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Maize (Zea mays L.) genotypes collected from different research institutes were evaluated against different standards
associated with salinity tolerance/susceptibility under four variable saline treatment strengths Sog asm* (T1; Control), Sa gsm™
(T2), Seasm™ (T3) and Sio4sm™ (T4) to optimize treatment strengths for screening and to study genotype x environment interaction
(GEI) on the basis of shoot length (SL), root length (RL), shoot fresh weight (SFW), shoot dry weight (SDW), root fresh weight
(RFW), root dry weight (RDW), sodium concentration in leaf sap (Na*), chloride concentration in leaf sap (CI°), potassium
concentration in leaf sap (K*), total proline contents in leaf sap (PRO) and sodium/potassium ratio (Na*/K*). Under Sio dsm >,
genotype UAC-0020 performed relatively well based on Na* and CI- whereas UAC-0036 performed well for K* and Na*/K*.
UAC-0024 was most stable for SFW. Under S44sm™, UAC-0028 was poor in performance for Na*, Na*/K*, SL, PRO and CI;
similarly, UAC-0048 showed poor performance for SFW, RFW, SL and PRO; UAC-0041 and UAC-0033 posed least
resistance for SL, SFW, RL and RFW, respectively. The rest of the genotypes interacted under all the variable stressful
environments either positively or negatively. SL, SDW, RFW, Na*, Cl- and PRO were verified as very good indicators of
salinity tolerance in maize plant. Biplot based on Principal Component Analysis (PCA) is reported as an effective technique
to study GEI. S44sm™ Was proved as best strength to sort out susceptible and Sio sm™ t0 sort out most tolerant genotypes. The

best performing genotypes could be considered for further breeding programs.
Keywords: Maize genotypes, salinity treatments, hydroponics, biplot analysis, optimization.

INTRODUCTION

Demand to fulfill the needs of the people is increasing
with continuous increase in population but yield is
decreasing due to some problematic causes especially
biotic and abiotic stresses. The most deleterious factor
among abiotic is salinity. Salinity is pervasive threat to crop
production predominantly in countries where supplement
irrigation is needed. Mostly the water on earth is salty,
comprising 30g of NaCl per liter, which is constantly
affecting the soil on which crops are/or might be grown
(Flowers, 2004). It is estimated that almost 15% of the total
land is badly affected by salt in the world (Akram et al.,
2010), which reduces the yield potential of approximately 20
Mha of the land each year.

Among salts, NaCl is leading one in saline lands. Salt-induced
growth drop happens in two junctures; immediate response
due to aggregation of too much salt in root regions and slow
response with respect to the gathering of salts to poisonous
level in leaves (Arzani, 2008). Root zone sodicity varies ionic
and plant water status as plants unable to take water due to
low soil water potential established by unnecessary salt in the
rhizospheric solution (Munns et al. 2006). Furthermore,
salinity stress builds up of Na* and CI- ions to lethal level

which in turn inhibits absorption and supply of vital mineral
nutrients like N, P, K* and Ca*? to physiologically active
zones of plants (Chinnusamy et al., 2005). A high salt
substance in root zone disturbs maize growth and ultimately,
happens a severe reduction in its harvest (Munns, 2002), by
bringing low osmotic potential (Ashraf, 2004), hindering
enzyme activities, distressing solute accumulation (Flowers,
2004), making ionic imbalance (Barnard et al., 2010),
fluctuating plant metabolic activities, varying cellular level,
altering biochemical and physiological processes (Najafi et
al., 2007), dropping water potential, poisoning with Na* ions
(Munns and Tester, 2008), and disturbing the absorption of
essential nutrients (Akram et al., 2007), or due to with all
these issues. In addition to ionic and osmotic stress, salinity
prompts unnecessary production of reactive oxygen species
(ROS) such as singlet oxygen, hydrogen peroxide, superoxide
and hydroxyl radical (Verma and Mishra, 2005) which
denature macromolecules and peroxidize membrane lipids
which ruins the plant’s metabolism (Mittler, 2002).
Cultivation of salt tolerant plants is best strategy regarding
usage of salt affected soils (Ashraf, 1994). It is most
practicable and economical. Screening of germplasm of crop
plants is prerequisite to categorize salt tolerant genotypes for
any breeding program.
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Internationally, maize (Zea mays L.) is the 3™ most essential
food crop after wheat and rice, both in terms of area and
production. It is also known as queen of cereals due to high
yield potential. In addition to this, a large proportion of
population in the world depends on it for food. In Pakistan, it
was cultivated on 1.144 million hectares and its production
was of 4.920 million tons (Govt. of Pakistan, 2015).

The objectives of this study were to assess the extent of
adaptability, variability of maize germplasm against variable
saline environments to identify salt tolerant and sensitive
germplasm and to work out the best selection standard against
salinity stress.

