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Abstract | Zea mays cultivar; Hycorn 984, is considered a moderate salt-tolerant plant cultivar that
shows varying effects and adaptations to different concentrations of salt stress (i.e. NaCl) to which
it is exposed. When three days old seedlings of maize were subjected to aerial salt stress of concen-
trations; 0.2%, 0.6% 1.2%, and 2% after a week in soil, the seedlings revealed the antagonistic effects
which increased with elevated concentrations of salt stress. The experiment was kept for 5 weeks
and the chlorophyll content, relative water contents (RWC), leaf water loss (WL), and Electrolytic
leakage (EL) were measured, the seedlings showed adaptation to the salt stress at the expense of
growth rate as high seedling death occurred at 1.2% and 2% treated pots. However, the high growth
observed in control pots had low chlorophyll content and high electrolytic leakage, similar to the
plants aerially treated with 2% NaCl while plants treated with 0.2%. 0.6% and 1.2% salt concentra-
tions had high chlorophyll content and low electrolytic leakage, receptively. Seedlings exposed to a
2% salt stress had the highest RWC and low WL, followed by 1.2% and 0.6% while 0.2% and con-
trol plants performed similarly. In conclusion, few seedlings survived under salt stress with stunted
growth, however, exhibited higher stability as compared to plants grown in control conditions. From
the current study results, it is recommended that Hycorn 984 be cultivated in saline field conditions
due to its relative adaptability to saline conditions, which may result in economic production com-
pared to open-pollinated maize varieties or other maize varieties released for normal field conditions.
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Introduction

alinization is the loading of salts that dissolves in

water in the soil column to a level, that drastical-
ly affects crop physiology and crop yield, hence eco-
nomic losses to the farmers and the nation (Shiraz et
al., 2020). Soil salinity is the most important problem
amongst many faced in the flooded areas because it
adversely affects the profitability of crops all over the
world. In some areas, this is because of low precipi-

tation and high transpiration which unsettle the soil
yield potential (Qadir ez a/., 2017). Moreover, the ad-
verse effect of salinity has been exacerbated by hu-
mans activity (Iqra ez a/., 2020). With the persistent
rise in population, particularly in the under-developed
nations of the world, and the corresponding decrease
in new agribusiness handles, the need for sustainable
agricultural yields is intense (Kumar ez a/., 2021).

A high concentration of complex inorganic salts pres-
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ent in the soil deteriorates the nutrients the plants
rely upon when compared to the optimal salt con-
centration (Kumar ez 4/, 2020). High salinity caus-
es both hyperosmotic and ionic stress, which causes
modification in plant normal physiological activities
including water, photosynthesis, respiration, and ion
homeostasis (Arif ez al., 2020). Salinity also influenc-
es the morphology, as well as alters the assimilation
systems of plants (Islam ez a/., 2019). This degree of
change relies upon cultivars, stress span, and severi-
ty. Most of the plans endure salinity stress to varying
levels and survive, with lower yield with increasing
salinity stress (Farooq ez a/.,2015). Plant breeders and
Agronomists have devised different strategies to tack-
le salinity stress effectively (Himabindu ez a/., 2016).

One of the essential techniques to cope with salin-
ity stress is to produce tolerant genotypes that may
support a reasonable yield under saline soil condi-
tions and/or treating plants with compatible solutes
(Zulfiqar e al., 2021). This approach includes under-
standing the response of plants at various develop-
mental phases under saline conditions (Che-Othman
et al., 2020). These additionally give pieces of repro-
ducible information to plant breeders for genetic en-
hancement where agronomists get higher production
due to enhanced salt tolerance. Screening for salinity
tolerance in the field is challenging due to spatial het-
erogeneity of soil physico-substance properties and
regular changes in abiotic factors, especially precip-
itation.

