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Abstract

The experiment was carried out at the research field of the Department of
Agronomy of Bangabandhu Sheikh Mujibur Rahman Agricultural University,
Gazipur during November 2014 to March 2015 to assess and evaluate the
physiological derivations of wheat varieties under water deficit condition. The
experiment was laid out in a split plot design comprising two water regimes
(irrigated or control and water stress) in main plot and three wheat varieties
(BARI Gom 25, BARI Gom 26 and Sourav) in sub-plot with four replications.
Surface irrigation was applied into the irrigated plots in total growing season
but it was applied in water stress plots up to 21 days after sowing after that
irrigation was stopped in water stress plots. It was revealed that studied
parameters were significantly influenced by water regimes, variety and their
interaction. The xylem exudation rate, light interception, SPAD value, leaf
water potential, relative water content, water retention capacity was higher in
irrigated condition where canopy temperature, water uptake capacity, water
saturation deficit higher in water stress condition.The wheat var. BARI Gom 26
showed the highest PAR, SPAD value, leaf water potential, relative water
content, water retention capacity where BARI Gom 25 exhibit lowest under
water deficit condition. On the other hand, BARI Gom 25 showd the highest
canopy temperature, water uptake capacity and water saturation deficit in water
deficit condition. Therefore, considering the physiological performance and other
characters BARI Gom 26 could be considered preferably for water shortage
condition followed by Sourav where BARI Gom 25 was susceptible one.

Introduction

Wheat (Triticum aestivum) is world’s most widely cultivated food crop and the second
important cereal crop in Bangladesh. It provides 21% of the food calories for more
than 4.5 billion peoples in 94 countries of the world (Braun et al, 2010). Wheat is
grown in rabi season from October to March which is characterized by very low or
no rainfall in Bangladesh. Most of the farmers grow wheat with irrigation but due to
scarcity of water or very low or no rainfall affects the plant growth and productivity
(Khalig et al, 1999). Water is necessary for plant growth of different metabolic
activities but drought causes disorders at morphological, physiological, biochemical and
molecular levels (Saeedipour, 2012). A physiological approach would be the most
attractive way to develop new varieties (Araus et al, 2008). Morphological studies
have been conducted in Bangladesh to identify drought tolerance wheat varieties for
higher wheat production and a major challenge for wheat breeders for several
decades. In order to identify suitable varieties for drought prone areas, the
mechanisms on water stress tolerance has to be better understood. However, more
intensive study is required to understand the mechanisms of drought tolerance of
wheat. As such, the present research was conducted to study the physiological
changes of wheat varieties under water shortage condition.
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Materials and Methods

The experiment was carried out at the research field of the Department of Agronomy
of Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur during
November 2014 to March 2015. The experimental site is mixed with some imported
alluvium soil from nearby flood plain and acidic in nature. The soil of the
experimental field is belonging to Sanla series representing shallow red-brown trace soil
type. The climate of the experimental site is subtropical and characterized by scanty
rainfall associated with moderately low temperature (21 to 24°C) and plenty of
sunshine during rabi season (October to March). The experiment was laid out in a
split plot design comprising two water regimes (irrigated or control and water stress or
water deficit) in main plot and three wheat varieties (BARI Gom 25, BARI Gom 26
and Sourav) in sub-plot with four replications. After well preparation of land, seeds
of @120 kg ha! were sown in 20 cm line sowing method on 23 November
2014. N-PK-S @ 100-60-40-20 kg ha!, respectively was applied in the form of
urea, triple super phosphate, muriate of potash and gypsum. Total amount of triple
super phosphate, muriate of potash and gypsum were applied during final land
preparation. Urea was given in two splits, first split of urea was applied during final
land preparation and the rest top dressed at 21 DAS. Intercultural operations such as
weeding, thinning, gap filling and netting were done when as required. In case of
water shortage plots, surface irrigation was applied up to 21 DAS then it was
stopped. Data on soil plant analysis development (SPAD) value, measurement of xylem
exudation rate, canopy temperature, light interception, leaf water potential, relative
water content, water saturation, retention and uptake capacity were recorded by
following procedure: SPAD value was taken from middle portion of the fully developed
flag leaf of the tagged plants with Minolta Chlorophyll Meter (Model: SPAD-502,
Minolta Co. Ltd., Japan). Xylem exudation rate was measured at anthesis stage using
following formulae