MATERIALS AND METHODS

Research experiment was conducted in the screenhouse of the
department of Plant Breeding and Genetics, University of
Agriculture Faisalabad, Punjab, Pakistan (latitude = 31°- 30'
N, longitude = 73°- 10" E and altitude = 184.4 m). Total 40
maize genotypes namely UAC-0013 through UAC-0052 were
used in current study. Maize genotypes were sown in
germination trays filled with distilled water washed sand.
After 15 days of sowing, uniform maize seedlings were
transplanted to aquaculture which consisted of sheet of
polystyrene floating on % strength Hoagland’s nutrient
solution medium with proper aeration system. Strength of
Hoagland nutrient solution was improved up to full strength
after two days. Seedlings were allowed to stabilize for three
days in hydroponic medium. After three days, four treatments
like Sog dsm™ (Ty; Control), Sa dsmt (T2), Se dsmt (T3) and Sio
asm (T4) were applied by using NaCl. Initially half strength
stress was applied which was made full strength after 3 days.

Experiment was carried out by following triplicated
completely randomized design in split plot arrangement. pH
of the hydroponic solution was maintained at 7.0+0.5 on daily
basis by using NaOH and HCI. After 32 days of transplanting,
seedlings were harvested to record data of shoot length (cm),
root length (cm), shoot fresh weight (g/plant), shoot dry
weight (g/plant), root fresh weight (g/plant), root dry weight
(g/plant), Na* concentration (mole m™3), K* concentration
(mole m-3), CI- concentration (mole m=), proline contents (Jt
mol g') and Na*/K*.

Statistical analysis: Data were analyzed for significance of
treatment differences among genotypes using analysis of
variance (Steel et al., 1997). Variability in genotypes against
salinity in each trait was studied by biplot based on principal
component analysis (PCA).

RESULTS

The effects of treatment, genotypes and interaction between
treatment and genotypes were found significant (P<0.05) for
all the studied morphological and physiological traits
(Table 1). Variation in Na*/K* ratio among all the genotypes
was assessed by different regions of principal component-1
(PC4) and principal component-2 (PC,) under four salinity
levels (Sos dsm™, Sadsm™, Sedsm™ and Sio asm™2); Which showed
most precise and reliable results than other PCs due to
contribution of highest interaction percentage (83.80).
Individually, PC; and PC; revealed 58.76% and 25.04%
interaction towards variation. There were two values of each
principal component (PC), positive and negative. The four
vectors (salinity treatments) along two axes were not
perpendicular had strong discrimination power for explaining

Table 1. Mean squares with respective levels of significance for different traits in maize at different salinity levels.

sov DF SL RL SFW SDW RFW RDW
Replication 2 0.4 0.5 1.05 0.13 0.1 0.01
Treatment 3 2704.14*  3026.9* 594.9* 22.25* 34* 6.01*
Error Replication*Treatment 6 5.0 1.8 2.6 0.3 0.4 0.04
Genotype 39 186.16* 65.8* 12.55* 1.2* 1.8* 0.1*
Treatment*Genotype 117 55.7* 17.3* 3.35* 0.3* 0.7* 0.03*
Error Replication*Treatment*Genotype 312 327.1 191.5 104.06 8.6 14.6 3.5
Total 479

SoVv DF Na* K* Cr PRO Na*/K*
Replication 2 0.2 2.3 0.09 0.1 0.0008
Treatment 3 11685.5*  4829.6*  4766.7* 60.3* 18.30*
Error Replication*Treatment 6 3.4 18.1 8.0 0.16 0.008
Genotype 39 234* 145.55* 69.0* 1.8* 0.80*
Treatment*Genotype 117 101.7* 56.2* 27.6* 0.9* 0.30*

Error Replication*Treatment*Genotype 312 169.2 278.2 398.3 13.7 0.30

Total 479

*denotes highly significant differences (P<0.01)

Abbreviations: SL; shoot length, RL; root length, SFW; shoot fresh weight, SDW; shoot dry weight, RFW; root fresh weight, RDW;
root dry weight, Na*; sodium concentration, K*; potassium concentration, CI; chloride concentration, PRO; proline contents, Na*/K*;

sodium/potassium ratio.
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variability with respect to genotypes UAC-0028, UAC-0033,
UAC-0041 and UAC-0048 decided to go towards the heads
of environment vectors away from origin of graph (positive
value region) while UAC-0020, UAC-0024 and UAC-0036
scattered opposite to saline vectors apart from origin of graph
(negative value region) for Na*/K* (Fig. 1).

angle within them while S; am™ and Sg gsm™* had similar
interactive response as having small angle within them
(Fig. 2). Only PCi had remarkable eigen value which was
more than two (Table 2). Contribution of all the environments
So.gdsm L, Sadsm™, Seasm™* and S104sm™ Was positive in concerned
PC.
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Figure 1. PCA Biplot for Na*/K*.