Maize (Zea mays L.) is one of the essential crops in
Pakistan, which fills three principle needs i.e. suste-
nance and corn oil for human utilization, forage for
domesticated animals and poultry, and crude material
for agro-based industries. The normal yield of maize
in Pakistan is low when compared to other developing
areas of the world. Nonetheless, major factors contrib-
uting to low yield domestically are not just linked to
cultivars available to the farmers but also insufficient
irrigation due to water scarcity, imbalanced macro
and micronutrients, and abiotic stresses (Shahid e# a/.,
2020). The stresses to which maize crop is exposed in
Pakistan are for the most part calcareous in nature.
Salt tolerant plants embrace numerous techniques
that range from morpho-anatomical to physiological
and biochemical. Tolerant plants modify osmotical-
ly by the combination of extreme water dissolvable
good osmotica (e.g. glycine betaine, free proline, and
low atomic weight sugars) and control turgidity (Ait-

El-Mokhtar ez al., 2020). Among these, free proline
improves salt-actuated oxidative harm to plants, and
both reducing and non-reducing sugars add to tur-
gor support under salt or water stress. Amongst the
mineral supplements, K assumes a specific part for
the translocation of nitrates to the root and shoot,
expanded fast N-digestion, and support for water po-
tential in adding to the plant survival under ecological
stress conditions (Huang e# a/., 2017). Realizing the
significance of maize crop, improving the nourishing
significance of potassium, it is required to develop sa-
line land with little farm utilization and to elucidate
levels of potassium application on biochemical qual-
ities (oil contents, dissolvable sugars, protein, proline,
and rough fiber) under salinity stress.

After wheat and rice, maize is the third most sig-
nificant field crop and is cultivated throughout the
world under varied natural conditions. Maize is high-
ly polymorphic with high genetic diversity and being
open-pollinated, salinity resistance may exist in maize
(Deinlein ef al., 2014) and screened material can be
used as cultivars in salinity-hit regions. We analyz-
ed the response of the maize seedlings to the salinity
stress as several maize varieties show a degree of ad-
aptation to salt stress.

Materials and Methods

Plant material

The experiment was conducted in Abdul Wali Khan
University Mardan on 7, 14, 21, 28, and 35-days old
seedlings of Zea mays L. (Hycorn 984) for which the
seeds were collected from the Agriculture Depart-
ment (Mardan Extension), Khyber Pakhtunkhwa,
Pakistan.

Preparing seed for sowing

Intact seeds, of similar size and color, free from wrin-
kles, were first soaked in tap water for enough imbi-
bition for 2 hours then sterilized in 70% ethanol solu-
tion, and finally rinsed 4 times with sterilized distilled
water. Ten seeds were sown in a sterilized Petri plate
containing distilled water.

After 4 days, three same size seedlings were shifted
to moderately wet soil pots. Initially, pots were kept
in a close box for two days to keep enough moisture
for the developing seedlings. After two days, the pots
were shifted to the sunlight which turned the leaves
coated in coleoptile into green. Seedlings were irri-
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gated with distilled water on the 6™ and 7* day of
germination in each pot. Out of 50 pots, 10 pots were
kept aside from the treatment in the next phase. The
seedlings were grown in midsummers with a temper-
ature of on average 29°C of the day and of an average
16°C of the night while the relative humidity was 52
to 67%.

Treatment

On the 8™ day, 40 pots were sprayed with NaCl
solution in a concentration of 0.2%. On the 9™ day,
30 out of 40 pots were treated with 0.4% while
the remaining 10 pots were kept at 0.2%. Similar-
ly, the next day, 20 pots were treated with 0.6% (i.e.
0.2%-+0.4%+0.6%) while the remaining 20 pots were
kept on 0.2% and 0.6% (i.e. 0.2%+0.4%) of NaCl; 10
pots each while, 10 pots were sprayed with 0.8% (i.e.
0.2%+0.4%+0.6%+0.8%) concentration while the re-
maining were kept on their old concentration.

Growth measurements

To analyze the adaptation of maize seedlings to the
applied salinity stress, seedlings were allowed to grow
tor 7 days to record the response of seedlings to salt
stress. At every weekend up to 4 weeks, 10 pots with
two replicate pots of the salt concentration 0.2%,
0.6%. 1.2%, 2%, and control were used for data col-
lection. To collect the seedlings without causing any
harm, the soil in the pots was first dissolved in wa-
ter. The calculated data contained the mean, sum, and
standard deviation of the following;

1. Shoot length
2. Root length
3. Fresh weight
4. Dry weight
5. Leaf area

On the 35™ day,a chemical analysis of the remaining 10
pots was carried out. The chemical analysis included:

Electrolytic leakage: Electrolytic leakage was meas-
ured as earlier described by Campos ez a/. (2003). Leaf
(2 gm) from every plant of every pot was washed with
deionized water and then placed in 15 ml of falcon tube
containing 15 ml of deionized water. The samples were
incubated for 2 hours at 25 °C. The electrolytic con-
ductivity was determined for the samples as L,. Sam-
ples were then autoclaved at 120 °C for 20 minutes and
L, was measured after equilibrium was established at
25°C.The final read was obtained using the formula:

