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ARTICLE INFO ABSTRACT

Article History Water scarcity is the most serious issue in crop production around the globe. Because of
Received: February 13, 2022 less water availability, various breeding and agronomic management techniques are being
Revised: April 17 2022 used to cope with this issue. For this purpose, a pot experiment was performed to screen
Accepted: April 26,2022 hybrids and synthetic maize cultivars for drought-tolerance under various irrigation

regimes at green-house of Agronomic Research Farm, Bahauddin Zakariya University,
Keywords Multan, Pakistan during 2017. Experimental treatments comprise five maize hybrids viz.
Maize hybrids H1=DK-6317, H2=DK-6724, H3=P-1543, H4=P-1429, and Hs= P-1574 and three locally
Drought-sensitive synthetic maize cultivars viz. Si= Neelum, S;= Pak- Afghoi, and S3= Sadaf and three
Drought-tolerant irrigation regimes viz. Control (CK) =80%WHC (water holding capacity), low drought (LD)
Osmotic potential =60% WHC and severe drought (SD) =40% WHC. It was resulted that irrigation regimes
Plant-water status significantly affect growth and plant water relation. Results regarding maize hybrids

growth showed that maximum plant height (5.20, 46.8, and 38.77 cm), number of leaves
(6.41, 6.19,and 5.65), leaf area per plant (415.5, 361.5 and 305.8 cm?), dry weight of shoot
per plant (6.09, 5.09, and 4.39 g) and dry weight of root per plant (0.85, 0.82, and 0.78 g)
was obtained from DK-6724 under CK, LD and SD, respectively. While the minimum plant
height (45.23, 36.47 and 28.87 cm), number of leaves (5.38, 5.05, and 4.79), leaf area per
plant (11.87,10.99, and 10.01 cm?), dry weight of shoot per plant (5.71, 4.75, and 4.02 g)
and dry weight of root per plant (0.66, 0.63 and 0.61 g) was measured in P-1429 under CK,
LD and SD, respectively. Likewise, in synthetic cultivars, Neelum performed well followed
by Pak-Afghoi and Sadaf in all irrigation regimes. Results regarding plant water relation
revealed that DK-6724 and Neelum maintained their osmotic potential and are considered
as drought-tolerant. While P-1429 and Sadaf could not maintain their osmotic potential
and were considered as drought-sensitive under normal and drought stress.
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INTRODUCTION food to a large number of populations in the world. It is
Maize (Zea mays L.) is an essential 3 main cereal crop also a vital fodder crop because it feeds livestock, and it
after wheat and rice and also staple food that provide gives the raw material for agro-based industries as well
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as a series of products, ie., starch, fiber, malt dextrin,
glucose and gluten-free products for the production of
alcohol, pharmaceuticals, cosmetics, edible oil, textile
paper, and organic chemicals (Aziz et al., 2010). Maize has
greater nutritional values as it contains about 10%
proteins, 72% starch, 3% sugar, 8.5% fiber, 4.8% oil, and
1.7% ash (Chaudhary et al., 1998). In underdeveloped
nations, maize is a key source of revenue and
employment (Tagne et al., 2008). Inputs can be used
efficiently because of the crop's short lifetime, and they
can produce huge quantities of food grains per unit area.
In Pakistan, maize has become a significant component in
agriculture, contributing 0.5 % to GDP and 2.4% to value-
added in agriculture. It may be grown effectively as an
autumn and spring crop twice a year in Pakistan. It was
cultivated on an average area of 0.94 Mha with a total
annual production of 6.99 Mt during 2019-2020
(Government of Pakistan 2021).

We depend heavily on cereals in our food sources, yet
agricultural production of grains is greatly affected due to
drought stress (Elliott et al., 2014; Kadam et al., 2014). It
was estimated that approximately 3% of cereal
production was lost due to drought disasters worldwide
during 2000-2007 (Lesk et al, 2016). In the last few
decades, many drought events conducted and are
anticipated some countries where farming will be
challenging, like Asia and beyond (Lobell et al., 2011).
Except in the United States (USA), significant maize
production (China, Brazil, France) is intensified to
experience low production due to changing climate
(Lobell 2011). Water-holding capacity, soil
compositions regarding organic carbon compound's

et al,

aggregation, and moisture availability are the key factors
for drought severity. However, due to long-lasting
drought on agro ecosystem causes severe threats to the
economy of different nations (Lal, 2009).