Spoke lengths of S4 dsm?, Seasm™ and Sio gsm™® Vectors were
approximately same which indicated that concerned vectors
had the same interactive force for genotypes. Angles between
the Sa gsm™, Se asm™ and Sio gsm™ Vectors were small which
resulted that genotypes responded similarly in all stress
environments. Spoke length of Spg ¢sm™ Was high which
exhibited that this vector had much discriminatory power to
differentiate the performance of genotypes under different salt
concentrations (Fig. 1). In Na*/K*, two PCs (PC; and PC,) had
eigen value more than one (Table 2). Contribution of Sog dsm”
Land Sy gsm™ were positive and negative in PC; and PC,
respectively  while the contribution of remaining
environments was in opposite state in concerned PC
(Table 2).

Analysis for root length under Sog dsm™, Sadsm ™, Sedasm™* and Sao
dgsm® between PC; and PC, showed 80.68% interaction.
Individually, PCy and PC. revealed 62.57 and 18.12%
variation respectively. Genotypes UAC-0020, UAC-0024 and
UAC-0036 scattered apart from the origin in positive
direction between Soggsm™ and Sggsm™ environments with high
mean grouped as highly variable and well adapted (Fig. 2).
Genotypes UAC-0028, UAC-0033, UAC-0041 and UAC-
0048 positioned in negative quadrant and opposite sides of
environment vectors showed comparative poor adaptability
on biplot graph in stress treatments Sa gsm™, Se dsm* and Si1o dsm™
1 when compared with control treatment Sos dgsm™ (Fig. 2).
Spoke length of Sip gsm™ vector was longest among all
treatment vectors therefore proved as most interactive
treatment for root length. Sogasm™ and Sio asm™ €nvironments
had different interactive response with genotypes due to high
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Figure 2. PCA Biplot for RL.
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Figure 3. PCA Biplot for K*.

Biplot analysis for K* concentration exhibited 80.53%
interaction between PC; and PC,. Individually, PC; and PC;
showed 54.56% and 25.97% variation respectively under Sog
dsm Y, Sadsm?, Sedsm® and Sioasm™ (Fig. 3). There was a huge
dispersion of genotypes on biplot graph for K* concentration
which depicted variable response of genotypes with respect to
saline environment (Fig. 3). UAC-0020, UAC-0024 and
UAC-0036 scattered towards the positive value region termed
as more variable and more adapted in saline condition
(Fig. 3). UAC-0028, UAC-0033, UAC-0041 and UAC-0048
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Table 2. PC values, eigenvalues, percent variance and cumulative percent of variance for different traits under

normal and stress conditions.

Traits/Environments PCi: PC2 PC(S) Eigen values % variance Cumulative % of variance
T1 T T1 T T T1
SL 0.72 -0.50 PC1 2.28 57.09 57.09
RL 0.83 - PC1 2.50 62.57 62.57
SFW 0.60 - PC1 2.24 56.00 56.00
SDW 0.75 - PC1 2.14 53.54 53.54
RFW 0.75 - PC1 2.36 59.19 59.19
RDW 0.54 - PC1 2.04 50.95 50.95
Na* -0.10 0.96 PC1 1.93 48.49 48.49
CI -0.20 0.90 PC1 1.90 48.90 48.90
K* 0.37 -0.80 PC1 2.18 54.55 54.55
PRO 0.62 - PC1 2.09 52.37 52.37
Na*/K* -0.10 0.99 PC1 2.35 58.75 58.75
Traits/Environment PC: PC: PC(S) Eigen values % variance Cumulative % of variance
T2 T2 T2 T2 T2 T2
SL 0.80 -0.40 PC2 1.00 25.03 80.43
RL 0.80 - PC2 0.72 18.12 80.68
SFW 0.68 - PC2 0.83 20.95 76.95
SDW 0.66 - PC2 0.72 17.93 71.47
RFW 0.78 - PC2 0.56 14.24 73.43
RDW 0.70 - PC2 0.83 20.66 71.61
Na* 0.73 -0.20 PC2 1.04 25.95 74.44
CI- 0.75 -0.20 PC2 1.04 26.19 75.12
K* 0.84 031 PC2 1.03 25.97 80.53
PRO 0.75 - PC2 0.90 22.44 74.81
Na*/K* 1.00 -0.10 PC2 1.00 25.00 84.00
Traits/Environment PCi PC: PC(S) Eigen values % variance Cumulative % of variance
Ts Ts Ts Ts Ts Ts
SL 085 0.25 PCs 0.44 10.90 91.32
RL 0.82 - PCs 0.42 10.56 91.24
SFW 0.84 - PCs 0.55 13.75 90.70
SDW 0.77 - PCs 0.59 14.78 86.25
RFW 0.77 - PCs 0.54 13.72 87.15
RDW 0.79 - PCs 0.67 16.71 88.33
Na* 0.86 0.19 PCs 0.64 16.20 90.65
CI- 080 0.35 PCs 0.59 14.81 89.93
K* 082 0.32 PCs 0.44 11.20 91.73
PRO 0.88 - PCs 0.64 16.09 90.90
Na*/K* 092 0.10 PCs 0.45 11.34 95.14
Traits/Environment PC: PC: PC(S) Eigen values % variance Cumulative % of variance
Ta Ts Ta Ts Ta Ta
SL 0.64 0.69 PC4 0.35 8.68 100
RL 0.70 - PC4 0.35 8.76 100
SFW 0.83 - PC4 0.37 9.29 100
SDW 0.74 - PC4 0.55 13.75 100
RFW 0.76 - PC4 0.51 12.84 100
RDW 0.79 - PC4 0.47 11.67 100
Na* 0.80 0.12 PC4 0.37 9.34 100
CI- 0.83  0.09 PC4 0.40 10.06 100
K* 081 -0.20 PC4 0.33 8.26 100
PRO 0.61 - PCs 0.36 9.10 100
Na*/K* 0.89  0.04 PC4 0.19 4.85 100

