabil-2 2392 54 93 64 403 33 43
Gerbrach-2 2172 60 95 75 413 42 43
Omruf-1 2959 59 96 74 423 36 34
Gerbrant 2216 57 94 74 447 37 3
Korifla 1949 51 89 69 423 34 48
Zeina-4 2707 57 94 76 403 34 40
Heican-2 2289 57 93 72 443 KR 42
Boy/-//-/P133055 2832 57 93 71 540 31 40
Wadi El Neil (check) 1683 59 100 80 590 38 36
Mean 2173 57 94 73 423 36 41
SEx 333 ] l 3 37 4 3
CV. % 27 4 3 o 15 19 14
Significance * wx *E k¥ *x

*.*® Significant differences among the lines at £=0.5 and P=0.01, respectively
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Genetic Advances in Grain Yield of
Durum Wheat under Low-rainfall
Conditions

F, Ben Amar

National Institute for Agricultural Research of

Tunisia (ILN.R.A.T),
Station du Kef. Boulifa, 7100 Le Kef, TUNISIA

Abstract

The seven most widely-adopted varieties of durum
wheat (Triticum turgidum L. subps. durum (Desf.)
Husn.), released in Tunisia between 1960 and 1993, were
evaluated for genetic gains in terms of grain yield and
related characters in the semi-arid areas. They were
grown for three seasons, 1993/94, 1995/96 and 1996/97,
on plots laid out in a randomized complete block design
with three replications, and data recorded for the fol-
lowing characters: number of grains/spike, number of
spikes/m2, plant height, vegetative period, days to matu-
rity, plant biomass, thousand-kernel weight, and grain
yield. Grain yiclds were found significantly and posi-
tively correlated with number of grains/spike and num-
ber of spikes/m2, and negatively correlated with vegeta-
tive period. But they were indirectly affected by plant
height and days to heading through their significant and
positive correation with vegetative periods. Thus, the
number of grains/spike, the number of spikes/m2, the
length of the vegetative period, plant height and days to
heading were the major contributors to durum grain
yield in the semi-arid regions. But regression analysis
showed that as newer varieties were released in Tunisia,
grain yields did not rise significantly in the semi-arid
regions as they had in the sub-humid regions. The
absence of significant gains in grain yield was reckoned
to be because of lack of significant gains in terms of
number of spikes/m2, plant height, and days to heading.
Thus, the newer varieties did not outperform the older
varictics for these characters in the semi-arid regions,
indicating that they are not well-adapted to water-stress
conditions.

Key words: Triticum durtm: genetic gain; grain: yicelds:
rain; semiarid zones: Tunisia.
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Introduction
During the period 1960-1993, the Tunisian National Durum

Wheat Research Program released scveral varieties that
helped increase total production of the cercal in Tunisia, But
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this program addressed only the northern parts of the coun-
try though its main objective was to select widely-adapted
varieties. While there has been significant genetic advances
in terms of grain yield in the sub-humid arcas (Maamouri
and Gharbi 1992) and in all the northern parts (Office de
Céréales, Rapport Annual of various years), these have not
been demonstrated for the semi-arid regions. The objective
of this note is 10 measure the genetic gains for durum-wheat
grain yield and related characters in the semi-arid arcas of
Tunisia.

The seven most widely adopted varieties, which were
released between 1960 and 1993, were chosen to evaluate
their genetic progress. The varieties were Chili (1960),
INRAT 69 (1696), Ben Bechir (1978), Karim (1980),
Razzak (1987). Khiar (1993), and Om Rabi 3 (1993). They
were grown for three scasons (1993/94, 1995/96 and
1996/97) at the semi-arid research station at Le Kef, north-
west Tunisia, on plots laid out in a randomized complete
block design, with three replications. Data were recorded on
plot-basis for the following characters; number of
grains/spike (NG): number of spikes/m2, (NS): plant height
(PH — in cm ); vegetative period ( VP — days from emer-
gence to ear initiation); day to heading (DH — counted
from | January); days 10 maturity (DM — counted from
emergence); plant biomass (BS — in g); thousand—kernel
weight (TKW ): and grain yield (GY —in t/ha, calculated
from harvest of a net plot size of 2.5 m x 1.0 m). Varietal
mean values across replications and seasons were used to
calculate the correlation cocfficients between all characters.
For grain yield and significantly-correlated characters, the
absolute and relative genctic gains were estimated by
regressing the varietal mean values and their natural log,
respectively, on the release year of the variety (Ortiz-
Monasterio et al. 1997), where the regression slope repre-
sents the genctic gain.

Results and Discussion

Grain yields were significantly and positively correlated
with number of grains/spike (0.75) and number of spikes/m?
(0.96), and negatively with vegetative period (-0.79) (Table
1). However, it was indirectly affected by plant height and
days to heading through its significant and positive correla-
tions with vegetative period ( 0.84 and 0.91) respectively.
Thus, it was estimated that the number of grains/spike,
number of spikes/m2, the length of the vegetative period,
plant height, and days to heading were the major contribu-
tors to durum-wheat grain yield in the semi-arid regions of
Tunisia. These results indicated that genetic gains in grain
yield can be obtained by an increase in the number of grains
and spikes and by a reduction in the other three characters.
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Table 2 shows the genetic gains for grain yicld and relat-
ed characters on both an absolute and relative basis. Non-
significant gains in absolute and relative terms were
obtained for grain yield (23.1 kg/ha/year, 0.54%/year) and
number of .«spikcs/m2 (1.45 spikes/year, 0.38%/year).
However, genelic gains were significant for number of
grainsfspike (0.29 grains/year, 0.31% year) and vegetative
period (-0.08 days/year. -0.06%/year). The genetic gains for
plant height (-0.71 cm/year. -0.3m2%/ycar) and days to
heading (-0.17daysfyear, -0.05%/year) were non-signifi-
cant,



Table 2. Absolute and relative genetic gains in grain
yield of durum wheat and correlated charac-
ters for the period 1960 to 1993 in the semi-arid
zones of Tunisia, measured across three sea-
sons.

Character Absolute (unit) Relative (%/year)

GY 23.1 ns (kg/ha/year) 0.54 ns
NG 0.29 * (grains/spikefycar)  0.31%
NS 1.45 ns (spikes/m¥/ycar) 0.38 ns
VP -0.08* (days/year) -0.06%*
PH -0.71 ns (cm/year) -0.3m2 ns
DH -0.17 ns (days/year) -0.05 ns

GY=grain yield: NG=number of grains/spike; NS=number of spikes/m2:
VP=vegetative period; PH=plant height (cm): Dil=days to maturity.

= slope not significamly different from zero at 0.05 probability
level.

