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Abstract

Salinity stress is one of the leading abiotic stresses seriously affecting the crop productivity across the world. Early growth
stages are more affected by salinity stress than terminal growth stages. Therefore, maize genotypes were evaluated for their
performance in three different studies (Experiment-1: irrigation of seeds with salt solutions (distilled water, 4 dS/m, 6 dS/m
and 10 dS/m) for 5 days, Experiment-2: application of different salinity treatments (distilled water, 4 dS/m, 6 dS/m and 10
dS/m) for 20 days from sowing to seedling emergence stage, Experiment-3: application of salinity stresses in hydroponic
culture under four above mentioned different salinity treatments. Time to start germination (TSG), time to 50% germination
(TFG) and final germination percentage (FGP) of the maize genotypes was reduced by salinity stress. Radicle length, plumule
length, root and shoot length and fresh weight and chlorophyll contents were also linearly reduced in maize genotypes by
increasing salinity levels. Moreover, sodium (Na®) concentration was increased in seeds and seedlings of maize genotypes
whereas; potassium (K*) concentration was reduced with gradual rise in salinity levels. Principal Component Analysis (PCA)
biplots facilitated the efficient assortment of susceptible, moderately susceptible, moderately tolerant and tolerant maize
genotypes for each of the three studies separately. Genotype “YS-2008” was susceptible for seed treatment and hydroponic
studies whereas, genotype ‘“T267-5" was susceptible for early seedling and hydroponic studies. Genotype ‘C864-284° was
tolerant in early seedling and hydroponic studies. The GGE biplot analysis indicated that “YS-2008” genotype was susceptible
for salinity stress. Under hydroponic conditions, genotypes could effectively be discriminated by the imposition of severe salt
stress (10 dS/m); however, under seed treatments and early seedling growth stages, mild stress treatments (4 dS/m) were
sufficient enough to discriminate the maize genotypes. Hydroponic evaluation of genotypes is suitable and preferable under
high stress conditions at early growth stages. Identified tolerant and susceptible genotypes could be effectively used in different
breeding programs to develop salt tolerant new cultivars for commercial purposes. © 2021 Friends Science Publishers
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Introduction

In Pakistan, maize (Zea mays L.) is an important cereal crop
as it ranks 3" after wheat (Triticum aestivum L.) and rice
(Oryza sativa L.). Maize being highly polymorphic contains
high genetic variability. Maize contributes 2.9% to value
addition in agriculture and 0.6% to gross domestic
production (GDP). During 201920, maize crop was grown
on about 1.4 million hectares with total production of 7.2
million tons and average yield of 5.1 tons ha™ (ESP 2019
2020).

Pakistan has 80 million hectares area out of which 19.3
Mha is for agriculture and 6.30 Mha of that is salt affected
soils. Area under salt affected soil is increasing at the rate of
40,000 ha annually (Nawaz 2007). The hydrological balance

of irrigated areas is disturbed by continuous use of surface
irrigation and poor land management.

Salinity is one of the leading abiotic stresses in the
country. Pakistan is located in arid and semi-arid regions
where climate is of subtropical nature and process of
sodification and salinization is continuously in progress.
Excessive soil salt is adversely affecting the biological,
chemical and physical properties of soil. These changes
resultantly affecting the plant roots, crop growth &
development and vyield. It is important to bring the salt-
affected soil under proper cultivation through different
means to ensure the food security (Hussain et al. 2018; Syed
et al. 2021).

Maize is moderately sensitive to salt stress due to C4
metabolism. It is reported by researchers that salt stress and
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drought stress can severely damage the maize plants in form
of stunted growth and severe wilting (Farooq et al. 2015;
Ul-Allah et al. 2020). Toxicity of salt stress is mainly
caused by sodium ion, which is interfering with uptake of
potassium and resultantly stomatal opening is disturbed
causing serious water losses, and necrosis in maize (Turan
et al. 2009; Farooq et al. 2015). Increased concentration of
Na" reduces the K" uptake by entering cells of plant, leads
to Na: K ratio imbalance in the cells. The K* uptake reduces
in cells due to closure of K* channel by membrane potential
(Gao et al. 2016). Shahzad et al. (2012) also reported a
decline in K contents in leaf symplast of maize under salt
stress. Reduction in growth and yield of maize was also
observed under salt stress (Gao et al. 2016). The
exploitation of genetic variability in available germplasm is
important to identify a tolerant genotype that may give a
reasonable yield on salt affected soils (Farooq et al. 2015).
To develop salt tolerant varieties, it is necessary to identify
salt tolerant germplasm by screening of large number of
genotypes of crop (Acosta-Motos et al. 2017).

The germination of seed is affected by high
concentration of salts (Rahman et al. 2000). Seed
germination is one of the critical stages in seedling
establishment and determinant of successful crop production
under salt stress (Ashraf and Foolad 2005; Farsiani and
Ghobadi 2009). It is also important to mention that
germination and early growth stages are more sensitive to
salt stress than terminal growth stages (Farooq et al. 2015,
2017). The rate and percentage of seed germination is
reduced by salinity, which in turn leads to reduce crop
yields (Foolad and Lin 2001). Sodium ion toxicity and
osmotic stress are cumulatively affecting the seed
germination and early growth stages (Farsiani and Ghobadi
2009; Hussain et al. 2013, 2018).