L
EL(%) L—l X 100

Relative water content: It was measured by the
method of Mata and Lamattina (2001). Fresh leaves
(2 gm) from every concentration were taken and al-
lowed to rehydrate for two hours in water. The tur-
gor weight was measured, and the leaf sample was
pre-heated in the oven for 2 days at 35°C. The final

reading was obtained using the formula:

(FW— DW)

RWC=-— >
(TW — DW)

100

Where;
FW = leaf fresh weight, DW = leaf dry weight & TW
= leaf turgid weight

Leaf water loss: Fresh leaf (2 gm) sample for each
concentration was taken and kept for 2 hours at 30
°C. After 2 hours the samples were weighed again,
and the final data were analyzed using the formula;
W._ is the initial weight taken before treatment and
W, is the final weight after treatment:

LWL (%) = Wi-Wwe
(%) = —71
Chlorophyll content: Chlorophyll content was
measured for every plant leaf at different salinity
stress levels for Chlorophyll on the LI-600 - Porom-
eter/Fluorometer (Meteo-Tech, Israel), and the data
were noted.

Statistical analyses

Variation in the data was measured using Duncan’s
test and ANOVA through SPSS software for windows
16.0 (SPSS Inc., Chicago, IL, United States), and
tables based on the mean and standard deviation of
noted data on exce/ were drawn to analyze the difter-
ence in growth measurements.

Results and Discussion

Our current study focuses on measuring the effect
of salinity on the growth and development of maize
variety; Hycorn 984. From the first week of the ex-
periment, the seedlings showed adaptation to varying
concentrations of NaCl,i.e. 0.2%, 0.6%, 1.2%, and 2%.
‘There was a high growth rate in control plants while
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there was a very low growth rate at 2% salinity stress
(Figure 1 and 3) where many seedlings could not sur-
vive. Regarding the shoot length in contrast to the
root length, shoot length was widely affected by the
increasing stress of NaCl, where root length was high
at a moderate concentration of the salt stress. This
concluded that aerial application of the salt had trig-
gered the growth of the root. Plants driving for wa-
ter due to salinity stress have an elongated and dense
root system (Rahnama ez a/.,2019). Therefore, we can
deduce that at a moderate concentration of salt, the
maize plant enhanced its root system at the expense
of the shoot system (Ma ez a/., 2021). In most plant
species grown under salinity, Na+ appears to reach
a toxic concentration before Cl- does, hence most
studies have concentrated on Na* exclusion and the
control of Na* transport within the plant. Therefore,
another essential mechanism of tolerance involves the
ability to reduce the ionic stress to which the plant is
exposed by minimizing the amount of Na* that ac-
cumulates in the cytosol of cells, particularly those in
the transpiring leaves. This process, as well as tissue
tolerance, involves up and down-regulation of the
expression of specific ion channels and transporters,
allowing the control of Na* transport throughout the
plant.

'The Na* exclusion from leaves is associated with salt
tolerance in cereal crops including rice, durum wheat,
bread wheat, and barley. Exclusion of Na* from the
leaves is due to low net Na* uptake by cells in the root
cortex and the tight control of net loading of xylem by
parenchyma cells in the stele, Na* exclusion by roots
ensures that Na* does not accumulate up to toxic con-
centrations within the leaf blades. A failure in Na*
exclusion manifests its toxic effect after days or weeks,
depending on the species, and causes premature death
of older leaves. This is also referred to as the hormo-
nal interaction of the plant under salt stress because
the root and shoot system are highly co-related with
hormonal signaling in the plant. The data showed
similar results, however, interestingly the chlorophyll
content increased with the increasing salt concentra-
tion as the seedlings adapted to the salt stress. Similar
results were reported by (Bogoutdinova e a/., 2020),
meanwhile, there is an opposite aspect obtained from
the experiment that few surviving seedlings of maize
had low electrolytic leakage and high-water content
whereas salinity promotes the electrolytic leakage as
concluded by Abdelaal e a/., (2020). This low electro-

lyte leakage and retention of high water contents may

be an adaptive edge of the maize cultivar (Hycorn
984) to the salinity stress that has induced survival
instincts of the seedlings at the expense of vegetative
growth.