separated in negative value region with low variability and
low adaptability (Fig. 3). UAC-0041 was more dispersed and
showed more variability than UAC-0028, UAC-0033 and
UAC-0048 against saline environment (Fig. 3). Increased
spoke length of S 4sm™ Vector expressed that genotypes were
more affected by Sos asm™ vector. UAC-0030 positioned

exactly on spoke of Spg gsm® with high affection with
corresponding vector. Huge cosine angle between Sog gsm™
and Siogsm™t as well as between Sggsm™ and Sioqsm™ stated that
different genotypes attracted in different fashions towards So g
dgsm™ and Sio gsmt similarly between S; gsm™ and Sio gsm™
vectors. Greater than 1 eigen value was shown by PC; and
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PC, (Table2). The contributions of all the saline
environments were positive in PCy (Table 2). In PC;, two
environments Sos gm® and S gm® Were negatively
contributing while Sz gsm® and Se asm™ Were positively
contributing (Table 2).

80.43% interaction between PC; and PC, was reported for
shoot length under PCA biplot analysis where PC;
contributed 57.09% and PC; contributed 23.33% variation.
Vector lengths of Sogdsm™ and Sa¢sm™ were almost same which
reflected that both vectors had equal discrimination powers
for the explanation of 40 genotypes. Genotypes UAC-0020,
UAC-0024 and UAC-0036 had high mean values of shoot
length grouped as well adapted and best performing as
secured position farther from origin in positive quadrant on
biplot graph in stress treatments S4 gsm™, Se dsm™ and Sio dsm™*
when compared with control treatment Sog asm™ (Fig. 4).
Genotypes UAC-0028, UAC-0033, UAC-0041 and UAC-
0048 positioned in negative quadrant and opposite sides of
environment vectors showed comparative poor adaptability
on biplot graph in stress treatments S dsm™, Se asm™> and S0 dsm”
1 when compared with control treatment Sos gsm™ (Fig. 4).
Graph for shoot length showed that Sg gsm™ and Sio ¢sm™ had
longer spoke length and stronger interactive force followed
by So.sasm™ and S asm* (Fig. 4). Two PCs (PC; and PC;) had
eigen value greater than one (Table 2). In case of PCy, all
environments showed positive contribution whereas in case
of PC,, environments Sos dgsm™> and Sa ¢sm™* exhibited negative
contribution while environments Sg gsm™ and Sio gsm™* showed
positive contribution (Table 2).
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Figure 4. PCA Biplot for SL.

Biplot for shoot fresh weight was plotted among PC, and PC;,
76.96% variation was elucidated by these two components in
which PC; depicted 56.01% and PC, revealed 20.95%
variation (Fig. 5). UAC-0020, UAC-0024 and UAC-0036
scattered in positive value region between Sog dsm™ and Se asm™

5

1 and had high means showing high variability therefore
grouped as well adapted (Fig.5). UAC-0028, UAC-0033,
UAC-0041 and UAC-0048 showed comparatively poor
adaptability in Sggsm™, Sedsm™ and Sio4sm™ as compared to Sog
asm~ (Fig. 5). All the environments had same interactive force
for most of genotypes. Seasm™ had strong positive interactive
force with UAC-0016, UAC-0017 and UAC-0026 (Fig. 5).
Different responses of genotypes to variable saline
environments were confirmed by the large angle between Sog
dsm Y, Sadsm Y, Sedsm ™ and Sioasm™ (Fig. 5). As far as eigen value
was concerned, only PC; had worth mentioning value which
was more than two (Table 2). All the saline environment
Vectors Sogdsm™, Sadsm™t, Sedsm - and Si04sm™ Were contributing
positively in that PC (Table 2).
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Figure 5. PCA Biplot for SFW.