*** = Slope significantly different from zero at 0.05 and 0.01 probabil-
ity levels. respectively.

From the regression analysis it appears that as newer
varieties were released in Tunisia. grain yield did not
increase significantly in the semi-arid regions as they did in
sub-humid zones ( Maamouri and Gharbi 1992), This result
confirms that the released varieties were mainly adapted 1o
high-rainfall areas of Tunisia. and could not be considered
as widely-adapted varietics.

The modest genetic advances in terms of grain yield
were achieved through significant gains for number of
grains and vegetative period. In fact, the released high-
yielding varieties such as Karim. Razzak. and Khiar had
more grains/spike and shorter vegetative periods than the
older varieties, Chili and INRAT 69. Nevertheless, these
gains did not contribute to significanmt progress in terms of
grain yield. Consequently, additional gains nceds to be
achieved for these two characters by sclecting varicties with
higher number of grains/spike and shorter vegetative peri-
ods in order 10 obtain significant gains in grain yield. The
importance of number of spikes/m? and vegetative period is
indicated by their strong correlation with grain yield.

The absence of significant progress in grain yield was
estimated as due to lack of significant gains for number of
spikes/m2, plant height. and days to heading. Thus, newer
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varieties did not outperform older varieties for these three
characters in semi-arid regions. indicating that they are not
well adapted to water-stress conditions.

Obviously. there is still good scope for further increases
in grain yield of durum wheat by selecting for high number
of spikes/m2, short plants, and carly heading. However, we
cannot apply more selection pressure for plant height, since
farmers do not prefer shorter varieties for maximizing pro-
duction of straw used in livestock feeding, especially in
unfavorable seasons. Thus, the selection pressure should
preferably be applicd to number of spikes/m? and days to
heading. The importance of number of spikes is explained
by its highly significant contribution to grain yield. whereas
days to heading allows the plant to escape the terminal
walter stress in April and May which, according to Ben
Amar (1996). is the most important and frequent stress in
these regions of Tunisia.

It can be concluded that for significant advances in
yields of durum wheat in the semi-arid conditions, more
selection pressure needs to be applied in terms of the num-
ber of grains/spike and number of spikes/m?, as direct selec-
tion criteria for grain yield, and days to heading as indirect
selection criterion for grain yield through its relationship
with vegetative period. In this way, the National Research
Program would be more successful in sclecting varieties
better adapted to the stressed arcas of Tunisia and, conse-
quently, obtain significant genctic gains in durum-wheat
yields in the semi-arid regions of Tunisia.
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Genetics of Some Metric Traits in
Spring Wheat under Normal and
Drought Environments

Muhammad Alsam Chowdhry, Ijaz Rasool,
Ihsan Khaliq, Talat Mahmood and Mansur
Mohsin Gilani

Department of Plant Breeding and Genetics,
University of Agriculture, Faisalabad, PAKISTAN

Abstract

To test the nature of gene action under normal and stress
environments, four wheat (Triticum aestivim L.. subsp.
aestivum) varieties/lines were crossed in a diallel fashion.
The graphic representation showed that traits like flag
leaf area, number of fertile tillers/plant and spike length
were controlled by partial dominance with additive gene
action. While 100-grain weight and grain yield exhibited
over-dominance type of gene action under irrigated con-
ditions, under drought conditions the mode of gene
action was changed in some traits. Flag-leaf area and
spike length showed over-dominance type of gene action,
whereas number of fertile tillers/plant, 100-grain weight
and grain yicld/plant exhibited partial dominance type
of gene action.

Key words: Triticum aestivam;, spring crops: genetics:
defense mechanisms; drought stress; drought resistance;
dominant genes: phenology: plant developmental stages:
Pakistan.

Introduction

Breeders are always interested in the task of developing new
varieties for changing environments. Thus. they have to deal
with new crosses to select desired combinations. Grain yicld
is a complex character that is influenced by the fluctuating
behavior of the environment. To overcome this situation, it
is necessary to breed wheat varieties which perform better
than existing ones under adverse conditions. Chowdhry ct
al. (1992) observe that flag leal area and number of
tillers/plant are conditioned by non-additive genetic effect
in wheat. while Bural et al. (1989) report, from two differ-
ent crosses, that additive effects are important for flag leaf
area. Khan ct al. (1992) report that additive gene action with
some degree of partial dominance was obscrved in spike
length. Alam et al. (1990) show that flag leaf arca and 1000-
grain weight are governed by additive type of gene action
with partial dominance, Bajwa ct al. (1985) and Redhu et al.
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(1986) report both over- and partial-dominance with change
of environment. The present research was initiated to exam-
ine the genetic mechanism controlling response to intermit-
tent stress at various stages of growth.

Material and Methods

The experiment was conducted in the experimental area of
the Department of Plant Breeding and Genetics. University
of Agriculture, Faisalabad. Four wheat varieties/lines,
namely, Faisalabad 85, Inqalab 91, 4770 and 6128-2, were
crossed in a diallel fashion during March 1993, Seeds of F
crosses along with their parents were sown in pots.
Treatments comprised irrigated and under moisture-stress
conditions in a wire house using completely randomized
design during 1993/94. Three plants were maintained in one
pot and equal doses of fertilizer and measured quantities of
walter were given 1o both sets.

Under drought, intermittent stress was induced by skip-
ping irrigation at different growth stages, i.e.. tillering,
milking and maturity, while the irrigated treatment received
normal irrigation up to maturity. Three plants from each pot
were harvested from each replication at maturity, and data
were recorded on flag leaf area. number of fertile
tillers/plant. spike length, 100-grain weight and grain
yield/plant.



Data were analyzed statistically using analysis of vari-
ance. Significant differences among genotypes were further
subjected to diallel analysis technique as described by
Hayman (1954) and Jinks (1956).

Results and Discussion

Flag leaf area

Flag leaf area is of prime importance for a plant owing to its
photosynthetic role. Analysis of variance for flag leaf area
showed significant differences (£ < 0.05) among genotypes
under both environments (Table 1). Inqalab-91 had the
highest array mean value (8.48) under drought environment.
Graphic representation (Fig. 1a) for flag leaf area under irri-
gation conditions revealed that the regression line intercept-
ed the Wr-axis above the origin showing partial dominance
with additive gence action. The line 4770, being closest to
the origin, had dominant genes while Inqalab-91, the far-
thest, had recessive genes.

Under drought conditions (Fig. 1b), the regression line
intercepted Wr-axis below the origin showing over-domi-
nance type of gene action. Line 4770 possessed dominant
alleles being closest 1o the origin, while line 6128-2 had
recessive alleles as it is farthest from the origin. Partial dom-
inance type of gene action has also been reported by Martin
and Salmeron (1981), Bural ct al. (1989) and Alam et al.
(1990), while Monyo and Whittington (1973) reported over-
dominance type of gene action for this trait.

