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Abstract. Salinity is the most atrocious environmental aspects restricting the productivity of agricultural
crops. To fulfill global increasing demand of food, selection of salt tolerant genotypes to get production
from salt affected soils is imperative. In the present experiment, ten maize genotypes were evaluated against
four salinity levels (control, 40 mM, 80 mM and 120 mM NaCl) using different agronomic and physiological
criteria. Significant variations were observed in all morpho-physiological and ionic attributes in all maize
hybrids. Results depicts that maize hybrid 2225 exhibited salt tolerance and show higher plant biomass,
chlorophyll and water contents, membrane stability along with K*/Na" ratio. While maize hybrid 8711 had
lower plant growth among all maize hybrids and considered as salt sensitive genotype. The results can be
used as a selection tool for salinity tolerance in maize and provide a better source for breeders for further

assessment on saline lands.
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Introduction

Soil salinity is a serious problem and is increasing
steadily in many parts of the world, in particular in arid
and semi-arid areas (Zhu et al., 2017). Salinization is
spreading more rapidly in irrigated lands because of
inappropriate management of irrigation and drainage.
Saline soils occupy 7% of the earth’s land surface and
increased salinization of arable land will result into
50% land loss by the middle of the 21st century (Ahanger
et al.,2017). Under salt stress, important processes such
as lipid metabolism, protein synthesis and photosynthetic
capacity are distorted subsequently results in poor seed
germination and plant growth (Abraha and Yohannes,
2013). Salt stress deteriorate chlorophyll contents, nitrate
contents, inhibit carbonic anhydrase, nitrate reductase,
net phtotosynthetic rate, stomatal conductance, PSII
reaction centre, disrupt electron transport in the
photosynthetic apparatus, induced ion imbalance along
with disturbed membrane integrity and water relations
(Flowers and Colmer, 2015).

Various factors can influence plant responses to salinity
stress such as plant genotype, duration of stress,
physiological process of growth, activity of photo-
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synthesis machinery, metabolic pathways (Gupta and
Wang, 2014). Salt tolerance is a complex phenomenon
and plants exhibit a different adaptations at sub-cellular,
cellular and organ levels such as regulating hormonal
and osmotic balance along with activation of the
antioxidant defense system to cope with salinity
(Yasmeen et al., 2013) and enhancing salt tolerance in
crops also minimize the reclamation costs of saline land
(Scudiero et al., 2016).

Maize (Zea mays L.) is cultivated on more than 142
million/ha ha of land and it is estimated to produce
around 913 million tons of grain (one third of the total
global grain production), but this crop is normally
sensitive to salt stress (Katerji ez al., 2013). Due to its
cross pollinated nature, maize is a highly polymorphic
crop in which salt resistance exhibit (Medici et al.,
2007). Characterization of maize hybrids against salt
resistance on the basis of some morpho-physiological
attributes during early growth stages are often find
valuable (Kusvuran et al., 2015). Maize is moderately
salt-susceptible but some tolerant genotypes may exist
with more potential to exclude Na" and CI" from leaf
sap to maintain higher K'/Na' ratios (Kaya et al., 2015).

Taking into account all stated facts, present study was
conducted using ten maize hybrids against four salt
concentrations (control, 40, 80 and 120 mM NaCl) with
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an aim to evaluate the deleterious effects of salinity on
plant morpho-physiological and ionic attributes and to
identify premier salt tolerant maize hybrid that could
further be utilized to achieve maximum yield from salt
affected soils.

Material and Methods

Experimental site and growth conditions. A
hydroponic experiment was conducted in warehouse
(experimental area covered with steel fence to provide
protection from birds and other disturbance) at The
Islamia University of Bahawalpur, Pakistan. The seeds
of ten maize hybrids (2225, 360, 1574, 1548, 6145,
6142, 8441, 8711, hycorn 11 and 670) were collected
from well known facts Monsanto, ICI, Syngenta, FMC
and Pioneer. Sterilized seeds were sown in moist sand
culture. Nursery was raised in ambient sun light and
moisture (field capacity). At two leaf stage, uniform
seedlings were transferred into the styrofoam sheet
floating on water in iron tub of 200 L capacity. Plants
were provided complete nutrition by using half strength
Hogland solution (Hogland and Arnon, 1950). NaCl
was used to develop four salt levels (control, 40, 80
and 120 mM NaCl). The experiment was performed in
Complete Randomize Design (CRD) with five replicates
having split plot arrangement. The pH of solution was
calibrated regularly and maintained at 6.5+0.5 and
bubbling air was given by using aeration pumps. Growth,
physiological and ionic parameters were taken after
four weeks of stress.