Contribution of interaction representing PC; and PC, was
75.12% collectively in which 48.93% variation was observed
by PC: and 26.19% variation was observed by PC, for
chloride concentration at Sogdsm™, Sa dsm™, Se dsm and Sio dsm”
1 UAC-0028, UAC-0033, UAC-0041 and UAC-0048 were
placed in positive value region of the graph while UAC-0020,
UAC-0024 and UAC-0036 were dispersed in a negative value
region of the graph (Fig.6). UAC-0028, UAC-0041 and
UAC-0048 were positioned in direction of Sg gsm™* vector with
high interaction (Fig. 6). UAC-0033 got place towards the
head of Ss 4sm® vector showing that it had high positive
relation with this vector. UAC-0031 and UAC-0049 fell
exactly on the spokes of Sg gsm™ and Sio asm™ respectively,
which confirmed their strong positive interaction with
concerned vectors (Fig. 6). Ss4 ¢m™ and Sio gsm™ were
remarkably huge in spoke length, which indicated different
responses for genotypes regarding salinity. The angle
between vectors Sg gsm™ and Sio asm™ proved that genotypes
were responding in different manner against salinity (Fig. 6).
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PC; and PC; contained eigen value more than one (Table 2).
Sos dsm® and Ss4 gsm' were contributing positively and
negatively in PCy and PC; respectively while the contribution
of remaining environments was in an opposite state in
concerned PC (Table 2).
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Figure 6. PCA Biplot for CI-.

PCA biplot for proline contents under four environments
revealed 74.81% interaction (Fig. 7). High variation (52.37%)
reported by PC1 while PC;, showed 22.44% variation. UAC-
0028, UAC-0033, UAC-0041 and UAC-0048 located far
away from origin of graph in negative direction opposite to
environment vectors proving low variability and adaptability.
UAC-0020, UAC-0024 and UAC-0036 scattered apart from
origin towards the heads of vectors in positive direction of
graph with excellent variability and adaptability (Fig. 7).
UAC-0028, UAC-0033, UAC-0041 and UAC-0048
performed differently with disperse position on graph in
context of response to salinity vectors individually (Fig. 7).
Angle of Sg gsm™ With Si04sm™ Was large which depicted that
genotypes responded in different fashion with these vectors.
Spoke length of Sg4sm™ was little bit high as compared to all
other environments which prove its high interaction with
genotypes than other three vectors. In case of proline contents,
there was only PC; which contained eigen value more than
two (Table 2). Positive contribution of all the environments
So.8 dsm™, Sa dsm?, Seasm™ and Sio gsm™ Was seen in that PCy
(Table 2).

PCA biplot for sodium concentration under four
environments revealed 74.45% interaction of PC; and PC, for
variation while their separate contribution was 48.49% and
25.95% respectively; whole set of genotypes were distantly
separated on biplot graph (Fig. 8) which explained that all
genotypes were sensitive to variable saline environments.
UAC-0020, UAC-0024 and UAC-0036 positioned in

negative value region while UAC-0028, UAC-0033, UAC-
0041and UAC-0048 positioned in positive value region

(Fig. 8).
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Figure 7. PCA Biplot for PRO.
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Figure 8. PCA Biplot for Na*.

The spoke angle was very large between Sggsm™ and Sio gsm™
and very small between Sg gsm™® and Sio ¢sm™ Narrating that
genotypes interacted differently with Ss gsm™® and Sio gsm™
rather than Se gsm™* and S10¢sm™ (Fig. 8). UAC-0039 and UAC-
0049 were placed along the spoke length of Sg gsm™® Which
indicated that it had positive strong interactive force with
corresponding vector. Spg ¢m™ and Sg gsm™ vectors had
different interaction with genotypes which was confirmed by
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the large angle between corresponding environment vectors.
Two PCs (PC; and PC,) showed eigen value greater than one
thus retained for further studies (Table2). In PC; all
environments were positively contributing except Sog gsm™
while in PC; all environments were performing positively
except Sqasm ™ (Table 2).

Biplot for root fresh weight under four salinity environments
plotted between PC; and PC, showed 73.44% of total
interaction in which share of PC; and PC, was 59.20% and
14.24% respectively (Fig. 9). UAC-0020, UAC-0024 and
UAC-0036 were reported as tolerant with high variability and
more adapted to saline environments due to their scattering in
positive value region (Fig. 9). UAC-0028, UAC-0033, UAC-
0041 and UAC-0048 scattered in negative value region
showing poor response for variability and adaptability to
environment vectors (Fig. 9). Vector Sg gsm™ Was showing
unexpected response towards genotypes. It had small spoke
length which explained that its interactive force was very low
towards genotypes. Sos ¢sm™> Vector had high spoke length
showing high interactive force towards genotypes in terms of
environmental effect (Fig.9). The genotype UAC-0016
positioned along with Sg ¢sm™ proved its affinity towards this
salinity vector (Fig. 9). Again PC; carried eigen value more
than two (Table2). Positive contribution of all the
environments So.g dsm ™, Sadsm™?, Sedsm™ and Sio gsm™ Were seen
in PCy and PC; (Table 2).
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Figure 9. PCA Biplot for RFW.