A comparative study of both figures indicated a change
in gene with change of environment. The estimated regres-
sion line did not deviate from unit slope. indicating the
absence of non-allelic interaction under both environments.
Under irrigated conditions, selection will be effective in
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Table 1. Mean square values for flag leaf area and yield components in wheat under normal and drought environments.

Mean squares

DF Flag leaf Number of Spike 100-grain Grain yield

Sources of Variation area (cm)? fertile tillers length (cm) weight (g) (@)
Normal

Genotypes 15 20.79* 7.38+* 1.27%* 0.80%* 48.6**

Error 32 10.10 0.53 0.13 0.26 277
Drought

Genotypes 5 1.67* 5.605%¢ 09.22%% 1.25%* 5.99*x

Error 32 0.69 0.85 0.55 0.26 1.27

*  Significam at P=0.05.
** Significant at P=0.01.
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carly generations. while under drought conditions it will be
more fruitful in later segregating generations due 1o the
presence of partial dominance with additive effect and over-
dominance type of gene action.

Number of fertile tillers per plant

The analysis of variance for number of fertile tillers/plant
showed highly significant (P < 0.01) differences among
genotypes under both conditions (Table 1). Line 47700 had
the highest array mean value of 6.41 under irrigation, while
line 6128-2 possessed the highest value of 3.86 under
drought. Ve/Wr graphs of both environments (Fig. 2 a and b)
showed that the regression line cut the Wr-axis above the
origin, indicating partial dominance with additive type of
gene action. Non-allelic interaction was also involved in
both cases as the regression line deviated significantly from
the unit slope. Line 4770 possessed maximum dominant
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Fig 2a Vr/Wr graph of number of fertile tillers per
plant under irrigation environment.
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“ig. 2b. Vr/Wr graph of fertile tillers per plant under
drought environment.

genes, while Faisalabad-85 carried maximum recessive
genes being closest and farthest from the origin, respective-
ly. Singh ct al. (1985) and Khaliq (1989) also reported par-
tal dominance type of gene action for number of
tillers/plant, while non-additive effects for this trait were
reported by Chowdhbry et al. (1992). Partial dominance type
of gene action with cpistasis suggest that carly generation
selection should be done very carefully.

Spike length

Highly significant differences in spike length among geno-
types were present under drought and normal conditions
(Table 1). Line 4770 possessed highest array mean under
normal and drought conditions (Table 2 a and b). Partial
dominance type of gene action was observed for this char-
acter under normal conditions. Line 6128-2 had dominant
genes being closest to the origin, whereas Faisalabad-85 had
recessive ones being the farthest (Fig. 3a). The Vi/Wr graph
(Fig. 3a) showed that over-dominance type of gene action
was controlling the inheritance of spike length under
drought conditions as the regression line cut the Wr-axis
below the origin. The line 4770, being closest to the origin,
possessed dominant genes. while Inqalab-91 and 6128-2,
being farthest from the origin, had maximum recessive
genes. In both cases, the estimated regression line deviated
non-significantly from unit slope, suggesting the absence of
cpistasis. Over-dominance type of gene action was also
reported by Gupta and Zia-ud-Din (1982), while Bajwa et
al. (1985) and Khan ¢t al. (1992) reported partial dominance
type of gene action.

From the study of both graphs it appcars that change in
the environment altered the genetic mechanism of the plant.
Under irrigated conditions partial dominance type of genc
action suggests that selection should best be done in early
generations, while under drought, selection should be prac-
ticed in later generations.
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Fig. 3a. Vi/Wr graph of spike length under irrigation
environment,
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Hundred-grain weight

Highly significant differences among genotypes for 100-
grain weight were observed under irrigation and drought
environments. Variety Ingalab-91 possessed highest array
means under irrigated conditions, while line 6128-2 had the
highest array mean under drought (Table 2b). The graphic
representation indicated that the regression line cut Wr-axis
below the origin, showing over-dominance type of gene
action. Line 6128-2 had dominant genes, while Ingalab-91
carried recessive alleles according 1o their distal position
from the origin (Fig. 4a) under irrigated conditions. The
experiment under drought (Fig. 4b) indicated partial domi-
nance type of gene action for this trait, as the regression line
intercepted the Wr-axis above the origin. The varicty
Faisalabad-85 possessed maximum dominant genes, while
Inqalab-91 and 6128-2 had maximum recessive genes. In
both environments, the estimated regression line did not
deviate markedly from unit slope, reflecting absence of non-
allelic interaction. Under difterent environments, the genct-
ic behavior is different for this character. Lonc (1988) and
Igbal et al. (1989) report over-dominance type of gene
action. However, Sayed (1978) reports  partial dominance
type of gene action. Under irrigated conditions, selection
should be delayed until later generations, while under
drought it may be beneficial to select carlier due to partial
dominance type of gene action.

Grain yield per plant

The analysis of variance showed highly significant differ-
ences among genotypes for grain yield/plant under both irri-
gated and drought conditions (Table 1). Line 4470 scored
highest array mean under both irrigated and drought envi-
ronments with values of 12.58 and 5.33, respectively (Table
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Fig 4b. Vr/Wr graph of 100-grain weight under drought
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2a and b). From the graphic representation (Fig. 5a), over-
dominance type of gene action was observed for grain yield
under irrigated conditions. Line 4770 possessed dominant
genes, while Faisalabad-85 carried recessive alleles. Under
drought (Fig. 5b), partial dominance type of gene action was
observed for this character. Variety Inqalab-91 being nearest
to the origin had maximum dominant genes. while genotype
4770 being farthest from origin possessed recessive alleles.
Bajwa et al. (1985) and Redhu et al. (1986) also reported
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both over- and partial- dominance type of gene action under
changed environment. The estimated regression line in both
cases did not deviate significantly from unit slope, showing
absence of non-allelic interaction. A comparative study of
both graphs indicated a change in gene action over environ-
ments. Thus, under irrigated conditions (with over-domi-
nance type of gene action). selection will be difficult
because the character is not casily fixable as selected plants

Fsd-85

b=0.9510.51

Fig. Sa. Vr/Wr graph of grain yield per plant under
irrigation environment.

would have the tendency to segregate in subsequent gener-
ations. However, under stress situations, from the prepon-
derance ol additive gene control and absence of epistasis. it
is possible that careful selection of this trait in early segre-
gating generations would provide fruitful results.

It is evident from the present study that gene action may
change over different environments.
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Fig. Sb. Vr/Wr graph of grain yicld under drought envi-
ronment.

Table 2(a). Array means of flag leaf area and yield components in wheat under normal conditions.

Flag leaf Number of Spike 100-grain Grain yield
Sources of Variation area (cm)? fertile tillers length (cm) weight (g) (g
Faisalabad-85 13.00 5.56 12.08 4.31 9.45
Ingalab-91 14.45 6.05 12.65 4.70 11.58
4770 14.18 6.41 13.38 3.96 12.58
6128-2 14.16 5.05 12.20 4.13 10.93

Table 2(b). Array means of flag leaf arca and yicld components in wheat under drought conditions.