Water is the most critical limiting factor in the natural
environment for plant growth and limiting agriculture
productivity (Siddique et al.,, 2000; Tang et al.,, 2017) and
with about 45% of arable land located in semiarid and arid
areas restricted globally (Farooq et al, 2009; Hou et al.,
2014). Water supply is as vital as nitrogen for successful
crop and crop production (Mansouri-Far et al, 2010).
However, irrigation is the only solution to solve this issue,
but it faces a shortage problem day by day. Now a days,
water scarcity has become a significant problem for crop
production worldwide (Abbasi et al.,, 2016; Hussain et al.,
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2018). Drought effects on change in enzyme activity,
disruption of metabolism, reduce photosynthesis, enhance
respiration (Aslam et al., 2015; Guo et al., 2018; Ibrahim et
al, 2001), damage ecological environment, and also effect
on development and growth of the plant (Anjum et al,
2011; Liuetal.,, 2012; Pefiuelas et al., 2001). Statistics of the
last three years showed that drought reduced food
production 15.6% - 48.5% (Ashraf et al., 2006; Zheng et al.,
2017). All the biochemical reactions of plants are affected
by drought conditions. Due to water scarcity, the efficiency
of plants is also severely influenced by the crop yield by low
stomatal performance during the respiration process
(Yordanov et al, 2000). A plant's performance as sub-
stomatal conductance is also influenced under drought
stress by preventing the photosynthetic electron transport
rate from increasing (Chakir & Jensen, 1999). Water stress
reduces plant height (Soler et al, 2007) and leaf area
(Pandey et al, 2000) by limiting cell division and leaf
growth (Reymond et al,, 2003). Depending upon climate
conditions, maize requires about 600-700 mm water for
optimum crop yield and growth (Reddy & Nayak, 2018).
Drought conditions affect the growth and production of
maize crops at any stage of their development (Paudyal,
2001). Plant under Drought stress attempt adaptive
mechanisms and uptake water through the osmotic
adjustment to adjust and maintain cell turgor and aid them
to tolerate, avoid or escape moisture stress by increasing
protoplasmic resistance (Ahanger et al.,, 2014; Aslam et al.,
2015; Basu etal,, 2016).

Developing drought-tolerant hybrids and progressive
agronomic practices over the last few decades have
improved corn yield gradually worldwide (Kucharik,
2008). So, by adopting some strategies, like screening
drought-tolerant maize hybrids, the decline of yield due to
drought stress can be minimized.

MATERIALS AND METHODS

Experimental site and soil

A set of pot experiments (hybrids versus synthetic maize
cultivars) was conducted comparatively at greenhouse of
Agronomic Research Area, Department of Agronomy,
Faculty of Agricultural Sciences and Technology,
Bahauddin Zakariya University, Multan, Pakistan. Soil
samples were collected from the research area of 0-20 cm
top soil. Soil samples were air-dried and crushed to sieve
through 0.2 mm mesh to analyze the soil. The soil analysis
is given in Table 1.
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Table 1. Pre experiment soil analysis.

DOI: 10.33687/jpe.004.01.3995

Determination pH EC p K Organic matter
(dSm) (mg/kg) (mg/kg) (mg/kg) (%)
Value 7.92 2.1 0.54 5.08 178 0.8

Greenhouse environment

Seedlings of the maize were sown under an average day
and night temperature in the range of 21-23 °C with a 14
h photoperiod.

