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ABSTRACT

Maize (Zea mays L.) is the third most important cereal crop after wheat and rice, besides, it’s
important and necessary for global food security. Maize is considered a Cs plant and is sensitive to salinity.
Two maize hybrids (SC-168 and TWC-352) were evaluated morphologically and biochemically under
salinity stress using levels of NaCl (0, 50, 100, 150, 200, and 250 mM) at the germination stage. The results
indicated that the percentage of germination, growth characteristics, pigments in both hybrids significantly
decreased with increasing of NaCl concentrations. In addition, proline increased with increasing salinity
levels and then decreased at the highest levels of NaCl in both hybrids. Moreover, salinity with high levels
of NaCl led to decrease activity in CAT, POX, and PPO enzymes. Finally, under salinity stress, SC-168
had greater values in germination %, growth characteristics, photosynthetic pigments, proline content,
antioxidant activity compared to TWC-352. As a result, it's possible that SC-168 has a higher salt tolerance
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INTRODUCTION

Maize (Zea mays L.) is regarded as one of the most
important strategic crops in the world because of its many
uses. Maize is used as food for humans and fodder for
livestock, and it has many other uses (Alahdadi et al., 2011).
After wheat and rice, maize is the third most important
cereal crop, and it is critical for world food security
(Cassman, 1999). Because of the population increase and
the high consumption of maize, there is a need to cultivate
more newly reclaimed lands, but the cultivation of maize has
been faced with many obstacles that impair output, such as
salinity stress. Salinity is abiotic stress that affects the
productivity of all crops, particularly in arid and semi-arid
regions (Khajeh et al., 2003). The accumulation of sodium
ions in plant tissues causes adverse effects on plant
development and metabolism (Abbas et al., 1991). Seed
germination may be inhibited or delayed due to the toxic
effects of Na*" and Cl-ions on seed germination (Farsiani and
Ghobadi 2009). Maize is a C4 plant that is salinity sensitive
(Mansour et al., 2005). The germination period in maize is
critical and more vulnerable to salinity stress than the other
stages of the plant's life cycle (El-Sayed, 2011). Plant
physiological and biochemical activities are disrupted by
salinity due to osmotic disruption (Vinocur and Altman,
2005). Salt stress leads to stomata closure and limits the
process of CO; fixation and thus limits photosynthesis
(Murata et al., 2007). Under salinity stress, a drop in
photosynthetic pigments is linked to a decrease in
photosynthesis rate in maize plants (El-Sayed, 2011 and Qu
et al., 2012). The development of reactive oxygen species,
which cause considerable damage to the chloroplasts and
mitochondria, is caused by the accumulation of salts in the
growth media. Enzymatic antioxidants (such as catalase and
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peroxidase) and non-enzymatic antioxidants (such as
phenolic compound and ascorbic acid) are used by plants to
protect cells from harmful free radical (Mittler, 2002).
Agami (2013) found that salinity stress by NaCl reduced
growth traits, photosynthetic pigment, and activities of
catalase, peroxidase in maize plant. EI-Katony et al. (2019)
indicated that salinity stress reduced root and shoot growth,
chlorophyll pigments and increased proline in maize leaves.
Therefore, the major goal of this study was to evaluate two
maize hybrids under salinity stress by NaCl during the
germination stage by examining morphological and
biochemical characteristics.

MATERIALS AND METHODS

Plant materials and growth conditions

The research was carried out in Biochemistry
department labs, faculty of Agriculture, Al-Azhar
University, Cairo, Egypt. Two Maize (Zea mays L..) hybrids;
single cross Giza-168 (SC-168) and three-way cross Giza-
352 (TWC-352) were obtained from Field Crops Research
Institute (FCRI) of ARC, Giza, Egypt. Seeds of Maize were
sterilized by soaking in 1.5% NaOCI solution for 15 minutes
and then being washed with distilled water to remove
NaOClI residue. After washing, the seeds were left to be air-
dried and then they were transferred (20 seeds) into Petri
dishes (15 cm) containing one layer of Whatman’s filter
paper (three replicates). The seeds in the petri dish were
moistened with 5 ml daily of distilled water or salty solution
of NaCl concentrations (0, 50, 100, 150, 200, and 250 mM),
then the dishes were left at a temperature of 25+2 °C for 10
days (Carpici et al., 2009). The percentage of seeds
germinated (GP%) was calculated according to
(Krishnasamy and Seshu 1990). Growth characteristics:
shoot length (SL), and root length (RL) as well as seedling
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fresh weight (SFW), and seedling dry weight (SDW) were
determined according to (Krishnasamy and Seshu 1990;
ISTA, 1999). The calculation of seedling vigor index (SVI)
using the following formula: seedling length (SDL) X
germination percentage (GP%), according to (ISTA, 1999).
Photosynthetic pigments and proline content

