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ABSTRACT

Drought stress is a common problem in wheat (Triticum aestivum L.) production in
Yemen. A field study was conducted during the 2004/2005 and 2005/2006 growing seasons
at the farm of the Agriculture and Veterinary Medicine Coilege, Thamar University, Thamar
Governorate | to study the effect of water stress imposed at some different growth stages of
some wheat genotypes. A split plot design with three replications was used. Four irrigation
treatments ( w1= fuil irrigation as recommended , w2= water stress at booting stage, w3=
water stress at flowing stage and w4= water stress at dough ripe stage) were assigned to
the main plots and five genotype= ( Bhoth 13, Bhoth 14, bhoth 15, Saba and Gahran) were
distributed at random within the sub plots. The results indicated significant various for most
productivity traits such as ( number of spikes / m? , number of kemels / spike, 1000-kernel
weight, grain and biomass yield t /ha) as a resuit of water stress imposed at the different
growth stages in both seasons of the studies. The genotype Bhoth 13 had the highest grain
yield ( 3.7 t /ha), while Gahran had the lowest one (2.2t / ha).

INTRODUCTION

The provision of irrigation and its economic use is of prime
importance in the production of crops. The importance of the process for
crop production is more acute under semi arid and arid climates where the
sources of irrigation water are limited.

Wheat (Tritium aestivum L.) is one of the most important cereal
crops in the world. It ranks the first of the world cereal crops followed by
rice and maize (FAQO, 2004). In the Yemen it is cultivated in 84 thousand ha
(FAO, 2004). Plants vary in the timing of their high need for water; this need
by different plant species depend on how much moisture stress are able to
tolerant at any particular stage of growth. If water supply is actually
inadequate, care should be taken at least to provide water at the critical
stage of growth. Thus the knowledge of sensitive stage to water deficit by
plants is very important for judicious water management.

Under dry areas the major limitation to cereai yields is the amount of
available water. Drought tolerance in native plant species often defined as
survival, but in crop species it should be defined in terms of productivity
(Abd-El-moneim, 1999). However, quantification of drought tolerance
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should be estimated on grain yield under dry conditions in the absence of
an understanding of specific mechanisms of tolerance. It is worth while that,
relative yield of genotypes under drought and favorable environments seem
to be starting point in identification of the related traits to drought and
possibility of selecting suitable genotypes under dry areas.

Drought, during the vegetative growth stage, reduces the number of
tillers and limits sink size (Sayed, 1987, Mohamed, 2005), while during
anthesis, drought reduces grain yield by reduction of fertile flowers (Boyer,
1882; Oosterhuis and Cartwrite, 1983; Ghandorah, 1987). Moreover,
drought stress during grain filling results in poorly filled grain and reduces
the weight and number of kernels of wheat and, consequently, causes a
reduction in yield productivity (Ghandorah et al., 1997).

The growth period most sensitive to drought stress, with impact on
grain yield, is from double ridge to anthesis due to its negative impact on
spikelet number and the kernels / spike (Shpiler and Blum, 1991). El-Kalla
et al., (1994) reported that decreasing the available soil moisture content
caused a significant decrease in spikes / m? , spike length, grain yield /
plant, 1000-kernel weight as well as grain and straw yields / ha. Azraf- Ul -
Hag et al., (1997) recorded significant differences in plant height and 1000-
kernel weight. In addition drought stress from tillering to grain filling stages
caused significant reduction in number of kernels / spike, seed index, grain
yield and straw yield Eman (2000); Anton and Ahmed (2001); Mohamed,
(2003).

The interaction between genotypes and irrigation treatments was
significant for all studied traits except harvest index. Abd El — Moneim
(1999) mentioned that significant differences were found among the bread
wheat genotypes chosen for grain yield and its contributing characters.
Little information, concerning the influence of water stress on yield and
yield components, is available, especially under the middle region of
Yemen. The objective of this study was to evaluate the productivity of five

genotypes under different water stress treatments imposed at different
growth stages of wheat plant.

MATERIALS AND METHODS:

Two field experiments were carried out during 2004/2005 and
2005/2006 winter seasons in the experimental farm of the Faculty of Agric.
and Vet. Medicine, Thamar Univer. Thamar Governorate, to evaluate some
wheat genotypes under water stress induced at certain developmental
growth stages. The soil texture of the experimental site was clay in both
seasons. A split plot design with three replications was used. The main
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plots were assigned to four moisture stress treatments (missing one

irrigation at stem elongation; missing one irrigation at flowering stage;

missing one irrigation at grain filling stage; without missing any irrigation).