Experimental treatments

Experimental treatments comprise of five maize hybrids
viz. H1=DK-6317, H2=DK-6724, H3=P-1543, H4=P-1429
and Hs=P-1574 Vs three synthetic maize cultivars viz. S1=
Neelum, S2= Pak- Afghoi, and S3= Sadaf and three levels of
drought stress concerning water holding capacity viz.
Control (Ck) 80% WHC, Low drought (LD) 60% WHC and
severe drought (SD) 40% WHC. Complete randomized
design (CRD) factorial design was used. Maize hybrids
and synthetic cultivars were suggested by agronomic
scientists and were high-yielding in southern Punjab,
Pakistan.

The sowing was done on 1st February 2017. 22x50 cm
diameter earthen pots were filled by 20 kg experimental
soil, and five seeds in each pot were sown. Before sowing
seed, treatment with Thiophanate Methyl @2g/kg was
done to prevent disease attack. Pots were placed equally
with the same distance to remove border distance. A
recommended dose of N:P:K was also applied at the rate
0f 80:46:33 kg/Acre. Pots were irrigated usually for seed
germination till 15 days after sown (DAS). Drought stress
was applied accordingly after 15 DAS. Carbofuran was
also applied at the 4t leaf stage to prevent stem borer.
Field capacity (FC) was maintained by rinsing the pot
three times a day. Thinning was done 15 DAS, and three
plants were left to grow. Weeds were also removed from
pots by hand pulling. Harvesting was done after 35 DAS.
Three plants were randomly selected from each
replication to collect data.

Observations

A measuring tape was used to determine plant height.
Roots were taken out to measure plant biomass, washed
to remove soil particles, and stored in a paper bag. Fresh
weight and dry plant biomass were recorded using a
digital balance. Water potential (-MPA) was measured
from the top 3rd leaf at morning time with Scholander
type pressure chamber. The selected leaf was frozen for
seven days to measure osmotic potential (-MPA) at below
-20°C. The osmotic potential (-MPA) of the leaf in a vapor
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pressure osmometer was determined by extracting the
sap after seven days. At the same time, the difference
between water potential and osmotic potential was used
to compute turgor potential (MPA). The 4t leaf from the
top was collected to measure relative saturation deficit
(RSD %) in the morning. Immediately, fresh weight of the
leaf was recorded after cleaning the upper surface of the
leaf with tissue papers. After this leaf was left over a night
at room temperature placed in a test tube containing 10
ml distilled water. On the next day, the leaf was taken to
record the saturated weight of samples. For this purpose,
the leaf's upper surface was cleaned with the tissue
papers, and a digital balance was used to determine the
saturated leaf weight as fellow relative saturation deficit
(RSD %) was calculated.

RSD= (saturated weight (g) - fresh weigh (g)/saturated
weight (g)) x 100

Statistical Analysis

Fisher's analysis of variance approach was used to
statistically examine the collected data (d Steel and
Torrie, 1986). Least significant difference (LSD) test was
used to compare the treatment mean at 5% probability
level. Values recorded are the means of three plants and
were analyzed statistically using Statistic 8.1.

RESULTS

Agronomic traits

Various hybrids and synthetic cultivars were tested
under multiple irrigation schemes to determine which
hybrid and cultivar shows more resistant to drought or
more susceptible to drought. This experiment showed
that drought showed a significant difference in both
hybrids and synthetic maize cultivars. With increasing
drought conditions, the growth of maize traits was
affected dramatically compared to control treatment. A
significant decrease in plant height of maize traits was
found under drought stress as compared to control (CK).
Similar plant height, other agronomic traits like root
length (RL), number of leaves (NL), leaf area (LA), and
plant biomass of hybrids and synthetic cultivars of maize
were also showed a negative effect with increasing
drought stress. In maize hybrids, the performance of DK-
6724 was significant as compared to other maize hybrids
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under low drought (LD) and severe drought (SD). While,
in maize synthetic cultivars, the performance of Neelum
was significantly when compared with Sadaf and Pak.
Afghoi cultivars under normal and drought conditions.
Meanwhile, P-1429 in maize hybrids and Sadaf in maize
synthetic cultivars performed poorly under control (CK)
and also under low drought (LD) and severe drought (SD)
among the maize genotypes. Hence, maize DK-6724 and
Neelum showed tolerance under drought stress while P-
1429 and Sadaf showed sensitivity against drought stress.
Plant-water relation

