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sponses of three maize genotypes at the early seedling stage

Abstract: Salt stress is one of the major global problems
for crop productivity in the arid and semi-arid regions of the
world. In this study, variations in some physiological param-
eters, water relations, and antioxidant systems under salinity
(300 mM NaCl) among three maize (Zea mays L.) genotypes
(‘P3167, 32K61;, and ‘Bora’) were investigated. Our result in-
dicated that shoot growth is more sensitive to salinity as com-
pared to root growth. Salt stress led to physiological drought in
all maize genotypes as indicated by the significant decrease in
relative water content and increase in water deficit index. Salt
stress increased SOD activity in all genotypes showing an ef-
ficient formation and detoxification of superoxide radical. The
constant level of oxidative markers (MDA and H,O,) and the
increased level of the reduced ascorbate and phenolic may in-
dicate that non-enzymatic antioxidants are responsible for the
elimination of oxidative stress. Changes in ascorbate peroxi-
dase and glutathione reductase activities under salinity demon-
strated a functional failure in the ascorbate-glutathione cycle,
especially in ‘P3167 and ‘32K61’. Based on the presented results
we may conclude that the genotype ‘Bora’ is tolerant to salinity
while ‘P3167° and 32K61’ are sensitive.
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Ucinek solnega stresa na fizioloski in biokemi¢ni odziv treh
genotipov koruze v zgodnji razvojni stopnji semenke

Izvlecek: Solni stres je eden najvedjih globalnih proble-
mov za uspevanje gojenih rastlin v susnih in polsu$nih ob-
modjih sveta. V raziskavi so bili preuc¢evani nekateri fizioloski
parametri, vodni rezim in antioksidacijski system v razmerah
slanosti (300 mM NaCl) pri treh genotipih koruze (Zea mays
L.; ‘P3167, 32K61; in ‘Bora)). Izsledki so pokazali, da je rast
poganjka bolj ob¢utljiva na slanost v primerjavi z rastjo kore-
nin. Solni stres je povzrocil fiziolosko suso pri vseh genotipih
koruze, ki se je izrazala kot znacilen upad v relativni vsebnosti
vode in povecanju indeksa vodnega deficita. Solni stres je po-
vecal aktivnost SOD pri vseh genotipih, kar kaze na uc¢inkovito
razstrupljanje superoksidnega radikala. Stalna raven vsebnosti
oznacevalcev oksidacije (MDA in H,0,) in povecana vsebnost
reduciranega askorbata ter fenolov lahko nakazujejo, da so ne-
encimski antioksidanti odgovorni za odpravo oksidacijskega
stresa. Spremembe v aktivnosti askorbat peroksidaze in gluta-
tion reduktaze v razmerah slanosti so pokazale funkcionalni
zlom askorbat-glutationskega cikla, Se posebej pri ‘P3167° in
32K61. Na osnovi predstavljenih izsledkov lahko zakljuci-
mo, da je genotip ‘Bora’ toleranten na slanost, medtem ko sta
‘P3167’ in ‘32K61’ obcutljiva.

Klju¢ne besede: antioksidacijski sistem; oksidativni stres;
fenoli; slanost; topni sladkorji
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1 INTRODUCTION