Plants developed a wide range of adaptive/resistant
mechanisms to maintain productivity and to ensure the
survival under salt stress. Salinity resistance in plants can be
enhanced by regulation of mineral nutrients. Potassium has a
particular role in maintaining plant survival under salt stress
(Mengel and Kirkby 2001). Although use of different soil
amendments or reclamation strategies is in practice but
exploration salt tolerant cultivars are one of the sustainable
approaches to improve productivity of saline areas.
Therefore, to utilize the salt affected land, it is important to
identify the promising maize genotypes which could
counteract salt stress. Hence, present study was planned with
following key research objectives: (1) evaluation of diverse
maize genotypes under wide range of salt stress treatments to
identify the promising genotypes, (2) to determine the
changes in Na" and K* concentrations of maize genotypes
under various stress treatments, (3) Identification of
discriminating stress treatment under various experiments.

Materials and Methods

Present study was conducted in laboratory and research area

of Department of Plant Breeding and Genetics (PBG),
University of Agriculture, Faisalabad (UAF) during 2017.
Germplasm was collected from different Public and Private
Institutes working on maize research and development.
Following 20 maize genotypes were used in present study:
T047-1-T186-1, T312-14, T330-10, CB863-68, T267-5,
T267-6, T283-30, SEEDCO, T312-11, T323-190, T-330-1,
C863-109, T312-12, T322-195, C864-228, C864-237,
T267-7, T330-25, C864-248 and YS-2008. Present study
comprised of three different experiments. Thorough
evaluation of maize genotypes under salt stress requires
response estimation from seed uptake, seedling growth and
seedling establishment at early growth stages. Different set
of parameters are performance indicators in components
studies; therefore, different experiments were designed. So,
this study was comprised of three experiments in which
maize genotypes were evaluated against salinity stress at
seed uptake, seedling growth in petri plates and seedling
establishment in hydroponic culture.

Experiment 1: evaluation of Na* and K" ions in salt
treated maize seeds

In 1% experiment, five maize seeds of 20 maize genotypes
(names mentioned above) were sown in each petri plates (60
mm x15 mm) separately in three replicated. Experimental
design followed was completely randomized design with
factorial treatment structure. Treatments containing different
concentrations of NaCl (distilled water, 4 dS/m, 6 dS/m and
10 dS/m) were applied for 5 days.

The data for Na* (mol/m® concentration and K*
(mol/m®) concentration of the maize seeds was measured by
collecting the seed samples from respective petri plates.

Estimation of Na* and K* concentration

After five days of maize seed sown in different NaCl
treatments, the seeds were dried in room temperature for 4—
5 days and then oven dried. Oven dried seeds were grinded
with electric machine and digestion was made in fume hood
by following the Wolf (1982) method. The digested material
was diluted with distilled water according to the
requirement. Sherwood 410 flame photometer was used for
estimation of both Na® and K' concentration. Na*
concentrations were measured with the help of self-prepared
standard solutions using reagent grade NaCl salt. However,
K" concentration was measured by using the self-prepared
standard solutions using reagent grade KCI salt.

Experiment 2: seedling evaluation in petri plates

In this experiment five maize seed of 20 genotypes (hames
given above) were sown in each petri plate (100 mm x15
mm) separately. Following treatments containing different
concentrations of NaCl (distilled water, 4 dS/m, 6 dS/m and
10 dS/m) were applied for 20 days.
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Experiment was laid out by following completely
randomized design (CRD) with three replicates for each
genotype under factorial treatment structure. The data for
following germination related parameters was measured;
time to start germination (TSG; days), time to 50%
germination (TFG; Tsp), final germination percentage (FGP),
radicle length (RadL; cm), plumule length (PluL; cm), Na*
(mol/m®) concentration and K* (mol/m®) concentration of
germinated seedlings including the plumule part.

Numbers of germinated seeds were recorded on daily
basis by following the method given in seedling evaluation
Handbook of Association of Official Seed Analysts (1990).
Following formulae of Coolbear et al. (1984) modified by
Farooq et al. (2005) was used to calculate the time taken to
50% germination (TFG; Txg).

2~ M
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where, N is the number of final germination count and
n;, nj cumulative number of seeds emerged at adjacent days
t; and t; when n; < (N+1)/2 <.

Final germination percentage is the ratio, in
percentage, of number of germinated seeds to total seeds
planted following method of ISTA (2008).

Number of germinated seeds
FGP = x 100
Total number of seeds sown

For determination of Na" and K" concentration, dried
shoots were grinded with electric grinder and digestion was
done in fume hood by Wolf (1982) method. The digested
material was diluted with distilled water according to
requirement and by using Sherwood 410 flame photometer
with the help of self-prepared standard solutions using
reagent grade salts NaCl and KCI, Na* (mol/m®) and K*
(mol/m®) concentrations were recorded.

Experiment 3: hydroponic evaluation of maize

genotypes under salt stress

Healthy seeds of each of 20 genotypes (names are given
above) were sown in iron trays to raise seedlings. Sand was
pre-soaked with water before used as growth medium. Tap
water (EC < 2) was used for irrigation. At three leave stage
seedlings were shifted into hydroponic cultures. Hydroponic
study was conducted in water tanks in which aeration was
provided through air pumps and nutrients were provided in
the form Hoagland solution. Micro and macro nutrients
were used as supplements according to the
recommendations (Hoagland and Arnon 1950). Polystyrene
sheets floating over ' strength Hoagland’s nutrient solution
(Hoagland and Arnon 1950) were used as plant supporting
medium. Proper aeration in solution was provided by
aeration pumps. After two days of nursery transplanting in
hydroponic culture four salinity levels (tap water, 4 dS/m, 6

dS/m and 10 dS/m) as described for previous experiments
were developed with NaCl. The pH of the solution was
maintained on alternate days with the help of pH meter
(Jenwey-model 4070). After 20 days of treatment
application, seedlings were harvested manually and data
were recorded for; shoot length (SL; cm), root length (RL;
cm), shoot fresh weight (SFW; g), root fresh weight (RFW;
g), total seedling biomass (TPB; g), leaf temperature (LT;
°C), leaf chlorophyll contents (ChC; pmol/m?), Na*
concentration (mol/m®), K* concentration (mol/m?), Na"/K*
ratio in shoots. Leaf temperature was quantified with
RAYRPM30CFTRG® thermometer. Leaf chlorophyll
contents were measured with chlorophyll meter whereas;
Na* and K* concentration of maize shoots was measured by
using the same method as mentioned in Experiment-1.