Water potential (-MPA), turgor potential (MPA), osmotic
potential (-MPA), and Relative saturation deficit (RSD) are
the most often used indicators for evaluating the water
condition of plants (Kiani et al., 2007). Results showed that
drought stress has a significant effect on plant-water
status. In maize hybrids and synthetic cultivars, with
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increasing drought stress, water potential also decreased
compared with control irrigation (Ck). In DK-6724 and
Neelum, maximum water potential was noticed, and with
increasing drought stress, they also showed maximum
water potential compared to other hybrids and synthetic
cultivars (Fig. 1). Likewise, water potential maximum
osmotic potential and turgor potential were also observed
in DK-6724 and Neelum cultivars with increasing drought
stress. At the same time, minimum water potential,
osmotic potential, and turgor potential were observed in P-
1429 and Sadaf under every day and drought stress. As
well as it is a concern with relative saturation deficit,
maximum relative saturation deficit was observed in DK-
6724 and Neelum under drought stress and normal
irrigation. While a minimum relative saturation deficit was
observed in P-1429 and Sadaf with increasing drought
stress also in normal irrigation (Fig. 1).
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Figure 1. Plant-water relationship of maize hybrids and synthetic cultivars affected by drought stress at p<0.05, CK=
control (80% WHC), LD=low drought (60% WHC) and SD=severe drought (40% WHC).

12


https://doi.org/10.33687/jpe.004.01.3995

J. Plant Environ. 04 (01) 2022. 09-17

DISCUSSION

Agronomic and plant-water status data showed that
drought stress significantly influences the growth of
maize seedlings. Agronomic and plant water status data
show that drought stress greatly affects the development
of maize seedlings. Drought stress in maize reduced cell
elongation and cell division (Anjum et al., 2017; Shao et
al., 2008). Change in morphological attributes of plants is
the definitive result of drought (Farooq et al., 2009; Jaleel
et al, 2009). The plant height (PH) of maize hybrids
decreased with decreasing FC (Olaoye et al., 2009). It was
resulted that plant height is being affected when water
deficit conditions were applied (Abo-El-Kheir, 2007;
Aslam et al., 2013; Golbashy et al., 2010). Leaf area (LA) is
affected mainly by soil moisture (Abo-El-Kheir, 2007;
Granier et al, 2006; Olaoye et al., 2009). So, maize
genotypes leaf area decreased with increasing drought
stress compared to controlled treatment. A lack of water
in the root zone has previously limited leaf area in maize
(Ashraf et al, 2006). It was resulted that soil water
intensity significantly influenced a genotype’s leaf area
(Olaoye et al., 2009). In addition to the growth of 1 roots
characters, drought stress significantly reduced the root
length by inhibiting the lateral root meristems' activity
(Deak & Malamy, 2005). Water deficit conditions
significantly affected the root length of maize (Li et al,
2002) and depressed it up to 45 and 33% compared to
normal irrigation (Vamerali et al., 2003). Several seedling
features are affected by drought, including shoot length
and fresh and dried plant parts (Yang et al, 2004). In
cereals, growth performance is directly linked with well-
developed root systems to improve drought stress
tolerance (Ahmed et al., 2019; Avramova et al., 2016;
Chloupek et al., 2010; Sayed, 2011). However, dry root
biomass and root length reduced significantly under
drought stress. Similarly, in plant biomass components,
(Baiyeri et al., 2009) reported maximum fresh root and
dry weight under normal irrigation compared to
drought conditions. Some researchers (Baiyeri et al.,
2009; Vamerali et al., 2003) noticed that maize leaves
with different irrigation regimes have different leaf