The spectrophotometric method was used to
measure chlorophyll a (Chl a), chlorophyll b (Chl b), and
carotenoids (Car) in maize leaves, and the results were
computed according to (Lichtentaler and Wellburn, 1985).
Proline content was determined in maize leaves according
to (Bates et al., 1973).
Antioxidant enzyme activity

Enzymes extract from maize leaves was prepared
according to Esfandiari et al. (2007). Catalase activity
(CAT) was assayed according to Aebi (1984). Peroxidase
activity (POX) was determined using the method by Amako
etal. (1994). The activity of Polyphenol oxidase (PPO) was
measured using the method by Galeazzi et al. (1981).
Statistical Analysis

All data was subject to the analysis of variance
(ANOVA) of randomized complete block design (RCBD)
by SPSS software (version 17.0). LSD test at 5% level of
significance was used to compare between means of
different variables according to Steel and Torrie (1980).

RESULTS AND DISCUSSION

Germination and morphological parameters

Germination percentage and morphological parameters of
two maize hybrids under NaCl salt stress are shown in Table
(1). The results showed that the germination percentage in
both hybrids significantly decreased with increase of NaCl
levels. The highest germination percentage was reached
100% under control in SC-168, while the lowest percentage
of germination was 43% in TWC-352 at 250 mM NaCl. The
highest germination percentage in TWC-352 was 93%
under control, then significantly decreased until it reached
88, 76, 70, 62, and 43% at 50, 100, 150, 200, and 250 mM,
respectively. Also, the percentage of germination in SC-168
cultivar significantly decreased from 100% under Control to
95, 88, 82, 73, and 67% at the same previous concentrations
of NaCl, respectively. The stage of seed germination is a
critical and sensitive period in the life of the maize plants,
which determines the establishment of seedlings and the
success of crop production. Salinity stress due to the

presence of NaCl in the growing environment delays
initiation and seed germination rate. Accumulation of
sodium and chloride ions in the growing environment leads
to osmotic stress, which causes difficulty in absorbing
water, besides, leads to a decrease in the percentage of
germination and all other growth parameters in maize
hybrids (Farsiani and Ghobadi, 2009). On the other hand,
the presence of 50, 100, 150, 200, and 250 mM NacCl
significantly reduced the growth parameters; length of shoot
(SL), and root (RL), seedling fresh weight (SFW), and
seedling dry weight (SDW) in both hybrids (Table 1). SC-
168 had the highest SL (15 cm) and RL (14 cm) at the
control, while TWC-352 had the lowest SL (1.5 cm) and RL
(2 cm) at 250 mM. Also, SFW and SDW insignificantly
decreased in TWC-352 until level 50 mM, but they
significantly decreased under other levels until they reached
the maximum decrease at 250 mM, which were 0.315 and
0.042 g compared to the control 0.895 and 0.119 g,
respectively. In addition, SC-168 had the highest values of
SFW and SDW at the control and 250 mM compared to
TWC-352 at the same levels. Moreover, seedling vigor
index (SVI) more reflects the salinity resistance and
germination characteristics of maize hybrids when exposed
to NaCl salinity stress. The values of SVI significantly
decreased with the increase of NaCl levels in both hybrids.
The highest SVI was recorded in SC-168 (2900) under
control, while the lowest SVI was noticed in TWC-352
(150) at 250 mM. High salinity causes many disturbances in
plants, the most important of which are water stress, ion
toxicity, reduction in cell division and expansion, change in
metabolic processes, and toxic to the embryo, thus reducing
plant growth (Carillo et al., 2011 and Filippou et al., 2014).
In this study, the reduction in germination percentage and all
growth parameters in TWC-352 was greater than the
reduction in SC-168 under NaCl stress. Therefore, SC-168
is more tolerant of salinity stress compared to TWC-352.
Khodarahmpour et al. (2012) observed that salinity stress
reduces seed germination percentage, mean germination
time, germination rate, and seedling vigor index with respect
to 8 maize hybrids. Our findings are consistent with those of
Dikobe et al. (2021). Also, Shtereva et al. (2015) and Ali et
al. (2019) found that a reduction in germination and all
growth parameters with increasing of salinity level in three
maize genotypes.