Salt stress is one of the most prominent agricultural
problems for plant productivity in the arid and semi-
arid soils in the world. High salinity in soils is respon-
sible for the reduced yield for several crops. Munns and
Tester (2008) reported that 45 million hectares of land
had been affected by salinity worldwide, and 1.5 mil-
lion hectares are taken out of cultivation each year due
to over-accumulation of salts in the soil. Salinity leads to
reductions in several metabolic processes associated with
growth, development, and crop productivity (Fayez and
Bazaid, 2014). Seed germination, for example, is inhibit-
ed by salt stress in several plant species (Ahammed et al.,
2018; Gu et al., 2018; Orlovsky et al., 2016; Wilayasinghe
et al., 2019; Khayamim et al., 2014). In black gram and
mung bean plants, it was observed that salt stress affected
water relations as well (Hasan et al., 2019). It was also
reported that salt stress reduced root and shoot growth
in barley plants depending on genotypes and salt concen-
tration (Dogru and Yilmaz Kagar, 2019). In plants under
optimal growth conditions, the balance between reactive
oxygen species (ROS) formation and detoxification is
tightly controlled by the antioxidant system (Hameed et
al., 2011). However, salt stress may cause the accelerated
production of reactive oxygen species (ROS) and oxida-
tive stress in the plant cells as a result of higher leakage of
electrons toward O, during photosynthetic and respira-
tory electron transport reactions (Asada, 2006). Mittler
(2002) has indicated that much of the damage on plants
under salt stress is linked to oxidative stress at the cellular
level. Plants that have higher antioxidant enzyme activi-
ties were considered salt-tolerant (Gapinska et al., 2008).
Higher plants have developed several adaptive mecha-
nisms to cope with oxidative stress under saline condi-
tions such as the increased synthesis of osmoprotectants.
Proline and soluble sugars, for example, accumulate in
plant tissues and contribute to osmoregulation, struc-
tural protection of some biomolecules and membranes,
and detoxification of ROS in plants under salt stress
(Hare et al., 1998; Ashraf and Foolad, 2007; Abdelkader
et al., 2019). Proline may also serve as an organic nitro-
gen reserve that could be utilized during stress recovery
(Sairam and Tyagi, 2004). Among phenolic compounds
anthocyanins have been well known to accumulate under
salt stress and play an important role in scavenging ROS
in plant tissues as well (Petridis et al., 2012; Chunthabu-
ree et al., 2016).

Breeding for salt tolerance in crop plants has usu-
ally been limited because of the lack of reliable traits for
selection (Yildirim et al., 2008). Salt tolerance is very
complex because multiple genes are involved. In this
case, it seems that the most effective way to overcome the

2 | Acta agriculturae Slovenica, 117/1 - 2021

salinity problem may be the introduction of salt-tolerant
crops. Therefore, this experiment was conducted to de-
termine some physiological and biochemical responses
in three maize genotypes grown under salt stress through
some growth parameters (root and shoot length), water
relations (relative water content end water deficit index),
photosynthetic pigment content (chlorophyll a and b),
oxidative stress markers (malondialdehyde and hydro-
gen peroxide content) and some endogenous resistance
mechanisms (anthocyanin, free proline, total phenolics,
total soluble carbohydrate contents and activities of some
antioxidant enzymes).

2 MATERIAL AND METHODS

2.1 PLANT MATERIALS, GROWTH CONDITIONS,
AND EXPERIMENTAL DESIGN

Maize (Zea mays L.) cultivars (‘P3167, ‘32K61;, and
‘Bora’) were grown in a growth chamber in plastic pots
(14 x 14 cm; upper diameter x height) containing Ho-
agland nutrient solution. The average temperature for
day/night was 25/18 °C respectively, relative humidity
was 40-50%, the photoperiod for the day/night cycle was
16/8 h respectively, and the maximum photosyntheti-
cally active radiation was about 200 pumol m=s™'. After 20
days of growth, plants were divided into two groups. The
first group of plants were control (no salt treatment) and
watered with Hoagland nutrient solution until the end of
the study. In the second group of plants, salt stress was
induced by applying 300 mM NaCl. For every individual
genotype, we had 20 pots each of which contains 4 plants
per treatment. The seedlings were harvested after 5 days
of application and leaves are kept at -80 °C until analysis.

2.2 DETERMINATION OF ROOT AND SHOOT
LENGTH

Measurement of root and shoot length were done
with a millimetric ruler. The longest root was taken into
consideration for measurement. Root and shoot length
were expressed as cm plant™.