In Figure 10, biplot analysis exhibited 71.61% interaction
between PC; and PC,, where individual contribution of these
components toward variation was 50.95% and 20.66%
respectively for root dry weight under Sosdsm™, Sadsm™, Se dsm’
Land Sioasm™. There was less dispersion of genotypes seen in
this biplot graph against different salinity vectors (Fig. 10).
UAC-0020, UAC-0024 and UAC-0036 depicted interesting
response with increased scattering individually in positive

side towards salinity vectors on biplot graph (Fig. 10).
Similarly, UAC-0041 and UAC-0048 also scattered distantly
opposite to salinity vectors but UAC-0028 and UAC-0033
shared same position in negative region opposite to
environment vectors Sos gsm™, Sa gsm, Se gsm™ and Sio dsm
(Fig. 10). Rest of the genotypes dispersed in-between the
negative and positive regions of graph with varied variability
and adaptability. Very high spoke length and very high angle
of So.sasm * With rest of environment vectors explained that So s
asm? had high interactive force and different interactive
response for genotypes. Only PC; showed greater than two
eigen value (Table 2). Positive contribution was noticed by
So.8dsm™, Sadsm™, Sedsm* and Sio gsm* €NVironment vectors in
concerned PC.
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Figure 10. PCA Biplot for RDW.

Contribution of interaction representing PC; and PC, was
71.47% for shoot dry weight at salinity levels Sog dsm™, S4 dsm™
1 Segsm™ and Sio gsm* in which contribution of PC; and PC;
was 53.54% and 17.93% respectively (Fig. 11). The entire
genotypes showed well scattered pattern on biplot graph
which confirmed that all genotypes had strong response
towards saline environments. All the vectors of environment
also had large angle with each other which showed that these
vectors differed with each other in interactive response with
genotypes. UAC-0020, UAC-0024 and UAC-0036 fell in
positive region apart from the origin of graph towards So g dsm™
! vector with high mean, good variability and adaptability
(Fig. 11). UAC-0028, UAC-0033, UAC-0041 and UAC-0048
were consistent in their response to saline environment on
biplot graph showed susceptibility, poor variability and poor
adaptability by falling in negative direction opposite to the
environment vectors due to their less mean values (Fig. 11).
Observed eigen value was more than two in PCy. Contribution
of all the environment vectors was positive (Table 2).



Ahmad, Aslam, Imtiaz, Ahsan & Saleem

Biplot (axes F1 and F2: 71.47 %)
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Figure 11. PCA Biplot for SDW.

Consequently UAC-0020 and UAC-0024 performed well
even in highly saline environment Sio gsm™ for most of the
traits while UAC-0036 performed well only for trait Na*/K*
ratio. UAC-0028 performed poor even in least saline
environment Sy ¢sm* regarding most of the traits whereas
UAC-0048 performed poor only for root fresh weight.

DISCUSSION

Globally, the crop production is badly impacted by Biotic and
abiotic stresses (Aslam et al., 2014). Germplasm is evaluated
by different techniques but most reliable one is multivariate
analyses. PCA which is widely applicable is unsupervised
(without response variable/dependent variable) multivariate
analysis can be used efficiently for germplasm evaluation.
The major concern to use PCA is to reduce dimensionality
and to achieve parsimony to retrieve the least possible number
of components which governs original variation of original
multivariate data. Maximum variation in data explained by
first principal components is indication of successfully
achieved objectives of PCA. In our findings, PC; and PC;
explained 80.43, 80.68, 76.96, 73.44, 71.47, 71.61, 74.45,
80.53, 75.12, 74.81 and 83.80% cumulative variation for
shoot length, root length, shoot fresh weight, root fresh
weight, shoot dry weight, root dry weight, Na* concentration,
K* concentration, ClI- concentration, proline contents and
Na*/K* ratio respectively which showed that PCA was
appropriate for this data and biplot on the basis of this data
explained most of variation.

High degree of correlation among multiple variables is very
useful for making the PCA very effective analysis. Shoot
length, shoot dry weight, root fresh weight, Na*
concentration, Cl- concentration and proline contents had
strong positive correlation with each other under all the four

salinity treatments. Eigen value is very important criterion for
selection of principle factors. It is cut off value which helps to
decide which component should be retain for further study. In
this study, two components (PC; and PC;) have eigen value
greater than one for different environments and only these
components are duly important for corresponding traits.
Under NaCl stress, osmotic balance may have disturbed with
increased concentration of external Na* and CI- accordingly
stimulating the water deficit. The salt injury ultimately the
result of high Na* concentration in leaves due to toxic effect
(Serrano et al., 1999). The different genotypes were reported
with varied response within a treatment. Different treatment
effects also proved variability in genotypes. Varietal
comparison disclosed that poor performance in terms of
growth was observed in genotypes having high Na*
concentration in their leaves.

Decreased Na*/K* ratio was shown by UAC-0024 and UAC-
0036 under Sg gsm* and Sig gsm™. UAC-0028, UAC-0033 and
UAC-0048 were noticed with increased Na*/K* ratio in Ssdsm™
1 S10dsmt and Sggsmt. Raised level of Na* in soil solution leads
to reduce uptake of K* in plants as well as water, essential
nutrients (P, K, Fe, Cu, and Zn) and soil bacteria consequently
increases Na*/K* ratio (Barea et al., 2005). Presently the
tolerant genotypes UAC0024 and UACO0036 were expressing
the least Na*/K* ratio due to high K* uptake while susceptible
genotypes were showing increased Na*/K* ratio due to
reduction in uptake of K*. Increased Na*/K* ratio badly
impacts growth of plants. Disruption of various metabolic
processes such as protein synthesis in the cytoplasm and
ultimately plant growth by high Na*/K* ratio was also noticed
by Tester and Davenport (2003).