Taking into consideration root and shoot length in
response to the applied concentration of NaCl stress,
the average shoot length appeared to be high in con-
trol as compared to treated plants (Table 2 and 5),
but the root growth appeared to be high at 1.2% and
0.6% salinity stress, however, it was comparatively low
in control. The relative water content also appeared
like the chlorophyll content in the seedlings. Salinity
stress besides ionic imbalance also induces drought
stress. To cope with this latent drought stress intro-
duced by salinity, the genetically capable plant adapts
to this situation through root proliferation; an adap-
tive edge of salt-tolerant cultivars. This high prolifer-
ation of plant roots in response to salinity stress helps
the plant to cope with the stress albeit low vegetative
growth and ultimately reproductive growth i.e. yield,
nonetheless surviving another day for the survival of
the species.

‘The water content increased with the increasing ac-
cumulation of Na ion concentration in maize seed-
lings which decreases water potential (Voronin ez al.,
2021), therefore, more water is supplied to the leaves.
At the same time, it decreased the dry weight differ-
ence when compared to the control grown plant. Our
studies suggest that at higher salinity stress lower will
be the plant dry weight as the priority of the plant is
now shifted to retain the water contents to survive
the stress. In high salinity, there is a problem of as-
similation of nutrients in plants and low flow in the
phloem. Moreover, maize-controlled grown plants
also show high water loss from the leaves when kept
for two hours at room temperature as compared to
treated plants. This indicated that the formation of
compatible solutes occurs, such as glycine betaine
and proline betaine which incorporated water mol-
ecules with themselves (Stasiulewicz e al., 2021). In
summary, it is concluded that maize growth is highly
affected by the level of salinity stress to which it is
exposed, whereby a plant is compelled to utilize/waste
its energy in the production of secondary metabolites
to cope with the stress rather than utilize its energy
on growth and development for higher yield.

Zea mays (Hycorn 984) treated with NaCl in con-
centrations of 0.2%, 0.6%, 1.2% and 2% after
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Table 1: Hycorn 984 plant adaptability to salt stress.

Parameters Control 0.2% 0.6% 1.2% 2%
Chlorophyll Content 14.6+ 0.3 15.94+ 0.6 20+ 0.4 25.6°+ 1.2 122+ 0.1
Relative Water Content 0.026*+ 0.01 0.04°+ 0.01 0.05°+ 0.02 0.08¢+ 0.05 0.1°+ 0.03
Total Water Loss 0+ 0 0.16°+ 0.09 0.19°+0.03 0.2°+ 0.01 0.254£ 0.1
Electrolytic Leakage 78%" + 3 71%4 + 8 66%° + 4 61%:¢ + 7 82%" + 4

7.14,18, 28, 35 day showed varying degree of adapt-
ability to the stress (Table 1). the data were obtained
from the analyses of these plants on the 36™ day of
germination. Data shown are the mean and standard
deviation of the triplicate taken for the experiment
whereas the means were compared on SPSS software
to analyze the differences, expressed in alphabetic let-
ters assigned to each mean. The chlorophyll content
was high in 1.2% salt-treated plants as compared to
control-grown plants. The relative water content was
high with increasing salt concentration. Electrolyt-
ic leakage was high in control plants as compared
to 1.2%, indicating that salt stress did not harm the
cell shape whereas, in 2%, the electrolytic leakage was

high amongst all.

'The Figure 1 shows the pots with varying concentra-
tion of NaCl (0.2% 0.6%, 1.2%, 2%) in distilled water
in which a) is for control and b), ¢), d), e), are for 0.2%
0.6%, 1.2% and 2% NaCl concentration, respective-
ly. Plants in pots show the response to salt treatment
which was given a week ago. The salt stress has not
only reduced the growth rate but also the number of
plants in the pot.

Figure 2 represents a reduction in growth rate and
the number of plants per pot with increasing con-
centration. The figure is taken after 3 weeks of the
treatment of salinity stress in concentrations of 0.2%,

0.6%, 1.2%, 2%, respectively.