2.3 DETERMINATION OF LEAF RELATIVE WA-
TER CONTENT (RWC) AND WATER DEFICIT
INDEX

Leaf samples were taken and its fresh mass was re-
corded immediately. The sample was then incubated in
deionized water overnight and the turgid mass of the leaf
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sample was recorded. The leaf sample was oven-dried at
70 °C for 48 h and the dry mass of the sample was esti-
mated. The relative water content and water deficit index
were calculated according to Sairam et al. (2002).

2.4 PHOTOSYNTHETIC PIGMENT AND ANTHO-
CYANIN ANALYSIS

Photosynthetic pigments were extracted from leaf
segments in 3 ml 100 % acetone. The absorbance of the
extracts was measured at 644.8 and 661.6 nm using a
Shimadzu mini 1240 UV visible spectrophotometer. The
concentrations of chlorophyll a and chlorophyll b were
calculated according to Lichtenthaler (1987).

Total anthocyanin content was analyzed by the pro-
cedure of Mancinelli et al. (1975). Leaf sample (0.1 g) was
soaked in 10 ml of a mixture of methanol and 1 N HCL
(85/15; v/v) for 72 h at 4 °C. The crude extracts were fil-
tered through a 0.45 um syringe filter before measure-
ment of total anthocyanin content at 530 and 657 nm.
The content was expressed as mg g fresh mass.

2.5 MALONDIALDEHYDE (MDA) AND HYDRO-
GEN PEROXIDE (H,0,) ANALYSIS

MDA and H,O, content were measured by the
method of Heath and Packer (1968) and Ohkawa et al.
(1979), respectively. Fresh leaf material (0.1 g) was ho-
mogenized in 6 ml of 5 % TCA (4 °C) and centrifuged at
10 000 g for 15 min and the supernatant was used in the
subsequent determination. To 0.5 ml of the supernatant
were added 0.5 ml of 0.1 M Tris-HCI (pH 7.6) and 1 ml
of TCA-TBA reagent. The mixture was warmed at 95 °C
for 60 min and then quickly cooled in an ice bath. After
centrifugation at 10 000 g for 5 min to remove suspended
turbidity, the absorbance of the supernatant at 532 nm
was recorded. Non-specific absorbance at 600 nm was
measured and subtracted from the absorbance recorded
at 532 nm. The concentration of MDA was calculated us-
ing its extinction coefficient of 155 mM™ cm. For deter-
mination of hydrogen peroxide, 0.5 ml of 0.1 M Tris-HCl
(pH 7.6) and 1 ml of 1 M KI were added to 0.5 ml of
supernatant. After 90 min, the absorbance was measured
at 390 nm. A standard curve for hydrogen peroxide was
prepared to determine hydrogen peroxide concentration
in each sample.

2.6 FREE PROLINE ANALYSIS

Approximately 10 mg powdered dry leaf material

was extracted with 4 ml distilled water on a hot plate at
100 °C for 10 min according to Bates et al. (1973). Ex-
tracts were filtered and the same procedure was repeated
two times. The liquid phase of the homogenate was col-
lected and centrifuged at 3500 rpm for 10 min. Two ml of
the supernatant was reacted with 2 ml of acid ninhydrin
and 2 ml of glacial acetic acid at 100 °C for 1 h. The reac-
tion mixture was mixed with 4 ml toluene and vortexed
for 20 s. The chromophore containing toluene was sepa-
rated and the absorbance of the pink upper phase was re-
corded at 520 nm against toluene blank. A standard curve
for proline in the range of 0.2-1 umol ml" was prepared
to determine free proline concentration in each sample.

2.7 TOTAL PHENOLIC COMPOUND ANALYSIS

The total phenolic content of leaves was determined
according to Chandler and Dodds (1983). Accordingly,
0.2 g leaf material was powdered in liquid nitrogen and
extracted with 80 % methanol. This mixture was placed
in a refrigerator at 4 °C for 48 h. homogenates were cen-
trifuged at 4,000 rpm for 10 min. An appropriate amount
of supernatant was reacted with 50 % Foline Ciocalteu
Reagent (FCR) and 5 % sodium carbonate and kept at
room temperature at a dark place for 1 h. The mixture
was vortexed and absorbance was read at 725 nm. The
total phenolic content of the leaves was calculated by us-
ing a standard curve prepared with gallic acid.