12

DOI: 10.33687/jpe.004.01.3995

fresh and dry weights. Some researcher (Ahmad et al,
2004) observed the minimum stem dry weight in
drought conditions compared to normal irrigation.
Dehydration has the most significant and immediate
consequences for plants, primarily on the state of leaf
water (Farooq et al, 2009; Taiz & Zeiger, 2006).
Moreover, (Chimenti et al., 2006; Farhad et al., 2011;
Medici et al., 2003) support our results in plant water
relations. (Medici et al, 2003) resulted that water
potential showed significant results under different
irrigation regimes (Table 2). It was resulted that leaf
water potential of regular irrigation was -0.4 MPa while
under drought condition leaf water potential decreased
(Westgate & Boyer, 1985). Leaves osmotic potential
under water stress decrease while in regular irrigation
is increased (Chimenti et al., 2006). He also observed
that leaf turgor potential increased under regular
irrigation. Similarly (Ashraf et al., 2006) concluded that
RSD % decreased with a decrease in water stress
conditions. Many researchers have investigated that
under moisture stress, leaves exhibit a significant
reduction in relative water content (RWC) and water
potential (Deak & Malamy, 2005; Kyparissis et al., 1995;
Li & Van Staden, 1998; Nayyar & Gupta, 2006; Scarascia-
Mugnozza et al., 1996).

CONCLUSION

It was concluded that in maize hybrids and synthetic
cultivars, DK-6724 and Neelum maintained their osmotic
potential and also attained the maximum growth under
control and drought stress regimes. While P-1429 and
Sadaf could not maintain their osmotic potential and also
performed poorly in growth under different irrigation
regimes. So, DK-6724 and Neelum are considered as
drought-tolerant while P-1429 and Sadaf are considered
as drought-sensitive among the maize hybrids and
synthetic cultivars.
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Table 2. Physical parameters of maize hybrids and synthetic cultivars influenced by different irrigation regimes.

Treatments Agronomic observations
Maize Drought stress Plant height Number of Leaf area per Dry weight of Dry weight of

Root length(cm) shoot per root per

genotypes (%) (cm) leaves per plant plant(cm?) plant(g) plant(g)
CK 52.40b 6.25b 13.01b 409.4b 5.99b 0.80c
PK-6317 LD 4447g 5.99d 12.25e 354.6f 4.99g 0.77e
SD 36.87k 5.65f 11.38i 299.4k 4.311 0.74d
CK 55.20a 6.41a 13.32a 415.5a 6.09a 0.85a

DK-6724

LD 46.87e 6.19¢ 12.48d 361.5e 5.09f 0.82b
@ SD 38.77j 5.65f 11.62g 305.8i 4.39k 0.78d
'é P.1543 CK 50.10c 5.92e 12.65c 410.2b 5.90c 0.76f
= LD 42.37h 5.64f 11.84f 355.7f 491h 0.73h
.% SD 34.77m 5.32h 10.99j 301.0j 4.22m 0.70j
= p.1429 CK 45.23f 5.38g 11.87f 401.4d 5.71e 0.661
LD 36.471 5.05i 10.99j 347.7h 4.75j 0.63n
SD 28.870 4.79k 10.011 294.6m 4.020 0.610
CK 47.67d 5.66f 12.22e 407.2c 5.80d 0.71j
P-1574 LD 39.87i 5.32h 11.42h 351.5g 4.84i 0.68k

SD 32.20n 5.01j 10.54k 297.51 4.12n 0.64m
" CK 42.47a 6.38a 13.99a 337.2a 7.27a 0.81a
§ Neelum LD 39.17b 6.14b 13.31b 315.7d 5.86d 0.75c
% SD 35.87d 5.79d 12.41d 291.0g 4.96g 0.69g
o CK 38.17c 5.89¢ 12.71c 335.8b 6.71b 0.78b
E Pak- Afghoi LD 35.43d 5.65e 11.91e 311.4e 5.49¢ 0.74d
E SD 33.03e 5.29g 11.01g 287.7h 4.62h 0.72e
E CK 35.27d 5.59f 11.19f 331.5¢ 6.16¢ 0.74cd
'és Sadaf LD 32.10f 5.19h 10.38h 307.5f 5.21f 0.70f
SD 30.13g 4.95i 9.49i 284.61 4.29i 0.67h
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