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Abstract: The relative drought tolerance of four durum wheat (7riticum durum Desf.) Genotypes and four dread
wheat (Triticum aestivum 1..) Genotypes, was assessed. The biomass production, plant height, ear length,
number of spikelets, gramns yield and straw weight decreased with water stress i both durum and bread wheat
genotypes. However, the tolerant genotypes had less reduction in all these parameters than susceptible ones
in response to drought stress. Among the durum wheat genotypes, D-91641 and D-88678 proved to be the most
drought tolerant, whereas D-91616 and Wdk-85 were the sensitive ones to drought stress. Among the bread
wheat genotypes Ingalab-91 showed the greatest drought tolerance followed by the Chakwal-86, Faisalabad-85

and Pasban-90.

Key words: Durum and bread wheat, drought, biomass, yield components

Introduction

Drought is a major stress which limits the crop production
(Tgbal et al., 1999). The problem is particularly serious in
arid and semi-arid regions (Ashraf et al., 1995), where
many developing and under-developed countries happen
to fall. In these regions during drought period water
potentials in the rhizosphere become sufficiently negative
and reduce water availability to sub-optimal levels for
plant growth. In Pakistan as well, especially in rainfed
areas which constitute nearly 1/3 of the total wheat
planting acreage, water is an important limiting factor,
(Ashraf et al., 1994 and 1996).

Wheat 1s an important cereal crop and serves as a staple
food in many countries of the world Water stress is
recognized as an important factor that affects the wheat
growth and yield (Ashraf and Naqvi, 1995; Ashraf, 1998);
however, wheat species and cultivars within species show
substantial difference in their response to soil moisture
(Rascio et al., 1992; Igbal et al., 1999). Reduction in yield
and vield components due to water stress has been
reported in both durum and bread wheat (Sinha et al.,
1986).

Increasing wheat production under abiotic stress
conditions (salinity, drought etc.) Has become important
during recent years, since wheat production in these areas
with optimum growth conditions dose not meet the needs
of ever increasing population of Pakistan. The objective
of this study was to determine the relative tolerance of
bread and durum wheat genotypes to drought stress, so
that a suitable wheat variety can be recommended to
cutivate the drought prone areas of Pakistan.

Material and Methods
Seeds of four durum wheat (Triticum durum Desf)
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genotypes (D-88678, D-01616, D-91641 and WD-85) and
four bread wheat (Tritium aestivim 1.) Genotypes
(Chalewal-86, Faisalabad-85, Tngalab-91 and Pasban-90)
were obtained from Wheat Section, Ayub Agricultural
Research Institute (AARI), Faisalabad, Pakistan. The
study was conducted at Botanical Research Area,
University of Agriculture, Faisalabad under natural
conditions. The electrical conductivity of the soil used
was 1.6 d Sm™ with pH 7.9, determined after USDA
Salinity Lab. Staff Hand Book No. 60 (Richards, 1969). The
basic dose of urea (100 kg N ha™ and dia ammonium
phosphate (35 kg P,0, ha™") was broadcasted and mixed
with the surface layer prior to sowing pre-planting
irrigation (75 mm) was applied. Seed were hand drilled and
each genotype was sown n three rows of 2.0 m, with row
to row distance of 0.30 m. The drought treatments
resumed immediately after sowing. There were two
treatments, control (normal irrigation) and terminal
drought (no wumigation throughout the crop life). The
experiment was laid out in randomized complete block
design (RCBD) with irrigation regimes in the main plots
and genotypes m the sub plots with three repeats. At
maturity the plants were harvested; plant height, plant
biomass, ear length, number of spikelets per spike, number
of grams per spike straw weight and grain yield were
compared by Duncan’s new multiple range test (DMRT),
at 5% probability (Steel and Torrie, 1980).

Results

Terminal drought stress caused a significant reduction
(P<0.001) mn plant dry mass of all genotypes of both
durum and bread wheat wdk-85 (Table 1).Genotypes
differed significantly (P<0.001) regarding biomass
production and the genotypes x treatment mteraction was
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Table 1: Effect of Terminal drought stress on durum and bread wheat genotypes