2.8 TOTAL SOLUBLE CARBOHYDRATE (TSC)
ANALYSIS

TSC content in leaves was measured by the phenol-
sulphuric method according to Dubois et al. (1956). For
this purpose, leaf material (50 mg) was oven-dried until
the constant dry mass was reached. Dried leaf material
was powdered in a mortar and pestle and TSS was ex-
tracted by 70 % ethanol. After centrifugation of extract at
3,500 rpm for 20 min, a reaction mixture was prepared.
This mixture consisted of 1,000 pl supernatant, 300 ul
phenol, and 2,000 ul concentrated sulphuric acid. Ab-
sorbances of these mixtures were read at 470 nm and the
TSC content of the leaves was calculated by a standard
curve using sucrose.

2.9 REDUCED ASCORBATE ANALYSIS
The reduced ascorbate content was determined ac-

cording to Law et al. (1983). For this purpose, leaf mate-
rial (0.2 g) was extracted by 10 % TCA. After centrifu-
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gation of extract at 10,000 rpm for 20 min, a reaction
mixture was prepared. This mixture consisted of 400 pl
supernatant, 10 % TCA, 5 M NaOH, NaPO, buffer (150
mM, pH 7.4), 10 mM dithiothreitol, 0.5 % N-ethylma-
leimide, 44 % H,PO, and 3 % FeCl,. The mixture was in-
cubated at 37 °C for 60 min and absorbances were read at
525 nm. The reduced ascorbate content was determined
by a standard curve.

2.10 ANTIOXIDANT ENZYME ACTIVITIES

For determination of enzyme activities, 0.3 g fresh
leaves material from non-acclimated and cold-accli-
mated leaves were powdered with liquid nitrogen and
suspended in a specific buffer with proper pH values
for each enzyme. The homogenates were centrifuged at
14,000 rpm for 20 min at 4 °C and resulting supernatants
were used for enzyme assay. The protein concentrations
of leaf crude extracts were determined according to
Bradford (1976), using BSA as a standard.

Activity of superoxide dismutase (SOD; EC 1. 15. 1.
1) was determined by the method of Beyer and Fridovich
(1987), based on the photoreduction of NBT (nitro blue
tetrazolium). Extraction was in 1.5 ml homogenization
buffer containing 10 mM K,HPO, buffer (pH 7.0), 2 %
PVP and 1 mM Na EDTA. The reaction mixture consist-
ed of 100 mM K,HPO, buffer (pH 7.8), containing 9.9 x
10”* M methionine, 5.7 x 10° M NBT, 1 % triton X-100,
and enzyme extract. The reaction was started by the ad-

0O Control

Root lenght (cm plant”)

dition of 0.9 uM riboflavin and the mixture was exposed
to light with an intensity of 375 umol m? s'. After 15
min, the reaction was stopped by switching oft the light,
and absorbance was read at 560 nm. SOD activity was
determined by a standard graphic and expressed as unit
mg" protein.

Activita of ascorbate peroxidase (APX; EC 1. 11. 1.
11) was determined according to Wang et al. (1991) by
estimating the decreasing rate of ascorbate oxidation at
290 nm. APX extraction was performed in 50 mM Tris—
HCI (pH 7.2), 2 % PVP, 1 mM Na EDTA, and 2 mM
ascorbate. The reaction mixture consisted of 50 mM KH-
PO, buffer (pH 6.6), 2.5 mM ascorbate, 10 mM H,O,,
and enzyme, containing 100 pg proteins in a final volume
of 1 ml. The enzyme activity was calculated from the ini-
tial rate of the reaction using the extinction coefficient of
ascorbate (E =2.8 mM cm™ at 290 nm).