Table 1. Germination and morphological parameters of two maize hybrids under NaCl salinity stress

Hybrids Salinity NaCl (mM) GP% SL(cm) RL(cm) SDL (cm) SFW(g) SDW(g) SVI
0 100 15.0 14.0 29.0 0.916 0.127  2900.0
50 95 135 12.0 255 0.805 0.098 24220
SC-168 100 88 10.0 9.0 19.0 0.784 0.095 16720
150 82 8.5 8.0 16.5 0.586 0.083 14530
200 73 55 5.0 10.5 0.529 0.072  766.50
250 67 2.5 25 5.0 0.340 0.047  335.00
0 93 125 12.0 245 0.895 0119 22785
50 88 12.0 12.0 24.0 0.894 0117 21120
100 76 85 8.0 16.5 0.683 0.085 1254.0
TWE-352 150 70 6.0 75 135 0528 0081 94500
200 62 45 4.0 8.5 0.508 0.062 527.00
250 43 15 2.0 35 0.315 0.042  150.00
LSD 5% 1.95 0.4 0.5 0.85 0.01 0.002 80.5

GP%, Germination Percentage; SL, Shoot Length; RL, Root Length; SDL, Shoot length + Root Length; SFW, Seedling Fresh Weight; SDW,

Seedling Dry Weight; SVI1, Seedling Vigor Index.
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Photosynthetic pigments

The results in Table (2) indicated that the maximum
contents of chlorophyll a (Chl a) and chlorophyll b (Chl b)
were found in SC-168 (1.365 mg/g) and (1.229 mg/g) under
control respectively, while the minimum contents of Chl a
and Chl b were observed in TWC-352 ( 0.848 mg/g) and
(0.577 mg/qg) at 250 mM, respectively. The content of Chl a
decreased by 4.33%, 6.88%, 11.36%, 31.22%, and 34.47%
at 50, 100, 150, 200, and 250 mM in TWC-352 as compared
to control, while percentages of reduction in Chl a in SC-
168 were 8.86, 9.67, 21.47, 28.79, and 31.50% at the same
levels, respectively. Also, the percentage of reduction in Chl
b was 50.13% in TWC-352 and 38.57% in SC-168 at the
maximum salinity level by NaCl (250 mM). Total
chlorophyll Chl (a+b) had the highest value (2.594 mg/g) in
SC-168 under control. On contrast, the lowest value for Chl
(a+b) was (1.425 mg/g) in TWC-352 at 250 mM. On the
other hand, carotenoids (Car) significantly decreased with
increasing salinity levels in both hybrids. SC-168 had the
highest content of Car (0.214 mg/g) under the control, while
TWC-352 had the lowest content of Car (0.086 mg/g) at 250
mM. NaCl salinity stress also led to an increase in Chl a/b
ratio in TWC-352 more than SC-168, reaching the
maximum value (1.499 mg/g) at 150 mM in TWC-352, and
the minimum value was (1.111 mg/g) under the control in
SC-168. A decrease in pigments contents such as chl a, chl
b, and carotenoids in seedling maize are also correlated with
a decrease in photosynthesis rate under salinity stress (El-
Sayed, 2011 and Qu et al. 2012). The accumulation of Na*
and CI" ions as a result of salt stress leads to disturbances in
photosystems I and Il in maize seedlings, which leads to a
decrease in photosynthesis (Qu et al., 2012). Also, NaCl
causes increased activity of the chlorophyllase enzyme,
which breaks down chlorophyll by removing the phytol
group (Santos, 2004). The rate of decrease in photosynthetic
pigments due to the high levels of NaCl was in the salinity-
tolerant cultivars less affected than in the salt-sensitive
species. Therefore, according to the results, SC-168 was
more tolerant of salinity than TWC-352. Similar results
were obtained by Zahra et al. (2020).