Plant Plant Ear No. of No. of 100 Grain Straw
Height biomass length spikelet/ grains/ grain yield/ weight
Genotype Treat (cm) (g) (cm) spike spike weight (g) plant (g) (o) s
D. 91616 Control 82+0.8¢ 23.7+0.7a 7.3£1.1be 18+0.76bc  45+1.4ef 4.8+£0.54abc 9.6£1.1bc 13.5£0.8a
Drought stress  70+0.8¢ 16.2+0.8cde 6.3+1.3¢e 15+1.1e 42+1.21g 3.9+0.6abc T.94+1.0bcde  8.7+0.6b
D-91641 control 84=+0.6¢ 24.8+0.7a 7.5£1.0de 20+0.9a 53£1.2d 5.6+0.6a 10.5+1.1ab 15.3£l.4a
Drought stress ~ 75+1.0d  23.4+0.6a 7.3%1.6de 16+1.4de 45+0.42¢f 5.2+0.8ab 9.240.9bcd  13.6+1.3a
D-88678 control 75£1.0d  21.3x0.7ab 8.1+0.9%bede  18+1.2bc 5141.5d 5.2+1.1ab 9.8+0.8bc 10.441.2b
Drought stress  60=0.8F 14.2+0. 9cdef 6.4+1. 5¢ 15+1.5¢ A6+1.5ef 4.1+0.9abc 814+0.9bcde  8.5+0.%
Wdk-85 control 82+0.% 13.9+1. 1edef 8.0<1.6cde 20+0.95a 52+1.6d 4.5+0.7abe 7.320.9bcde  7.0£0.6b
Drought stress  71=0.7de  96.0+1. 2ef 6.3+1.6¢e 16+0.82de  40+0.86abc 3.6+0.6abc 5.041.0de 4.540.7Tb
Ingalab-91  control 93+0.6b 18.7+1.0bc 10.2+0.9ab 20+0.85a 63+].5a 5.6+0.8a 12.0+1.0a 8.1+0.7b
Drought stress  82+0.8¢ 16.4+0.9cd 9.7+0. Tabc 19+1. 1ab 59+1.4b 4.94+0. 5abe 10.5+1.1ab 6.8+0.8b
Chakwal- control 98+0.7a 16.1x1.1cde  10.4+0.9a 19+0.9ab 57+1.5b 4.6+0.6abc 10.9+0.52 7.4%1.1b
86 Drought stress  83+1.0c¢ 15.2+1. Ocdef 94+0.9abed  16+0.76de  46+1.5ef 4.0+0.8abe 9.240.8¢ 5.941.2b
Faisalabad control 84+0.8¢ 15.2+1. Ocdef 9.4+0.9abcd  19+1.7ab 56+1.4be 4.1+0.8abc 8.5+1.1bcd 7.2+0.%
-86 Drought stress 710 7de  10.5+1.2def 8.3+1.1bcde  17+0.8cd 32+1.3h 2.7+0.8c 6.5+1.0cde 5.940.6b
Pasban-90 control 80+0.8¢ 14.2+1. 1cdef  10.1+0.8abc 18+0.%be 60+£1.3b 4.6+0.9abc 9.0+1.1bcd 8.4+0.9b
Drought stress  70+0.8¢ 8.4+1.5F 8.1+1.2bcde  16+1.25de  49+1.4de 2.94+0.4bc 5.6+1.0cde 5.240.8b
Columns sharing the same letters indicate non-significant differences
Table 2: Correlation of various variables in wheat during water stress
Plant Ear No. of spikelets/ No. of grains/ 100-grain Grain yield/ Straw
biomass length spike spike weight plant weight
Plant height 0.31ns 0.76%%% 0. 78%## 0.67%* 0.45ns 0.31ns 0.19ns
Plant biomass -0.04ns 0.36ns 0.24ns 0.83%%+ 0.69%* 0,94 %%
Ear length 0.65%* 0,74 %% 0.23ns 0.31ns -0.13ns
No. of spikeletts/spike 0.68%* 0.60* 0.57# 0.28ns
No. of grains/spike 0.62+ 0.59% 0.13ns
100-grain wheat 0.86%* 0,71 %
Grain vield/ plant 0.59%

NS. Non Significant; *, *#, #**_ Sjonificant at P<0.05, P<0.01 and P<0.001 levels, respectively

also highly significant. Durum wheat (Triticum durum
Desf.) genotype, D-91641 produced maximum biomass
than all other genotype followed by D-888678, D-91616
and Wdk-85 respectively. Among bread wheat (Triticum:
aestivumt 1..) genotypes, Ingalab-91 responded better
followed by Chakwal-86, Pasban-90 and Faisalabad-85.
Water stress significantly decreased the plant height and
ear length m all the genotypes. Genotype x treatment
interaction was significant only for plant height. Chalwal-
86 showed maximum plant height and ear length indicating
its superiority over all other genotypes regarding both
parameters.

Number of spikelets/spike and number of grains/ear
decreased sigmficantly (P<0.001) under water stress. The
reduction in number of spikelets/spike and number of
grains/ear in Ingalab-91 and D-91641 was significantly
less than all other genotypes. Genotype x treatment
nteraction significant the regarding
spikelets/spike.

Terminal drought stress significantly reduced the grain
weight in all the genotypes studied. Highest 100-grains
weight under normal irigation was recorded m Ingalab-91
& D-91641 (5.6g) followed by D-81616 (4.8g), Chakwal-86
& Pasban-90 (4.6g) respectively. The reduction in
hundred grains weight due to terminal drought stress was
minimum 1n D-91641 (7.1%) followed by Ingalab-91

was 1orn

(12.5%). Bread wheat genotype Pasban-90 showed
maximum reduction in 100-grains weight (37%) when
subjected to terminal moisture stress. Among durum
wheat genotypes, maximum reduction in hundred grains
weight was recorded in D-88678 (21%) followed by Wdlk-
85 (20%) and D-91616 (18.7%) respectively.