Flag leaf Number of Spike 100-grain Grain yield
Sources of Variation area (cm)? fertile tillers length (cm)  weight (g) (g
Faisalabad-85 8.03 329 8.12 3.28 445
Inqalab-91 843 321 7.74 3.00 3.60
4770 8.48 3.85 8.79 2.98 5.33
6128-2 8.16 3.86 8.41 341 493
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Short Communications

Medicinal Weeds in Wheat Fields of
Chhattisgarh (India)

P. Oudhia
Department  of Agronomy  Indira  Gandhi
Agricultural University Raipur - 492 012 India

Weeds. popularly known as unwanted plants, compete with
crops for light. moisture and food. and harbor harmful dis-
cases and insects. According to ancient Indian literature,
particularly the Charak Samhita, every plant on carth is
useful to humans, animals and also to other plants. Weeds.,
therefore, can be considered as valuable plants. Many stud-
ies conducted by Department of Agronomy, IGAU, Raipur
(India) have clearly revealed that weeds with medicinal and
industrial uses are a boon to farmers (Oudhia and Tripathi
1999a). Farmers can carn additional income by selling dif-
ferent plant parts of weeds to national and international drug
retailers with the help of co-operatives (Oudhia and
Tripathi. 1999b and 1999¢). The uprooting of weeds for its
utilization serves the cause of both their ecofriendly man-
agement and enables farmers to recover the cost of weeding.

Duc to non-availability of any information regarding
medicinal weed flora of wheat fields in Chhattisgarh, a sur-
vey was conducted by the Depariment of Agronomy, Indira
Gandhi Agricultural University, Raipur (India) during 1996-
98.

Materials and Methods

The detailed ethnobotanical survey was done in the
Chhattisgarh region. and covered the selected districts of
Raipur, Bilaspur, Durg, Rajnandgaon, Jagdalpur, and
Ambikapur. From cach selected district, two blocks and
from cach selected block, a random sample of four villages
was taken. A proportionate sample of villagers from cach
selected village was taken to make the total sample size as
100 respondents. The data was collected through personal
interviews, based on a prepared interview schedule. The
medicinal uses of the common weeds in wheat fields were
obtained from literatures on traditional Indian systems of
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medicine such as Ayurveda and Unani, as well as other sys-
tems such as  Homoeopathy and Allopathy. The weeds
were collected through intensive visits to the targeted vil-
lages at an interval of 15 days. Visual observations, both on
crop fields and wastelands, were made.

Results and Discussion

The survey revealed that out of the 22 problematic weeds in
the wheat fields of Chhattisgarh, 18 weeds possess valuable
medicinal properties. The medicinal properties of these 18
weeds have been found well-documented in reference liter-
atures. Some of the important medicinal properties of these
weeds are given in Table 1. The study also revealed that out
of 18 medicinal weeds. the villagers were using 9 weeds to
treat their health problems. Out of total 22 weeds, 5 weeds
(Table 1) were identified as weeds with potential to provide
additional income to the farmers. These weeds were
Chenopodium album, Sphaeranthus indicus, Cyperus rotun-
dus, Melilotus alba/indica and blumea lacera. 1t was noted
that there is a heavy demand for different plant parts of these
weeds in national and international drug markets. The study
suggested that there is a strong need for: (a) documenting
valuable knowledge about medicinal weeds in wheat fields,
(b) identifying suitable markets, and (¢) forming co-opera-
tive societies. These objectives can be achicved through the
joint cfforts of governmental. non-governmental agencies
and the local people.
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Table 1. Medicinal weeds in wheat fields of Chhattisgarh (India).

Scientific name Common name Family Medicinal uses Remarks¥
Phalaris minor Gabunsa Gramineae - -
Melitotus alba Senji Leguminoseae Useful as emollient; applicd M.ms
and M. indica externally as fomentation, poultice,
or plaster for swelling
Spitanthes acmella Akarkara Compositeae For discases of mouth M
Vicia sativa Zillo Leguminoseae Seed used as emollient in the M
form of poultice
Chenopodium Bhathua Chenopodiaceae  For hook worm, leucoderma M.m:
and other skin problems
Sphaeranthus indicus Mundi Compositeae For respiratory discases M.m
Cyvnodon ductylon Doobi Gramineae Whole plant juice as astringent.
decoction of root as diuretic M.m
Cyperus rotundus Motha Cyperaceae Root is useful in treatment of leprosy, M.mi

Medicago denticulata
Parthenium hysterophorus

Vicoa vestata
Angallis arvensis

Euphorbia heterophytta
Gomphrena decumbes

Lathyrus

Launea

Oxalis corniculata

Sonchus arvensis

Vernonia baldwini

Tridax procumbens

Blumea lacara

Cirsium arvense

Gajar ghas

Takla
Krishna neel

Duddhi

Khesary

Jangli palak

Khatti-buti

Bhengra

Kukurmutta

Kanta van

Leguminoseae
Compositeae

Compositeae
Primulaceae

Euphorbiceae
Amaranthaceae
Leguminoaceae

Compositeae

Oxdalidaceae

Compositede

Compositeae

Compositeae

Compositeae

Compositeae

thirst, fever, diseases of the blood,
billousness., dysentery. intense itching,
cpilepsy, ophthalmia

As antidote to venom M

Root decoction useful in dysentery M

For diseases of respiratory organs M
and genitals; also in hydrophobia

For respiratory discases M.m

A reputed drug in Homoeopathic M
system of medicine: oil from the sced
is a powerful but dangerous cathartic.

Used as lactagogue M

For skin discases M.m

Used as laxative and diuretic: roots M
and leaves used as a tonic and febrifuge

Useful in treatment of asthma,

bronchitis and constipation. M
For all types of bleeding M.m

For diseases of bronchitic diseases,
fevers, thirst and burning sensations

M.ms

M = Weeds with medicinal properties: m = weeds in use in Chhattisgarh as medicinal plant.
FWeeds in heavy demand in national and international drug markets,
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Effect of Different Levels of Fertilizer
on Growth, Yield and Quality of Late-
sown Wheat

H.B. Gwal, R.J. Tiwaril, R.C. Jain and P.S.
Prajapati

College of Agriculture (JNKVV), Sehore, Madhya
Pradesh, INDIA

Wheat (Triticum spp.) is one of India’s most important cere-
al crops. It is grown annually on 3.77 million hectares in
Madhya Pradesh State with yields of 3.52 million tonnes
{Anonymous 1982). Many rescarchers have reported the
beneficial effects of fertilizer on growth characters, yield
and yield-attributory characters and protein content of early-
and mid-sown wheat (Singh 1974: Nema and Cheema 1983;
Singh ct al. 1984). However, there is little information on
late-sown wheat. Therefore, an experiment was conducted
during rabi (winter) season of 1985 at the farm of the
College of Agriculture JNKVYV). Schore, Madhya Pradesh,
1o study the influence of fertilizer on late-sown wheat.