Statistical analysis

Acquired data from three different studies were subjected to
two-way analysis of variance (ANOVA) with factorial
treatment structure (Steel et al. 1997). Treatment mean
comparisons were accomplished by using the line graph and
bar graphs. Analysis of variance was done with Statistix 8.1
software, whereas line graphs and bar graphs were prepared
in MS Excel sheet. PCA biplot (Gabriel 1971) and GGE
biplot (Yan and Tinker 2006) analysis were used as
multivariate analysis for evaluation of the genotypic
responses. Genstat13 software used for making PCA biplots
and GGE biplots.

Results

Results from all of three different experiments were
separately elaborated, and then these were compared.

Analysis of variance

In first experiment, very critical traits viz., Na* (mol/m?), K*
(mol/m®) and Na'/K* were measured from treated seeds.
Analysis of variance for these traits depicted that there were
highly significant differences in the salinity treatments,
genotypic responses and genotype X treatment interaction
effects for these three pivotal traits (Table 1). Second
experiment comprised of eight different traits like, TSG,
TFG, FGP, RadL, PluL, Na*, K" and Na"/K*. ANOVA for
these traits showed the highly significant differences in the
salinity treatments, genotypic responses and genotype x
treatment interaction effects for all of these seven traits
(Table 1). Third experiment comprised of 10 different
morphological and biochemical traits viz., SL, RL, SFW,
RFW, TPB, LT, ChC, Na" and K" concentrations in
seedlings and Na'/K*. ANOVA showed the highly
significant difference in the salinity treatments, genotypic
responses and genotype x treatment interaction effects for
all of these nine morphological and physiological traits
(Table 1).
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Table 1: Analysis of variance for different traits of maize under different salinity stress treatment

Experiment-1

Experiment-2

Source DF Na' (mol/m®) K’ (mol/m® TSG TFG FGP RadL (cm) PluL (cm) Na* (mol/m®)  K* (mol/m®)
Treatment (T) 3 828.617** 166.050** 0.262ns 0.555* 64.12ns 0.077** 0.037** 2.837** 2.307**
Genotypes (G) 19 3.365** 2.563** 49.893** 58.149** 3677.22**  10.968** 18.937** 747.860** 160.190**
TxG 57 2.860** 1.822** 0.405* 0.450* 62.02ns 0.108** 0.045** 1.973** 1.881**
Error 160 0.16 0.089 0.254 0.292 75.00 0.037 0.014 0.436 0.173
Experiment-3

Source DF SL (cm) RL (cm) SFW(@) RFW() TPB(g) LT(°C) ChC (ugecm?)  Na" (mol/m®)  K* (mol/m®)
Treatment (T) 3 164.51** 54.52%* 94.16** 4.83** 109.86** 1.111** 107.49** 160.0** 141.0**
Genotypes (G) 19 8771.05** 1665.7** 2297.70%*  222.25**  3941.3** 60.709**  8553.30** 123871.0**  12519.0**
TxG 57  121.82** 43.42%* 30.60** 3.75%* 34.95** 1.044** 92.94** 67.0%* 84.0**
Error 160  15.39 1.89 257 1.13 3.45 0.239 1.12 3.0 6.0

Where, Na*: Sodium concentration, K*: potassium concentration, TSG: time to start germination, TFG: time to 50% germination, FGP: final germination percentage, RadL:
radicle length, PluL: plumule length, SL: shoot length, RL: root length, SFW: shoot fresh weight, RFW: root fresh weight, TPB: total plant biomass, LT: leaf temperature, ChC:
chlorophyll contents, *: significant at 5% level of significance, **: highly significant at 5% level of significance

Table 2: Treatment mean comparison for Na* (mol/m?), K* (mol/m®) concentration and Na'/K* ratio in all of three experiments

Treatments Experiment-1

Experiment-2 Experiment-3

Na*(mol/m® K" (mol/m® Na/K* Na" (mol/m®)  K'(mol/m® Na’/K* Na" (mol/m®) K" (mol/m®)  Na’/K*
Distilled water 8.77d 1091 a 0.81d 9.98d 1161a 0.87d 30.87d 136.28 a 0.23d
4 dS/m 11.24c 10.09b 112c 11.85¢ 1055b 113c 39.38¢ 1200b 0.33¢c
6 dS/m 14.44b 8.67¢c 1.68b 15.18b 9.16¢ 1.67b 83.40b 83.40¢c 0.99b
10dS/m 17.29a 7.12d 245a 1794 a 7.86d 2.29a 129.79 a 33.32d 40la
LSD value at 1% 0.04 0.02 0.01 0.49 0.20 0.01 2.08 4.16 0.01