(weight of wheat + sap)
- (weight of wheat )
Xylem exudation rate =

time (hr)

Canopy temperature was measured with an infra-red thermometer and measurements
were made within 2 hours of solar noon, and in a south-facing direction to minimize
sun angle effects as suggested by Turner et al (1986).

Light interception (LI) at the crop canopy was measured at booting, anthesis, grain
filling and physiological maturity stages with a Sunfleck Ceptometer (Decagdn
Deviceinc., USA) using the following formula

I
Light transmission ratio (LTR) = ---------------—-- Y100 and LI % = 100 - LTR

lo

Where, lo=photosynthetically active radiation on the top of the canopy and
[= photosynthetically active radiation at the base of the canopy

Leaf water potential was measured fully expanded flag leaf at booting and anthesis
stages using a pressure chamber designed by Scholander ef al (1965). Relative water
content (RWC) was measured at booting, anthesis and grain filling stages. Turgid
weight (TW) was obtained after soaking leaves in distilled water in beakers for 24
hours at room temperature about (20°C) and under the low light condition of the
laboratory. Dry weight (DW) of the leaf was obtained after oven drying the leaf
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samples for 72 hour at 70°C. RWC was calculated according to Schonfeld et al.
(1988):
RWC (%) = [(FW-DW)/ (TW-DW)] 4100.

Measurement of water saturation deficit (WSD), water retention capacity (WRC) and
water uptake capacity (WUC) were calculated as follow by Sangakkara et al (1996):

WSD (%) = (TW-FW)/ (TW-DW) 4 100, WRC = TW/DW and WUC = (TW-FW)/DW
Where, FW = Fresh weight (mg), DW= Dry weight (mg), TW = Turgid weight (mg)

The collection of data was analyzed statistically and the treatment means were
adjudged by LSD Test (Gomez and Gomez, 1984) by package program STATISTIX-
10.

Results and Discussion

SPAD value was used to ascertain the onset of senescence and chlorophyll content of
leaf over time. According to Manivannan et al. (2007) chlorophyll is one of the major
components of chloroplasts for photosynthesis which increases biomass production and
grain vield (Pandey and Singh, 2010). The SPAD value recorded from 0 days after
anthesis (DAA) to 28 DAA under control and water deficit conditions in three wheat
varieties shown in figure 1.
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Fig. 1. SPAD values of wheat varieties under water deficit condition

The SPAD value progressively increased up to 12 DAA under control and water
deficit conditions then it was decreased in all varieties except BARI Gom 25 where it
decreases after 8 DAA. This might be due to forced senescence of leaf irrespective of
varieties. At 12 DAA, the highest SPAD value was recorded in BARI Gom 26 under
both control (57.13) and water deficit (49.53) condition. The lowest SPAD value was
recorded in Sourav (54.45) under control condition but under water deficit condition
BARI Gom 25 (42.16) showed the Ilowest value. Water deficits enhanced the
senescence by accelerating loss of leaf chlorophyll and soluble proteins and the loss
was more in sensitive one than tolerant one (Saeedipour, 2012). Declined chlorophyll
content from 13 to 15% in water-stressed wheat compared with well watered plants
(Nikolaeva et al, 2010). Chlorophyll synthesis was inhibited under water deficit
conditions. So, with the decreases of chlorophyll content SPAD value also decreases.
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Xylem exudation rate is known as the flow of sap through the cut end of a stem

against the gravitational forces. The exudation rate varied both control and water
stress condition irrespective of varieties shown in figure 2.
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Fig. 2. Xylem exudation rates of wheat varieties under water deficit condition

The highest exudation rate was recorded in the var. Sourav (33 mg h' and 25 mg
h?) which was followed by the var. BARI Gom 26 (25 mg h' and 21 mg h'), while
the var. BARI Gom 25 (23 mg h' and 15 mg h!) had the lowest exudation rate
under both control and water deficit condition. The highest percent of reduction under
water stress condition occurred in BARI Gom 25 and the lowest in BARI Gom 26.
The results agreed with those obtained by Baque (2006) who reported that exudation
rate is higher in control and lower in moisture stress of wheat.