The experimental soil had a pH of 7.2, ECe 0.40 dS/m,
organic carbon 6.0 g/kg, available nitrogen 240 kg/ha, P»O54
25.6 kg/ha and K»0 517 kg/ha.

The trial was sown at the end of December 1984, Four
different levels of fertilizer were applied to four different
varictics of late-sown wheat in a factorial randomized block
design with four replications. Row-to-row spacing was 20
cm. Nitrogen, phosphorus and potash were supplied through
urca (46% N), super-phosphate (16% P,0Os) and muriate of
potash (60% K»O). respectively. Protein content was deter-

mined using the guidelines of the Association of Official
Chemists (AOAC 1984).

Growth Characters

Increase in plant height and tillers/plant were noted with
increasing levels of nutrients (Table 1). The higher nutrient
supply increased both growth characters by enriching the
cell sap of the meristematic tissue, especially with protein,
amide and amino acids, ultimately increasing the growth
characters. Similar results were reported by Singh (1974).

| Present  address:  Crop  Development  Center,  University  of
Saskatchewan, 51 Campus Drive, Saskatoon STN SA8, CANADA.

Varicty HD 2236 was significantly taller than the other
varieties. This variation in height was due to the plants® dif-
ferent genctic make up.

Yield-attributory Characters
The increasing levels of fertilizer appreciably increased
yield-attributory characters (length of spike, grains/spike
and 1000-grain weight), revealing the considerable plant
response Lo higher nutrient supply (Table 1). This finding is
similar to that of Singh ct al. (1984).

Variety Raj-1555 produced significantly higher yield-
attributory characters than the other varicties. These differ-
ences may be due to inherent characteristics of the geno-
types.

Grain and Straw Yield

The influence of fertilizer levels on grain and straw yield
was significant. Increasing levels of soil fertility up 10 120
kg N + 60 kg P05 + 60 kg K,O/ha significantly increased
grain yield (Table 1). Further increases in fertilizer levels
enhanced grain and straw yicld but not significantly. This
increase in yicld was duc to the availability of larger
amounts of inorganic elements to the plants, which influ-
enced the yield-attributory characters. Similar results were
reported by Singh et al. (1984).

Varietal differences in grain yicld were significant.
Variety Raj-1555 gave significantly higher yield followed
by WH-147, HD-2236 and Lok-1.

Protein Content

Increasing the level of fenilizer increased the protein con-
tent of the grains (Table 1). This may be becausc the
increased and rapid uptake of nutrients and their accumula-
tion in the grains in the form of gluten was responsible for
the production of more protein content. This finding is sim-
ilar to that of Agrawal (1976).

Variety Raj-1555 had 11.34% protein and was found to
be superior to WH-147, HD 2236 and Lok-1. This suggests
that its genetic qualities, when supplemented with addition-
al nutrition, force the formation of more protein.

It may be concluded that the application of 120 kg N +
60 kg P,Os + 60 kg K,O/ha is beneficial for higher growth
characters, yield and quality of wheat crop. Varicty Raj-
1555 is well-suited under late-sowing conditions,
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Table 1. Growth characters, yield and yield attributory characters as influenced by different fertilizer levels.

Treatment Plant No. Length of No. 1000-grain  Protein Grain  Straw
height tillers/ spike grains/  weight content yield yield
(cm) plant (cm) spike (2 (%) (t/ha) (t/ha)
Variety
Lok-1 73.87 3.58 6.64 44.01 44.50 9.55 26.79 39.90
HD-2236 75.17 3.67 6.67 45.00 45.15 10.65 2998  41.26
WH-147 74.22 3.89 7.90 47.23 4540 e 2999  41.83
Raj-1555 74.25 4.04 8.46 45.77 45.80 11.34 3547 4199
CD (5%) 0.23 0.09 041 0.61 0.81 041 1.78 0.69
Fertilizer level (kg/ha)
N P K
Fp (0 0 0) 64.92 2.28 6.66 36.00 43.20 8.98 2316 2200
Fy (60 30 30) 75.78 3.50 7.42 44.65 47.30 10.50 3054 41.50
Fy (120 60 60) 78.05 4.39 8.21 49.38 45.27 11.30 33.68 50.55
F3 (180 90 90) 78.77 5.01 8.40 50.00 45.10 11.90 3454 51.00
CD (5%) 023 0.09 0.41 0.61 0.81 0.41 1.78 0.69
References Nema, G.K. and K.S. Cheema. 1983. Effect of different lev-
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Formation of Branched Ears in Two-
rowed Barley

S.R. Vishwakarma

Department of Genetics and Plant Breeding, ND University
of Agriculture and Technology, Kumarganj, Faizabad 224
229, INDIA

Primitive and improved forms of two-rowed barley
(Hordeum vulgare L. subsp. vulgare) are considered better
for malting and brewing purposes. Varictal development
with symmetrical growth of a plant is the most important
stage in a cereal-improvement program. The stage of
organogenesis, particularly the formation of grain. deter-
mines the success of future harvest.

In general. two-rowed barley has longer cars with fertile
median spikelets and plump grains. However, an exotic
ICARDA breeding material, namely, PT 000505/ALPHA,
showed abnormally branched ears as a new morphological
variation with varying frequency, shape and size. This entry
was sclected from the second IWFBON (1991/92) trial and
used as elite germplasm.

Among 133 exotic germplasm evaluated under field
conditions in 1991/92, the ICARDA germplasm PT
000505/ALPHA exhibited an abnormal growth habit, par-
ticularly at the time of car formation. The complete set of
germplasm was grown at the Genetics and Plant Breeding
Farm of ND University of Agriculture and Technology in
Faizabad. India. The experimental site enjoys a sub-tropical
climate, i.e.. hot summers and cold winters. with an average
annual rainfall of 1000 mm.
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The experiment was laid out in three rows of 2.5-m long
beds with a row spacing of 30 cm. Plant-to-plant distance
was kept at 15 em. Fertilizers were applied at the rate of 40
kg N and 20 kg P/ha. Normal cultural practices were adopt-
ed.

The ear formation stage was characterized by abnormal,
asymmetrical. branched cars. These ears had empty lateral
spikelets with reduced lemmua. palea and sexual organs (Fig.
1. but the median spikelets of the same ear were fertile and
filled with grain of variable size. The main spike (ear) was
longer but the branched spikes were of variable size. Out of
31 plants, only two (4% of the total number) showed such
traits, These plants attained the same height as the others,

[tis obvious that the number of spikelets is controlled by
genetic and non-genetic factors, With respect to non-genet-
ic factors, environmental conditions during apex organo-
aenesis play an important role in creating the variation. This
stage is affected by those factors which facilitate head over-
productivity, leading to abnormal branched car formation,

Sometimes, an adequate moisture and nutrient supply
together with lower than normal temperatures during apex
organogenesis encourage the formation of ear productivity
compensation, i.c.. over-production ol the ear. Hansel
(1965) revealed that there are differences among genotypes
both in their compensatory potential and their ability to
compensate for specific organs. Some genotypes can com-
pensate for the production of an inadequate number of
organs. but others cannot.