Means with different letters within a column for each trait are statistically different from each other at p 0.01
Where, distilled water: distilled water was applied, 4.00 dS/m: salinity treatment of 4.00 dS/m, 6.00 dS/m: salinity treatment of 6.00 dS/m, 10.00 dS/m: salinity treatment of 10.00
dS/m, LSD: least significant difference, Expriment-1, 2 & 3: description is given in materials and methods

Table 3: Treatment mean comparison for various germination and seedling related traits of maize genotypes

Experiment-3

Treatments Experiment-2

TSG TFG FGP RadL PluL SL
Distilled water 47d 57d 94 46a 37a 79.10a
4.dS/m 55¢c 64c 86 45b  29b 63.00b
6 dS/m 61b 73b 82 44c 26c 56.60bc
10 dS/m 68a 79a 75 36d 23d 51.20cd
LSD value at 1% 018 020 NS 0.03 0.01 10.66

RL SFW RFW TPB LT ChiC
32.80a 27.80a 9.20a 37.0a 30.2d 36.8a
31.10b 22.70b 7.30b 30.0b 315¢c 34.8b
2520 ¢ 1740¢c 5.60c 230¢c 324a 17.7¢
21.40d 13.60d 4.80d 8.50d 32.3ab 13.2d
1.34 1.79 0.78 2.39 0.17 0.78

Means with different letters within a column for each trait are statistically different from each other at P 0.01

Where, TSG: time to start germination (days), TFG: time to complete 50% germination (days), FGP: final germination percentage (%), RadL: radicle length (cm), PluL: plumule
length (cm), SL: shoot length (cm), RL: root length (cm), SFW: shoot fresh weight (g), RFW: root fresh weight (g), TPB: total plant biomass (g), LT: leaf temperature (C), ChiC:
chlorophyll contents (umol/m?), LSD: least significant difference, NS: Non-significant, Experiment-2 & 3: description is given in materials and methods

Treatment means comparison

Treatment mean comparison with key focus on K*, Na* and
Na'/K* were presented as line graphs and bar graphs. In
experiment-1, Na® concentration was depicting the
increasing trend as moving from distilled water to 10 dS/m
where, Na* concentration was 8.77 mol/m® under 4 dS/m
and 17.29 mol/m® under 10 dS/m respectively based on the
average of all studied genotypes. K* concentration was
10.91 mol/m® at distilled water application which was
reduced to 7.12 mol/m® at 10 dS/m. Na'/K* was 0.81 at
distilled water which was increased to 2.45 at 10 dS/m
(Table 2). In Experiment-2, Na* concentration was depicting
the increasing trend whereas K* concentration was showing
the decreasing trend as moving from distilled water to 10
dS/m. Na* concentration was 9.98 mol/m® under distilled
water and 17.94 mol/m® under 10 dS/m based on the average
performance of all studied genotypes. K* concentration was
11.51 mol/m® at distilled water which was reduced to 7.86
mol/m® at 10 dS/m. Na'/K* was 0.87 at distilled water
which was increased to 2.29 at 10 dS/m (Table 2).

In Experiment-3, there was decreasing trend for K*
concentration and increasing trend for Na* concentration
with increase of salinity stress but relative contents of Na*
and K" minerals were higher than previous two
experiments. Na* concentration was 30.87 mol/m® under
distilled water which was increased to 129.78 mol/m® under
10 dS/m. K* concentration was 136.28 mol/m® at distilled
water which was reduced to 33.32 mol/m® at 10 dS/m. At 6
dS/m both Na® and K" concentrations were almost
equivalent based on average of all of the studied genotypes
(Table 2). Mean comparison for other traits from
experiment-2 and experiment-3 were presented in the Table
3 which is clearly highlighting the pattern of responses.

Principal component analysis (PCA) biplots

Principal component based biplot analysis was for pictorial
view of genotypic performance across the different
experiments and different treatments of same experiments.
All of the four salinity treatments from all of the three
different experiments were separately analyzed by PCA
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Fig. 1: PCA biplot analysis of different salinity treatments applied
at seed imbibition stage in different maize genotypes
(Experiment-1). (A): T-1 (distilled water), (B): T-2 (4 dS/m), (C):
T-3 (6 dS/m), (D). T-4 (10 dS/m). Where, Na": sodium
concentration (mol/m®), K*: potassium concentration (mol/m?),
Na'/K* sodium potassium ratio

biplot analysis. PCA biplot for distilled water from
experiment-1 depicted the 100% (PC-1: 60.56%, PC-2:
39.44%) variability of data from subjected traits. Wider
angle of the trait vectors showed that traits were widely
different in explaining the performance of genotypes. Traits
vectors in the PCA biplots were labelled with mean values
of particular traits. Genotypes, T186-1, T047-1, T-330-1 and
T330-25 had high K* concentration in the seeds ranging
from 13-14 mol/m® whereas, genotypes YS-2008, T267-7
and T312-12 were having relatively lower K* concentration
in the seeds ranging from 9-10 mol/m®. Genotypes T330-25
had relatively higher Na* concentration (11.16 mol/m®)
under stress free conditions whereas, genotype T312-11
(7.25 mol/m® and T312-14 (7.25 mol/m®) had lowest Na*
concentration in the maize seeds (Fig. 1).

PCA biplot for 4 dS/m from experiment-1 presented
the 100% (PC-1: 87.48%, PC-2: 12.52%) variability in the
data of studied traits. genotype T267-6, SEEDCO and
C863-68 have more than 12.00 mol/m* Na* concentration in
the seeds whereas, genotypes T330-25 and T330-10 were
having lower Na* concentration ranging from 9.01 mol/m?
to 9.64 mol/m? respectively. T330-10, T267-5 and YS-2008
were having higher K* concentration (>10.00 mol/m®)
whereas, genotypes T322-195 has lower K* concentration
(< 9.50 mol/m®) in the seeds (Fig. 1).