Activity of glutathione reductase (GR; EC 1. 6. 4. 2)
was measured with the method of Sgherri et al. (1994).
Extraction was in 1.5 ml of suspension solution, contain-
ing 100 mM KH,PO, buffer (pH 7.0), 1 mM Na,EDTA,
and 2 % PVP. The reaction mixture (total volume of 1
ml) contained 100 mM KH,PO, buffer (pH 7.8), 2 mM
Na,EDTA, 0.5 mM oxidised glutathione (GSSG), 0.2 mM
NADPH and enzyme extract containing 100 pg protein.
The decrease in absorbance at 340 nm was recorded. The
correction was made for the non-enzymatic oxidation of
NADPH by recording the decrease at 340 nm without
adding GSSG to the assay mixture. The enzyme activity
was calculated from the initial rate of the reaction after
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Figure 1: Effect of the salt stress on (a) root length and (b) shoot length of maize plants (Different letters mean significant differences
between the treatments according to Duncan’s multiple range test (p < 0.05))
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subtracting the non-enzymatic oxidation using the extinc-
tion coefficient of NADPH (E = 6.2 mM cm™ at 340 nm).

2.11 STATISTICAL ANALYSIS

Experiments were a randomized complete block de-
sign with three independent replicates. Analysis of vari-
ance (ANOVA) was using SPSS 20.0 statistical software
for Windows. To separate significant differences between
means, the Duncan test was used at *p = 0.05.

3 RESULTS
3.1 GROWTH

Root growth was adversely affected by salinity in
‘P3167 and 32K61° (p < 0.05) while it was not changed
by salt stress in Bora (P > 0.05) (Fig. la). The decrease
was around 28 %, 26 %, and 13 % in ‘P3167, 32K61’, and
‘Bora’ under 300 mM salinity, respectively. Shoot growth
declined by 27 % in ‘P3167; 12 % in 32K61; and 22 % in
‘Bora, and all these changes were significantly different
from respective controls (p < 0.05) (Fig. 1b).

3.2 WATER RELATIONS

RWC in leaves significantly decreased in all maize

genotypes by salt stress (p < 0.05) (Fig. 2a). It was 8 %,
9 %, and 7 % lower than respective controls in ‘P3167,
32K61, and ‘Bora, respectively. The water deficit index
was also adversely affected in all cultivars by salinity. It
was found to be 2.75-2.80- and 2.2-fold higher than con-
trols in ‘P3167), 32K61;, and ‘Bora, respectively (p < 0.05)
(Fig. 2b).

3.3 PHOTOSYNTHETIC PIGMENT AND ANTHO-
CYANIN

According to the results, there was an inverse rela-
tionship between salt stress and photosynthetic pigment
content. Chlorophyll a content, for example, significantly
decreased by 30 %, 42 %, and 22 % in comparison with
controls when salt stress was applied in the growth me-
dium (p < 0.05) (Fig. 3a). Similarly, chlorophyll b content
in the leaves of genotypes ‘P3167° and 32K61” was 40 %
and 48 % lower than respective controls and these chang-
es were found to be statistically significant (p < 0.05). In
the genotype ‘Bora, however, chlorophyll b content was
decreased by 15 % in comparison with control and this
change was not significant (p > 0.05) (Fig. 3b).

Salt treatment did not affect total anthocyanin con-
tent in the leaves of maize genotypes significantly (p >
0.05) (Fig 3¢). In the genotypes ‘P3167’ and 32K61” under
salt stress, total anthocyanin content in the leaves were
60 % and 129 % higher than respective controls while salt
stress decreased it by 24 % in the leaves of ‘Bora.
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Figure 2: Effect of the salt stress on (a) relative water content and (b) water deficit index of maize plants (Different letters mean
significant differences between the treatments according to Duncan’s multiple range test (p < 0.05))
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Figure 3: Effect of the salt stress on (a) chlorophyll a, (b) chlorophyll b and (c) anthocyanin content of maize plants (Different letters
mean significant differences between the treatments according to Duncan’s multiple range test (p < 0.05))