Figure 3 shows the comparison of the shoot growth
rate of the plant exposed to stress with a solution of
NaCl having a concentration of 0.2%, 0.6%, 1.2%, and
2%, respectively with the control grown plant. The re-
sult clearly shows that with increasing salt, there is
a reduction in the growth rate of the shoot. The fig-
ure also shows the number of plants surviving in the
pot as there are 3/3 plants in control and are of equal
length which means that under normal conditions,
all plants respond normally while under 0.2% salin-
ity stress, one plant died while the other two plants
were alive and equal in length and leaf number. The

rest showed irregular growth among their replicates
as in 1.2% and 2% concentration of NaCl, only 1:1
plants are left while the other died due to high salini-
ty. Under 0.6% salinity stress, treated plants appeared
in transition as the two plants are different in lengths
and leaf numbers. Therefore, it is evident that salt af-
tect plant variedly even among the same genotype,
where the potent plant among the same germplasm
survives while others may not.

Figure 1: Effect of salt treatment on one-week old plant.

Figure 2: Effect of salt treatment on three-week old plant.

Figure 3: The survival rate of plants in response to aerial salt stress.

Figure 4 shows the comparison of the root growth
rate of the plant stressed with the solution of NaCl
having a concentration of 0.2%, 0.6%, 1.2%, and 2%
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Table 2: Hycorn 984 plant response to 7 days salt stress.

Solution Concen- Root Shoot  Fresh Dry Weight Fresh Dry Fresh Dry Weight Leafarea

tration Length Length Weight (Root) Weight  Weight  Weight (Leaf) (cm?)
(Root) (Stem) (Stem) (Leaf)

Control (dil.LH20) 15+ 0.6 124+ 1.1 254 0.1 1.1¢+0.1 35401 2402 3.34+ 0.1 1.7°¢£0.2 7.9+ 0.8

0.2% 124+1  9+1 2402 0.8+ 0.1 2,84+ 0.1 1+0.2 2.6+ 0.1 1.0°£ 0.2 5.6+ 0.1

0.6% 7+0.2 7+ 02 1°+0.1 0.3=+0.1 2.0+0.2 0.6°+0.1 1.8+0.2 0.1+ 0.1 3.5+ 0.6

1.2% 4+ 0 5%+ 0.9 0.72£0.1 0.05°+0.01 1.1*>+0.1 0.1°+0 0.9°+ 0.1 0.01°+0.01 2.2+ 0.1

2% 22401 31 0.3*+ 0.1 0.01°+0 0.72+0.2 0.03¢x0 0.5+0.2 0.01*+0.01 14+ 0.6

LSD, 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

(P<) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Figure 4: Effect of salt treatment on maize plant’s root growth.

with the control grown plant. The root health is op-
timal in 0.6% and 1.2% as compared to 2% and 0.2%
treated plant roots. 0.2% treated plant has a necrotic
root with poor health which means that maize seed-
lings on this particular concentration cannot endure
salinity for root health. However, the root growth is
low in all stress conditions. Interestingly the results of
the current study reveal an interesting trend among
salinity-stressed plants, where the plants exposed to
mild stress of 0.2% and high stress of 2% performed
poorly when compared to the medium stressed plants
exposed to salinity stress of 0.6% and 1.2%, respec-
tively. Poor root growth at mild salinity stress of 0.2%
may be due to the reason that the stress was incapable
of generating survival response of the plant as evident
from reasonable growth of the plant (Figure 1 and 3).
However, at high physiological stress of 2%, the plant
seems to be overwhelmed by the stress resulting in
both poor vegetative as well as root growth nonethe-
less still surviving the adverse growth conditions due
to adaptability of the plant to salinity stress (Figure 1
and 4).

To evaluate the root and shoot length of the treated
maize plants mean and standard deviation of the data
of seedlings of Zea mays (Hycorn 984) treated with
NaCl solution in concentrations of 0.2%, 0.6%, 1.2%,

and 2% were compared with SPSS to observe differ-
ences (Table 2). The 3 days old seedlings of the same
size were sown in soil and the plants were treated
aerially with the concentrations of salt in an amount
of 0.5 mL intermittently for 7 days and on the 8*
day, the harvest was taken. The root length and shoot
length were observed to have reduced at varying lev-
els of the salt concentration. Similarly, the fresh and
dry weight of the root, shoot, and leaf were also low
at high concentrations of salt. However, the leaf area
was relatively closer at higher concentrations as in

1.2% and 2%.