Plant harvesting and analysis. Plants were harvested
after four weeks of stress and growth parameters along
with other physiological, photosynthetic and ionic
attributes were measured by following standard
procedures.

Physiological attributes. Fully expended youngest leaf
of plants from each treatment was selected and after
taking fresh weight (FW), leaves were soaked in distilled
water to get turgid weight (TW). Dry weight was
obtained by placing these leaves in oven for 72 h at 65
°C (Lazcano-Ferrat and Lovatt, 1999)

RWC (%) = (FW-DW) / (TW-DW) x 100

Leaf disc (100 mg) were thoroughly washed and heated
in distilled water at 30 °C for 30 min and electrical
conductivity (C;) was recorded. Same sample were
placed at 100 °C for 10 min and electrical conductivity
(C,) was noted. (Sairam and Saxena, 2000).

MSI (%) = [1-(C1/ C2)] * 100
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Chlorophyll content. Leaf material (0.05 g) was
extracted in 10 ml dimethylsulfoxide and heated at 65
°C for 4 h. Absorbance of extract was recorded at 660
nm and 665 nm for chlorophyll a and b with spectro-
photometer according to the method of (Wellburn,
1994).

Tonic attributes. Potassium and sodium concentration
were determined by taking dried ground shoot material
(0.01 g) digested with hydrogen peroxide and sulphuric
acid at 350 °C for 30 min and digested material was
colorless according to the method of Wolf (1982) by
using flame photometer (Jenway, PFP-7).

Statistical analysis. All values reported in this
experiment are mean of 5 replicates. The data were
analyzed by using Statistics, version 8.1 by applying
complete randomized design with factorial arrangement.

Results and Discussion

The analyzed data regarding root and shoot length
(Table 1) revealed that salt stress exerted impregnable
negative impacts on root and shoot length of all maize
hybrids. However, the impact of salinity influence
significantly among maize hybrids. Minimum salt effect
was noted in maize hybrids 2225 where 90, 73 and 54%
growth in root length and 83, 65 and 53% shoot length
at low, medium and high salt stress was observed when
compared with control. While, maize hybrid 8711 show
increased sensitivity to NaCl application and show
minimum values (on an average less than 50%) of root
and shoot length respectively.

Application of NaCl severely affected plant biomass
and result in decrease of fresh and dry biomass of plants.
Among all hybrids, least reduction in fresh biomass
(Table 2) was manifested by maize hybrid 2225,
however, at high salt concentration (80 and 120 mM
NaCl) reduction was up to 70 and 51% in root, while
68 and 54% in shoot fresh weight relative to control.
At 120 mM NacCl, maize hybrid 8711 proved to be high
salt susceptible and shoot and root fresh biomass was
decreased up to 38 and 34%. Maize hybrid 1574
effectively grows at high salt level (120 mM) and present
more than 50% reduction in root and shoot fresh weight.
All maize hybrids follow a similar trend in case of root
and shoot dry weight (Table 3) as in case of fresh weight.
Maximum reduction was noted in maize hybrid 8711
where level of decline was 33 and 30% at 120 mM
NaCl, while minimum reductions 54 and 43% was
observed in maize hybrid 2225 at same level of salt
stress.
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hybrids Control 40mM 80mM 120mM Mean Control 40mM 80mM  120mM Mean
2225 48.60° 44.36° 36.3 26.08° 38.83° 117.38* 98.26¢ 79.40' 61.54" 89.14*
360 44.32° 40.52°¢"  30.68" 22.22° 34.43¢ 109.88° 89.90" 73.58%  56.60" 82.49%
1574 46.28" 41.28° 34.18' 23.52° 36.31° 116° 96.24" 78.38™  60.82% 87.86°
1548 41.16° 37.521 31.08" 20.84° 32.65° 107.16¢ 92.321 74.60" 57.72 82.95
6145 42.84¢ 39.12¢" 3280 22.26%  34.25% 107.56¢ 93.16! 75.04" 57.60' 83.34°
6142 4346 39.74%  33.62™  21.42° 34.56° 108.66¢ 89.12" 72.229 56.08" 81.52°
8441 38.24" 36.20" 25.42° 18.36' 29.55¢ 102.40" 78.34™ 61.42% 51.10% 73.31¢
8711 36.22" 32.58™ 2328  17.76' 27.468 101.86" 77.74™ 60.48° 50.60% 72.67"
Hycornll 40.78%  36.68"%  30.40" 21.62% 32.37° 106.76° 91.64 73.04*¢  55.00" 81.61°
cd gh n i d e J no u e

