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Abstract
As water is the major limiting factor for agricultural crop production in arid and semi-arid areas, hence, twenty six
wheat genotypes were screened under terminal drought stress for assessing their desiccation tolerance potentials.
Experiment was conducted in completely randomized design (CRD) with three replicates and two irrigation treatments
(control and terminal drought). Water scarcity had significantly reduced growth and yield contributing attributes while six
genotypes performed relatively better under drought stress. Highest germination potentials (62.66%) were observed in
MAS-20/2014 at -1.0 MPa osmotic stress under control conditions. However, genotype MAS-3/2014 exhibited maximum
grain yield (23.32 g plant-1) while MAS-20/2014 showed minimum reduction (15.70%) in grain yield under drought stress.
Physiological studies highlighted that better yielding genotypes exhibited relatively less reduction in chlorophyll contents
(5.93% ) in MAS-20/2014, nitrate reductase activity (6.70% )in MAS-11/2014 and osmotic potentials (0.769 MPa) in MAS3/2014, while more relative increase in proline accumulation (83.35% ) in MAS-20/2014 , glycine-betaine (92.43%) in
MAS-3/2014, total soluble sugars (36.65%) in MAS-23/2014 and potassium contents (3.66%) in MAS-6/2014 were
analyzed under drought. These findings illustrated that wheat genotypes MAS-2/2014, MAS-3/2014, MAS-8/2014, MAS12/2014, MAS-18/2014 and MAS-20/2014 exhibited better tolerance under drought conditions making them suitable for
enhancing the productivity of rain fed and arid areas.
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Introduction
Drought is a natural hazard which intensifies the water
scarcity and brings significantly adverse impacts on global
economy. Global warming, irregular and insufficient
patterns of rainfalls and un-judicious use of water resources
are the leading causes of soil water deficit (Rosegrant &
Cline, 2003). It is a worldwide problem, which has
confined the quality and productivity of crops. Out of 1474
million ha cultivated land of world, 86% area comes under
rain fed cultivation (Kumar, 2005).
Wheat is a staple food of about 35% population of
world. There is an elevation in demand for wheat
production due to exponentially increasing human
population. Under extreme climatic conditions, current rate
of wheat production is not sufficient to fulfill food demands
of the world due to limited irrigation resources and low
ground water table (Moaveni, 2011). Furthermore, rapid
increase
in
population
growth,
urbanization,
industrialization and agricultural development has
increased country’s water requirement. Pakistan has diverse
climatic conditions and two-third of the land area lies in
semi-arid and arid climate regions (Chaudhry&Rasul,
2004). Experts have also predicted extreme water scarcity
in coming decades in Pakistan (Anon., 2005).
Plants have developed specific adaptive mechanisms
to survive and acclimatize under moisture deficit conditions
(Price et al., 2002). Under semi-arid regions, water is
limiting factor for seed germination, as seed water potential
reduces under extreme water deficiencies in soil. Similarly,
plant growth, photosynthesis and dry matter production is
also reduced which ultimately affects the gain yield. In
wheat, germination, tillering and reproductive stages are
considered as most sensitive traits to drought stress
(Passioura, 2007). Nouri-Ganbalani et al. (2009)
documented that about 17 to 70% grain yield of wheat was