To observe the root and shoot length of the maize
plants exposed to different concentrations of inter-
mittently applied aerial salinity stress in an amount
of 0.5 mL for 14 days and on the 15® day, the harvest
was taken (Table 3).The root length and shoot length
were observed to have decreased at varying levels of
the salt concentration. Similarly, the fresh weight
and dry weight of the root, shoot, and leaf area of the
maize seedlings were also low at high salt concentra-
tions.

'The root length and shoot length of the plants were
measured which were treated aerially with different
concentrations of salt in the amount of 0.5 mL inter-
mittently for the 21* day, and on the 22" day, the har-
vest was taken (Table 4). The root length and shoot
length were observed to show a decreasing trend at
varying levels of the salt concentration. Similarly, the
fresh weight and dry weight of the root, shoot, and
leaf area of the maize seedlings were also low at a
high concentration of salt.

When 0.5 mL of different concentrations of salt stress
was applied intermittently for 28" days, and on the
29 day, the harvest was taken to evaluate the fresh
and dry weight of the root, shoot, and leaf area as well
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Table 3: Hycorn 984 plant response to 14 days salt stress.

Solution Concen- Root  Shoot Fresh  Dry Weight Fresh Weight Dry Weight Fresh Weight Dry Weight Leaf area
tration Length Length Weight (Root) (Stem) (Stem) (Leaf) (Leaf) (cm?®)
(Root)
Control (dilL.LH20) 17°¢0.7 164+ 0.2 4.4+ 0.2 2.3¢+ 0.1 52+ 0.1 32+ 1.5 4.9+ 0.1 2.7+ 0.1 104+ 0.1
0.2% 12¢+1 139405 3°+0.1 1.7+ 0.1 4+ 0.2 2+ 1.6 4.2¢+ 0.2 1.94+ 0.1 74+ 0.6
0.6% 1002 10+2 2°+0.1 0.5°+0.1 3.6+ 0.1 1.7+ 1 3.4+ 0.1 1.5+ 0.1 3+ 0.6
1.2% 4"+ 0.1 5°+04 1.8+0.1 0.2+ 0.007 2.54+0.2 14+ 1 2.3+ (0.2 0.9°+ 0.07 1.9°+0.8
2% 3+ 0.4 321 1+0.1 0.1+ 0.007 1.7°+0.2 0.1+ 1.1 1.5+ 0.2 0.072+ 0.01 1.2+ 0.2
LSDO‘05 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(P<) 0.001 0.01 0.001 0.001 0.001 0.001 0.0001 0.0001 0.001
Table 4: Hycorn 984 plant response to 21 days salt stress.
Solution Concen- Root  Shoot  Fresh Dry Weight Fresh Dry Fresh Dry Weight Leafarea
tration Length Length Weight (Root) Weight Weight  Weight (Leaf) (cm’®)
(Root) (Stem) (Stem) (Leaf)

Control (diLH20) 2741 254+0.6 5¢%+0.2 3.5¢0.1 6+ 0.4 3¢+ 6.2+ 0.4 3.1+0.2 15°+ 0.1
0.2% 104+1 229+ 0.2 4+0.2 24+ 0.4 5+ 0.2 24+D 5.1%+0.2 2.2%03 114+ 1
0.6% 11+ 0.9 1009 3.8+0.1 1.7°+0.1 4+ 0.2 1+2 4+ 0.2 1.5+ 0.1 7.2+ 0.6
1.2% 9+ 1 6b+1.3  3°+0 0.9°+ 0.1 3.6+ 0.2 0.6°+2 3.5+ 0.2 0.63°:0.07 6.8°+0.3
2% 5+0.3 5.1+0 1°+0.5 0.08+0.02 2+0.8 0.08+1.8 2.4+0.8 0.06'+0.01 3.2+1.3
LSD, . 100 100 100  1.00 1.00 1.00 1.00 1.00 1.00

(P<) 0.001  0.01 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Table 5: Hycorn 984 plant response to 28 days salt stress.