Table 2. Photosynthetic pigments of two maize hybrids
seedlings under NaCl salinity stress
Photosynthetic pigments (mg/g fresh weight)

Salinity

Hybrids NaCl Chla chipb Chl Chl oo
(mM) (atb) ab

0 1365 1229 2504 1111 0214

50 1244 1070 2314 1163 0.168

SC.168 100 1233 0952 2185 1295 0121

150 1072 0926 1998 1158 0.115

200 0972 0817 1789 1190 0111

250 0935 0755 1690 1238 0.104

0 1294 115/ 2451 1118 0.182

50 1238 1019 2257 1215 0122

100 1205 0847 2052 1423 0119

TWC-352 150 1147 0765 1912 1499 0111

200 0890 0598 1488 1488 0.101

250 0848 0577 1425 1470 0.086

[SD5% 0028 002 005 001 0006

Proline content

In response to salinity stress by NaCl, proline
accumulates as in Fig. (1). The content of accumulated
proline differed in both hybrids under NaCl levels. In TWC-
352, proline significantly increased with the increase of
salinity up to 100 mM (10.91 umoles/g F.W) and then

decreased with increasing salinity levels to (5.97 umoles/g
F.W) at 250 mM. Furthermore, in SC-168, the content of
proline significantly increased by increasing the salinity
levels up to 200 mM (20.15 pmoles/g F.W) and then
decreased at 250 mM (10.74 umoles/g F.W). Accumulation
of proline in many plants has been documented as a
defensive response to maintaining osmotic pressure in cells
during salt stress (Desingh and Kanagaraj, 2007 and
Veeranagamallaiah et al., 2007). Accumulation of proline
under salinity stress conditions has been linked with stress
tolerance in many plant species (Ashraf and Foolad, 2007
and Hasanuzzaman et al., 2014). In this study, it was found
that SC-168 had the highest value of proline content with a
value of (20.15 pmoles/g F.W) at 200 mM, while TWC-352
had the lowest value of proline content with a value of (5.97
pumoles/g F.W) at 250 mM. The higher content of proline in
SC-168 may be a reason for its salt tolerance when
compared to TWC-352. Similar results in maize have been
reported (Agami, 2013 and El-Katony et al., 2019).
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Fig. 1. The effect of salinity stress on proline content in
two maize hybrids.

Antioxidant enzyme activity

Catalase activity (CAT) in leaves of two maize
hybrids was presented in Fig. (2), CAT activity significantly
decreased with increasing levels of NaCl in both hybrids.
TWC-352 had the highest and lowest values under the
control and 250 mM, which reached 19.45 and 9.42 U/mg
F.W respectively. In SC-168, the activity of CAT
significantly increased at 50 mM and then decreased under
other high levels of NaCl. At the highest levels of NaCl, SC-
168 had the highest values of CAT activity with values of
1315 and 11.23 U/mg FW at 200 and 250 mM
respectively, compared to TWC-352 at the same levels of
salinity.
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Fig. 2. The effect of salinity stress on CAT activity in two
maize hybrids.

Data presented in Fig. (3) showed that a significant
increase in peroxidase activity (POX) with an increase in
salinity by NaCl up to level of 100 mM and then a gradual
decrease at levels of 150, 200, and 250 mM in both hybrids.
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The highest value of POX activity (58.40 U/mg F.W) was
observed in SC-168 at 100 mM, while the lowest value
(26.91 U/mg F.W) was recorded in TWC-352 at 250 mM.
It is noticeable in the results that at all levels of NaCl, the
values of POX activity in SC-168 were higher than those in
TWC-352. Salt stress disrupts metabolic processes and
enzymatic activities, causing an increase in the formation
and production of ROS, which causes severe damage to
cellular structure. Different types of plants have a defense
system of antioxidants that provides protection against
oxidative damage to get rid of the damages of ROS. The
enzymatic defense system consists of enzymatic
antioxidants such as CAT, POX, and other enzymes
(Heidari and Golpayegani, 2012). CAT work to get rid of
hydrogen peroxide and convert it into water and oxygen,
thus reducing its danger to cellular components. Peroxidase
is a scavenging enzyme and removes toxic oxygen radicles
from the cells (Cuypers et al., 2011 and Sofo et al., 2015).
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Fig. 3. The effect of sal'i'nity stress on POX activity in two
maize hybrids.