The sub plots were devoted to five wheat genotypes ( Bhoth 13: Bhoth 14;

Bhoth 15; Gahran; Saba)which were distributed at random within the sub

plots. The experimental plot was 15 m?, i.e. 5 m long and 3 m width. Wheat

grains were drilled in rows 25 cm apart with a rate of 120 kg / ha. Sowing
date was in the first week of January in both seasons. The normal
agronomic practices of wheat production under Thamar region were
applied. Phosphorous fertilizer (46% P,0s was added before planting at the

rate of 100 kg / ha, whereas nitrogen fertilization (46% N) at the rate of 120

kg N / ha in two equal portions: at planting and before the first irrigation. All

plots were irrigated just after planting and crown-root initiation stage (30

days after sowing) . Afterwards, water stress treatments were imposed to

allow the plants either unstressed ( control treatment) or stressed by
missing an irrigation at the previous mentioned different growth sages.
At harvest time, the following characters were studied.

- Biomass yield (t/ha): plants of each sub-plot were harvested, weighted

and recorded as t / ha.

- Grain yield (t/ha): plants of each sub-plot were threshed; grain yield was
weighted and recorded as t / ha.

- Number of spikes / m? determined from m® taken at random from each
Sub-plot to determine the means of the following three spikes
characteristics.

- Number of spikelets / spike;

- Spike length ( cm);

- Number of kernels / spike;

- 1000-kernel weight (g): measured of as an average weight of three

random samples.

- Harvest index %, calculated as biomass yield / grain yield of each sub-

plot. )

All the data were statistically analyzed according to Steel and Torrie

(1982) and least significant difference at 0.05 level of significance was used

for comparing the treatment means.

RESULTS AND DISCUSSION:

Data presented in Tables (1 and 2) elucidate that number of spikes/
m? was significantly reduced when plants were subjected to water stress at
booting and flowering stages compared to the control treatment (well
irrigated) plants in both seasons of the study. This might be attributed to the
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lack of available water during these stages which depressed the number of
spikes/plant (Mouris et al., 1983). The results are in agreement with
Ghowdhury et al., (1988). Whereas, skipping irrigation during these stages
had significant effect on spike length in 2004/2005 season. However, no

obvious effect was found on spike length in 2005/2006 season. This resuilt
is in accordance with Jan and Sen (1978).

Concerning the difference between genotypes in number of spikes
/m? it was found to be not significant in the first season whereas, in the
second season it was significant Tables (1 and 2). Saba genotype had the
highest value of spikes /m? but, Gahran produced the lowest among the
genotypes. The interaction between the moisture regimes and genotypes
was not significant on number of spikes /m? in the first season. However,
the difference was significant in the second season.

Inducing water stress at any developmental growth stage caused a
reduction in wheat plant height Tables (1 and 2). The reduction was
significant in both growing seasons, except to that subjected to water stress
at dough ripe stage, where the reduction did not reach the ievel of
significant when compared to the non-stressed plants. The most reduction
in plant height was found when plants were water stressed at booting
stage. |brahim et ai., (1995) reported that minimum plant height was
obtained when plants were exposed to water stress at the booting stage,
when the terminal internode of the main stem elongated carrying its spike.
With respect to the variation among the genotypes, there was a significant
different on plant height in both seasons. The highest value of plant height
was achieved for Bhoth 13 followed by Saba genotype, while the lowest
was found for Gahran. The interaction between moisture regimes and
genotypes was not significant in both seasons. This shows that water
regime and genotypes act independently on the previous studied character.
Water stressed during booting and flowering stages reduced significantly
spike length in the first season whereas, in the second season the
difference did not reach to the level of significant.

Regarding the difference among the genotypes in spike length (cm)
found to be significant in both seasons. Bhoth 13 produced the highest
value of spike length in the first season followed by Saba. However, in the
second season the highest value of this trait was found for Saba.
Meanwhile, the lowest value was found for Gahrain in both seasons..
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Exposing wheat plants to drought at booting, flowering and dough
ripe stage reduced significantly number of spikelets and number of kernels/
spike in both seasons. except that water stress during dough ripe stage on
spikelets number did not reach the level of significant in the second season.
The reduction in kernels/spike was 27.5, 17.5 and 5.7% in the first season,
whereas in the second season it was 15.9, 10 and 5.7%, when plants were
stressed at booting, flowering and dough ripe stages, respectively, as
compared with non-stressed plants. These results might owe much to the
low appearance of florets. Bingham (1967) obtained that physiological
process which was affected by moisture stress through the spiklets
primordia development tell ovules fertilization which leads to reduction in
kernels number/spike. In addition to this moisture sometimes caused a
reduction in fertile spikelets. These results are in accordance with (Boyer,
1982; Ghandorah, 1987; Kandil et al., 2001; Mchamed, 2005).

