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GROWTH AND YIELD COMPONENTS OF WHEAT UNDER WATER
STRESS OF DIFFERENT GROWTH STAGES

M. AKRAM*
Abstract

A field experiment was conducted to determine the sensitivity of wheat to water
stress and changes in water relations and yield of wheat (Triticum aestivum L.)
under water stress conditions applied at different growth stages. The experiment
comprised of two wheat cultivars and four water stress treatments, maintained
by withholding water at tillering, anthesis, and at both stages. Water stress
caused reduction in leaf relative water contents, water potential, osmotic
potential, turgor potential, growth and yield components of both the wheat
cultivars. The results indicated that high value of relative water contents were
associated with increased yield and yield components. Consecutive stresses at
both growth stages caused severe reduction in yield and yield components in
both cultivars of wheat.

Keywords: Water stress, water relations, growth, Triticum aestivum, yield
components.

Introduction

Wheat is the major cereal crop of rabi season and is grown in almost every part
of Pakistan. It is cultivated under rainfed conditions and the area near the tail end
of canals where shortage of water is often experienced. The average yield of
wheat is quite low in such areas, which is mainly due to shortage of water
(Ashraf, 1998). Water stress not only a ffects the morphology but also severely
affects the metabolism of the plant. The extent of modification depends upon the
cultivar, growth stage, duration and intensity of stress (Mark and Antony. 2005;
Araus et al., 2002).

Water stress at anthesis reduces pollination and thus less number of grains
are formed per spike which results in the reduction of grain yield (Ashraf, 1998).
Adequate water at or after anthesis period not only allows the plant to increase
photosynthesis rate but also gives extra time to translocate the carbohydrate to
grains (Zhang and Oweis, 1998) which improves grain size and thereby lead to
increase grain yield. Decrease in growth rate is caused by reduction in radiation
use efficiency when drought was imposed at various growth stages, such as
tillering, booting, earing, anthesis, and grain development stages (Ashraf.,
1998b). Better performance of crop depends upon availability of water during
these stages (Ashraf et al., 1994; Sarwar, 1994; Jamal et al., 1996).
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The crop water need is related to moisture sensitive periods. Salter and
Goude (1967) delined such periods as “certain development phases in which the
plant is, or appeared by its observed response, to be more sensitive to moisture
conditions than at other stages of development”. If moisture sensitive periods
could be identified for wheat crop under field conditions, it would have an
important implication for irrigation practices.

All stages of crop growth are not uniformly susceptible to water scarcity. On
the other hand, some stages can cope-up with water shortage very well, while
others are more susceptible and water shortages at such stages may result in
distinct yield losses. Moisture stress is known to reduce biomass, tillering ability,
grains per spike and grain size at any stage when it occurs. So, the overall effect
of moisture stress depends on intensity and length of stress (Bukhat, 2005).
Water stress imposed during later stages might additionally cause a reduction in
number of kernels/ear and kernel weight (Gupta et. al., 2001; Dencic et al.,
2000).

Efficient and purposeful utilization of water is, therefore, important under
water shortage cnditions. Different responses of wheat genotypes to moisture
stress are well documented (Ashraf et al., 1094: 1 998). Hence there is a need for
selection of such wheat varieties which could mature and produce better yield
with limited supply of water. The present attempt was made to find out a drought
tolerant variety of wheat for drought prone area of Pakistan. In the view of above
consideration, the present study was conducted to determine the optimum water
requirement for wheat crop, identification of sensitive growth stages in wheat to
water deficit conditions and to estimate the effect of drought on water relation
and yield of wheat crop under climatic conditions of Faisalahad, Pakistan.