4
Y -
oA

Fig. 1. Branched ear in two-rowed barley: normal (left)
and abnormal (right).

This mvestigation was conducted in only one site. More
results are needed in the future from other sites.
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Exploitation and Utilization of Genetic
Variability in Exotic Germplasm in
Pakistan

M.Y. Mujahid, N.S. Kisana, M.S. Masood,
Iftikhar Ahmad and N.I. Hashmi

Wheat — Programme,  National — Agricultural
Research Centre, Islamabad, Pakistan

Wheat (Triticum spp.) is grown in Pakistan over a wide
range of environmental conditions where stresses influence
stable yield. Wheat occupies the largest area under any sin-
gle crop in the country. The wheat, barley and triticale pro-
gram  of the National Agricultural Research Centre
(NARC). Islamabad focuses primarily on developing supe-
rior germplasm that will provide high and stable yields. The
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program seeks to identify sources of new and useful genet-
ic variability for use in the program. In addition 1o
hybridization to create genetic variability, the program uti-
lizes the germplasm provided by CIMMYT and ICARDA,
the two leading international research centers developing
wheat, barley and triticale  germplasm. The extensive
egermplasm sources are tested and evaluated at NARC and
are shared with the breeders in the country in the form of an
observation nursery.

The main objective of such germplasm testing and eval-
uation is to develop and release cultivars which are adapted
and high yielding under local conditions. The approach
involves testing and evaluation of germplasm  directly
received from the international centers. The stable lines
which perform well under local environmental conditions
and which have desirable traits of agronomic importance,
are selected and put in the advance line yield testing trials
(A-series). The second approach is to identify exotic



germplasm for incorporation of desired traits into locally-
adapted genotypes lacking those traits (e.g.. disease resis-
tance).

A number of bread wheat. durum, barley and triticale
obscrvation nurseries were received from CIMMYT and
ICARDA during 1990/91 (Table 1) and planted at NARC
Islamabad for the first year of testing and evaluation under
rain-fed conditions. The observation nurseries were planted
in 5-m non-replicated single rows with row-to-row spacing
of 25 cm. Days to heading, days to maturity. plant height
and yield were recorded for each line. Final selection was
based on phenotypic expression, grain color, disease resis-
tance, yield and yield components. A total of 1240 bread
wheat, 398 durum wheat, 227 barley and 140 triticale lines
were evaluated. The data were analyzed and range. mean
and coefficient of variation were determined for days 10
heading, days to maturity (Table 2). plant height and yield
per plot (Table 3). Significant variation exists for both of the
first two traits. The material from ICARDA matured late
compared with germplasm from CIMMYT. The range in
bread wheat for days to heading varied from 111 to 154 and
the range for days to maturity was 130-201. The lines iden-
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tified were categorized into different maturity groups. There
was also a range from 118-147 for days to heading and 167-
185 for days 1o maturity in the durum group. Data on days
to heading for barley was not recorded, but days to maturi-
ty showed a range of 163-178. Triticale had a range of 110-
128 for days 10 heading.

A range of 71-194 cm was recorded for plant height in
bread wheat. The durum wheats had a range of 72-150 cm
in plant height. Barley had a height ranging from 80 to 121
cm, and triticale 102-145 cm. Yield showed a wide range in
bread wheat since it is influenced by the environment more
than any other trait. There were ranges of 150-970. 130-
1020. 80-1100 and 250-610 g yield variation for bread
wheat. durum, barley and triticale, respectively.

The local wheat cultivars fell into the same range as the
exotic germplasm for these traits (Tables 2 and 3).
Significant variation was observed in the germplasm, and
the sclections made on the basis of the criteria mentioned
carlier will be further utilized for the enhancement of the
bread wheat, durum, barley and triticale germplasm in the
breeding programs of NARC.

Table 1. Breadwheat, durum, barley and triticale observation nurseries included in the study during 1990-91.

S.no. Nursery Source Entries
Bread wheat

| 2nd High Rainfall Screening Nursery (RYHRFSN) CIMMYT 148

2 9th Semiarid Areas Screening Nursery (SAASN) CIMMYT 237

3 4th Warmer Arcas Screening Nursery (WASN) CIMMYT 136

4 24th International Breadwheat Screening Nursery (IBWSN) CIMMYT 306

5 Breadwheat Observation Nursery [BWON(MRA)| CIMMYT/ICARDA 136
(Moderate Rainfall Arcas)

6 Breadwheat Observation Nursery {BWON(HAA)] CIMMYT/ICARDA 150
(High Altitude Areas)

7 Breadwheat Observation Nursery [BWON(LRA)] CIMMYT/ICARDA 127
(Low Rainfall Arcas)
Durum

8 Durum Observation Nursery [DON(MRA)| (Moderate Rainfall Arcas) CIMMYT/ICARDA 96

9 Durum Observation Nursery [DON(LRA)] (Low Raintall Areas) CIMMYT/ICARDA 96

10 Durum Wheat Drought and Cold Tolerance Observation Nursery CIMMYT/ICARDA 48
(DWDCTON)

11 International Durum Screening Nursery (IDSN) CIMMYT 158
Barley

12 Barley Observation Nursery |[BON(LRA)] (Low Rainfall Arcas) ICARDA 91

13 International Barley Observation Nursery (IBON) ICARDA/CIMMYT 136
Triticale

14 International Triticale Screening Nursery (ITSN) CIMMYT 140
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Table 2. Variations in days to heading and days to maturity measured in different breadwheat, durum, barley and trit-
icale observation nurseries received from CIMMYT and ICARDA during 1990-91.

Days to heading Days to maturity
S.no. Nursery Mean Range C.V(%) Mean Range C.V(%)
Bread wheat
I HRFSN 123.2 116-135 14.5 164.1 163-169 44
2 SAASN 125.4 111-135 2.6 167.7 165-169 0.7
3 WASN 123.9 111-133 28 165.3 163-168 1.1
4 IBWSN 125.2 112-136 29 168.7 130-170 20
5 BWON (MRA) 128.9 116-140 25 1754 172-201 36
6 BWON (HAA) 139.8 119-154 4.6 - - -
7 BWON (LRA) 129.7 118-140 3.0 173.9 171-178 0.7
Durum
8 DON (MRA) 130.9 118-142 39 1729 170-185 i.1
9 DON (LLRA) 130.7 118-147 4.5 1723 167-178 0.9
10 DWDCTON 133.0 121-141 39 1729 171-176 0.6
11 IDSN 130.2 119-140 35 - - -
Barley
12 BON (LRA) - - - 169.3 163-173 10.8
13 IBON - - - 174.0 170-178 0.9
Triticale
14 ITSN 119.0 110-128 9.5 - - -
Local checks:
Bread wheat (Pak-81) 127 171
Durum (Wadanak-85) 125 173
Brley (Jau-87) - 171
Triticale (T-183) 115 -

- Not recorded.
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Table 3. Variations in plant height and grain yicld measured in different breadwheat, durum, barley and triticale

observation nurseries received from CIMMYT and ICARDA during 1990-91.