Solution Concen-  Root Shoot  Fresh Dry Fresh Dry Fresh Dry Weight Leafarea
tration Length Length Weight Weight Weight Weight Weight (Leaf) (cm®)
(Root)  (Root) (Stem) (Stem) (Leaf)

Control (dil.H20) 284+ 0.5 32¢+2 6.5+ 0.1 3.1:+0.1 7.9%05 43+ 04 6.8+ 06 42% 0.1 204+ 0.2
0.2% 134+ 2.3 24P+ 1 5.5 0.1 25404 63+02 3.5+02 5.5+ 01 3b+ 0.1 16+ 0.6
0.6% 16°+0.8 14+ 0.4 4.3'+0.1 1201 57+04 23+0.4 4.6>+ 0.7 2.1+ 0.4 10+ 0.7
1.2% 15>+ 4 11+ 0.2 3.2+ 0.1 0.9°+0.07 4.2°+0.2 1.1’+0.2 4.1°% 02 0.9% 0.5 4+ 0.1
2% 5+03 6*+0.6 23+0.1 0201 3.604 0.1°+0 3.5¢¢ 0.4 0.08+ 0.01 2.6'+0.7
LSD, . 1.00 1.00 1.00+ 1.00 1.00 1.00 1.00 1.00 1.00

(P<) 0.001 0.01 0.001 0.001 0.001 0.001 0.12 0.001 0.001

as root and shoot length (Table 5), the root length
and shoot length were observed to have decreased at
varying levels of the salt concentration. Similarly, the
fresh and dry weight of the root, shoot, and leaf area
of the maize seedlings was also low at a high concen-
tration of salt.

Mean data and standard deviation of the 7 days
seedlings of Zea mays (Hycorn 984) were compared
through SPSS software to analyze for differences
(Table 6) in root and stem weight. The data so analyz-
ed, deduced that the root and stem weight ratio and
root stem ratio decreased at a high concentration of
sodium chloride stress. Similarly, the specific leaf area
of the same seedlings was also low at a high concen-

tration of salt. Contrary to this, the relative growth
ratio and net assimilation rate of the seedlings were
increased at a high concentration of salt stress which
can be attributed to the adaptability of Hycorn 984 to
salinity stress.

The data analyzed indicates that the root and stem
weight ratio and root stem ratio decreased at a high
concentration of sodium salt stress (Table 7). Similar-
ly, the specific leaf area of the seedlings was observed
to be low at a high concentration of salt. Contrary
to this, the relative growth ratio and net assimilation
rate of the seedlings, increased at high concentrations
of salt stress. The root and stem weight ratio and root
stem ratio decreased at a high concentration of sodium
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Table 6: Hycorn 984 plant growth analysis of 7 days salt stress.

Parameters Control 0.2% 0.6% 1.2% 2%

Root Weight Ratio 0.46*+ 0.06 0.43%+ 0.02 0.40%+ 0.07 0.36+ 0.02 0.31<+ 0.09
Stem Weight Ratio 0.79+ 0.29 0.57°+ 0.02 0.60°+ 0.07 0.64+ 0.02 0.69+ 0.09
Root Shoot Ratio 0.60°+ 0.15 0.75°+ 0.07 0.67>+ 0.18 0.57°+ 0.04 0.47°+ 0.19
Specific Leaf Area 7.24'+ 1.6 6.54"+ 0.6 6.94°+ 0.09 7.34+ 0.6 7.65°+ 0.2
Relative Growth Ratio 0.21*+ 0 0.20°+ 0.1 0.19+ 0 0.18¢+ 0.2 0.16%+ 0
Net Assimilation Rate 27.52°+ 4.5 18.50°+ 8 12.69°+ 0.01 8.684+ 5.6 3.73+1.3
Table 7: Hycorn 984 plant growth analysis of 14 days salt stress.

Parameters Control 0.2% 0.6% 1.2% 2%

Root Weight Ratio 0.44+ 0 0.46*+ 0.02 0.45*+ 0.03 0.32¢+ 0.15 0.21°+ 0.01
Stem Weight Ratio 0.56*+ 0 0.54°+ 0.02 0.55%+ 0.03 0.68+ 0.15 0.79*+ 0.01
Root Shoot Ratio 0.79*+ 0.1 0.85%+ 0.07 0.83+ 0.1 0.52¢+ 0.36 0.26°¢ 0.2
Specific Leaf Area 4.25+ 1.8 4.25%+ 1.8 4.48+ 1.5 3.51*+ 1.53 2.96°+ 0.76
Relative Growth Ratio 0.02£ 0 0.02°+ 0 0.01°+ 0.01 0.02¢+ 0.02 0.024+ 0.01
Net Assimilation Rate 27.28*+ 0.13 19.41°+ 11.26 11.81°+ 0.51 7.57% 6.52 3.14°¢ 0.30
Table 8: Hycorn 984 plant growth analysis of 21 days salt stress.