declined under reduced soil water conditions. Katerji et al.
(2009) also reported that imposition of drought stress
during ear formation and flowering stages had caused 37%
and 18% decline in grain and straw yields.
Plants respond varyingly under environmental
stresses. The main strategy adapted by plants under
drought conditions, may involve accumulation of
compatible organic and inorganic solutes (Dijksterhuis &
De Vries, 2006). Proline and betaine, as low molecular
weight amino acids, enable the plants to survive under
low osmotic potentials (Jaleel et al., 2007). However,
Vendruscolo et al. (2007) also found that proline is
engaged in tolerance mechanisms against oxidative stress.
In order to utilize the uncultivated lands of arid and
semi-arid regions of the country, there is a dire need to
develop and identify the drought tolerant wheat
genotypes. Furthermore development of drought tolerant
wheat genotypes will be fruitful for future breeding
programme in the country.
Keeping these considerations in view, this study was
designed to evaluate the drought tolerance of various
wheat genotypes developed by the breeders of Nuclear
Institute of Agriculture, Tandojam, using growth, yield
and physico-chemical responses of the genotypes under
drought conditions.
Materials and Methods
Experiment was conducted in the cemented tanks
(tank size =3 m2 and 1 m depth) filled with sandy clay
loam soil, in wire netted pot house (controlled conditions)
at Nuclear Institute of Agriculture (NIA), Tandojam
during the year 2014-15. Twenty six wheat genotypes
were obtained from Plant Breeding and Genetics
Division, NIA, Tandojam. Layout of the experiment was
in completely randomized design (CRD) with two
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treatments, i.e. control (normal irrigations) and terminal
drought (only soaking dose).Each treatment was
replicated thrice. Sowing was done on 10th November,
2014. The plant to plant and row to row spacing was
maintained as 10 and 20cm, respectively. Nitrogen was
applied in two split doses in the form of urea@120kg N
ha-1 while phosphorus was applied in the form of DAP at
the rate of 70Kg P2O5 ha-1 as a basal dose. Seed
germination potentials were also estimated under
controlled conditions by germinating seeds on filter paper
in Petri dishes under -0.5, -0.75 and -1.0 MPa osmotic
stresses using polyethylene glycol (PEG-6000).
Yield related traits: Agronomical parameters, such as,
plant height, number of tillers, productive tillers, spike
length, grain yield and 1000 grain weight were recorded
at the time of crop maturity following the standard
procedures.
Physiological analysis: Various osmoprotectants, such
as, proline, glycine-betaine (GB), total soluble sugars
(TSS) and potassium(K+) contents were analyzed using
the methods of Bates et al. (1973), Grieve & Gratan’s
(1983), Razi et al. (1985) and Ansari & Flowers’s (1986),

respectively. Nitrate reductase activity (NRA), total
chlorophyll contents and osmotic potentials in the fresh
flag leaves were determined following the standard
procedures as described by Jordon’s (1984), Lichtenthaler
et al. (1987) and Ludlow (1987), respectively.
Statistical analysis: The data was statistically analyzed
using analysis of variance (ANOVA) and least
significance difference (LSD) is presented at 5%
probability level in Duncan’s Multiple Range Test
(DMRT) using Statistix-8.1 software (Steel et al., 1997).
Results
Drought exerted negative effects on growth and
development of wheat genotypes thus ultimately reducing
the grain yield. Seed germination potentials were reduced
with increase in PEG induced osmotic stress. Maximum
germination was shown by MAS-20/2014 (62.66%) with
minimum percent reduction over control (37.34%)
followed by MAS-24/2014, MAS-5/2014, MAS-22/2014,
MAS-9/2014and MAS-15/2014 at -1.0 MPa osmotic
stress. Whereas, minimum germination was observed in
MAS-13/2014, MAS-23/2014and MAS-21/2014 wheat
genotypes at -1.0 MPa (Table 1).

Table 1. Germination percentage (%) of wheat genotypes under different levels of PEG induced osmotic stress
-0.5 MPa

-0.75 MPa

Wheat genotypes

Control

MAS-1/2014

100

83.22

16.8

63.22

MAS-2/2014

98.33

79.32

19.3

MAS-3/2014

95

77.62

18.3

MAS-4/2014

96.66

80.31

MAS-5/2014

100

MAS-6/2014

97.66

MAS-7/2014
MAS-8/2014

-1.0 MPa
-1.0 MPa

Relative decrease
(%)

36.8

53.23

46.77

60.21

38.8

49.11

50.06

70.11

26.2

40.66

57.20

16.9

72.33

25.2

51.72

46.49

84.25

15.8

75.27

24.7

62.29

37.71

71.66

26.6

60.22

38.3

47.33

51.54

99.72

66.33

33.5

55.66

44.2

39.77

60.12

100

65.77

34.2

56.39

43.6

44.29

55.71

-0.5 MPa

Relative decrease
Relative decrease
-0.75 MPa
(%)
(%)