Canopy temperature varied significantly among the varieties due to water stress at
anthesis stages. The highest canopy temperature under control condition was recorded
in Sourav (30.83°C) which was followed by BARI Gom 26 (27.73°C) and the lowest
in BARI Gom 25 (26.23°C) but in water deficit condition the highest canopy
temperature was recorded in BARI Gom 25 (34.38°C) which was followed by Sourav
(32.73°C) and the lowest in BARI Gom 26 (29.09°C) (Fig. 3).
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Fig. 3. Canopy temperatures of wheat varieties under water deficit condition
The canopy temperature in wheat varieties increased under water stress condition. This
might have occurred due to increased respiration and decreased transpiration as a
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result of stomatal closure. Similar findings reported by Siddique et al (2000) who
reported that leaf temperature in drought stressed wheat plant was higher than in
well-watered plants at both vegetative and anthesis stages.

Light interception or interception of photosynthetically active radiation (PAR) at
booting, anthesis, grain filling and physiological maturity stage in wheat canopy under
variable water regimes varied significantly shown in figure 4.
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Fig. 4. Intercepted PAR of wheat varieties under water deficit condition

Under control condition the highest amount of light interception was recorded in
BARI Gom 26 at booting (44.92%) and physiological maturity stage (52.86%) but at
anthesis (67.06%) and grain filling (63.60%) stages showed the highest in Sourav.
Incase of water stress, the highest light interception was found in BARI Gom 26 at
booting (34.89%), anthesis (42.45%), grain filling (45.04%) and physiological maturity
stage (44.42%). At all the growth stages, the lowest light interception was recorded in
BARI Gom 25 under both conditions. However the highest reduction under water
deficit stress was recorded in BARI Gom 25 while the lowest reduction in BARI Gom
26 at all the growth stages. Canopy radiation interception generally increased
throughout the growing season due to increased leaf area. Since the leaves
temporarily wilted or rolled under the water stress, the radiation interception ability led
to being decreased, as observed in the field. Similar results obtained by Moayedi et
al, 2011 and Qamar ef al, 2011 that accumulated radiation interception was
significantly decreased by limited irrigation than frequently irrigated crop plants.

Leaf water potential (LWP) is considered to be a reliable parameter for quantifying
plant water stress response. The leaf water potential is a prominent character that
can be selected for improving drought tolerance of different crops (Nayyar et al,
2006). The leaf water potential was significantly influenced and decreased markedly in
the studied varieties due to water stress at booting and anthesis stages (Table 1).

Table 1. Leaf water potential of wheat varieties under water deficit condition

Leal water potential (-MPa)
Booting stage Anthesis stage

Wheat variety
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control water % reduction control water %

stress stress reduction
BARI Gom 0.74 1.07 30.84 0.75 1.58 52.53
25
BARI Gom 0.73 0.82 10.97 0.75 1.01 25.74
26
Sourav 0.74 0.9 17.78 0.76 1.19 36.13
CV (%) 4.71, 6.19 8.11, 9.75
LSD 5 0.03 0.067