PCA biplot for 6 dS/m from experiment-1 depicted the
99.99% (PC-1: 62.21%, PC-2: 37.78%) variability from the
raw mean data of studied traits. Biplot showed that trait
vectors were widely distributed in the graph. Genotype YS-
2008 (~12.00 mol/m® had lowest Na® concentration

whereas; genotypes C863-68, T312-14 and T267-5 had
highest Na* concentration (~16.00 mol/m®) in the seeds.
Genotype C864-228 had highest K* concentration (~10.00
mol/m®) whereas, genotypes C863-68 and C864-248 had the
lowest K* concentration (~8.00 mol/m®) in the seeds (Fig. 1).

PCA biplot for 10 dS/m from experiment showed the
99.90% (PC-1: 61.91% and PC-2: 37.99%) variability from
mean data for subjected traits. genotypes T312-14, T267-5,
T267-6, T312-12 and YS-2008 had the highest Na*
concentration (>18.00 mol/m®) in the seeds whereas
genotypes C863-109 and C864-237 had the lowest Na*
concentration (~15.50 mol/m®) in the seeds at T-4 stress
treatment. Genotypes C863-68, SEEDCO, T-330-1, C863-
109, T322-195 and C864-237 have relatively higher K*
concentration (~7.50 mol/m®) whereas, genotypes T312-11
and Y'S-2008 have relatively lower K* concentration (~5.50
mol/m®) in the seeds (Fig. 1).

PCA biplot for distilled water from experiment-2
showed the 80.59% (PC-1: 62.5%, PC-2: 18.09%)
variability from the data of different germination, seedling
and physiological traits (Fig. 2). Angle between the trait
vectors was reflecting the correlation between the traits.
Less than 90° angle between the trait vectors is reflecting
the positive correlation between the traits whereas, more
than 90° angle between the trait vectors is depicting the
negative correlation between the subjected traits. However,
presence of exactly 90° angle between two trait vectors is
reflecting that traits are independent of each other. Plumule
length (PluL) was positively correlated with Na*
concentration in the seedlings whereas, it was negatively
correlated with K* concentration in the seedlings as depicted
by the angle between the trait vectors under distilled water.
However, correlation among traits could be easily visualized
from biplot graph by viewing the angle of trait vectors under
distilled water (Fig. 2). Genotypes T047-1, T186-1, T-330-
1, and T330-25 had relatively higher K™ concentration
(>13.50 mol/m®) whereas, genotypes T312-11 and T267-7
had relatively lower K* concentration (~10.50 mol/m®) in
maize seedlings. Genotypes T267-5, T283-30 and C864-237
had relatively higher Na* concentration whereas genotypes
C863-109 and T312-12 had relatively lower Na*
concentration in seedlings under distilled water (Fig. 2).

PCA biplot for 4 dS/m from experiment-2 showed the
79.32% (PC-1: 66.77%, PC-2: 12.55%) variability in the
data for subjected traits. It can be seen from the biplot that
PloL and Na'/K" were positively correlated with each other.
RadL, K" concentration and FGP were positively correlated
with each other. However, vector for Na* concentration was
differently positioned on the biplot. Genotypes C863-68,
T267-6 and C864-228 had relatively higher Na®
concentration (>12.50 mol/m®) whereas, genotypes T330-10
and T330-25 had relatively lower Na* concentration (~9.50
mol/m®) in the seedlings at 4 dS/m. Genotypes T267-5,
C864-237 and YS-2008 had relatively higher K*
concentration (~11.00 mol/m®) whereas, genotypes T283-30
and T330-25 had lower K* concentration (~9.50 mol/m?) in
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Fig. 2: PCA biplot analysis of different salinity treatments
applied at early seedling stage in different maize genotypes
(Experiment-2). (A): T-1 (distilled water), (B): T-2 (4 dS/m),
(C): T-3 (6 dS/m), (D): T-4 (10 dS/m). Where, Na*: Sodium
concentration (mol/m?), K*: potassium concentration (mol/m?),
Na'/K" sodium potassium ratio, TSG: time to start germination
(days), TFG: time to 50% germination (days), FGP: final
germination percentage (%), RadL: radicle length (cm), PluL:
plumule length (cm)

the seedlings at 4 dS/m (Fig. 2).

PCA biplot for 6 dS/m from experiment-2 showed the
74.15% (PC-1: 43.3%, PC-2: 30.85%) variability from the
raw mean data of studied germination, seedling and
physiological traits. Astonishingly K* concentration and Na*
concentration were not correlated among maize genotypes
for this salinity treatment whereas, Na* concentration has
weak positive correlation with Na*/K* ratio. Genotypes T-
330-1 and T267-7 had lowest Na" concentration (~14.00
mol/m®) whereas, genotypes T267-6, T283-30 and
SEEDCO were having the higher relative concentration
(>16.00 mol/m®) of Na* ions. Genotypes T312-14, T267-
5 and C864-228 were having higher K* concentration
(>10.00 mol/m® whereas, genotypes T322-195 and
T330-25 were having lower K* concentration (~8.00
mol/m®) at 6 dS/m (Fig. 2).