The results in Fig. (4) showed that activity of
polyphenol oxidase (PPO) significantly decreased in TWC-
352 with increasing salinity levels, for example, PPO
activity decreased from 14.90 U/mg F.W under control to
5.67 U/mg F.W at 250 mM. On the contrary, in SC-168,
PPO activity significantly increased from 9.75 U/mg F.W
under control to 12.17 and 13.42 U/mg F.W at 50 and 100
mM, respectively, and then followed by a significant
decrease to 11.58, 8.88 and 7.42 U/mg F.W at 150, 200 and
250 mM, respectively. At NaCl levels which ranged from
100 to 250 mM, SC-168 had values of PPO activity higher
than TWC-352. The activity of the PPO under salt stress
indicates its ability to oxidize and break down toxic
substances that accumulates during salt stress (Rivero et al.
2001).
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Fig. 4. The effect of salinity stress on PPO activity in two
maize hybrids.

In the present study, the decrease in the enzymatic
activity of CAT, POX, and PPO in both hybrids of maize
under high levels of salinity may be due to the sensitivity of
these hybrids to salinity. CAT, POX, and PPO activities
were greater in SC-168 than TWC-352 under high levels of
NaCl stress (Fig. 2, Fig. 3, and Fig. 4). These results are
compatible with (Mickky and Aldesuquy, 2017). Similar
results showed a decrease in CAT and POX activities in
maize seedlings under NaCl stress (Agami, 2013).

CONCLUSION

Our study evaluated the performance of two maize
hybrids using examining morphological and biochemical
characteristics under salinity stress by NaCl. The results
showed some differences between the two hybrids in
response to salinity stress. Salinity stress resulted in a
considerable decrease in germination and morphological
characteristics as well as photosynthetic pigments. Also, the
values of proline content increased with increasing salinity
levels and then decreased at the highest levels of NaCl in
both hybrids. Moreover, salinity with high NaCl levels
reduced enzymatic activity in CAT, POX, and PPO. Finally,
SC-168 had higher values compared to TWC-352 and was
more tolerant under salinity stress.

REFERENCES

Abbas, M.A., Younis, M.E. and Shukry, W.M. (1991). Plant
growth, metabolism and adaptation in relation to
stress conditions. 111, Effect of salinity on the internal
solute concentrations in Phaseolus vulgaris. Journal
of Plant Physiology 138, 722—729.

Aebi, H. (1984). Catalase in vitro. Methods of

] Enzymology., 105:121-126.

Agami, R."A. (2013). Alleviating the adverse effects of
NaCl stress in maize seedlings by pretreating seeds
with salicylic acid and 24-epibrassinolide. South
African Journal of Botany 88, 171-177.

Alahdadi, I., Oraki, H. and Parhizkarkhajani, F. (2011).
Effect of water stress on ]yield and yield components
gf sunflower hybrids. Afr J. Biotech. 10(34): 6504-

509.

Ali, S., Khan, M.J.,, Shah, Z., Naveedullah and Jalal, A.
#2019). Genotypic screening of maize (Zea mays L.)
or salt tolerance at early growth stage under

different salinity levels. Sarhad Journal of
A}gnculture, 35(1}/: 208-215.

Amako, A, Chen, K. and Asada, K. (1994). Separate assays
specific for ascorbiate peroxidase and gauiacol
peroxidase and for the chloroplastic and cytosilic
Isoenxymes of ascorbate peroxidase in plants. Plant
cell physiol., 35:497-504.

Ashraf, M. ‘and Foolad, M. R. (2007). Roles of
glycinebetaine and proline in improving plant
abiotic stress tolerance. Environ Exp Bot, 59(2):
206-216. )

Bates, L.S., Waldren, R.P. and Teare, 1.D. (1973). Rapid
determination of free proline for water-stress studies.
Plant Soil, 30: 205-207.

Carillo, P., Annunziata, M.G., Pontecorvo, G., Fuggi, A. and
Woofrow, P. (2011). Salinité stress and salt
tolerance. In.: Agricultural and Biological Sciences
“Abiotic stress in Plants -mechanisms and
gl_da tation” Eds. Shanker A. Venkateswarlu B. in

ech.

Carpici, E. B., Celik, N and Bayram, G (2009). Effects of
salt stress on germination of some maize (Zea mays
L.) cultivars. African Journal of Biotechnology Vol.
8(19), pp. 4918-4922. o

Cassman, K.G. (1999). Ecological intensification of cereal
production systems: yield potential, soil quality, and
ggeé:zls%%n 9agrlculture. ProcNatlAcad Sci U.S.A. 96:

174



J. of Agricultural Chemistry and Biotechnology, Mansoura Univ., Vol 12 (10),0October, 2021

Cuypers, A., Smeets, K., Ruytin, J., Opdenakker, K.,
Keunen, E. and Remans, T. (2011). The cellular
redox state as a modulator in cadmium and copper
responses in Arabidopsis thaliana seedlings. J Plant

_ Physiol, 168:309-16. o

Desingh, R. and Kanagaraj, G. (2007). Influence of salinity
stress on photosynthesis and antioxidative systems
in two cotton varieties. General and Applied Plant
Physiology 33, 221-234.