Table 2. Effect of salt stress on root fresh weight and shoot fresh weight of ten maize hybrids. Values depicts the
mean of five replicates and figures not sharing the same letter in each column differ significantly at 0.05 probability

aize oot fresh weight (g oot fresh weight (g

hybrids Control 40mM 80mM  120mM Mean Control 40mM  80mM  120mM Mean

2225 11.22¢ 10.16° 8.641 5.74" 8.94% 56.64° 44 48" 37.62™  29.48' 42.05%
360 9.54°f 9.00¢" 7.24™ 4.54 7.58° 51.50° 40.46™  33.60° 24.36" 37.48°
1574 10.62° 9.82% 8.20% 5.56" 8.55° 55.66 43.54¢ 36.78" 28.56" 41.13°
1548 10.00¢¢  8.421 6.444 3.80" 7.16 47.14¢ 39.22' 32.349 23.68" 35.59¢
6145 9.24% 8.10% 6.84°%° 4.06" 7.06° 50.444 40.22% 33.28° 24.52% 37.11¢
6142 8.72" 7.62! 6.62M 3.86" 6.70° 51.56° 40.70/ 32.84° 23.84  37.24%
8441 8.08* 6.82° 5.72" 2.80" 5.85° 43.78¢ 31.66" 26.22" 19.24* 30.22"
8711 8.02% 6.444 5.36° 2.34% 5.54¢ 42.40 30.70° 25.74% 18.00” 29.21

Hycornll 10.18° 9.00¢" 7.06™ 4.56 7.7° 50.38¢ 40.42%  33.48° 23.84%  37.03f

iii i iide i iil i44]m 4 i4l i iiL ii 4id il i2| ii iio 24.14% ii 4icd

Elevated salt application proved deleterious for
chlorophyll content in all maize hybrids. At 40 mM
concentration, no clear effect of salt stress was noted
but under elevated salt level (80 and 120 mM),
chlorophyll content were remarkably declined (Fig. 1).
Minimum reduction (32%) in chlorophyll content were
exhibited by maize hybrid 2225, while maize hybrid
8711 proved to be most sensitive (44% reduction) at
high level of salinity and show maximum reduction,
while all other eight maize hybrids show reduced values
in between these two maize hybrids.

Effect of salinity on MSI and RWC are displayed in
Fig. 2 and Fig. 3. Compared to control, NaCl addition
cause remarkable reduction in membrane stability and
water relations in all maize hybrids. The highest
reduction in membrane stability and water content was
noticed in maize hybrid 8711 under all salinity levels
with maximum reduction 44 and 41% at 120 mM
followed by maize hybrid 8441 (40 and 37%

respectively), while minimum reduction was expressed
by maize hybrid 2225 (33 and 32%) relative to control
at high level of salinity.