PCA biplot for 10 dS/m from experiment-2 exhibited
the 71.37% (PC-1: 45.75%, PC-2: 25.62%) variability of
data for different studied traits. TSG, TFG, RadL and K*
concentration was positively correlated with each other
whereas, Na* was not having strong positive or negative
correlation with other traits. Genotypes C864-237 and
T267-7 were having lowest Na® concentration (~16.00
mol/m®) relative to other genotypes whereas, genotypes
T267-6, C863-109 and T312-12 were having higher Na*
concentration (>18.50 mol/m®). Genotypes C863-68 and
T322-195 were having higher K™ concentration (> 8.50

mol/m®) whereas genotypes, T267-7 and YS-2008 were
having lower K* concentration (~6.50 mol/m®) relative to
other genotypes under 10 dS/m salinity treatment (Fig. 3).

PCA biplot for distilled water from experiment-3
exhibited the 65.11% (PC-1: 36.54%, PC-2: 28.57%)
variation from the data of all of the studied traits. Na*
concentration and Na'/K" ratio were positively correlated
with each other. SL and K" concentration were also
positively correlated. RL was strong positively correlated
with RFW whereas; SL was strong positively correlated
with SFW. Genotypes YS-2008, T323-190 and T267-5
were having higher Na* concentration (35.50-42.67 mol/m®)
whereas genotypes C863-109 and T312-12 were having
lower Na* concentration (~25.00 mol/m®) in the seedlings.
Genotypes T267-6 and T322-195 were having higher K*
concentration (~140.00 mol/m?) whereas genotypes T330-
25 and YS-2008 were having lowest K* concentration
(~122.50-130.00 mol/m®) under distilled water salinity
treatment (Fig. 3).

PCA biplot for 4 dS/m from experiment-3 showed the
61.54% (PC-1: 37.57%, PC-2: 23.98%) variability from the
data of different morphological, physiological and
biochemical traits. Among studied genotypes, YS-2008 had
the highest Na* concentration (~53.00 mol/m®) whereas,
T330-10 were having lowest Na® concentration (~34.50
mol/m®). Among studied genotypes, C864-248 were having
highest concentration (~130.00 mol/m®) of K* ions whereas,
genotypes YS-2008 and T330-10 were having the lowest K*
concentration (~105.00 mol/m?) in seedlings (Fig. 3).

PCA biplot for 6 dS/m from experiment-3 reflected
the 71.6% (PC-1: 48.37%, PC-2: 23.24%) variability of data
from all of the studied traits. K* concentration was
negatively correlated with Na* concentration, Na"/K" ratio
and RFW. LT, TPB and SFW were positively correlated
with each other. Among studied genotypes, T047-1, T186-1
and SEEDCO were having the highest K* concentration
(~92.00 mol/m®) whereas; genotypes T312-14 and T267-7
were having lowest concentration (~75.00 mol/m?) of K*
ions in the seedlings. Genotypes, T047-1, T186-1 and T323-
190 were having lowest Na* concentration (~70.00 mol/m®)
whereas; genotypes T322-195, C864-248, YS-2008 were
having higher Na* concentration (~92.00 mol/m®) in the
seedlings (Fig. 3).

PCA biplot for 10 dS/m from experiment-3 revealed
the 66.97% (PC-1: 42.39%, PC-2: 24.58%) variability. LT,
Na* concentration and Na‘/K* were positively correlated
with each other but these were negatively correlated with K*
concentration. K™ concentration was positively correlated
with SL, RL, SFW, RFW and TPB. Among studied maize
genotypes, C863-68 and C864-248 were having higher K*
concentration (~42.00 mol/m®) whereas, genotypes T312-14
and YS-2008 were having lowest K* concentration (~25.00
mol/m®) in seedlings. Genotypes T267-7, T330-25 and
C864-248 were having lowest Na* concentration (~124.00
mol/m®) whereas genotypes T-330-1 and YS-2008 were
having highest concentration (~136.00-142.00 mol/m®) of
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Fig. 3: PCA biplot analysis of different salinity treatments applied
at seedling stage in hydroponic culture in different maize
genotypes (Experiment-3). (A): T-1 (distilled water), (B): T-2 (4
ds/m), (C): T-3 (6 dS/m), (D): T-4 (10 dS/m). Where, Na":
Sodium concentration (mol/m®), K': potassium concentration
(mol/m®), Na'/K" sodium potassium ratio, SL: shoot length (cm),
RL: root length (cm), SFW: shoot fresh weight (g), RFW: root
fresh weight (g), TPB: total plant biomass (g), LT: leaf
temperature (°C), ChC: chlorophyll contents (umol/m?)

Na" ions in the seedlings (Fig. 3).
GGE biplot analysis

GGE comparison biplots for genotypes and treatments were
made for visualization of best performing genotypes and
theoretically ideal treatment combination particularly for
Na® and K* concentrations. GGE biplot for Na
concentration was reflecting the 63.90% (PC-1: 35.54%,
PC-2: 28.36%) variability in the data across four different
salinity treatments (Fig. 4). Genotypes present at the center
of concentric circles were defined theoretically ideal for that
particular traits if desirability for that trait is higher value.
Otherwise, if desirability is lower value for particular trait
like Na™ then genotypes positioned farthest away from the
center of concentric circles are preferably selected. Lower
Na“ concentration is indicative of tolerant behavior of
genotypes therefore genotypes with lower or poor Na*
concentration are desirably selected.