Dikobe, T.B., Mashile, B., Sinthumule, R.R. and Ruzvidzo,
O. (2021). Distinct Morpho-Physiological
Responses of Maize to Salinity Stress.” American
Journal of Plant Sciences, 12, 946-959.

El-Katony, T. M., El-Bastawisy, Z. M. and El-Ghareeb, S.
S. (2019). Timing of salicylic acid application
affects the response of maize (Zea mays L.) hybrids
to salinity stress. Heliyon 5, e01547.

El-Sayed, H.E.A. (2011). Influence of salinity stress on
growth parameters, Photosynthetlc activity and
cytological studies of Zea mays, L. plant using
hydrogel r11)0Iymer. Agric Biol J N Am 2:907-920.

Esfandiari, E., Shakiba, M.R., Mahboob, S.A., Alyari, H.,
and Toorchi, M. (2007). Water stress, antioxidant
enzyme activity and lipid peroxidation in wheat

- seedling. J. Food Agric. Enviro., 5(1), p.149.

Farsiani, A. and Ghobadi, M.E. (2009). Effects of PEG and
NaCl stress on two cultivars of corn (Zea mays L.) at
ge[mmatlon and earlg seedling stages. World Acad

- ci Eng Technol 57:382-385.

Filippou, P., Bouchagier, P., Skotti, E. and Fotopoulos, V.
(2014). Proline and reactive oxygen/nitrogen species
metabolism is involved in the tolerant response of
the invasive plant species Ailanthus altissima to
drought and salinity. Env. Exp. Bot. 97, 1-10.

Galeazzi, M.A.M., Sgarbieri, V.C. and Constantindes, S.M.
(1981). Isolation, purification and physicochemical
characterization of polyphenoloxidase (PPO) from a
dwarf variety of banana (Musa cavendishii L.) J.
Food Sci.46, 150-155.

Hasanuzzaman, M., Alam, M. M. Rahman, A,
Hasanuzzaman, M., Nahar, K. and Fujita, M. (2014).
Exogenous proline and glycine betaine mediated
upregulation of antioxidant defense and glyoxalase
systems provides better protection against salt-
induced oxidative stress in two rice (Oryza sativa L.
varieties. Biom Res Int, Volume 2014, Article |

757219, 17 pages.

Heidari, M., and Golpa?/eganl, A. (2012). Effects of water
stress and inoculation with plant growth promotmg
rhizobacteria. (PGPR) on antioxidant status an
Bho_tgsynthetlc pigments in basil _(Ocimum

asilicum L.). J Saudi Soc Agric Sci, 11:57-61.

ISTA (1999). International rules for seed testing. Seed
Science & Technol. Proc. Int. Seed Test. Assoc,
31(1): 1-152.

Khajeh, H.M., Powell, A.A. and Bimgham, I.J. (2003). The
interaction between salinity stress and seed vigor
during germination of soybean seeds. Seed Sci.
Technol., 31: 715-725.

Khodarahmpour, Z., Mansour, |. and Mohammad, M.
(2012). Effects of NaCl salinity on maize (Zea mays
L.) at germination and early seedling stage. African
J. of Biotechnology, 11: 298-304.

Krishnasamy, V. and Seshu, D.V. (1990). Phosphine

fumigation influence on rice seed germination and
) vigor. Crop Sci., 30: 28-85.

Lichtenthaler, H.K. and Wellburn, AR. (1985?.
Determination of total carotenoids and chloroprg/l S
A and B of leaf in different solvents. Biochem. Soc.
Trans., 11: 591-592.

Mansour, M.M.F., Salama, K.H.A., Ali, F.Z.M. and Abou
Hadid, A.F. (2005). Cell and plant responses to NaCl
in Zea mays L. cultivars differing in salt tolerance.

~ Gen. Appl. Plant Physiol. 31 (1-2?, 29-41.