The highest leaf water potential was recorded in BARI Gom 26 in booting (-0.73
Mpa and -0.82 Mpa) and anthesis stages (-0.75 Mpa and -1.01 Mpa) under
both control and water deficit condition, respectively. The lowest leaf water potential
was recorded in BARI Gom 25 in booting stage (-0.74 Mpa) but Sourav showed the
lowest value in anthesis stages (-0.76 Mpa) under control condition. In case of water
stress condition BARI Gom 25 (-1.07 Mpa and -1.58 Mpa) showed the lowest result
both at booting and anthesis stages. However, the reduction percent of leaf water
potential under water stress was higher in BARI Gom 25 and lower in BARI Gom
26. The changes in water potential in wheat might be due to change in osmotic
pressure i.e., the osmotic components of water. Siddique et al (2000) reported that
drought stress reduced the leaf water potential from -0.63 MPa in control plant and -
2.00 MPa in stressed plants. The results obtained in this study were consistent with
the result of Subrahmanyam et al (2006) who reported that water deficit stress
caused a significant difference in leaf water potential in the tolerant and susceptible
genotypes of wheat.

Relative water content (RWC) indicates that the water status of cells has a significant
association with vyield and stress tolerance (Almeselmani ef al, 2012). It is considered
a measure of plant water status, reflecting the metabolic activity in tisshues and used
as a most meaningful index for dehydration tolerance (Anjum et al, 2011). The RWC
of flag leaf in studied varieties was measured at booting, anthesis and grain filling
stages under water regimes (Table 2).

Table 2. Relative water content (%) of wheat varieties under water deficit condition

Booting stage Anthesis stage Grain filling stage
Wheat 1 % 1 % 1 7
variety control water 0 control water 0 control water 0
stress reduction stress reduction stress reduction
BARI 9441 83.17 1197 8951 76.72 14.29 7881 60.71 22.97
Gom
25

BARI 96.41 90.15 649 87.80 86.27 1.74 78.08 7194 7.87

Gom

26
Sourav 96.93 88.08 9.13 8471 8279 226 7662 68.75 10.27
CV%  3.63, 1.52 6.67, 535  5.27, 7.32
LSDy 5. 4.83 9.13 8.19

The highest relative water content under irrigated condition was observed in Sourav
(96.93%) at booting stage but during anthesis and grain filling stage BARI Gom 25
(89.51% and 78.81%) showed the highest value respectively. However BARI Gom 26
exhibits the highest relative water content at all the stages under water stress
condition. The highest reduction occurred in BARI Gom 25 and the lowest in BARI
Gom 26 at all observed stages under water deficit condition. These results are in
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accordance with the findings of Farooq et al, 2009 and Jaleel et al, 2008 that
water deficit in different crop growth stages in different wheat varieties significantly
decreased relative water contents.

Water uptake capacity (WUC) at booting, anthesis and grain filling stage in wheat
varieties under variable water regimes varied significantly shown in table 3.

Table 3. Water uptake capacity of wheat varieties under water deficit condition

Wheat Booting stage Anthesis stage Grain filling stage
variot control  water % control water % control  water %
Y stress  increase stress increase stress  increase

BARI 0.09 0.18 50.50 0.68 1.25 46.00 0.76 1.39 45.14
Gom
25
BARI 0.08 0.11 22.28 0.65 080 18.75 0.69 090 23.27

Gom

26

Sourav  0.09 0.14 3507 0.63 088 2800 0.86 1.17 26.23
CV%0  9.61, 21.96  10.95, 22.65 30.65, 24.62
LSD g 05 0.04 0.26 0.48

The highest WUC was observed in BARI Gom 25 at booting (0.09 and 0.18) and
anthesis (0.68 and 1.25) stages where it was lowest in BARI Gom 26 at booting
(0.08 and 0.11) and anthesis (0.63 and 0.88) both under control and water stress
condition, respectively. At grain filling stage Sourav (0.86) showed the highest value
and BARI Gom 26 (0.69) exhibit the lowest value under irrigated condition where
BARI Gom 25(1.39) obtained the highest value and it was lowest in BARI Gom
26(0.90) under water stress condition. The highest increases in water uptake capacity
under water stress occurred in BARI Gom 25 and the lowest in BARI Gom 26 at all
observed stages. The instantaneous water uptake capacity significantly increased under
water stress as compared to the irrigated at studied stages. An increase WUC under
water deficit condition was also reported by Abbad et al, 2004. Similar results were
also described by Choudhury (2009) and Mahmud (2012) that the tolerance varieties
possessed the lowest WUC under water stress compared to other varieties.