In Experiment-1, genotypes T330-25, T312-11 and
T330-10 were declared unanimously as tolerant due to
locating farthest away from the center of concentric circles
whereas, genotypes SEEDCO, T267-6, C864-228 and
C863-68 were susceptible for being positioned at center of
concentric circles. In Experiment-2, GGE biplot was
depicting the 75.40% (PC-1: 45.74%, PC-2: 29.66%)
variability and genotypes SEEDCO, C864-228 and T267-6

were susceptible whereas, genotypes T267-7, T330-1,
T330-10 and T330-25 were tolerant based on their
performance across all of the four salt stress treatments. In
Experiment-3, GGE biplot was depicting the 75.15% (PC-1:
48.20%, PC-2: 26.95%) variability for Na* concentration
across all of the four stress treatments. Genotype YS-2008
was highly susceptible whereas, genotypes T323-190,
C863-68 and SEEDCO were tolerant across all of the four
treatments based on having lowest Na* concentration even
at higher stress treatment (Fig. 4).

GGE biplot for comparison of environments (blue
colored concentric circles) were reflecting the same
proportion of variability across the experiments as reflected
by GGE biplots for genotypic comparison (green colored
concentric circles) at Na* concentration. Based on the
representativeness and discrimination power of the stress
treatments for Na* concentration, stress treatments were
ranked from theoretically ideal to poor treatment (Fig. 4) as
following; Experiment-1: 4 dS/m > 6 dS/m > 10 dS/m >
distilled water; Experiment-2: 6 dS/m > 4 dS/m > 10 dS/m
> distilled water; Experiment-3: 4 dS/m > distilled water > 6
dS/m > 10 dS/m.

GGE biplot for genotypic comparison was reflecting
the 81.30% (PC-1: 55.46%, PC-2: 25.84%) variability for
K" concentration in Experiment-1. Higher the K*
concentration in genotypic samples is reflecting the higher
level of tolerance against salt stress. In Experiment-1,
genotypes T267-5, T322-195 and T330-1 were theoretically
ideal for having higher K* concentration across the four
different treatments whereas, genotypes YS-2008 was poor
for having lower K* concentration. In Experiment-2,
genotypes T-330-1, T267-5, C864-228 and C864-237 were
theoretically ideal whereas, genotypes YS-2008, T267-6
and T312-12 were poor in performance. In Experiment-3,
genotypes T323-190, C864-237 and SEEDCO were better
performing whereas, genotypes TS-2008, T330-10 and
T330-25 were poor performing across the subjected salinity
treatments (Fig. 5).

Based on the representativeness and discrimination
power of the stress treatments for K* concentration, stress
treatments were ranked from theoretically ideal to poor
treatments (Fig. 5) as following; Experiment-1: 10 dS/m >
distilled water > 6 dS/m > 4 dS/m; Experiment-2: distilled
water > 6 dS/m > 10 dS/m > 4 dS/m; Experiment-3: 4 dS/m
> 10 dS/m > 6 dS/m > distilled water.

Discussion

Dissection of variability into discrete components showed
that genotypic responses, treatment effects and genotype by
environment interaction effects were significantly different
for studied traits from seedling developed in petri plates and
hydroponic studies. It is evidently proved that maize
genotypes showed the differential responses to different
salinity treatments at different stages and these findings
have support from several other researchers (Schubert et al.
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Fig. 5: GGE biplot analysis for K* contents of maize genotypes under different salinity treatments from three different experiments. (A):
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2009; Richter et al. 2015).

Current study showed that imbibition of Na* was
higher than K" with the increase of level of salt stress.
Na'/K" ratio was also increased in imbibed seeds which
indicate that Na" uptake was increasing with the increase in

level of salt stress. Similar trend was observed in germinated
seeds and plumule parts in Experiment-2. Seedlings in
hydroponic culture also showed the similar trend of
increased Na™ concentration in seedlings compared to K*
concentration under increasing level of salt stress. The
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Na'/K" ratio was also increased which indicate that Na*
uptake is increased with increased level of salt stress and
resultantly toxic effects of Na“ are evidently expressed.
Seed germination basically comprised of three phases i.e.,
imbibition, lag phase and radicle growth & emergence.
Higher Na* uptake through imbibition prolongs the lag
phase and resultantly germination was delayed or prevented
(Tian et al. 2014). Sodium is reported to be the principle
toxic ion for maize which is inducing the toxicity and also
disturbing the potassium uptake and transport, impairing the
stomatal functioning and causing necrosis in the maize
genotypes (Neto and Tabosa 2000; Farooq et al. 2015).
Differential Na® uptake by different genotypes and
inhibitory effects on the germination of seeds has been
reported by large number of researchers (Hasegawa et al.
2000; Farsiani and Ghobadi 2009).

As it was observed in Experiment-1, that accumulation
of Na* ions was increased in seeds through imbibition which
may affect the germination and this query was answered by
Experiment-2. Experiment-2 showed that germination
related traits like time to start germination (4.7 days to 6.8
days) and time to 50% germination (5.7 days to 7.9 days)
were increased whereas, final germination percentage (94%
to 75%), radical length (4.6 com to 3.6 cm) and plumule
length (3.7 cm to 2.3 cm) were decreased. It is reported that
salt stress is affecting the seed germination and related traits
like, time to start germination, germination rate and
increased distortion in germination events (Ashraf and
Foolad 2005; Janmohammadi et al. 2008). Effect of salt
stress on maize seed germination and other related traits
may be attributed to reduced osmotic potential, sodium
and/or chloride ion toxicity to embryo or by changes in
protein biosynthesis. It is also reported that osmotic stress
and toxic effects of sodium ions may delay or inhibit the
seed germination (Ashraf and Foolad 2005; Janmohammadi
et al. 2008). Delayed or decreased germination may be
attributed to lowered osmotic potential, reduced water uptake
and sodium toxicity to the embryos. Therefore, integration of
osmotic stress and ionic toxicity by imposition of higher
level of salinity stress results in suppressed or delayed
germination (Hasegawa et al. 2000; Farsiani and Ghobadi
2009; Farooq et al. 2015) Researchers also mentioned that
germination and early growth stages are highly sensitive to
salt stress (Farooq et al. 2015) therefore, evaluation of
maize genotypes under salt stress at early growth stages in
prerequisite and same was done in this study.