Parameters Control 0.2% 0.6% 1.2% 2%

Root Weight Ratio 0.554+ 0.02 0.54°+ 0.04 0.50®+ 0 0.49°+ 0.06 0.51*+ 0.11
Stem Weight Ratio 0.45°+ 0.02 0.46"+ 0.04 0.50+ 0 0.51°+ 0.06 0.49°+ 0.11
Root Shoot Ratio 1.21°+ 0.1 1.20%+ 0.07 1+ 0.1 0.96"+ 0.36 1.1°+ 0.2
Specific Leaf Area 5.354+ 0.23 5.09¢+ 0.13 4.81%+ 0.88 10.89°+ 1.67 51.29+ 10.3
Relative Growth Ratio 0.025%+ 0 0.032%+ 0 0.003%+ 0.01 0.017°+ 0.02 0.0394+ 0.01
Net Assimilation Rate 67.54+ 0.2 33.7¢+ 3.9 9.3+ 1.2 4.9+ 0.3 1.22+ 1
Table 9: Hycorn 984 plant growth analysis of 28 days salt stress.

Parameters Control 0.2% 0.6% 1.2% 2%

Root Weight Ratio 0.424+ 0.03 0.42°+ 0.05 0.36°+ 0.02 0.43*+ 0.02 0.59+ 0.13
Stem Weight Ratio 0.58*+ 0.03 0.58%+ 0.05 0.64°+ 0.02 0.57°+ 0.02 0.41°+ 0.13
Root Shoot Ratio 0.73%+ 0.1 0.74*+ 0.1 0.56"+ 0.1 0.75+ 0.1 1.61%+ 0.9
Specific Leaf Area 3.654+ 0.1 3.58%+ 0.5 3.75+ 0.9 9.58 6.3 38.49+ 10
Relative Growth Ratio 0.032°+ 0 0.023+ 0 0.026°+ 0 0.063+ 0 0.046+ 0.01
Net Assimilation Rate 75.6+ 2.5 29.34+ 4.5 13.5¢+ 1.5 10.5°+ 0.7 1.3 0.9

chloride salt (Table 8). Similarly, the specific leaf area
of the same seedlings was also low at a high concen-
tration of salt. Contrary to this, the relative growth
ratio and net assimilation rate of the seedlings were
increased at a high concentration of salt stress.

'The data analyzed deduced that the root and stem
weight ratio and root stem ratio was decreased at a
high concentration of sodium chloride salt (Table 9).
Similarly, the specific leaf area of the same seedlings
was also low at a high concentration of salt. Contrary
to this, the relative growth ratio and net assimilation
rate of the seedlings were increased at a high concen-
tration of salt stress.

Conclusions and Recommendations

Maize plant undergoes modifications to adapt to the
applied salt stress by limiting the overall growth of
root and shoot, however, increases the production
of chlorophyll and relative water content in the leaf.
'These enable the plant to enhance its net assimilation
and water content in the stressed cell. Moreover, the
stressed plant also focuses on the root system because
the salt application lowers the water potential in the
targeted cells such as in this experiment the leaf cell,
therefore the developed root system tries to cope with
the stress. The striking fact which is to be researched
is the specific leaf area as the specific area is smaller in
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controlled treated while it was larger in stressed maize
seedlings. This may conclude that cells due to salt
stress were highly affected as compared to unstressed
cells thus it may be referred to as adaptation of the
Hycorn 984 stressed cells to salinity (Simulation 1).

Simulation
12

Control 0.20% 0.60%

(dil.H20)

1.20% 2%

= Growth —— Adaptation
Simulation 1: Hycorn 984 plant adaptability o salf stress.

Based on the findings of the current study it is rec-
ommended to use Hycorn 984 maize cultivar in
moderately saline soil due to its adaptive advantage.
However, maximizing crop yield may require field
management interventions focussed on enhanc-
ing the soil physiology of the saline soil. These field
management interventions coupled with the use of
salt-tolerant cultivars may be a good combination to
get economic yields under such challenging field con-
ditions.

Novelty Statement

In the current study, the growth and adaptability of
maize plant was ana-lyzed under salt stress. The study
revealed an interesting factor that the plant growth
rate was compromised to make the plant well-adapt-
ed to the stress i.e., survival of the plant at the expense
of growth.
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