Salt stress has considerable effect on root length (Gulzar et
al., 2003). In current study root was severely affected due to
salinity like UAC-0041 and UAC-0048 were reported with
minimum root length in Sio gsm™ and Se asm™® respectively
whereas in no salt (Sos ¢sm®) UAC-0020 and UAC-0024
showed increased root length (Table 2). It is reported that root
growth is sensitive to high salt concentrations and rapidly
reduced by salinity (Ashraf et al., 2005). Similar results were
observed in pearl millet by Hussain et al. (2008).

This study showed that K* concentration in UAC-0024 and
UAC-0036 was high in least saline environment while
reduced K* concentration was reported in UAC-0041 and
UAC-0033 in high saline treatment. Reduction of K*
concentration was due to ion cytotoxicity stimulated by the
translocation of K* with Na*. The decreased K* uptake is due
to Na* uptakes through same Na*-K* co-transporters
(Tammam et al., 2008). The reduction in uptake of K*, Ca*?,
and Mn*2 was result of lonic imbalance in the cells (Karimi et
al., 2005). The K* plays vital role for osmoregulation, protein
synthesis, to maintain cell turgor and stimulating
photosynthesis (Ashraf, 2004). The integrity and function of
cell membranes were maintained by K*and Ca*? (Wenxue et
al., 2003).
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Significant differences were observed among genotypes and
NaCl concentration with respect to shoot length and root
length. No salt or less salinity concentration in culture
medium significantly enhanced shoot length but this may vary
with plant species or genotype. In present study, high shoot
length of UAC-0020 was observed in Sog dsm™ and Sz asm™ and
even in highly saline environment Sy asm™ also while UAC-
0036 showed worth mentioning increase in shoot length under
salinity Seqasm™ (Table 2). Pessarakli and Kopec (2009) found
that shoot length decreased by the increasing salt
concentrations. In our study, shoot length of UAC-0028 was
decreased in Spgqsm™, shoot length of UAC-0041 was reduced
in So.gdsm* and S0 dsm* While least shoot length of UAC-0048
was noticed in Ss gsm™® and Sg gsmt salinity levels. Similar
results were reported by Mohammad et al. (1998) in tomato
and by Gill and Singh (1989) in rice. The reduction in shoot
length is due to excessive accumulation of salts in the cell wall
elasticity. Further, secondary cells appear sooner and wall
becomes rigid therefore the turgor pressure efficiency in cell
enlargement decreases.

Less shoot fresh weight was due to higher accretion of Na* in
leaves with least K* concentration and K*: Na*. Under saline
environment, the prime cause of decline in plant growth
seemed either due to osmotic drop in water availability or too
much accretion of ions (Chinnusamy et al., 2005). The
metabolic imbalances, fundamental alterations and
disturbance in functions of proteins were consequents of ion
cytotoxicity which was prompted by the transposition of K*
by N* in biochemical reactions as Na* ions pierced the
hydration shells and affected the non-covalent interactions
among their amino acids. A drop in the rates of net
photosynthesis happens due to contrary effects on CO;
assimilation, which cause diminution in nutrient uptake and
ultimately cause decline in growth of plants (Cha-Um and
Kirdmanee, 2009). In our study, minimum shoot fresh weight
was observed in case of UAC-0028 and UAC-0048 at highest
salinity levels Sio asm™® and Se asm® respectively, while
maximum shoot fresh weight was observed in UAC-0036
under Sagsm™ saline environment.

The tolerant genotype UAC-0020 had lowest CI
concentration under Sy gsm™ and Sg gsm* salinity levels and
susceptible genotypes UAC-0028 and UAC-0033 had high
CI- concentration under Sg gsm® and Sio gsm™ respectively.
Higher concentrations of external Cl- during NaCl stress
might have disturbed the osmotic balance consequently
inducing effect of water deficit. Salt injury was reported due
to toxicity of leaves with increased concentrations of Cl-
(Serrano et al., 1999). Salt injury of plant leaves and stems is
resultant of maximum inflow of CI- associated with drop of
K* uptake (Sharma, 1995).

Accumulation of solutes especially proline, glycine-betaine
and sugars is a common observation under stress condition
(Qasim et al., 2003). Leaf proline content in salt stressed
plants increased as observed in maize by Carpici et al. (2010)

and Moussa (2006). Proline accumulation in salt stressed
plants is a primary defense response to maintain the osmotic
pressure in a cell. It is also reported by Ashraf et al. (1998)
that proline is an important osmolyte to adjust the plant under
drought/saline conditions. Several other reports also show a
significant role of proline in osmotic adjustment, protecting
cell structure and its function in plants in salt-tolerant and salt-
sensitive cultivars of many crops (Desingh and Kanagaraj,
2007; Koca et al., 2007; Veeranagamallaiah et al., 2007
Turan et al, 2007a). The present study remained in
accordance with the results of other researchers that the high
salt treatments Siogsm™, Sedsm™ and Sagsm™ induced an increase
in proline concentration in UAC-0020, UAC-0036 and UAC-
0024 maize genotypes (Table 2). Similar results have been
reported by Cha-Um and Kirdmanee (2009) and Ashraf and
Foolad (2005).