Gramn yield/plant was decreased significantly (P<0.001) in
all genotypes in response to water stress. Genotypes
differed significantly regarding this variable, whereas,
genotype x treatment interaction was non-significant.
Under normal wrigated conditions, Inqalab-91 showed
maximum grain yield/plant (12.4g) followed by chakwal-86
(10.9g) and D-9164]1. Maximum reduction in grain yield
plant™ was hotical in Wdk-85 (31%) among durum wheat
genotypes. D-91641 showed least reduction (12.3%) in
grain yield/plant than all other genotypes followed by
Ingalab-1 (16.0%).

Plants of all the genotypes showed sigmficantly lower
values of straw weight under water stress treatment
compared with those of control. Genotypes differed
significantly regarding this variable. Whereas genotype
x treatment mteraction was also highly sigmificant
{P<0.001).

Correlation worked out for different parameters revealed
that plant height was positively correlated with ear length,
number of spikelets/spike and number of grams/spike
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(Table 2). Ear length had a positive correlation with
number of spikelets/spike and number of grains/spike. A
highly positive correlation (P<0.001) was observed
between grain weight and grain yield/plant. Plant biomass
had a synergistic relationship with grain weight, grain
yvield/plant and straw yield/plant.

Discussion

Plant produce their maximum biomass under adequate
water supply, whereas moisture stress causes a marked
decrease m plant biomass production Clarke et al. (1991,
Ashraf, 1998. Hence, in addition to other factors, dry
matter production can be used a selection criterion for
drought tolerance. Moreover, species and genotypes
within species also differ in the degree and time span for
which they can endure drought stress (Kumar and Elston,
1992; Khaliq et al., 1999). In present study, reduction in
dry matter accumulation was noted in all the genotypes.
Durum wheat (Triticum durum Dest.) genotypes showed
comparatively less reduction in biomass production than
bread wheat (Triticum aestivum 1..) genotypes, except
Ingalab-91, which proved to be the most drought tolerant.
Bread wheat genotypes Pasban-90 and Faisalabad-85 and
durum wheat genotypes, D-88678 and Wdk-85 were
proved to be susceptible to drought stress regarding
biomass production.

A decrease mn plant height was observed n all genotypes
due to termmal drought stress. The decrease mn plant
height was more pronounced in bread wheat genotypes,
Faisalabad-85 and Pasban-90 and in durum wheat
genotype Wdk-85. The decrease m plant height n
response to water may be due to decrease m relative
turgidity and dehydration of protoplasm, which is
associated with a loss of turgor and reduced expansion of
cell and cell division (Amon, 1972a). In general, ear length
of all the genotypes was reduced due to terminal drought
stress. However, variation between species and
genotypes within species was evident. ITngalab-91 and D-
91641 showed mimmum reduction in ear length compared
with other genotypes. The decrease m stem height and
ear length due to water has also been reported by Guinta
et al. (1998) and Igbal et al. (1999).

There 1s unammous agreement and no denying for the
fact that the yield of the plant in drying soil is reduced
even in tolerant genotypes (Leinhos and Bergmann, 1995;
El-Far and Allam, 1995).Grain yield generally depends on
ear length, fertile spikelets, number of grains/ear and grain
weight (Nachit, 1984). In the present study number of
spikelets/fear and 100-grain weight were influenced by
terminal drought stress. Inqalab-91 and D-91641 showed
minimum reduction in number of spikelets/spike and 100-
grain weight in response to moisture stress. It 15 well
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established that the number of productive spikelets
contributes in mcreasing the yield under stress condition
(Keim and Kronstad, 1981). Hence, Inqalab-91 and D-
91641 can be considered as stress tolerant genotypes.
The decrease in gramn weight may be due to disturbed
nutrient  uptake  efficiency and  photosynthetic
translocation within the plant (Igbal et af., 1999) that
produced shriveled kernels due to hastened maturity
(Armon, 1972b). Drought stress reduced the number of
grains/spike and grain yield The reduction in these
variable was more pronounced in bread wheat genotype
Pasban-90 and durum wheat genotype Wdk-85, whereas,
Ingalab-91 and D-91641 showed better response. It has
been reported that genotypes with higher number of
grains/ear produce more yield (Igbal ef al., 1999).

There were a sigmficant correlation between plant
biomass and grain weight (P<0.001), plant biomass and
grain yield (P<0.01) and plant biomass and straw yield
(P<0.001) which indicate that plant biomass could be a
better indicator of difference in grain and straw yield. On
the basis of these results, it is inferred that Tngalab-91
and D-91641 are the most tolerant genotypes to drought
stress and Wdk-85 and Pasban-90 are the most
susceptible ones.
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