Plants grow under high moisture regimes maintain a higher water retention capacity
(WRC) which might be due to lower destruction of plant tissues by moisture deficit
(Sangakkara et al, 1996). WRC was decreased markedly in the studied varieties due
to water stress at booting, anthesis and grain filling stages (Table 4).

Table 4. Water retention capacity of wheat varieties under water deficit condition

Wheat Booting stage Anthesis stage Grain filling stage

. control water % control water % control water %

variety . . .
stress reduction stress reduction stress reduction

BARI 415 3.50 15.68 487 3.58 26.50 474 3.31 30.17
Gom
25
BARI 422 4.06 3.81 471 4.46 5.27 452 4.21 6.76
Gom

26
Sourav 461 432 6.43 487 4.42 9.14 476 4.18 12.30
CV(%)  7.03, 5.54 13.86, 9.85 7.18, 5.97

LSD 05 0.47 0.95 0.50
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The highest WRC was observed in Sourav (4.61, 4.87 and 4.76) where it was lowest
in BARI Gom 25 (3.50, 3.58 and 3.31) at booting, anthesis and grain filling stages
respectively under irrigated condition. On the other hand, Sourav showed the highest
(4.32) at booting stage and BARI Gom 26 showed the highest (4.46 and 4.21) result
at anthesis and grain filling stages where BARI Gom 25 showed the lowest (3.50,
3.58 and 3.31) result at booting, anthesis and grain filling stages under water stress
condition. The highest reduction in WRC under water stress occurred in BARI Gom
25 and the lowest in BARI Gom 26 at all the studied stages. In the present study,
BARI Gom 26 and Sourav showed the lowest reduction in WRC, and thus an
indication of their tolerence to drought. Similar findings in WRC were reported by
Choudhury (2009) in French bean and Martinez ef al (2007) in Phaseolus vulgaris.

Water saturation deficit (WSD) is the deviation of water content from the leaf
compared to the saturation level of that leaf at a particular situation. A higher water
saturation deficit indicates that the plants are subjected to a greater degree of water
deficit. The present investigation showed a significant difference in WSD in wheat flag
leaf at booting, anthesis and grain filling stage under variable water regimes. Water
deficit significantly increased the WSD in wheat flag leaf irrespective of varieties.
Regardless of the stages, the lowest WSD was obtained in control plants than stressed
ones in all the varieties (Table 5).

Table 5. Water saturation deficit (%) of wheat varieties under water deficit condition

Wheat Booting stage Anthesis stage Grain filling stage
variet control  water % control  water % control  water %
J stress increase stress increase stress  increase

BARI 13.35 45.04 70.36 1699 108.20 84.30 18.60 146.54a 87.31
Gom
25
BARI 16.15 19.81 1847 22.09 2998 26.34 25.15 38.06c 33.92
Gom

26

Sourav  22.11 30.52 27.56 27.60 44.37 37.80 29.86 54.02b 44.72
CV(%) 9.65, 10.16 1142, 1521  9.63, 10.95
LSDy 05 4.31 9.91 9.53

The highest WSD was observed in Sourav (22.11, 27.60 and 29.86 %) where it was
lowest in BARI Gom 25 (13.35, 16.99 and 18.60 %) at booting, anthesis and grain
filling stages under irrigated condition, respectively. BARI Gom 25 showed the highest
(45.04, 108.20 and 146.54 %) result and BARI Gom 26 showed the lowest (19.81,
29.98 and 38.06 %) result at booting, anthesis and grain filling stages under water
stress condition. However, the highest increases in water saturation deficit under water
stress occurred in BARI Gom 25 and the lowest in BARI Gom 26 at all the studied
stages. The increasing trend of WSD under water deficit condition was also reported
by Baque ef al (2006); Islam (2008); Mahmud (2012) and Choudhury (2009).