High concentration of Sodium in plant tissues reduced growth
significantly, same results were observed in our study in
which leaf sap of salt susceptible genotypes UAC-0028 in S4
gsm® and UAC-0048 in Sg gm™ and Sio gsm® contained
maximum Na* concentration and created less dry matter. In
contrast, elevation of production of shoot fresh weight was
found in case of genotypes UAC-0020 and UAC-0024 as
these genotypes were least with respect to Na* concentration
in leaf. The toxicity in leaves enhanced due to high Na*
concentration which lead to severe salt injury. Our findings
were in accordance with Munns et al. (2006) who wrote that
least Na* concentration in shoot correlate with salt tolerance
in wheat. Increasing levels of NaCl induced a progressive
absorption of Na* and CI" in plant, agreeing with Chavan and
Karadge (1986). Excessive Na* concentration in the plant
tissue hinders nutrient balance, osmotic regulation and causes
toxicity (Bernstein, 1963). It is evident from the literature that
plant tolerance to salinity is linked to lower Na* uptake and a
subsequent reduced Na* accumulation protects leaf tissues
(Tester and Davenport, 2003; Flowers, 2004; Munns and
Tester, 2008).

In this study, under Sogasm™ and Sq.gsm™*, UAC-0020 and UAC-
0024 showed a high root fresh weight. Due to high salt
concentration in Sg gsm™ and Ss gsm?, UAC-0041 and UAC-
0048 were depicted with least root fresh weight. The findings
of our study agreed with some other researchers who claimed
that fresh weight of root was one of the most adversely
affected characters with increased salt stress level (Hameed et
al., 2008). With the increase in salinity concentration there
was a significant decrease in biomass production along with
root fresh weight in black seeds (Hussain et al., 2009). Higher
amount of sodium in plant tissues decreased growth
significantly, which was reported in our findings like UAC-
0028 |n S4 dsm>1 and UAC'0048 II’] SG dsm_l and S]_O dsm_l
contained maximum Na* concentration and produced dry
matter in less amount, characteristics of salinity susceptible
genotypes. In contrast, the genotypes UAC-0020 and UAC-
0024 had a lower Na* concentration and produced high shoot
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fresh weight. The Na* with high concentration in leaves
become poisonous and lead to saline injury. In case of wheat,
the salt tolerance was linked with low concentration of Na* in
shoot (Munns et al., 2006). High NaCl concentration brought
a progressive absorption of sodium and chloride ions in plant,
supportive with Turan et al. (2007). Increased amount of Na*
ions in the plant tissue hampers nutrient balance, osmotic
regulation and causes toxicity (Bernstein, 1963). It is evident
from the review of literature that salinity tolerance of plant is
associated with lower Na* concentration and that protects leaf
tissues (Munns and Tester, 2008).

In this experiment, dry weight of root was significantly
inhibited by salt (Table 2). The highest root dry weight was
gained by tolerant genotypes UAC-0020, UAC-0024 and
UAC-0036 at Sog dsm™, Saasm™* and Se asm™> respectively, and
the lowest root dry weight was observed in sensitive
genotypes UAC-0041 and UAC-0028 at the highest salinity
level Sy asm™ and Ssasm™ respectively. Akram et al. (2007)
reported that root dry weight of all corn hybrids showed a
decline towards increase in salinity level.

Due to varied selectivity response for K* over Na*, different
genotypes contained different extent of reduction in dry
matter production (Ashraf, 2002). The significant decline in
plant growth and dry-matter accretion in saline environments
has been observed in many important legumes (Tejera et al.,
2006). In our study least shoot dry weight was observed in
case of UAC-0028 and UAC-0048 in Sio gsm™ and Sg gsm™
respectively whereas High shoot dry weight was seen in the
case of UAC-0024 and UAC-0036 in low salinity levels i.e.
Ssasmt and Sos asm> (Table 2). Our results are in agreement
with the results of other researchers. For example, Hussain et
al. (2007) reported that a negative relationship was detected
between vegetative growth parameters and increasing salt
concentration.

Conclusion: Different traits interact with environments
differently. Shoot fresh weight, Na* concentration, CI
concentration, K* concentration and Na*/K* were verified as
very good indicators of salinity tolerance. Performance of
UAC-0020, UAC-0024 and UAC-0036 genotypes was good,
even in highly saline environment, while UAC-0033, UAC-
0041 and UAC-0048 were poor, even in less saline
environment. Biplot analysis is reported as an effective
technique for exploitation of GEI. Evaluation of these
genotypes remained purposeful to provide raw material for
further breeding program to improve maize against salinity.
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