OComrol W300 mhd MNacCl a
1.00
= b
~ 300 |
ab ab ab
200 F
ab
~ 100 f a
g I_T_l
=
0.00 = =
3167 32K61 Borm
aControl 300 mM NacCl by
900 b
'; ab ab ab ab
- a
6.00 |
3.00 F I
0.00 = =
3167 3ZK61 Bora

Genotypes

Figure 4: Effect of the salt stress on (a) MDA and (b) H,O, content of maize plants (Different letters mean significant differences
between the treatments according to Duncan’s multiple range test (p < 0.05))
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3.4 MALONDIALDEHYDE (MDA) AND HYDRO-
GEN PEROXIDE (H,0,)

The rate of MDA accumulation was 146 % and 113 %
higher in the salt-stressed ‘P3167” and ‘32K61’ leaves while
it was found to be 8 % lower in the ‘Bora’ leaves as com-
pared to control (Fig. 4a). However, these changes were not
statistically significant (p > 0.05). Similarly, H O, content
in the salt-stressed ‘P3167” and ‘32K61’ leaves represented
insignificant increases, with 19 % and 7 % in comparison
with respective controls, respectively. The H,O, accumu-
lation in the leaves of ‘Bora’ under salinity was 12 % and
insignificantly lower than control (p > 0.05).

3.5 FREE PROLINE, TOTAL PHENOLIC, AND
TOTAL SOLUBLE CARBOHYDRATE

The rate of free proline accumulation was 13 % and
22 % higher in the salt-stressed ‘P3167” and 32K61’ leaves
while it was found to be 6 % lower in the ‘Bora’ leaves as

compared to control (Fig. 5a). However, these changes
were not statistically significant (P > 0.05).

Phenolic content in the leaves of ‘P3167 and 32K61°
was induced by salinity (Fig. 5b) and it was significantly
increased by 19 % and 83 %, respectively (p < 0.05). In
‘Bora, however, change in the phenolic content was not
significant and it was increased by 10 % under salt stress
(p >0.05).

Higher but insignificant amount of TSC content
(54 % higher than control) was measured in the salt-
stressed leaves of ‘P3167° (p > 0.05) (Fig. 5¢). In the salt-
stressed leaves of ‘32K61’ however, TSC content was not
significantly affected but it was 18 % lower than the re-
spective control. Salinity led to the significantly decreased
TSC content (75 % of the control) in the leaves of ‘Bora’
(p < 0.05).

3.6 ANTIOXIDANT SYSTEM

Salt stress remarkably increased the reduced ascor-

OControl MW300 mM NaCl
12
- a
= 5
B a a =
W ag
= a a
T
= 21
S
= 14
] L -
167 32K61 Bora
OControl MWM300 mM NaCl b

0.80

FW)

0.60 P

0.40 |

0.20 P

tw
o
=
=
=
o

HI 1m

0,00

P3167 32K61 Bora
OControl MWM300 mM NaCl ©
_ 2.5
t—':. b b
= b
-E ; 1.5 b
1
2= os a
=l (1]
E P3167 32K61 Bora
Genotypes

Figure 5: Effect of the salt stress on (a) free proline, (b) phenolic and (c) TSC content of maize plants (Different letters mean signifi-
cant differences between the treatments according to Duncan’s multiple range test (p < 0.05))
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bate content to 7-, 7- and 5-fold in ‘P3167, ‘32K61’, and
‘Bora, respectively (p < 0.05) (Fig. 6a). Similarly, SOD ac-
tivity was found to be significantly higher than respective
controls in all maize genotypes under salt stress (p < 0.05)
(Fig 6b). SOD activity was 506 %, 191 %, and 75 % higher
than controls in ‘P3167, 32K61), and ‘Bora, respectively.
APOD activity was significantly and 42 % lower than the
respective control in ‘P3167” under salinity (p < 0.05) (Fig
6¢). In 32K61’ and ‘Bora, however, insignificant changes
were determined in APOD activity as a result of salt stress
(p >0.05). It was 31 % and 15 % lower than controls (Fig.
6¢c). In the case of GR activity, significantly higher val-
ues were measured in ‘P3167” and ‘Bora’ (57 % and 50 %,
respectively) as compared to control (p < 0.05) while it
was not affected and was only 1 % higher than control in
32K61’ under salinity stress (p > 0.05) (Fig 6d).