Conclusion

From the study, it can be concluded that water stress significantly influenced the
physiological performance of wheat varieties. The performance of all varieties is better
in all respect in irrigated as compared to water stress condition. The variety BARI
Gom 26 is the best performing one under water deficit condition. The wheat var.
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Sourav could take place after BARI Gom 26. BARI Gom 25 was affected more and
shows the lowest result under water deficit condition.

Reference

Abbad, H., S. E. Jaafari, J. Bort and J. L. Araus. 2004. Comparison of flag leaf and
ear photosynthesis with grain yield of durum wheat under various water conditions
and genotypes. Agronomie. 24: 19-28.

Almeselmani, M., A. Saud, K. Al-Zubi, F. Abdullah, F. Hareri, M. Nassan, M. A. Ammar
and O. Kanbar. 2012. Physiological performance of different durum wheat varieties
grown under rainfed condition. Global J. of Sci. Frontier Res. 12: 55-63.

Anjum, S., A. Anjum, X. Xie, L. Wang, M. F. Saleem, C. Man and W. Lei. 2011
Morphological, physiological and biochemical responses of plants to drought stress.
Afr. J. Agri. Res. 6 (9): 2026-2032.

Araus, J. L., M. P. Salfer, C. Royo and M. D. Serett. 2008. Breeding for vield potential
and stress adaptation in cereals. Critical Rev. in Plant Sci. 27: 377-412.

Baque, M. A., M. A. Karim, A. Hamid and H. Tetsushi. 2006. Effect of fertilizer
potassium on growth, vield and nutrient uptake of wheat (7rticum aestivurm) under
water stress conditions. South Pacific Stud. 27: 25-36.

Braun, H. J., G. Atlin and T. Payne. 2010. Multilocation testing as a tool to identify
plant response to global climate change. In: Reynolds MP, ed. Climate change and
crop production. Wallingford, UK: CABI Publishers. pp. 115-113.

Choudhury, A. K. 2009. Water stress tolerance of French bean (Phaseolus vulgaris L.),
Ph.D. Dissertation. Department of Agronomy. Bangabandhu Sheikh Mujibur
Rahaman Agricultural University, Gazipur, Bangladesh.

Dey, N. C.,, M. S. Alam, A. K. Sajjan, M A. Bhuiyan, L. Ghose, Y. Ibaraki and F.
Karim. 2011. Assessing Environmental and Health Impact of Drought in
the Northwest Bangladesh, dJ. Environ. Sci. Natur. Resour., 4(2): 89-97, 2011.

Farooq, M., A. Wahid, N. Kobayashi, D. Fujita and S. M. A. Basra. 2009. Plant drought
stress: effects, mechanisms and management. Agron. Sustain. Dev. 29: 185-212.

Gomez, K. A. and A. A. Gomez. 1984. Statistical Procedure for Agricultural Research.
Int. Rice Res. Inst. John Wiley and Sons, New York. pp. 139-240.

Islam, M. S. 2008. Water stress tolerance of mungbean [Vigna radiata (L.) Wilczek]
genotypes as influenced by plant growth regulators. A Ph. D. Dissertation, Dept.
of Agronomy, Bangabandhu Sheikh Mujibur Rahman Agricultural University,
Gazipur, Bangladesh.

Jahan, M. A. H. S. 2014. Effect of different weed control methods in wheat. Research
report of wheat research center. pp. 42-46.

Jaleel, C. A., R. Gopi, B. Sanker, M. Gomathinayagam and R. Panneerselvam. 2008.
Differential responses in water use efficiency in two varieties of Catharanthus
roseus under drought stress. Comp. Rend. Biol. 331: 42-47.

Khalig, I., S. A. H. Shah, M. Ahsan and M. Khalid. 1999. Evaluation of spring wheat
(Triticum aestivum L.) for drought field conditions: A morphological study. Pak. dJ.
Biol. Sci. 2(3):1006-10009.

