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Abstract
Water stress is a major constraint in crop production particularly in arid and semiarid regions of the world
including Pakistan. Screening of maize germplasm at early stage is an effective tool for successful crop production
in these areas. A pot experiment was conducted to screen seven maize hybrids namely 32F10, 32B33, 33H35, 3335,
34N43, 6142, 6525 at 80, 60 and 40% water holding capacities. A completely randomized design (CRD) with four
replications was used. Results revealed that hybrid 34N43 recorded maximum emergence index, emergence energy,
uniformity of emergence, final emergence percentage, shoot length, plant biomass and leaf area and maintained
maximum water potential, osmotic potential, turgor potential and relative water contents whereas mean emergence
time and time taken for 50% emergence was minimum for this hybrid under all three water holding capacities.
While the performance of hybrid 32F10 was poor with respect to emergence, early growth and water relations
under well watered conditions generally and under water stress particularly. Hybrid 32F10 proved to be the most
sensitive to drought among the tested germplasm. Hence, it may be concluded that maize hybrid 34N43 would
perform better under conditions of poor water supply as in Pakistan.
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Introduction
Growth and yield of crops are generally restricted
under soil water deficits. Maize (Zea mays L.) suffers from
soil moisture deficit, which may cause drastic yield
reduction, especially if it occurs during the reproductive
phase (Basseti and Westgate, 1994). Water resources have
become meager due to climate change, population growth
and competition from other water users (Farahani et al.,
2007). Water resources for agriculture are decreasing due to
increase in demand for irrigation and other non-agricultural
water uses (Bacon, 2004). Most climate change methods
have predicted an increase in the aridity in many areas of
the globe due to change in environmental conditions. So,
the interest in the research on plant responses to shortage of
water is gaining considerable ground (Araus et al., 2008;
Ashraf, 2010). On a global basis, it has been reported that
shortage of water in conjunction with radiation, and high
temperature poses the most important environmental
constraint to plant survival and final crop yield (Tollenaar
and Lee, 2006; Araus et al., 2008). As agriculture is a major
user of land water resources in many regions of the world,
so, with increasing aridity in conjunction with a fast
increase in human population, water will become a scarce
commodity in the near future, particularly in the third world
countries like Pakistan. Faced with scarcity of water

resources, drought is the single most critical threat to world
food security. It was the catalyst of the great famines of the
past. Because the world’s water supply is limiting, future
food demand for rapidly increasing population pressures is
likely to further aggravate the effects of drought
(Somerville and Briscoe, 2001).
Water stress affects plant growth in different ways. The
first and foremost effect of water stress is impaired
germination and poor stand establishment (Harris et al.,
2002). Drought stress has been reported to severely reduce
germination and seedling stand (Kaya et al., 2006). Among
the stages of the plant life cycle, seed germination, seedling
emergence and establishment are key processes in the
survival and growth of plants (Hadas, 2004). Water stress
not only affects seed germination but also increases mean
germination time in maize plants (Willanborb et al., 2004).
Cell growth is one of the most drought-sensitive
physiological processes due to the reduction in turgor
pressure (Taiz and Zeiger, 2010). Under severe water
deficiency, cell elongation of higher plants can be inhibited
by interruption of water flow from the xylem to the
surrounding elongating cells (Nonami, 1998). Drought
stress creates a wide array of biochemical and physiological
changes, beginning from a variable decline in leaf relative
water content (RWC) as a better indicator of plant water
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status (Seghatoleslami et al., 2008). Water potential (ψw) is
considered to be a reliable parameter for measuring plant
water stress response. It varies greatly, depending on the
type of plant and environmental conditions (Saini and
Westgate, 2000). In drought tolerant plants, there are many
defense mechanisms such as osmoregulation, antioxidant
and hormonal systems, helping plants to stay alive and
develop earlier to their reproductive stages (Reddy et al.,
2004; Ashraf, 2010). It is imperative to improve the drought
tolerance of crops under the changing circumstances.
Currently, there are no economically viable technological
means to facilitate crop production under drought.
However, selection of crop plants tolerant to drought stress
might be a promising approach.
Maize (Zea mays L.) is an important crop grown all
over the world and is the third most important cereal grain
after wheat and rice. It contributes 62% in the total cereal
production (Farhad et al., 2011). Maize is one of the major
world food crops. However, in areas where water
availability is limited, maize grain losses may reach up to
24 million tons per year that is equivalent to 17% of well
watered production in the world (Edmeades et al., 1999). In
Pakistan, water stress is also a major obstacle for maize
production. Approximately, 35% of the maize in Pakistan
strictly depends on natural rain (Arora et al., 2002).
Variation in sensitivity of maize hybrids towards water
stress (Mostafavi et al., 2011) is reflected from adverse
effects of water shortage on germination and seedling
growth (Khodarahmpour, 2011), water potential (Medici et
al., 2003), osmotic potential and turgor potential (Claudio
et al., 2006)
Maize genotypes vary to different agro-management
practices, particularly water and nutrient. These variable
responses differ mainly due to differences in plant
morphology (Benga et al., 2001), crowding stress tolerance
(Tollenaar and Lee, 2006), intraspecific competition in
maize plants for water (Maddonni and Otegui, 2006), plant
growth rate (Aslam et al., 2006) and crop duration (Echarte
et al., 2006). Physiological and morphological
characteristics such as osmotic adjustment, stomatal
behavior, leaf water potential, root volume, root weight,
leaf area and dry matter production were different in maize
cultivars grown under limited water supply (Farhad et al.,
2011). To cope with drought, genotypes can be identified
that can survive during moisture stress and/or recover after
such stress. This can be done by comparing genotype
performance under well-watered and moisture-stressed
conditions. An alternative but equally effective approach is
to subject genotypes to induced moisture stress at specific
growth stages. The objectives of this study were to
determine their efficiency in water use for emergence,