Days to heading

Days to maturity

S.no. Nursery Mean Range CV.(%) Mean Range C.V(%)
Bread wheat
1. HRFSN 102.5 88-132 14.1 4294 190-910 309
2 SAASN 103.8 88-126 7.0 3674 200-860 33.0
3 WASN 103.8 89-127 79 4474 150-760 22.1
4 IBWSN 97.5 75-112 6.8 426.8 150-900 24.2
5 BWON (MRA) 96.0 71-128 2.1 431.7 220-700 244
6 BWON (HAA) 108.8 84-194 12.2 487.5 200-970 25.8
7 BWON (LRA) 979 79-133 10.8 536.6 310-820 18.2
Durum
8 DON (MRA) 97.7 73-130 14.3 3289 180-500 1.1
9 DON (LRA) 104.6 78-150 16.8 3343 220-500 09
10 DWDCTON 109.9 83-131 13.1 3504 200-750 0.6
1 IDSN 90.6 72-131 11.2 386.3 130-1020 -
Barley
12 BON (LRA) 101-0 80-115 12.5 403.3 200-1000 47.8
13 IBON 106-8 94-121 5.6 375.7 80-1100 43.5
Triticale
14 ITSN 1243 102-145 14.3 404.8 250-610 30.2
Local checks
Breadwheat (Pak-81) 98 415
Durum (Wadanak-85) 87 350
Brley (Jau-87) 90 600
Triticale (T-183) 13 429
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Field Evaluation of Barley in Rainfed,
Low-rainfall (Cool Winter) Conditions

S.R. Vishwakarma and Kamlesh Kumar Singh

ND University of Agriculture and Technology,
Kumarganj, Faizabad 224 229, INDIA

Barley is widely grown under diverse agroclimatic condi-
tions. Its cultivation is presently spreading in problematic
areas where wheat and other crops almost fail to grow. Due
to its superior nutritional qualities, medicinal uses and
industrial importance for brewing and other purposes, bar-
ley is considered a multipurpose crop.

The performance and adaptability of new introductions
under rainfed, low-rainfall (cool winter) conditions were
studied. Eighty-two barely lines, including exotic lines
introduced from ICARDA and an indigenous barley check
variety Lakhan, were evaluated in micro-plots at the

Genetics and Plant Breeding Farm of ND University of

Agricullure and Technology, Kumarganj, Faizabad, in
1994/95 under rainfall conditions with residual moisture.
The site is located at 26° 47" latitude and 82¢ 12°E longitude
and is 113 m above mean sea level. Faizabad enjoys sub-
tropical climate, i.e., hot summers and cold winters, with an
average rainfail of 1000 mm per annum.

Sowing was done in mid-November under residual-
moisture field conditions. Seed was hand-drilied at the rate
of 100 kg/ha. Not a single irrigation was applicd throughout
the crop season. During the crop-growth period, i.c.,
October-March, total rainfall was only 12 mm, which was
extremely low (Table 1).

Minimum doses of nitrogen and phosphorus were
applied at the rate of 20 kg/ha. No herbicides or pesticides
were applied. The plots consisted of two rows each 2.5 m
long and 30 ¢m apart. On the whole, weather conditions
were favorable.

The performance of the genotypes is presented in Table
2. The Barley Observation Nursery flor Low-Rainfall
Conditions (BOLC) entry numbers 54, 55, 56, 59, 64 and 68
surpassed the yield level of the local barley check (Lakhan).
The genotypes varied in grain yield from O to 150 g/plot.
The environmental conditions (stage of plant growth, rain
and temperature) during February-March seem to have had
a major effect on grain yield.

Days to heading and maturity were 70-138 and 115-153
days, respectively, with significant differences among the
genotypes. The earliest genotypes were nos. 1, 17, 20, 30.
51, 54 and 56. These genotypes had acceptable yields. In
genceral, the medium and early maturing genotypes appeared
1o yield better than the late ones.

There was no spike emergence from entry no. 5, and it
was very late. Overall, 12 entries exhibited desirable plant
types and better phenotypic acceptability under rainfed,
low-rainfall (cool winter) conditions (Table 2). More than
80% of the entrics were given poor rating of phenotypic
appearance. Of these, 6% showed aphid infestation, whose
severity ranged from 10 10 40%. Maximum aphid infesta-
tion was recorded in entry no. 22 (40%) followed by 81 and
82 (30%).

BOLC no. 12 showed a complex discase on the seed sur-
face with black spots. The plot including this entry con-
tained 50% ear heads which showed such symptoms. All
desirable entries need further evaluation in replicated trials.

Table 1. Monthly rainfall (mm) during the crop-growth period, 1994/95,

October November December

2 0 0 22

January

February March Total

7.8 0 12
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Cereal News

Forthcoming Events

1999

Conference on Food and Forestry: Global Change and
Global Challenges, University of Reading, UK, 20-23
September; email: sm.wilkinson@elsevier.co.uk

Conference on Desert Technology: Deserts in Changing
Climates, Sparks, NV, USA, 3-8 October;
hitp:/iwww.engfind.org.

National Small Conference, Regal Riverfront Hotel, St.
Louis, MO, USA, 12-15 October; contact: Troy Darden,
573/681-5587.

Seminar on Concepts for Modernization of Irrigation
Water Delivery Systems and Workshop on Modernization
of Irrigation Water Delivery Systems, Phoenix, AC, 17-
21 October; email: stephens@uscid.org.

Latin American Congress of Soil Science, Temuco,
Chile, 8-12 November; www.ufro.cl/~clacs99.
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International Conference on Contaminants and the Soil
Environment, New Delhi, India, 12-17 December;
MagesanG @ landcare.cri.nz.

2000

World Congress of Young Farmers, Coronada Springs
Resort, Orlando, FL, 20-24 February: bhmgt@aol.com.

International Symposium on Iron Nutrition and
Interactions in Plants, Texas Medical Center, Houston,
14-19 May; mgrusak @bem.tme.edu.

International Crop Science Congress, Hamburg,
Germany, 17-22 August: www.cch.de/CROPSCIENCE/.