Hydroponic study revealed that root length, shoot
length, shoot fresh weight, root fresh weight, total plant
biomass and chlorophyll contents were reduced by
increasing the severity of salt stress from tap water to 10
dS/m stress. Leaf temperature was intended to increase in
the genotypes by increasing the concentration of salinity
stress. Vegetative growth is reduced by salinity stress due to
suppression of leaf initiation, intermodal growth and cell
cycle of meristematic tissues (Akram et al. 2010; Qu et al.
2012). Root is directly exposed to saline environment either

in the hydroponic or field conditions. Root growth is
suppressed either due to low osmotic potential and ionic
toxicity which may reduce the cell division and cell
expansion by modulating the gene expression. Reduction
is photosynthetic activity is also one of the key factors
for reduced growth under salinity stress (Farooq et al.
2015) as it is also evident in present study that
chlorophyll contents of the maize genotypes were
reduced with the increase of salt stress.

Visual presentation of results provides better
understanding of responses of genotypes to stress
conditions. For the said purpose, one of the most used
multivariate analysis “PCA biplot analysis” was used in
present. PCA biplot has been widely used by several
researchers for understanding the genotypic responses of
different crop plants under different stresses (Aslam et al.
2016, 2017). Genotypes with poor performance at distilled
water were defined as susceptible, genotypes having better
performance at 4 dS/m were described as moderately
susceptible and genotypes with better performance at 6
dS/m were declared to be moderately tolerant whereas,
genotypes having better performance at 10 dS/m were
defined as tolerant against the salinity stress at early growth
stages. Based on these prospects, assortation of genotypes
was made by PCA biplot and briefly describing the
categorical performance of genotypes; susceptible
genotypes from Experiment-1 were T312-12, T267-7 &
YS-2008; from Experiment-2, T283-30, C864-237 & T267-
5, and from Experiment-3: T267-5, YS-2008 and T323-190.
Moderately susceptible genotypes from Experiment-1:
T267-7, T312-12, & SEEDCO; from Experiment-2: C864-
237, T283-30 & T-267-5 and from Experiment-3: YS-2008,
C864-248 and T267-7. Moderately tolerant genotypes from
Experiment-1 were T267-7, T312-12 and T267-6; from
Experiment-2 were T330-25, T322-195 & T312-12 and
from Experiment-3 were T047-1, T186-1, SEEDCO and
C863-68. Tolerant genotypes from Experiment-1 were
T312-11, C863-109 and C864-237; from Experiment-2
were YS-2008, T267-7 and C864-284 and from
Experiment-3 were C863-68 and C864-248. It can be seen
that PCA biplots discriminated the genotypes based on
performance for all traits for each of the stress treatment
separately. PCA biplot is preferably being used for selection
of genotypes depending upon research objectives (Aslam et
al. 2016, 2017).

Evaluation of the genotypic performance interactive of
all stress treatments was necessary to prioritize the
genotypes and identification of discriminating environments
for conducting further studies against salinity stress at early
growth stages. Therefore, GGE biplot analysis (Yan and
Tinker 2006) was used in present studies to identify the
ideal genotypes (best in performance) and ideal
environment (most representative and most discriminating).
GGE biplots explained 63 to 81% variability for Na*" and K*
traits across four different salinity treatments. This
proportion of variability contribution was justified enough
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to extract practically applicable results (Yan and Tinker
2006; Magbool et al. 2015). SEEDCO genotype was noted
to be susceptible against salinity stress for germination and
early seedling stages but it was stress tolerant in the
hydroponic studies. Genotype YS-2008 found to be
susceptible to salinity stress across all of the three different
studies. T323-190 was also tolerant against salinity stress
under hydroponic studies. T330-25 was tolerant against
salinity stress under implication of seed treatments and
seedling growth under prevalence of salt solutions.
However, many genotypes showed the tolerance at
germination but susceptibility in hydroponic studies and
vice versa. This type of results are very well explaining that
different type physiological mechanisms are working at
different growth stages therefore genotypes are conferring
the differential responses against salinity stresses at different
growth stages (Yan and Tinker 2006; Magbool et al. 2015).
At seed treatment and early seedling growth stages mild
stress treatments were sufficient enough to discriminate the
genotypes whereas, under hydroponic studies discrimination
of genotypes requires the imposition of severe salt stress.

Conclusion

Different levels of salinity stress seriously affected the
performance of maize genotypes at early growth stages. Na*
concentration was increased in seeds and seedlings of maize
genotypes whereas; K* concentration was reduced by
increasing the severity of salinity stress. YS-2008 was
susceptible for seed treatment and hydroponic studies
whereas, T267-5 was susceptible for early seedling and
hydroponic studies. C864-284 was tolerant in early seedling
and hydroponic studies. Under hydroponic conditions,
genotypes could effectively be discriminated by the
imposition of severe salt stress 10 dS/m. However, under
seed treatments and early seedling growth stages, mild stress
treatments 4 dS/m were sufficient enough to discriminate
the maize genotypes. ldentified tolerant and susceptible
genotypes could be effectively used in different breeding
programs to develop salt tolerant new cultivars for
commercial purposes.
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