growth and dry matter production under different moisture
regimes, and also gain information on relative yield loss of
the genotypes under moisture deficit conditions. It is
believed that understanding of their response to soil-water
deficits through measurement of crop-water status and
associated morpho-physiological responses (Cox and
Jolliff, 1987) will help identify populations that could be
used to develop drought-tolerant maize varieties. So this
study was conducted to find a drought tolerant hybrid,
which can survive under limited water conditions.

Materials and Methods
A pot experiment was conducted in Research Area of
Agronomy Department of University of Agriculture,
Faisalabad to screen the maize hybrids for drought
tolerance. Seven locally available maize hybrids viz. 32F1,
32B33, 33H35, 3335, 34N43, 6142 and 6525 were screened
for drought tolerance in wire house. The water stress
treatments (80%, 60% and 40% water holding capacities)
were created by applying measured quantity of water.
Screening was done based on the performance of hybrids
under drought stress.

Time taken to 50% emergence (E50) [Days]
Time taken to 50% emergence of seedlings (E50) was
calculated according to the following formulae of Coolbear
et al. (1984) modified by Farooq et al. (2005):
 N  ni 
 t j  t i 
E 50  t i   2
 n j  ni 



Where N is the number of final emergence count and
ni, nj cumulative number of seeds emerged at adjacent days
ti and tj when ni < (N+1)/2 < nj.

Mean emergence time (MET) [Days]
Mean emergence time (MET) was calculated according
to following equation of Ellis and Roberts (1981):
MET 

 Dn
n

Where n is the number of seeds, emerged on day D
from the beginning of emergence.

Emergence energy (EE) [%]
Energy of germination was calculated according to the
formula as described by Farooq et al. (2006):
No. of seedlings emerged 4 days after sowing
EE (%) = -------------------------------------------------------- x 100
Total number of seedlings sown
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0.025

90.86 b
85.63 b
73.94 b
0.026

Mean having different letters in coulums are significantly different from each other

0.028

5.47 f
6.39 f
9.04 f
3.76 f
5.09 f
6.82 f
LSD (5%)

6525

89.80 c
81.16 c
73.20 c
5.55 e
7.33 e
9.48 e
4.05 e
6.89 e
6142

5.73 e

92.54 a
88.45 a
81.72 a
5.11 g
5.83 g
6.84 g
3.47 g
5.57 g
34N43

4.19 g

84.76 e
78.44 d
72.54 d
6.63 c
7.73 d
9.67 d
5.22 c
7.07 d

6.33 d

86.94 d
77.74 e
71.83 e
6.15 d
7.88 c
10.16 c
4.87 d
7.21 c

3335

6.46 c

75.72 g

79.34 f
76.97 f
71.14 f
7.53 b
8.13 b
10.28 b
6.18 b
6.53 b

80
60
40
80

74.77 g

33H25

As per data given in table 2, maize hybrids differed
significantly (p ≤ 0.05) for emergence energy (EE),
coefficient of uniformity of emergence (CUE) and
emergence index (EI) under different irrigation regimes.
Interaction between maize hybrids and irrigation regimes
for these parameters was also significant. Increasing water