Mahmud, A. A. 2012. Improvement of Drought Tolerant Potato Variety. A Ph. D.
Dissertation. Dept. of Horticulture, Bangabandhu Sheikh Mujibur Rahman
Agricultural University, Gazipur, Bangladesh.



114

Tasmina et al.

Manivannan, P., C. A. Jaleel, B. Sanker, A. Kishorekumar, R. Somassundaram, G. M
Alagu Lakshmanan and R. Panneerselvam. 2007. Growth, biochemical modifications
and praline metabolism in Helianthus annuus L. as induced by drought stress.
Colloids Surf. Bionierfaces. 59: 141-149.

Martinez, J. P., H. Silva, J. F. Ledent and M. Pinto. 2007. Effect of drought stress on
the osmotic adjustment, cell wall elasticity and cell volume of six -cultivars of
common beans (Phaseolus vulgaris L.). Eur. J. Agron. 26: 30-38.

Moayedi, A. A., A. N. Boyce, S. S. Barakbah and M. Kafi. 2011. Water deficit-induced
changes on growth parameters and radiation use efficiency of promising durum
wheat genotypes. J. Food Agric. Environ. 9: 563- 565.

Nayyar, H., S. Kaur, S. Singh and H. D. Upadhyaya. 2006. Differential sensitivity of Desi
(small-seeded) and Kabuli (large-seeded) chickpea genotypes to water stress during
seed filling: effects on accumulation of seed reserves and vield. J. Sci. Food Agr.
86: 2076-2082.

Nikolaeva, M. K., S. N. Maevskaya, A. G. Shugaev and N. G Bukhov. 2010. Effect of
drought on chlorophyll content and antioxidant enzyme activities in leaves of three
wheat cultivars varying in productivity. Russ. J. Plant Physol. 57: 87-95.

Pandey, R. M. and R. Singh. 2010. Genetic studies for biochemical and quantitative
characters in grain amaranth (Amaranthus hypochondriacus L.). Plant Omics J.
3(4): 129-134.

Qamar, R., M. Ehsanullah, G. Munir, Mustafa and A. Ghafar. 2011. Effect of irrigation
scheduling on growth, radiation use efficiency and vield of wheat. J. Food, Agric.
Environ. 9 (1): 563-565.

Saeedipour, S. 2012. Effect of post-anthesis water deficit on yield and some physiological
parameters on two wheat cultivars. Afr. J. Agric. Res. 7: 3446-3452.

Sangakkara, H. R., U. A. Hartwig and J. Nosberger. 1996. Response of root branching
and shoot water potential of Phaeseolus valgaris L. to soil moisture and fertilizer
potassium. J. Agron. Crop Sci. 177: 165-173.

Scholander, P. F., H. J. Hammel, A. Bradstreet and E. A. Hemmingsen. 1965. Sap
pressure in vascular plants. Sci. 148: 339-346.

Schonfeld, M. A., R. C. Johnson, B. F. Carver and D. W. Mornhinweg. 1988. Water
relations in winter wheat as drought resistance indicator. Crop Sci. 28: 526-531.

Siddique, B. M. R., A. Hamid and M. S. Islam. 2000. Drought stress effect on water
relation of wheat. Bot. Bull. Aca. 41: 35-39.

Singh, G. and H. Chaudhary. 2006. Selection parameters and yield enhancement of wheat
(7rtium aestivum L.) under different moisture stress condition. Asian J. Plant Sci.

5: 894-898.

Subrahmanyam, D., N. Subash, A. Haris and A. K. Sikka. 2006. Influence of water stress
on leaf photosynthetic characteristics in wheat cultivars differing in their
susceptibility to drought. Photosynthetica. 44(1): 125-129.

Turner, N. C., J. C. O'Toole, R. T. Cruz. 1986. Response of seven diverse rice cultivars
to water deficits. II. Osmotic adjustment, leaf elasticity, leaf extension, leaf death,
stomatal conductance and photosynthesis. Field Crops Res. 13: 273-286.