Materials and Method

Field study was conducted to assess the effect of water stress applied at different
growth stages on growth, yield, and water relation of wheat. Very little rainfall,
low humidity, and bright sunny days were the characteristic features of the
growing season. The experiment was carried out at research area of Department
of Crop Physiology, University of Agriculture, Faisalabad, Pakistan during the
year 2005. It comprised of two wheat cultivars i.e., Inglab-91 and Ugab-2000 and
four water stress treatments i.e., To control (No water stress imposed and plots
were never allowed to dry out), T, (Water stress was imposed at stem elongation
stage, T, (Water stress imposed at anthesis stage), T (Water stress imposed at
stem elongation and anthesis stage). The experiment was laid out in a
randomized complete block design (RCBD) in a factorial arrangement with three
replications. Weather data during the whole course of study in both the years are
given in Table 1. To overcome the problem of rainfall, the stressed plots were
covered with polythene sheet by the help of iron stands. Water stress was
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imposed by withholding irrigation at stress periods. Control plots were inigated
as frequently as required. The crop was sown at the rate of 125 kg seed/ha with
the help of single row hand drill in 25 cm apart from row to row. The plots were
fertilized at the rate of 150, 100 and 140 kg N, P,Os and K,O ha™, respectively as
urea, DAP and SOP. All agnornic practices were carried out uniformly for all
treatments.

Table 1. Weather data during the course of study.

Months Mean month!}y Mean mo_nt_hly To_tal monthly
temperatutre ("C) |relative humidity (%) rainfall (mm)
November 20.30 47.0 0.00
December 13.9 50.5 2.00
January 10.40 415 0.00
February 13.1 40.3 3.00
March 22.7 37.8 0.00
April 315 16.0 5.50
May 30.80 30.2 16.00

Relative water contents (RWC) were measured by using flag leaf after
imposing the water stress. Instantaneously after cutting at the base of lamina,
leaves were preserved within plastic bags and in time transferred to the
laboratory. Fresh weight was determined just after removal. Turgid weight was
measured after saturating leaves in distilled water for 24 hours at room
temperature. After, saturating leaves were quickly and carefully blotted dry with
tissue paper and then turgid weight was taken. Dry weight was measured after
oven drying the leaves samples at 72°C. RWC was calculated by using the
following formula (Karrou and Maranville, 995).

Fresh weight - Dry weight y
Turgid weight - Dry weight

RWC (%) = 100

Leaf water potential of flag leaf (y,) was determined only once i.e., seven
days after imposing water stress at anthesis stage. A single flag leaf was placed in
the pressure chamber (ELE International, Israel) with the cut surface protruding
out of the hole. Pressure was applied to the leaf from a cylinder of compressed
gas until xylem sap appeared at the cut surface. This balancing pressure was
regarded as the tension originally existing in the xylem sap and approximately
equal to water potential of the cells. Sampling was done between 6.00 and 9.00
a.m. to avoid evaporation losses.

The same leaf, mentioned above, was frozen in a freezer below -20°C for
more than seven days, then frozen leaf materials was thawed and cell sap was
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extracted by pressing the material with the help of glass rod. A drop of sap was
used directly for the determination of osmotic potential (y;) in a vapor pressure
Osmometer (Osmette VAPRO-5520, USA) calibrated in m osmol/kg.

The turgor potential was calculated as the difference between water potential
(ww) and osmotic pential (ys) values yp = yw — ys.

Leaf area index (LAI) was calculated as the ratio of leaf area to land area

_ Leaf area

LAT= —
Land area
Crop growth rate (CGR) was calculated as proposed by Hunt (1978).
Wz — W1
t2 _tl

CGR =

Wi first dry weight and W,: second dry weight and t: first sampling for dry eight
and t,: second sampling for dry weight and time interval between first and second
sampling was fifteen days.

Net assimilation rate (NAR) was calculated by using the formula of Hunt (1978).
NAR = M
LAD
TDM and LAD is the total dry matter and leaf area duration, respectively.
Harvest index (HI) was determined by using the following as
Grain yield
Biological yield

At maturity, the plants from each treatment were harvested and yield and yield
components were recorded.

Statistical analysis

Data collected during the course of this study were statistically analyzed using
Fishers analysis of variance technique and significant means were separated
using least significant difference test (LSD) at 5% probability level (Steel et al.,
1997).