International Symposium on Animal, Agricultural, and
Food Processing Waste, Marriott Hotel, Des Moines, 1A,
7-11 October: moore @asae.org.
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Agricultural Libraries Receiving ICARDA Publications

ICARDA publications are deposited in agricultural libraries throughout the world to make them available 1o other users under
normal interlibrary loan and photocopy procedures. These depository libraries are located in the countrics listed. Readers
requiring information on the library nearest to them should address inquiries to: Library, ICARDA, P.O. Box 5466. Aleppo,

Syria.

Algeria
Bahamas
Bahrain
Bangladesh
Benin
Belgium
Bhutan
Botswana
Brazil
Canada
Chile
China
Costa Rica
Cyprus
Djibouti
Ecuador
Ethiopia
Fiji
Finland
France

Ghana
Guatemala
Guyana

India

Iran

Italy

Kenya

Korea (Republic)
Lesotho

Malawi

Malaysia

Mali

Mauritania
Mexico
Myanmar
Netherlands
Nepal

Nigeria

Norway

Papua New Guinea

Philippines
Saint Lucia
Saudi Arabia
Senegal
Somalia

Spain

Sri Lanka
Sudan
Swaziland

Syria

Taiwan
Tanzania
Thailand
Tunisia

United Kingdom
United Arab Emirates
USA

Yemen

Zambia
Zimbabwe
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Contributors’ Style Guide

Rachis publishes the results of recent research on barley and wheat, in English with Arabic abstracts. Articles should be brief,
confined to a single subject and be of primary interest to researchers, extension workers, producers, administrators and policy-
makers in the field of barley or wheat research. Articles submitted to Rachis should not be published or submitted to other
journals or newsletters.

The views expressed and the results presented in Rachis are those of the author(s) and not the responsibility of ICARDA.
Similarly, the use of trade names does not constitute endorsement of or discrimination against any product by ICARDA.

Manuscript

Contributions should be sent to: Rachis/CODIS, ICARDA, P.O. Box 5466, Aleppo, Syria. The name, address, e-mail address
(if available), and telex or fax number of the corresponding author should be included in the covering letter. One good-quality
original of the text should be submitted, typed double-spaced on one side of the paper only. Alternatively, word-processed files
in WordPerfect 5 or 6 or Microsoft Word 6 or 7 may be sent as e-mail attachment to: JCARDA (@cgiar.org, marked “For Rachis
newsletter.” However, there is a size restriction of 128 kb on incoming e-mail to ICARD A—please discuss in advance if you have
any doubts. Figures should be original drawings, good-quality computer print-outs or black-and-white photographs of good
quality. Photographs and figures should be suitable for reduction to a printed size of 8.5 or 17.4 cm wide. Photocopies are not
acceptable for publication.

All articles must have an abstract (maximum 250 words) and usually the following sections: Introduction, Material and
Methods, Results, Discussion, Conclusions and References. Articles will be edited to maintain uniform style, but substantial
editing will be referred to the author(s) for approval. Papers requiring extensive revision will be returned to the author(s) for
correction. Authors can refer to a recent issue of Rachis for format. The following guidelines should be followed.

Include the authority name at the first mention of scientific names.

Present measurements in metric units, e.g. t/ha, kg, g, m, km, ml, L. Where other units are used (e.g. quintal), the metric
equivalent should be provided in parentheses.

Define in footnotes or legends any unusual abbreviations or symbols used in the text, tables or figures.
Provide the full name of journals and book titles. Use the following formats for references.

Journal article: Baker, R.J. and K.G. Briggs. 1983. Relationship between plant density and yield in barley. Crop
Science 23(3): 590-592.

Article in book: Zadoks, J.C. and J.A.G. van Leur. 1983. Durable resistance and host pathogen environment
reactions. Pages 125-140 in Durable Resistance in Crops. Plenum Publications Corporation, New York, USA.

Article in proceedings: Srivastava, J.P. 1983. Status of seed production in the ICARDA region. Pages 1-16 in Seed
Production Technology: Proceedings of the Seed Production Technology Training Course-1, 20 April to 6 May 1982,
ICARDA/the Government of the Netherlands, ICARDA, Aleppo, Syria.

Book: Evans, L.T. and W.J. Peacock (Ed.). 1981. Wheat Science—Today and Tomorrow. Cambridge University Press,
Cambridge, UK.

Thesis: Haitham Sayed, Mahmoud. 1990. Ecological study of important wild genetic resources of wheat and barley.
Thesis. University of Aleppo, Syria.



ICARDA Publications and Services

ICARDA Publications

Request a list of all currently available publications from the
Communication, Documentation and Information Services
(CODIS) of ICARDA.

LENS Newsletter

This newsletter of the Lentil Experimental News Service is
produced twice a year at ICARDA in cooperation with the
University of Saskatchewan, Canada. Short research articles
which provide rapid information exchange, and comprehen-
sive reviews are invited regularly on specific areas of lentil
research. For further information or to subscribe, write to:
LENS/CODIS, ICARDA.

FABIS Newsletter

FABIS Newsletter is produced annually by the Faba Bean
Information Service. It publishes short scientific papers and
news items related to research on faba bean and other
Cicieae legumes in the genera Vicia and Lathyrus. For fur-
ther information or to subscribe, write to FABIS/CODIS

Graduate  Research  Training  Awards,
Opportunities for Field Research at ICARDA

The Graduate Research Training Program (GRTP) is intend-
ed primarily to assist Master of Science candidates who are
enrolled at national universities within the ICARDA region.

Applicants selected for the program will have an opportuni-
ty to conduct their thesis research work at ICARDA
research sites under the co-supervision of university and
center scientists. For further information on terms of award,
nomination procedure, selection criteria, appointment con-
ditions, the university’s responsibilities, and the student’s
responsibilities, write to: GRT Program, ICARDA.

Opportunities for Training and Post-Graduate
Research at ICARDA

ICARDA offers training courses on development and
improvement of food legumes, cereals and forages, with the
support of the Center’s research scientists and trained
instructors. For a complete brochure of the training oppor-
tunities at ICARDA, write to: Human Resources
Development Unit, ICARDA.

Library Services

The ICARDA library conducts literature searches on ICAR-
DA-mandated crops, and results are downloaded to diskette
or hard copy. Photocopies of up to 5 articles, if available,
per search can be provided to users. Researchers without
adequate access to recent literature may request literature
search by e-mail, fax or letter to: The Manager, Library and
Information Services, ICARDA.

To obtain further information on these services, please write to the program indicated
and state that you saw the advertisement in RACHIS Newsletter:

International Center for Agricultural Research in the Dry Areas
P.O. Box 5466, Aleppo, Syria

Tel. +963-21-2213433, 2213477, 2225112, 2225012
Fax +963-21-2213490, 2225105, 5744622
E-mail ICARDA @cgiar.org
http//www.cgiar.org/icarda
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