Mickky, B. M. and Aldesuquy, H. S. (2017). Impact of
osmotic stress on seedling growth observations,
membrane characteristics and antioxidant defense
system of different wheat genotypes. Eggptlan
Journal of Basic and Applied Sciences. 4, 47-54.

Mittler, R. (2002). Oxidative stress, antioxidants and stress
tolerance. Trends in plant science,7 (9), pp.405-410.

Murata, N., Takahashi, S., Nishiyama, Y. and
Allakhverdiev, S.I. 52007). Photoinhibition of

hotosystem 1l under environmental stress.
42i(ichim. Biophys. Acta Bioenerg. 1767 (6), 414-

Qu, C,, Liu, C, Gong, X., Li, C., Hong, M., Wang, L. and
Hong, F. (2012). Impairment of maize seedlin
photosynthesis caused by a combination o
%otassmm deficiency and salt stress. Environ Exp

ot 75:134-141.

Rivero, R.M., Ruiz, J.M., Garcia, P.C., Lopez-Lefebre,
L.R., Sanchez, E. and Romero, L. (2001). Resistance
to cold and heat stress: accumulation of phenolic
compounds in tomato and watermelon plants. Plant
Sci. 160:315-321.

Santos, C.V. (2004). Regulation of chlorophyll biosynthesis
and degradation by salt stress in sunflower leaves.
Scientia Horticulturae, 103(1): 93-99.

Shtereva, L. A., Vassilevska-lvanova, R. D. and Karceva, T.
V. (2015). Effect of salt stress on some sweet corn
Zea mays L. var. saccharata) %enotypes. Arch.

iol. Sci., Belgrade, 67(3), 993-1000.

Sofo, A., Scopa, A., Nuzzaci, M. and Vitti, A, (2015).
Ascorbate peroxidase and catalase activities and
their genetic regulation in plants subjected to
drought and salinity stresses. Int J Mol,
Sci;16:13561-78.

Steel, R.G. and Torrie, J.H. (1980). Analysis of covariance.

Principles and procedures of statistics: A
Biometrical Approach, pp.401-437.
Veeranagamallaiah, G Chandraobulreddy,

Jyothsnakumari, G. and Sudhakar, C. (2007).

lutamine synthetase expression and pyrroline-5-
carboxylate reductase activity influence proline
accumulation in two cultivars of foxtail millet
Setaria italica L.) with differential salt sensitivigl.
: Exironmental and Experimental Botany 60, 239—

Vinocur, B. and Altman, A. (2005). Recent advances in
engineering plant tolerance to abiotic stress:
achievements and limitations. Current Opinion in
Biotechnology 16, 123-132.

Zahra, N., Raza, Z. A. and Mahmood, S. (2020). Effect of
salinity stress on various growth and physiological
attributes of two contrasting maize genotypes.
Brazilian Archives of Biology and Technology.
Vol.63: €20200072.

il dla o A Aldal) dgay) ot paldll 330 (e Gl ands

b AN A N dada As) 3 48 A 3 & gad) pLiasl) anid
& As slall Auuan (a5 S Aol il (g3 calladl ISR (S A 5 5 jein s Tagn (g5 ¢ Y5 el amy o giall Jualna aal (g el 5530 i
03 seall 205 1€ (50 Ailie il ginnn oy Ll dga ) 5 Uila s Ui 158 50 TWIC-352 (305 (3 5 SC-168 (53 5 (it Lot s aalill 5 )31 (o (pin anls
Caaidi) (ingl) IS (3 A geal oLl s 5 Al saill aplia 5 i) A of ) il Ll oY) s e DS (UY 50 5le 250 <200 <150 <100 <50 <0)
a0 sl 2y ) SIS il ginne e die ol g 5l (5 s il o5 s gl il siuse 53 5 g ol 5l (5 s 35 elld ) ALY o 503 gl g ) IS €l e 33 5 e Ly ne
o3 138050051 s 55 e 5l 5 S iy Y (o 31 L ARl ) o el )08 (30 Alal) iy standll il oy Jle 5 Do casmel) S 3
ot 5V LA 5 el g ) 5 simn g gl i) i 5 HABR ) gl (pandin s (ALY At b ST Lo SC-168 1 (IS ¢ 0 seall 3 S alasiudy el dga)
4 Jlie ald) dgadl Sleat SIS SC-168 52l Crmell o il (Ko s yal) 030 b Ll Jomniall miliil (5 TWC-352 — 43 e 53081 Clslime ey 33y

TWC-352 S (el

175