Results

Water potentials

Relative water content was reduced by water stress applied at different growth
stages (Fig. 1A) to both the wheat cultivars. The highest RWC was recorded in
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the plant grown with normal irrigations (T,) and the minimum was in T;. Wheat
cultivar Inglab-91 maintained significantly greater RWC than Ugab-2000. The
data pertaining to leaf water potential showed highly significant difference
between varieties and among different water stress levels. Wheat cultivar Inglab-
91 had significantly greater leaf water potential (-0.98 MPa) than Ugab—2000 (-
1.14 MPa). Water stress reduced the leaf water potential. The maximum water
potential was maintained by plants grown under normal conditions (-0.63 MPa).
The water potential was the minimum in Tz (-1.49 MPa). Osmotic potential
significantly reduced with the application of water stress, which was the highest
(-1.39 M Pa) in the plants growing under control conditions, while it was the
minimum (- 1.56 MPa) in T3 (Fig. IC). Significant variations were recorded in
osmotic potential of the cultivars. However, Inglab-91 had significantly greater
osmotic potential (-1.44 MPa) than Ugab-2000 (-1.51 MPa). The turgor potential
was decreased with the increase of water stress in both the wheat cultivars (Fig.
ID). The highest turgor potential was recorded for control (0.76 MPa), while it
was the minimum in T3 (0.06 MPa). Both the wheat cultivars showed significant
variations for turgor potential. Cultivar Inglab-91 maintained significantly greater
turgor potential (0.46 MPa) than Ugab-2000 (0.37 MPa).

Turgor potential was the maximum in plants of T, and T, treatments, while it
was the minimum in plants subjected to water stress at anthesis and both at
tillering and anthesis treatments. Average turgor potentials (MPa) were 0.76 and
0.06 in Ty and T3 treatments, respectively. Statistically T, and T treatments were
at par with each other (Fig. ID).

Interactions between cultivars and among different water stress treatments
were also highly significant. All these interaction showed that turgor potential
was maximum in V; (Inglab-91) and minimum in V, (Ugab-2000) in Ty and T,
treatments. Turgor potential was the same in both V; and V, for
T, and T; treatments.

Growth

In both the cultivars, LAI continued to increase from 36 DAS (<1) to 92 DAS
(4.3) and then gradually declined towards the final harvest (Fig. 2a). Differences
in LAI development were of the cultivars significant only after the booting stage.
However, the variety Inglab-91 produced significantly more LAI than Ugab-
2000. Maximum LAI was recorded on 92 DAS harvest in both the cultivars
which ranged from 4.08 for cv. Ugab-2000 to 4.32 for the variety Inglab-91 (Fig.
2a). Different water stress levels affected LAI significantly. Drought imposed at
different crop growth stages reduced LAI significantly as compared to that of the
fully irrigated plants. Maximum LAI (5.18) was produced (92 DAS) by fully
irrigated crops (Fig. 2b). Maximum LAl varied from 3.14 to 5.18 among
different water stress treatments on 92 DAS (Fifth harvest). Thereafter, it
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declined to < 2.0 on 192 DAS. Minimum LAI was produced in T; treatment. The
drought imposed only at vegetative stage (T;) reduced less LAI than the drought
experienced by the crops at vegetative plus the anthesis stage (T3). The drought at
anthesis (T,) did not reduce LAI when compared to that of T, indicating that if
there is a little shortage of water only for a few days at anthesis. LAl would not
be affected adversely provided that water is available.

Crop growth rate (CGR) for the varieties was slower during early vegetative
phase of the crop due to lower temperature; thereafter it increased sharply.
Cultivar Inglab-91 had significantly greater mean CGR (12.31 g m? d™) than
that of Ugab-2000 (11.60 g m? d) at final harvest. On an average, CGR for
cultivars ranged from 12 gm? d™ to 39 gm™ d™ (Fig. 3c). Moisture stress at
different crop growth stages affected CGR differently. Fully irrigated crops (To)
indicated significantly greater CGR than other crops throughout the season.
Nevertheless, the crops which were stressed only at the anthesis stage (T,) have
shown statistically similar results. At final harvest, the average CGR values for
To, T, and T5 were 12.58, 11.48, 12.28, and 11.47 g m? d™, respectively (Fig.
3d). Interaction between the cultivars and different leves of water stress remained
non-significant throughout the season.