4 DISCUSSION
Salt stress generally causes reduction in the growth
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rate in plants as result of the decreased ability of plants
to take up water from the soil (Munns, 2002). It was re-
ported that the growth ability of plants under salt stress
maight be a reliable criterion to determine the salt tol-
erance degree of plants (Parida and Das, 2005). In the
present study, root and shoot growth of all maize geno-
types were negatively affected by salt stress (300 mM
NaCl). When genotypes were compared to each other,
root growth in the genotypes ‘P3167’ and 32K61’ was
found to be more sensitive to salinity while ‘Bora’ was
more tolerant. With regard to organ type, however, shoot
growth was more sensitive to salinity in all maize geno-
types. These results showed that the roots and shoots of
maize genotypes used in this study showed considerable
variation with respect to salinity tolerance. These results
are also in agreement with the findings of Dogru and
Yilmaz Kacar (2019), who manifested that sensitivity
and/or tolerance of different barley genotypes may rep-
resent great variation under saline conditions. It was also
indicated that salt stress may interfere with mitotic activ-
ity in the meristematic cells in plants, depending on the
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plant species, genotype, organ type, and exposure time
(Munns, 2002). Accordingly, we may conclude that the
meristematic cells in the shoot apex are more sensitive
to salinity as compared to the root meristems, probably
due to more eflicient transport of salt ions from roots
to shoots, as reported by Zaimoglu and Dogru (2016).
Growth retardation in roots and shoots can be related to
the inhibited cell elongation in plants under salt stress
(Bendeoglu et al., 2014). In the present study, it was ob-
served that salt stress decreased RWC and increased wa-
ter deficit index in the leaves of maize genotypes. There-
fore, another possible reason for the reduced growth rate
in maize genotypes under salt stress may be associated
with the reduced RWC and induced water deficit index in
the leaves. In addition, closure of the stomata and further
disruption of the transpiration stream as result of water
deficit-induced stimulation of abscisic acid synthesis may
be indirectly responsible for the reduced growth rate in
the salt-stressed maize genotypes used in this study (Po-
lash et al., 2018).

The results of the present study indicated a signifi-
cant decrease in chlorophyll a content in the salt-stressed
maize genotypes which is in agreement with the previous
studies of Turan et al. (2007) on Phaseolus vulgaris L. and
Taffouo et al. (2010) on Vigna subterranean L. Chloro-
phyll b content was found to decrease only in ‘P3167” and
32K61’ The decreased chlorophyll level can be attributed
to the inhibition of chlorophyll biosynthesis and/or to
the degradation by chlorophyllase (Santos, 2004). In ad-
dition, the results showed that chlorophyll b molecules
were better preserved in the genotype ‘Bora” under salt
stress. In salt-stressed plants, the reduced chlorophyll
content was considered as a typical symptom of oxidative
stress (Smirnoff, 1996). On the other hand, the reduced
chlorophyll content had been considered as a protective
mechanism against oxidative stress as well (Elsheery and
Cao, 2008). The results of the present study showed that
salt stress did not cause oxidative stress in maize geno-
types used in this study, as demonstrated by lower-level
MDA and H,0,. Accordingly, total anthocyanin content
did not represent considerable changes in the salt-stressed
maize leaves. Anthocyanins are diverse group of second-
ary metabolites that could be produced in response to
oxidative stress (Chunthaburee et al., 2016). Proline is a
water-soluble amino acid and is involved in ROS detoxifi-
cation (Ashraf and Foolad, 2007). In this study, salt stress
did not induce free proline accumulation in the maize
cultivars, confirming the hypothesis that maize geno-
types are not under oxidative stress as result of salt ap-
plication. An alternative explanation for this may be that
oxidative stress on the maize genotypes under salt stress
is eliminated by different defence mechanism as well. A
possible defence mechanism that could eliminate oxida-