MAS-9/2014

100

73.33

26.7

64.22

35.8

61.19

38.81

MAS-10/2014

98.66

70.44

28.6

59.61

39.6

43.17

56.24

MAS-11/2014

99.33

59.19

40.4

51.33

48.3

37.00

62.75

MAS-12/2014

98.61

60.00

39.2

55.22

44.0

43.21

56.18

MAS-13/2014

96.66

59.22

38.7

52.00

46.2

33.22

65.63

MAS-14/2014

97.77

61.31

37.3

57.66

41.0

44.00

55.00

MAS-15/2014

100

76.29

23.7

69.39

30.6

62.00

38.00

MAS-16/2014

100

67.33

32.7

55.00

45.0

39.00

61.00

MAS-17/2014

99

71.00

28.3

60.33

39.1

42.11

57.46

MAS-18/2014

100

75.22

24.8

61.00

39.0

45.00

55.00

MAS-19/2014

97.33

69.44

28.7

59.77

38.6

44.17

54.62

MAS-20/2014

100

76.29

23.7

70.00

30.0

62.66

37.34

MAS-21/2014

100

73.44

26.6

62.49

37.5

39.88

60.12

MAS-22/2014

100

77.00

23.0

66.00

34.0

61.39

38.61

MAS-23/2014

98

69.33

29.3

59.00

39.8

37.00

62.24

MAS-24/2014

100

78.66

21.3

68.27

31.7

62.22

37.78

Khirman

99

86.00

13.1

72.66

26.6

62.00

37.37

Chakwal-86

98

85.00

13.3

75.00

23.5

64.00

34.69

LSD = 18.135
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Plant height was reduced under water stress in all
genotypes, however, genotypes MAS-7/2014, MAS9/2014, MAS-10/2014, MAS-11/2014 and MAS-14/2014
maintained comparatively better growth (Table 2).
However, highest reduction in plant height was observed in
MAS-21/2014 (40.98%) under terminal drought stress.
Tillering capacity and productivity of plants were
decreased in the genotype MAS-18/2014 along with check
varieties Khirman and Chakwal-86 which produced
maximum tillers while no sterility was observed in MAS10/2014 under water scarce conditions. Similarly, genotype
MAS-11/2014 followed by MAS-10/2014 exhibited
maximum spikes while genotype MAS-22/2014 followed
by MAS-19/2014 andMAS-15/2014 produced minimum
spikes under terminal drought stress. Momentous decrease
in spike length was observed in all wheat genotypes under
drought while minimum reduction was observed in MAS9/2014 (11.60%) followed by MAS-10/2014 (11.87%).
Drought significantly reduced plant biomass in all
genotypes as compared to control.
Decrease in grain yield was also estimated under
extreme water shortage due to decrease in growth and yield
related parameters. Ten genotypes exhibited relatively less
reduction (<20%) in yield and yield contributing
components under terminal drought. Highest grain weight
was produced by MAS-9/2014 (23.32g), MAS-3/2014
(23.29g) and MAS-11/2014 (23.18g) under control while
MAS-18/2014 (19.17g) and MAS-3/2014(19.11g)
genotypes had maximum grain weight under drought.
However, lowest grain weight was recorded in the
genotype MAS-6/2014 (Table 2). Similarly, 1000-grain
weight was also reduced while; genotype MAS-20/2014
showed minimum reduction in grain yield under drought
stress over control, i.e. 15.70% (Table 3).
Reduced soil moisture also perturbed the physiological
mechanisms of wheat genotypes. Accumulation of proline
and glycine betaine (GB) was enhanced in tolerant
genotypes under drought conditions. Maximum increase
(83.35%) in proline was estimated in MAS-20/2014 while
minimum rise (18.95-20.61 µmolg-1.F.wt) was noted in
MAS-19/2014 (Fig. 1).Similarly, highest accumulation of
glycine-betaine was found in MAS-3/2014 with 92.42%
increase over control while MAS-18/2014 showed lowest
GB contents under osmotic stress (Fig. 2). Total soluble
sugars (TSS) were also increased under extreme soil water
deficit with maximum accumulation in MAS-22/2014
(1.616 m mol g-1F.wt) (Fig. 3).
Photosynthetic pigments were reduced under
inadequate moisture condition. Better chlorophyll
contents were analyzed in MAS-20/2014 (with minimum
decrease of 5.93%) followed by MAS-1/2014 (12.13%),
MAS-18/2014(19.06%) and MAS-2/2014 (21.15%)(Fig.
4).Same decreasing trend in nitrate reductase activity was
determined under drought, however, MAS-11/2014,
MAS-8/2014, MAS-16/2014and MAS-2/2014 showed
better NR-activities (Fig. 5).Osmotic potentials of wheat
genotypes were generally decreased (more –ve values)
under drought stress while MAS-3/2014 genotype
maintained minimum OP, i.e., -0.769 MPa followed by
MAS-13/2014 (-0.972 MPa) (Fig. 6). Increased in
potassium uptake was found in all genotypes under
reduced soil moisture. Highest potassium accumulation of
3.66%, 3.37% and 3.35% was observed in MAS-6/2014,
MAS-1/2014 and MAS-3/2014, respectively while lowest
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K+ contents (2.55%) were assessed in MAS-8/2014 under
water deficit soil conditions (Fig. 7).
Discussion
Plant growth is one of the major processes affected