Table 2. Effect of water stress on number of tillers, fertile tillers, spike length and
number of spikelets/spike of two wheat cultivars.

'IE:rg;tt%aeﬁt/s No. of tillers/m’ I\I(t)ill I%];:fr::zlle Spike length (cm) spikgllgisogpike
Cultivars
Inglab-91 693.3b 667.1 a 11.94a 18.00a
Ugab-2000 720.0a 664.5b 9.90 b 15.58 b
Water stress treatment
To 698.8a 673.0b I1.57a 17.83a
T, 665.8 b 642.3 b 1042b 16.00b
T, 703.0a 670.7a 11.48a 17.50a
Ts 663.0 b 637.0b 10.38 b 15.83b
CV (%) 2.93 2.68 451 3.74

Note: In a column, means followed by common letter (s) are not significantly different at 5% level
by LSD

Yield and yield components

Data concerning the number of tillers per unit area showed that number of
tillers/m? were significantly affected by different levels of water stress (Table 2).
The cv. Inglab-91 produced higher number of tillers than that of Ugab—2000.
Among the after stress treatments, Ty gave statistically significant increase in the
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number of tillers over Ty, T,, and T treatments, respectively. Treatment T; and
T, were statistically non-significant to each other. Both the wheat cultivars
produced almost same number of fertile tillers (Table 2). In case of water stress
treatments, T, produced the maximum number of fertile tillers as compared to Ty,
T,, and T3. The data relating to spike length as influenced by water stress applied
at different growth stages is presented in Table 2. The cv. Inglab-91 showed
significant increase 20.61% in the spike length as compared to cv. Ugab-2000.
Treatment T, gave the maximum spike length. Both the treatments T; and T;
showed non-significant increase in the spike length.

Table 3. Effect of water stress on number of grains/spike, 1000-grain weight,
biological yield, grain yield, harvest index and net assimilation rate (NAR)
of two wheat cultivars.

gutives | g | 00080 B g | et | an
spike (kg/ha) (kg/ha)

Cultivars
Inglab-91 51.66a  40.78a 13233a  3985a 30.25a 6.40
Ugab-2000 48.83b 38.18b 12460b  3314b 26.76b 6.50
Water stress treatment
To 53.00a 42.86a 13550a 4215a 30.11 7.58a
T, 50.83b 40.89b 12340b  3468b 27.94 5.38b
T, 48.33c 37.96¢ 13200a  3887a 29.08 7.57a
T3 48.83c 36.23c 12300b  3307b 26.90 2.29b
CV (%) 2.33 3.68 5.08 7.30 9.05 4.59

Note: In a column, means followed by common letter (s) are not significantly different at 5% level
by LSD.

Maximum number of spikelets/spike was observed in T, which vas 11.44 and
12.63 % more than T, and T, respectively, when water stress was imposed both
at tillering and anthesis stages. The wheat cultivar Inglab-91 gave 15.53% more
number of spikelets/spike than Ugab—2000. Similarly maximum number of
grains/spike was recorded in T, which was 10% higher than those plants which
were exposed to water stress at anthesis stage. The cultivar Inglab-91 produced
significantly higher number of grains/spike than that of Ugab—2000. Significant
differences in 1000-grain weight were noted among various water stress
treatments. T had significantly higher (18.29%) 1000-grain weight than all other
water stress treatments. T, exhibited significant higher 1000-grain weight than T,
and Ts. The cv. Inglab-91 had higher 1000-grain weight than cv. Ugab-2000.
Similarly, maximum biological yield (13550 kg/ha) was recorded for T, which
was 10% higher than that of T, and T3. The data in relation to the biological yield
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exhibited significant effect both for varieties and different water stress levels.
The cv. Inglab—91 produced more biological yield than cv. Ugab—2000. The data
regarding the grain yield showed significant difference in both for varieties and
water stress levels. The cv. Inglab—91 produced the higher (20%) grain yield than
cv. Ugab-2000. Maximum grain yield was observed in T, which were 18 and
22% more than T; and T3 treatments, respectively, when water stress was
imposed both at tillering and anthesis stages. Harvest index (HI) was
significantly influenced between cultivars. Different moisture stress treatments
exhibited non-significant effects on HI and it ranged from 26.90 to 30.11%
among different water stress treatments (Table 2). Net assimilation rate (NAR)
was non-significant between the cultivars.