7.30 b

Maize hybrids differed significantly (p ≤ 0.05) for time
taken for 50% emergence (E50), mean emergence time
(MET) and final emergence percentage (FEP). Irrigation
regimes also differed significantly. Interaction between
maize hybrids and irrigation regimes for E 50, MET and FEP
was also significant (Table 1). Increasing water stress
increased E50, MET and decreased FEP as revealed from
data. Maize hybrid 32F10 had maximum E 50, MET and
minimum FEP whereas hybrid 34N43 had minimum E 50,
MET and more FEP under all three moisture regimes.

60

Maize emergence

40

Results

50% emergence

ψp = ψw - ψs

s
Irrigation regime
Hybrid

Leaf water potential (-MPa) was determined with a
Scholander type pressure chamber (arimad -2 –Japan, ELE
international) by using third leaf from top. Leaf osmotic
potential (- MPa) was determined with vapor pressure
osmometer (Vapro, 5520) by using sap of leaves frozen at
20 oC for more than 7 days. The turgor potential was
calculated as described by Farhad et al. (2011) using
following formula:

Table 1: Effect of irrigation regimes on emergence of maize hybrids

Water relations

Mean emergence time

Where t is the time in days, starting from day 0, the day
of sowing, and n is the number of seeds completing
emergence on day t and t is equal to MET.

32B33



70.27 g

2

8.35 a



8.78 a



CUE   n /  t  t . n

10.38 a

The coefficient of uniformity of emergence (CUE) was
calculated as described by Bewley and Black (1985) using
the following formula:

6.65 a

Coefficient of uniformity of emergence (CUE)

6.71a

Final emergence
percentage
40
60

80

Final emergence percentage was calculated as
described by Basra et al. (2011) using the following
formula:

7.36 a

Final no. of seedlings emerged
FEP (%) = ----------------------------------------- x 100
Total no. of seeds sown

stress decreased all the parameters under discussion.
Maximum values were observed under 80% WHC in hybrid
34N43 against the minimum in hybrid.

32F10

Final emergence percentage (FEP) [%]

Mean having different letters in coulums are significantly different from each other

Mean having different letters in coulums are significantly different from each other
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Maize growth
Maize hybrids differed significantly (p ≤ 0.05) for root
length, shoot length, root dry weight, shoot dry weight and
leaf area. Similarly, irrigation regimes had significant effect
on growth. Interaction between maize hybrids and irrigation
regimes was significant for root length, shoot dry weight
and leaf area and non significant for shoot length and root
dry weight. Increased moisture stress caused increase in
root length while decrease in root dry weight, shoot dry
weight, shoot length and leaf area of all maize hybrids.
Hybrid 34N43 gained maximum root length and shoot
length as well as maximum root dry weight, shoot dry
weight and leaf area against minimum values for all these
parameters recorded in hybrid 32F10; this was true at all
moisture regimes (Table 3 and 4).

Factor A: Maize hybrids
32F10
32B33
33H25
3335
34N43
6142
6525
LSD (5%)
Factor B: Irrigation regimes
I1 (40 % WHC)
I2 (60 % WHC)
I3 (80 % WHC)
LSD (5%)

Shoot length
(cm)
14.49 f
15.84 e
16.34 de
17.19 cd
22.81 a
17.87 c
19.58 b
1.341

Root dry
weight (g)
0.73 d
0.83 d
0.87 d
1.05 c
1.58 a
1.08 c
1.31 b
0.173

14.55 c
18.04 b
20.59
0.878

0.61 c
1.17 b
1.41 a
0.113

Water relations
Maize hybrids differed significantly (p ≤ 0.05) for
water potential (WP), osmotic potential (OP) and turgor
potential (TP) under different irrigation regimes (Table 5).
Maximum water potential (-0.31MPa) was recorded in
hybrid 34N43 under 80% WHC and minimum (-0.54MPa)
was recorded in hybrid 32F10 under same WHC. Similar
trend was observed under 40% WHC as well as 60%
WHC however, increase in moisture level increased
osmotic potential. Similarly, maximum osmotic potential
was recorded in hybrid 34N43 and minimum was recorded
in hybrid 32F10 under all irrigation levels. With respect to
TP, performance of maize hybrid 34N43 was statistically
superior to other hybrids at all levels of WHC, although a
considerable decrease in TP was observed with decrease
in percent WHC.