1000-kernel weight results in Tables (1 and 2) indicate that this trait
was decreased significantly by exposing wheat plants to water stress at the
different growth stages under study in both seasons. Similar results were
reported by Eck (1988). The reduction in the value of 1000-kernel weight
was 40.9, 34 and 26.4% in the first season, whereas it was 36.1, 21.5 and
15.4% in the second season, when wheat plants water stressed at booting,
flowering and dough ripe stages, respectively, compared with non-stressed
plants. The reduction in 1000-kerenel weight followed the same trend as
those of number of spikes/ m?, spike length, spikelets number and number
of kernels/ spike. This decrement in 1000-kerenl weight was more
pronounced whenever wheat plants were subjected to moisture stress at
booting; such response might be due to lack of water absorbed, inadequate
uptake of essential elements and/ or reduction in photosynthetic capacity
under such unfavorable conditions (Kramer and Boyer, 1995 and
Shangguan et al., 1999).

compensate the adverse effect caused by the exposure to drought
conditions.

As for grain yield t/ ha results in Tables (1 and 2) reveal that grain
yield was reduced significantly when plants were subjected to water stress
at the different growth stages. The reduction of grain yield was 49, 33.3 and
13.6 % in the first season. However, it was 38.8, 28.3 and 9.2 % in the
second season when plants were water- stressed at booting, flowering and
dough ripe stages, respectively. Eman, (2000); Anton and Ahmed, (2001),
Mohamed (2005) came to the same conclusion. The reduction in grain yield
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¥ ha due to missing rrigation at flowering might be attributed to low number
and weight of spikes initiated under insufficient water conditions. Moreover,
water sfress to plants that were water- stressed at the beginning of
reproductive period reduces assimilate transiocation into the culm affecting
the rate of grain gro wvth until mid-grain filing.

Regarding tie effect of water stress on biomass yield t/ha, data
presented in tables (1 and 2) revealed that wheat plants subjected to water
stress imposed at the different growth stages coused significant reduction

on biomass yield, axcept when water stress was imposed at dough ripe
stage in the seconii season, where the reduction was not significant. The
most reduction of tiomass yield was recorded when plants were subjected
to water stress at booting stage in both seasons compared to the non-
stressed plants. The high reduction in biomass yield in this stage might be
due to the reducticn in plant height, number of spikes/ m?, spike length and
grain yield. This result concur with those of Abd-El-Gawad et al., (1993b)
and McMaster et al., (1994) who reported that irrigation at late jointing is
recommended dun to its greater effect on tillers survival. This implies that
developmental an-1 physiological processes at late jointing stage are critical
in determining final biological and grain yield and water stress should be

avoided at this growth stage Eman (2000) and Kandil et al., {2001) came to
the same conclusion.

The diffe'ence among genotypes in number of spikelets and
number of kernals / spike, 1000-kernels weight, grain yield ¢/ ha and
biomass yield t/ha did reach the level of significant. Data in Tables (1 and
2} indicated that 3hoth 13 had significant superiority in these traits followed

by Saba genotyf 2 in both seasons. However, the lowest values were found
for Gahran.

Regardinj the interaction, data in Tables (3 and 4) raveled that a
significant interaction was obtained between moisture regimes and
genotypes in ke mels/ spike, 1000-kernels weight, biomass yield and grain
yield t/ha in both seasons. Bhoth 13 grown under adequate water supply
{non-stressed p ants) produced the highest values of these traits. On other
hand, the lowes!| values in this regard were observed with Gahran genotype
when grown untler normal or stress conditions.
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Table {1): Means of No. of sipkes/m? plant height, Spike iength, No. of spikelets/ spike, No. of kernels
I spike, 1000- kernel weight, Grain yield and Biomass yieid of some wheat genotypes
__grown under different molsture regimes in 2004/2005 growing season.

No. of Plant Spike No. of No. of 1000~ Grain Biomass

spikes height lenath spbiklets! karnsle/  karnal wiald 4/ vinld
TisaununLs i rans m=- (cm) (em) spike spike weight ha ha

@

Moisture regimes (A)
Non-sfress 407 a 96.45a 847 a 1428a 3340a 3850a 345a 10.59 a
Stress at booting stage

352¢ 91.59¢c 6.980b 1292¢ 28.19¢ 2450c 231c 8.91d
Stress at flowering stage 374 be 94.75b 678 b 1361b 28.25¢ 2510¢c 252bc 943c
Stress at dough ripe stage

394 ab 95.95a 8.21a 1413a 3094b 30.10b 3.25a 1024 b
Genotypes (B)
Bhoth 13 373a 96.54 a 8.13a 14292 3597a 3440a 375a 10.52 a
Bhoth 14 a76a 94.66b  7.68b 13.71b 2864 285b 277b 980 b
Bhoth 15 387 a 8469b 7.89ab 1413 284c 20.82c 282b 924 ¢
Gahran 373a 9269¢c  6.43c 13.08¢ 2169e 25.21bc 216c 893 d
Saba 393 a 94.85 b 7.78 ab 135b 3313b 3622a 298b 10.46 a
Interactions N.S N.S " b * * * *
AXB

Means within a column followed by the samae letter for each factor do not differ significantly at the 0.05

probability level according to LSDy s,
* Significant at the 0.05level of probability, N.s= not significant

(eyseq eqes 'Sy oeg) 'say oUSY ‘APY [
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Table (2): Means of No. of sipkes/m?, Plant height spike length , No. of spikelets/ spike, No. of kernels/ spike,
1000- kernel weight, grain yield and biomass yield of some wheat genotypes grown
under different moisture regimes in 2006/2006growing season.