Maximum NAR was observed in case of Ty) that was 29.02% more than T,
and 30.21% more than Tj treatments, respectivly, when water stress was
imposed both at tillering and anthesis stage.

Discussion

It is a fact that yield and yield components of the plant in drying soil are reduced
even in tolerant genotypes. The grain yield depends on number of tillers
surviving up to maturity, spike length, fertile spikelets, seed per ear and grain
size (1000-grain weight). In the present study, water deficit at different growth
stages reduced number of tillers initiated and surviving up to maturity, and the
number of spikelets or seeds per ear. Both Sharif (1999) and Musaddique et al.
(2000) reported that greater than 400 tillers/m? were obtained in wheat in control
treatment in which maximum number of irrigation was applied. McDonald
(1984) found that maximum number of tillers were associated with greater
number of irrigations. The importance of fertile tillers is evident from the fact
that it affects directly the final grain yield. Matsunaka et al. (1992) and Ghazal et
al. (1998) also reported that number of spikes/m? increased as irrigation
increased. Many researchers have reported similar effect of irrigation on spike
length in wheat (Swati et al., 1985; Ahmad, 1994). Dencic (2000) and Shehzadi
(1999) concluded that spikelets/spike are more sensitive to drought stress in
different cultivars of wheat. Many workers reported a range of grain number
varying from 40 to 59 grains/spike among various genotypes of wheat (Hussain
et al., 1997; Maddique et al., 2000). Similar effects of water stress on 1000-grain
weight were atso reported (Qadir et al., 1999; Shehzadi, 1999 and Dencic et al.,
2000). These findings are supported by Kang et al. (2002) and Pirdasti et al.
(2004) who reported a positive correlation between spiktets per ear and 1000-
grain weight and grain yield. Ashraf (1998) reported that the productive spikes
per plant contribute in increasing the yield under water deficit conditions. In the
present study, the fertile spikelets per ear and 1000—grain weight were influenced
by the water stress applied at different stages. The sensitivity of grain yield to



GROWTH AND YIELD COMPONENTS OF WHEAT 463

drought was found to be depended upon the severity of stress and the stage when
it was applied. The combined stress at tiltering and anthesis stages caused more
reduction in grain yietd as compared to that at tillering or anthesis stage alone. It
woutd be reasonable to conclude that grain yield is severely reduced if irrigation
is not applied at tillering and anthesis stages. However, if crop faces drought only
at tillering or anthesis stage, economical yield can be obtained from the crop. The
results of Kang et al. (2002) and Pirdashti et al. (2004) agree with the results
obtained in this study. Giunta et al. (1993). Pannu et al. (1996) also obtained the
same results.

Various forces act through soil-plant-atmosphere continuum which allow the
uptake and loss of water and constitute the water relations. The plant component
consists of relative vater contents (RWC), water potential (y,), osmotic potential
(ws) and turgor potential (y,). The study of water retations is important for
several reasons. Firstly the differences in water relation characteristics reflect the
differences between species and cultivars and are considered as an indicator of
drought resistance or adaptation to drought (Ashraf et al. 1994). It is documented
that reduction in RWC has affected the growth and yield of the ptants (Hafid et
al., 1998, DePereira-Neto et al., 1999, Molnar et al., 2002) and present study
confirmed the above statement. Ashraf and Khan (1993) and Ashraf et al. (1994)
evaluated the excised leaf water retention capabilities of wheat cultivars and
found that genotypes with higher RWC were more drought tolerant. In the
present study, the RWC reduction in both the genotypes was recorded under
water stress conditions. However, Inglab-92 maintained higher RWC than Ugab-
90 (Fig. 1A). The highest reduction in RWC was at T; followed by T, and T,.
Ashraf et al. (1994), Hafid et al. (1998), DePereira-Neto et al. (1999), Molnar et
al. (2002) and Siddique et al. (2000) reported that leaf survival necessary for
assimilation is determined by RWC rather than by leaf water potential. The
finding of present study supports the possibility that RWC could be used as
indicator of drought resistance.