under reduced soil water contents (Chaves et al., 2009)
which causes decrease in grain yield. All wheat genotypes
showed diversity in their ability to survive under moisture
stress. Drought stress inhibited plant growth by decrease in
biomass. Reduce soil water contents at reproductive stage
had caused significant decrease in plant height, tillers,
number of spikes plant-1, spike length and biomass in all
genotypes. Decrease in these agronomic traits is linked
with the reduction in activity of meristematic tissues which
are responsible for elongation as well as inefficiency of
photosynthetic tissues under insufficient availability of
water (Siddique et al., 1999).
The growth stage at which plant is exposed to water
scarcity is more critical for yield than intensity of water
deficit (Dhanda et al., 2004; Aranjuelo et al., 2011). Under
terminal drought stress, soil moisture reduces towards crop
maturity. Plant height, number of spikes, spike length,
grains and thousand grain weights were decreased
significantly in various genotypes under drought stress
(Mirbahar et al., 2009). Tolerant genotypes showed better
yields due to higher translocation of photosynthates
towards grains at the time of grain filling under terminal
drought (Inagaki et al., 2007).
Another important mechanism of protection against
water stress is accumulation of osmolytes such as
carbohydrates, amino acids, amides and inorganic solutes
(Kuznetsov & Shevyakova, 1999). Abrupt increase in the
accumulation of proline, glycine-betaine, soluble sugars and
potassium contents was observed under drought stress,
which also raised osmotic potentials of plant cell (Nayyar &
Walia, 2003). These osmolytes also facilitate in osmotic
adjustment. There is a strong positive correlation between
increased content of intracellular proline and plant’s ability
to survive under high salinity and water constraints (Chaves
& Oliveira, 2004). Under water deficit conditions, proline
synthesis provides reserves of organic nitrogen that are
mobilized during plant recovery after resumption of normal
supply of water. A strong positive correlation was exhibited
among grain yield and proline accumulation under drought
stress (Andarab, 2013).
Drought stress exhibited adverse effects on
photosynthetic pigments by disintegrating the chloroplast.
In this experiment,total chlorophyll contents underwent
reduction in many wheat genotypes under extreme water
scarcity. The main reason behind disrupted photosynthetic
activity was stomatal closure which reduced the
concentration of cellular CO2 (Rahbarian et al., 2011).
Photosystem-II is more susceptible to soil water deficit than
photosystem-I of chloroplast (Duraes et al., 2001). Less
reduction in total chlorophyll contents, NRA and osmotic
potentials occurred in drought tolerant genotypes. Paknejad
et al. (2007) also documented the better chlorophyll
pigments in high yielding tolerant varieties. Tayeb (2006)
reported that decrease in chlorophyll contents was faster in
drought sensitive genotypes as compared to drought
tolerant genotypes. Similar reducing trends in terms of
chlorophyll pigments were observed in under tested
sensitive wheat genotypes while least reduction occurred in
drought tolerant MAS-20/2014 genotype.
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Fig. 2. Impact of terminal drought stress on glycine-betaine
accumulation in wheat genotypes.

Fig. 3. Impact of terminal drought stress on amelioration of
soluble sugars in wheat crop.
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Fig. 1. Impact of terminal drought stress on proline
accumulation in wheat genotypes.
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Wheat genotypes

Wheat genotypes

Fig. 4. Impact of terminal drought stress on chlorophyll
pigments in flag leaves of wheat plants.

Wheat genotypes

Fig. 5. Impact of terminal drought stress on nitrate reductase
enzymatic activities of wheat crop.

Fig. 6. Impact of terminal drought stress on osmotic potentials of
wheat crop.
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Wheat genotypes
Fig. 7. Impact of terminal drought stress on uptake of potassium ions.

Conclusion
On the basis of relative decrease (<20%) in different
growth variables and increase in concentrations of
osmoprotectants, genotypes MAS-2/2014, MAS-3/2014,
MAS-8/2014,
MAS-10/2014,
MAS-12/2014,MAS16/2014, MAS-18/2014and MAS-20/2014were categorized
as tolerant to water stress while MAS-01/2014, MAS07/14, MAS-09/2014 and MAS-21/2014 genotypes were
under the category of moderately tolerant.
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