No. of Plant Spike No. of No. of 1600- Grain Biomass
spikes height length/ spiklets/ kernels/  kernel yieldt/ha vyieldt/ha
Treatments its im? (cm) cm spike spike weight (g)
Moisture regimes (A)
Non-stress 384.07 a 98.05a 993 a 15.94 a 33.23a 40.01a 381a 11.52a
' 25.75d 2.33Db 9.78 ¢
Stress at booting stage 3628b 9478c  B892a  1263c  30.46d
St t floweri 31.39¢ 2.73b 10.33 b
ress at flowering stage 36647b 0599b  902a  1323c  3257c
Stress at dough ripe stage 378.33a 97.37a 9.20 a 1421 b 3416 b 33.83b 3.46 a 11.13 a
Genotypes (B)
Bhoth 13 37358b 9877a 9.08ab 1546a 3441a 4216a 3.58 a 1112 a
Bhoth 14 371.25b 0574b  914ab  1403b  3359p 37-30b 334ab  1072b
Bhoth 15 374.92ab 9564b  95ab 13.48b  34.71a 2576e 3.06b 10.700
Gahran 364 ¢ 94.42c  8.93b 1210c  30.88c 28.87d 2.28¢ 10.08¢
Saba 380.83 a 98.17 a 968a 16.01 a 33.09b 3364¢c 3.15b 10.83 ab
Interactions i £t ] w o £ 1 e e
AXB

Means within a column followed by the same letter for each factor do not differ significantly at the 0.05
prabability level according to LSDg s,
** Significant at the 0.01 level of probability
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Table (3): Means of Number of kernels/ spike, 1000-kernel weight {g), biomass yield and Grain yield t/ha of wheat as

affected by moisture regimes and genotypes in 2004/2005 growing season.

Moisture Number of kernels/ spike 1000-kerne! weight {g) Biomass yield t /ha Grain yield t/ha
regimes W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 Wi W2 W3 W4
Genotypes
Bhoth 13 38.77 30.26 36.13 37.73 454 275 28.8 350 11.56 9.4 100 114 512 277 2.86 46
Bhoth 14 .

2938 2026 2438 2696 302 224 254 260 102 91 97 102 424 147 312 323
Bhoth 15 568 2102 2374 2743 278 160 166 187 102 84 89 05 444 220 23 261
Gafran 2826 1750 19.14 2586 397 167 217 243 97 841 87 03 271 134 193 248
Saba 36.61 2884 3087 3622 410 316 350 373 114 95 99 111 3.97 194 239 355
L.S.D
0.05 4.09 5.5 0.25 0.871

W1 = Recommended irrigation;
w2 = water sfress at stem elongation stage;
w3 = water stress at flowering stage;
w4 = water stress at milk stage.

(euseq eqes By oed) son LBy APY
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Table (4): Means of Numbaer of kernels/ spike, , 1000-kernel waight (g}, Biomass yield ttha and Grain yield t'ha of wheat as affected
by moisture regimes and genotypes in 2005/2006 growing season,

Moisture Number of kernels/ spike 1000-kernel weight (g) Biomass yield t/ha Grain yield tha

regimes W1 W2 wa W4 w1 W2 w3 W4 W1 W2 w3 w4 W1 W2 W3 W4
Cultivars

Bhoth 13 37.00 31.37 345 3478 461 3913 409 42.5 125 101 108 11.2 478 261 289 408

Bhoth 14 363 306 3313 3433 445 3003 3483 3983 116 100 103 110 422 205 3.22 389
Bhoth 15 4933 3117 340 3533 3076 2367 243 244 115 98 104 111 333 267 289 333
Gahran ., 47 285 2053 317 3543 2583 2663 316 115 93 96 105 267 189 211 245
Saba 3533 3067 317 3467 4327 3017 303 3083 116 99 105 114 406 244 255 356
[SD 1610 3.150 067 0813

0.05

W1 = Recommended irrigation;

w2 = water stress at stem elongation stage;
w3 = water stress at flowering stage:

w4 = water stress af milk stage.

(eyseq eqes Ty -arj) soy LY Aoy [
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