Water stress decreases the leaf water potential of the plants (Siram et al.
1990; Ashraf et al., 1994) and it is considered a reliable parameter for
quantifying plant water stress response and screening drought tolerant genotypes.
Variations in leaf water potential between both the wheat cultivars under
moisture stress were recorded. Higher leaf water potential was found in Inglab-
91 than Ugab-2000. Siram et al. (1990) reported that decrease in leaf water
potential increased the intensity of drought stress. In present study, reduction in
leaf water potential was observed maximum in T3 where stress was applied on
two stages (stem elongation and anthesis). Ashraf et al. (1 994) reported the
similar findings.

Ashraf et al. (1994) reported that osmotic adjustment results from the
accumulation of solutes which lowers the osmotic potential and helps in
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maintaining turgor of plants experiencing water stress. It is reported that faster
decrease in osmotic potential is essential to maintain the potential differences to
allow water uptake by the root. The present study confirmed that with the fall in
leaf water potential due to soil water deficit simultaneous fall in osmotic potential
was observed (Fig. IB). The fall in leaf osmotic potential was found with water
stress in both the wheat cultivars. Ashraf and Khan (1993) and Ashraf et al.
(1994) confirmed the above findings. In the present study, negative relationship
between yield and osmotic potential was found. Ashraf et al. (1994) also did not
find any relationship between yield and osmotic potential.
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Literature (Ashraf et al., 1994 and 2002) showed that many important
physiological and morphological proesses, such as leaf enlargement, stomatal
conductance and photosynthetic activity are directly affected by leaf turgor
potential. Under water stress conditions, plants lose their turgor and thus cell
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expansion and growth are reduced (Siddique et al., 2000). So the plants must
adjust turgor to resume cell expansion and growth. But according to Munns
(1979), the major mechanism of major maintenance is osmoregulatory. During
osmoreguation, solutes accumulate. As a result, decreasing in the osmotic
potential, consequenoy, uptook water for maintaining turgor. In the present study,
lowering in osmotic potential was observed with the application of water stress
(Fig. IC). Ashraf et al. (1994) found that genotype, which maintained higher
turgor, was tolerant to drought. The same finding was obtained for present study.
Inglab-91 maintained higher turgor which enchaned higher photosynthetic
activity leading to higher grain yield than Ugab-2000.

Growth analysis provides fundamental basis for characterization of a plant
response to environmental stresses. Leaf area index is the main physiological
determinant of crop yield. Possible cause of reduction in leaf area index might be
due to reduction in cell enlargement (Mccrec and Davis, 1974), stunted growth
(Jones et al., 1980) and reduced photosynthetic activity of leaves (Oppenheimer,
1960). Increased abscission rate due to the decrease in water status of the plant
under stress may be another reason of the reduction in LAI. Interaction between
the cultivars and different water stress levels was non-significant. The results of
the present investigation are in line with Qadir et al. (1999) who concluded that
water stress during vegetative growth caused reduction in LAI of wheat. Mosaad
et al. (1995) also showed similar responses of wheat crop under water stress
conditions. Crop growth rate expresses the rate of dry matter accumulation that
provides useful information regarding the nature and intensity of stress effect on
plant growth. In the present study, water stress markedly reduced crop growth
and reduced shoot biomass decline in growth observed in many plants subjected
to water stress is often associated with a decrease in their photosynthetic
capacity.

Conclusions

From the results, it can be concluded that water stress significantly altered the
internal water status by decreasing RWC, water potential, and osmotic potential
of wheat that consequently decreased the turgor potential. The cultivar Inglab-91
proved to be the most water economic when subjected to water stress, evidenced
by reservation of more water contents in the plant tissue and high yield levels.
All these characters account for its highest productivity under shortage of water
supply. Overall, it is advised to grow this cultivar of wheat in land areas with
limited supply of irrigation water.
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