Increased salt level in growth medium caused
pronounced increase in Na+ concentration (Fig. 4),
while reduced K" concentration in all maize hybrids
reported in this study (Fig. 5). Under all level of
salinization, elevated Na' values was noted in hybrid
8711 followed by hybrid 8441, while lowest Na' value
was remarked in maize hybrid 2225. The trend in case
of K" uptake was opposite by exhibiting least K" uptake
with increasing salt level the maximum K concentration
was observed at control in all hybrids. Maize hybrid
2225 proved efficient in keeping maximum K*
concentration under all levels of salt stress. Lessen
uptake of K* with increased salinization results in poor
of K'/Na" ratio (Fig. 6) and 70% decreased in K'/Na*
was reported in maize hybrid 8711 @ 120 mM NaCl.
The maximum K' retaining capacity under high salt
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Table 3. Effect of salt stress on root dry weight and shoot dry weight of ten maize hybrids. Values depicts the
mean of five replicates and figures not sharing the same letter in each column differ significantly at 0.05 probability

alze oot fresh weight (g oot fresh weight (g
hybrids Control 40mM 80mM 120mM Mean Control 40mM 80mM 120mM Mean
2225 3.11° 2.46" 2.10* 1.51° 2.29* 10.62* 7.24¢ 6.64° 4.66™" 7.29*
360 2.64% 2.17" 1.93' 1.337 2.01¢ 7.68¢ 5.448 5.00 3.20% 5.33¢
1574 2.90° 2.36" 2.02% 1.44° 2.18° 8.88" 6.68° 6.26%" 4.12% 6.48°
1548 2.71¢ 2.13f 1.93! 1.43° 2.05¢ 8.28° 6.06" 5.40M 3.38% 5.78¢
6145 2.52¢ 2.09%* 1.82™ 1.224 1.91° 7.52¢ 5.6k 470%™ 3,04 5.10%
6142 2428 2.03 1.81™ 1.13" 1.85° 7.22¢ 4.92m 4 560 306" 4.94°
8441 2.19 1.72" 1.30% 0.72° 1.48¢ 6.08" 4.80™ 3.74 1.88' 4,12
8711 203 168" 1249 068 140" 592t 430 324% 1720 379
Hycomll 2.60% 216" 191" 1322  2.00° 7.54¢ 5488 450™0 288 512
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Fig. 1. Effect of salt stress on chlorophyll Fig. 2.  Effect of salt stress on membrane stability

contents of ten maize hybrids. The bars
in the graph show the mean values of five
replicates and the error bars are the
standard deviations.

stress (120 mM NaCl) resulted in superior K'/Na' ratio
in maize hybrid 2225, showing better growth under
saline condition.

Results reveals that distinction exists among different
maize genotypes for salt tolerance but exposure to
salinity significantly reduced their growth by interrupting
plant morpho-physiological and ionic attributes.
Reduction in root length, fresh and dry weight might
be due to higher accumulation of Na" and Cl in the
growth medium degraded membrane permeability and
causes accumulation of toxic ions at tissue level could

index (MSI) of ten maize hybrids. The
bars in the graph show the mean values
of five replicates and the error bars are
the standard deviations.

be due to imbalance nutrient uptake, suspending the
cell division and injuring hypocotyls (Abbasi ef al.,
2015). Reduction in plant height, fresh and dry biomass
is mainly due to subsequent inferior root growth and
poor nutrients and transport to aerial parts results in
reduced size and number of leaves and osmotic stress
produced by high salt accumulation (Zhang et al., 2016).
High salt stress effected plant photosynthetic activities
and resulting in production of reactive oxygen species
(ROS) which significantly reduced plant biomass
(Thapar et al., 2008).
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Fig. 3. Effect of salt stress on relative water
contents (RWC) of ten maize hybrids. The
bars in the graph show the mean values of
five replicates and the error bars are the
standard deviations.

160 ; b 3
140 T ) ¢
FHo e : 0
g0 1 on o f [ 2
P - | = Im n ) )
8100 ] mn = st Im= j jk
5 N T x . r: Fa 2 = T p=
Z 801y t u . z s:t i i
8 g 0B v
w
§60 S vz oxl A Yy X X
€ 40
=}
3
3 2
0 N}
N\ N Y] ) N N NOOA
TIPS S
S
Maize hybrids
M Control m40mM =~ 80 mM [ 120 mM
Fig.5. Effect of salt stress on sodium

concentration in leaf sap of ten maize
hybrids. The bars in the graph show the
mean values of five replicates and the
error bars are the standard deviations.