Mean having different letters in coulums are significantly different from each other

Table 4: Effect of irrigation regimes on shoot length and
root dry weight of maize hybrids
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Discussion
Water stress reduced the germination efficiency of
maize hybrids. Under 80% WHC, minimum time for 50%
emergence and mean emergence time was recorded and
water availability increased emergence energy, coefficient
of uniformity of emergence, emergence index and final
emergence percentage. However, increase rate was different
for different hybrids (Tables 1 and 2). There are many
biochemical and physiological processes involved in seed
germination i.e. a) imbibition of seed with water which
helps in making seed coat soft and facilitates the emergence
of embryo parts. b) activation of hydrolysis enzymes i.e., αand β- amylase which play a key role in conversion of
complex sugars to simpler ones and c) mobilization of food
reserves from storage parts to embryo. And for all these
processes, availability of adequate water is obligatory (Taiz
and Zeiger, 2010; Wahid and Farooq, 2012). But response
to drought stress was different in different hybrids due to
their different genetic makeup. Different genotypes respond
differently to availability of water and water stress so that
some are more sensitive to water stress and some are
relatively tolerant (Farhad et al., 2011).
More root length was observed under drought stress as
compared to well watered conditions. Plants when face
water stress, root to shoot ratio is increased. Root
proliferation is an important parameter to assess drought
tolerance in different genotypes as tolerant genotypes under
drought stress have more root penetration to explore water
from more depth as compared to sensitive ones (Farooq et
al., 2009). More shoot length was recorded under well
watered condition as compared to water stress. Hybrids also
differed in their root length. Changes in morphological
characters reflect the effects of drought stress on plants
(Farooq et al., 2009; Jaleel et al., 2009). Olaoye (2009)
reported that water stress decreased the plant height of
maize hybrids whereas more height of maize hybrids was
recorded under well watered conditions. Both root dry
weight (RDW) and shoot dry weight (SDW) were increased
at 80% WHC in all hybrids. Water stress disrupts
homeostasis in plants. Major changes in water status can
cause molecular damage, growth inhibition and resultantly
death of plant cells. It is already accepted that different crop
cultivars hold different responses to different level of water
stress in view of water status and plant growth (Li Xin et
al., 2011). Leaf area (LA) of maize hybrids varied
significantly under varying water stress levels. Intensity of
soil water deficit largely influences LA of a genotype.
(Abo-El-Kheir and Mekki, 2007; Farhad et al., 2011). In
consonance with growth as a function of moisture
availability, increase in seedling growth and leaf area under
favorable moisture conditions in this study corroborating
earlier report of Bazinger et al. (2000) that leaf area affects

water use in plants by reducing evaporation/transpiration
ratio and weed competition especially at full canopy.
Maximum water potential (WP) was recorded in maize
hybrids under well watered conditions and it decreased
significantly under water stress. The primary and most
important effect of water deficits in plants is hampered
water status (Farooq et al., 2010; Taiz and Zeiger, 2010).
Medici et al. (2003) observed that maize hybrid P-6875
showed a WP of -0.78MPa under controlled condition and
WP of this hybrid decreased to -0.96MPa under water stress
conditions. Osmotic potential (OP) of leaves is decreased
with decrease in water content of soil. Claudio et al. (2006)
reported that OP of leaves increased upto -0.90 MPa under
normal water availability and it decreased to -1.20 MPa
under water stress conditions. Turgor potential (TP) of
maize hybrids was increased under well watered conditions.
The first response of plants to water stress is that cells lose
turgidity so that cell size is reduced resultantly decreasing
leaf area. As a result of this adaptation, less surface is
available for water loss and plants maintain minimum water
status for survival (Taiz and Zeiger, 2010). Claudio et al.
(2006) found that leaf TP was decreased from 0.54 MPa to
0.18 MPa under water stress. Maximum relative water
contents (RWC) were recorded at 80% WHC (Table 4.15).
Decrease in RWC indicates a loss of turgor that results in
limited water availability for the cell extension process in
crop plants (Li Xin et al., 2011).

Conclusion
Water holding capacity below 80% has negative effects
on emergence and growth of maize plants. From the above
study, it is concluded that different maize hybrids showed
variable response to water stress and the hybrid 34N43
performed better at 40 and 60% water holding capacity as
compared to other hybrids. So, it can be recommended to
grow in water scarce area.
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