tive stress on the salt-stressed maize genotypes may be
the accumulation of phenolic compounds in leaf tissues.
In this study, we observed that salt stress increased the
phenolics in the leaves of ‘P3167” and “32K61”. This result
is in agreement with the previous reports on Aloe vera
(L.) Burm.f. and radish (Moghbeli et al., 2012; Sakamo-
to and Suzuki, 2019). Phenolics are believed to prevent
the formation of ROS under drought stress (Mayer and
Harel, 1991). Parida et al. (2004) have also reported that
increases in phenolic content in plant tissues ameliorate
the ionic effects of salt stress. Therefore, the enhanced
level of phenolic compounds in the leaves of ‘P3167’ and
32K61” under salt stress may be beneficial to achieve salt
tolerance. Phenolic compounds have also been indicated
to prevent lipid peroxidation and accumulation of MDA
(Potapovich and Kostyuk, 2003 ), as reported in this study.
In the present study, the level of the reduced ascorbate in
the leaves of maize genotypes was increased by salinity as
reported by several authors previously (Panda and Upad-
hyay, 2004; Chen et al., 2005). The reduced ascorbate is
known to be a detoxifier or neutralizer of superoxide,
H,0,, and singlet oxygen species. This result may explain
the constant level of H O, content and APOD activity
in the leaves of the salt-stressed maize genotypes used
in this study. In other words, H,0, accumulation in the
salt-stressed leaves of the maize genotypes are prevented
by the direct action of the reduced ascorbate instead of
APOD activity. The elevated SOD activity in maize geno-
types under salt stress may be an indicator of the accel-
erated rate of superoxide formation and detoxification
(Dogru and Cakurlar, 2020a). GR activity increased in the
salt-stressed leaves of the ‘P3167” and ‘Bora’ while it did
not change in ‘32K61’. These results could be interpreted
as the lower activity of the ascorbate-glutathione cycle
because of the absence of harmony between APOD and
GR activities (Dogru and Cakirlar, 2020b). TSC content
was not affected in the salt-stressed leaves of the ‘P3167’
and 32K61” while it was decreased in the leaves of ‘Bora’
It has been reported that soluble sugars play an important
role in osmotic adjustment in plant cells under stressful
conditions (Dogru and Ecem Bayram, 2016). Accord-
ing to the results in this study, it could be concluded that
TSC is not involved in the osmotic regulation in the salt-
stressed ‘P3167” and ‘32K61’. However, TSC may serve as
carbon reserves in these genotypes. In the salt-stressed
leaves of ‘Bora, a lower level of TSC may show that they
are used for growth and development.

In conclusion, the present study showed that salt
stress reduced the growth rate in the salt-stressed maize
genotypes, and shoot growth was more sensitive to sa-
linity in comparison with root growth. In addition, salt
stress led to the water deficit (physiological drought) in
all genotypes, probably resulting in growth retardation.
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In ‘P3167’ and ‘32K61) salt stress predominantly and
adversely affected chlorophyll a content while ‘Bora’ re-
tained both chlorophylls a and b. The elevated SOD activ-
ity in all maize genotypes under salt stress may indicate
an efficient dismutation of superoxide radical. Changes
in APOD and GR activities under salinity clearly showed
an increased pressure on the ascorbate-glutathione cycle,
especially in ‘P3167" and ‘32K61’ The constant level of
H,0, and MDA in the salt-stressed leaves of maize geno-
types may show that the reduced ascorbate and phenolic
compounds may be responsible for avoiding the adverse
effects of oxidative stress. Finally, the genotype ‘Bora’
could be considered as having tolerance to salinity while

‘P3167” and 32K61’ are sensitive ones.
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