Salt application drastically reduced the RWC and MSI
in current experiment in all maize hybrids and this
reduction was more pronounced in maize hybrid 8711
while least in maize hybrid 2225. When plant takes
excessive Na', it affects every aspect of plants physiology
by disturbing stomatal regulation, transpiration and
photosynthetic capacity (Ayoughi et al., 2011). The
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Fig. 4. Effect of salt stress on potassium
concentration in leaf sap of ten maize
hybrids. The bars in the graph show the
mean values of five replicates and the
error bars are the standard deviations.
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Fig. 6. Effect of salt stress on K'/Na'

concentration in leaf sap of ten maize
hybrids. The bars in the graph show the
mean values of five replicates and the
error bars are the standard deviations.

main reason of RWC reduction under salinity might be
ionic imbalance in plant cells affects that negatively
affects availability of water in growth medium, disturb
turgor potential of plant leaves and decrease in
intercellular spaces ultimately lowers RWC (Abbasi et
al., 2014). Decrease in membrane stability index was
noted with increasing NaCl concentration which
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deteriorates membrane integrity, causes increase in
membrane permeability and reduces the succulence of
leaves along with accumulation of ROS in cell membrane
especially in salt sensitive plants (Kumari et al., 2017).

Under prolonged period of salt stress, accumulation of
Na' in different plants parts results in stomatal closure
and alteration in production of photosynthetic pigments
such as chlorophyll which ultimately results in lowering
chlorophyll contents (Negrao et al., 2017). These results
were also supported by Abbasi ef al. (2015) in maize.

Sodium (Na") assist in regulating plant metabolism,
while have drastic effects on plant morphology and
physiology when surpasses from certain limit. Existence
of Na' transport channels in cell membrane allow its
entry into cell and serve as a key factor in tolerance or
sensitivity of maize hybrids. The concentration of
sodium increased with increasing salt levels in growth
medium due to higher sodium transport and proportion-
ing with in plant results in alteration of physiological
and metabolic processes (Abbasi et al., 2016).

Salinity also leads to nutritional imbalance, competitive
uptake and transport within the plant (Zeng et al., 2009).
Potassium retaining capacity of plant cell is a major
factor to check salt tolerance. More Potassium retaining
capability of maize hybrid 2225 along with better
growth, RWC, MSI and chlorophyll contents relative
to other maize hybrids are major factors for better
salinity tolerance. The reason for inferior potassium
uptake under salinity might be due to competitive uptake
of Na'"and Cl with certain nutrients like K*, Ca*"and
Mn*" (Saqib et al., 2012). Higher K'/Na" ratio is a key
factor that helps the salt-tolerant genotypes to perform
well under salinity by regulating enzymes activation,
osmoregulation and regulating cell turgor pressure with
enhanced photosynthetic activity (Abbasi et al., 2012).
Similar results were reported in maize by Hassan et al.
(2018). The salt sensitivity of maize hybrids 8711 and
8441 was also because of their inability in retaining
high K* concentration in the cell sap that resulted in
lower K'/Na' ratio.

Conclusion

Being situated in arid and semiarid region, the process
of salinization and sodification remains in progress in
Pakistan. Results of this study indicate that salt stress
has deleterious effects on growth, physiological,
photosynthetic and ionic attributes of all maize hybrids
and root/shoot length, fresh and dry biomass, chlorophyll
contents, RWC and MSI along with K'/Na" ratio can
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serve as key parameters for characterization of different
genotypes against salt stress. Maize hybrid 2225 show
high K'/Na' ratio along with better morpho-physiological
attributes under high salt stress declared it salt tolerant
relative to other nine maize hybrids. Our results can be
a potential source for plant breeders and crop
physiologists due to their genetic variability and
responsiveness to salinity and provide a good starting
material for breeding of resistant genotypes that are
able to grow at saline soil to make possible the utilization
of waste saline water.
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