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SUMMARY

Maize (Zea mays L.) is a vital grain crop cultivated globally, which ranks third after wheat and rice. Its
consumption in Egypt is primarily for human food, livestock and poultry feed, and raw materials for
industrial products, such as, oil and starch. The main environmental factors that limit crop productivity
worldwide include salinity, drought, and nutrient imbalance. Plant Growth regulators (PGR), such as,
gibberellic acid (GA3) and mepiquat chloride (M.C), reduce the dramatic impacts of salinity and
drought on crop growth and yield. This experiment sought to verify the influence of foliar spray
application of GA3 and M.C as growth regulators on the growth metrics, chemical components, and
maize harvest cultivated in calcareous soil under salinity during the summer of 2021 and 2022,
respectively. The following treatments comprised foliar applications of 50 ppm GA3, 100 ppm GA3,
100 ppm M.C, and 250 ppm M.C, applied three times every season. It is clear from the results that
foliar application of gibberellic (GA3) and mepiquat chloride (M.C) enhanced growth metrics,
biochemical parameters, nutritional content, yield and its components, and oil percentage. After
treatment with 100 ppm GA3 and 250 ppm M.C foliar spray, the yield and its constituents and oil
percentage achieved the highest shares, with substantial differences between the two treatments.
Compared with the control, treatments with 100 ppm GA3 and 250 ppm M.C increased grain yield by
33% and 29.9%, respectively. The study concluded that the most effective therapy for improving
maize growth, development, and output under salt stress was 100 ppm GA3 and 250 ppm M.C foliar
application during the growth stages. Administering GA3 and M.C mitigated successfully the damage
caused by salt stress. Under salinity, gibberellic acid and mepiquat chloride addition increased the
growth of maize, chlorophyll content, soluble protein, proline, and the concentration of K* ions while
decreasing the oxidative stress and the accumulation of Na* ions.
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Key findings: Administration of GA3 and M.C mitigated successfully the damage caused by salt
stress. Under salinity stress, gibberellic acid (100 ppm) and mepiquat chloride (250 ppm) addition
increased maize growth, chlorophyll content, soluble proteins, proline, and the concentration of K*
ions while decreasing the oxidative stress and the accumulation of Na™ ions.
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INTRODUCTION

Maize (Zea mays L.) is an essential grain crop
grown worldwide, with maize ranking third
behind wheat and rice in terms of grains for
food and forage for both humans and animals
in Egypt. Given that it contains carbohydrates,
protein, oil, fiber, sugar, and ash, it has a high
nutritional value for people and animals alike.
It also supplies raw materials for various
industrial uses (Jiang et al., 2017). Under field
conditions, maize crops are vulnerable to
diverse abiotic stresses, i.e., soil salinity,
dryness, temperature, and light, which can
significantly decrease total production (Bishnu
etal., 2021).

Soil salinity is one of the highly critical
biotic stressors that restrict the growth of
crops and their production. It considerably
affects approximately 6% of the world’s arable
land (Ajay, 2021). Soil salinity adversely
affects field crop growth, development, and
yield, lowering seed emergence and
germination rates (Saade et al., 2016). Beyond
that, increasing salt concentration in the soil
affected stomata closing, chlorophyll, and the
amount of the photosynthesis process
(Deinlein et al., 2014).

Plant growth regulators (PGR) have so
far named "magic compounds," which have the
potential to dramatically improve agricultural
output while reducing and avoiding many of
the limitations imposed by heredity and
environmental challenges (Mazhar et al., 2021;
Almukhtar, 2022; Atta et al., 2022).
Applications of plant growth regulators in
agriculture include promoting growth,
flowering, and stress management (Shagufta
et al., 2019).

Gibberellic acid is a growth regulator

that has an important effect on plant
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development and productivity (Sevgi et al.,
2021). As it increases the content of pigment
and decreases roots and shoot contents of the
Na* ion, gibberellic acid (GA3) treatment can
aid to promote plant growth and development
under salt stress (Igbal and Ashraf, 2013).
Gibberellic acid promotes root, shoot, and leaf
growth by modifying cell division and
elongation processes (Abdel-Hamid, 2014).
Applying GA3 to maize resulted in a significant
increase in the total chlorophyll content under
salinity. With the increased photosynthetic
activities, GA3 application boosted wheat dry
matter production and plant growth under salt
stress (Kashif et al., 2021).

Mepiquat chloride (M.C), classified as a
plant growth regulator known as 1,1-
dimethylpiperidinum Chloride, methodically
operates after plant leaves’ absorption when
sprayed on a crop. Its function was to limit the
gibberellic acid effect, which reduces the
longitudinal expansion of some crops, such as,
cotton and maize, to increase productivity.
Additionally, it has demonstrated efficacy in
determinate crops and has increased output
(Prakhar et al., 2021). The mepiquat chloride’s
use worldwide is due to controlling excessive
vegetative growth in plants and canopy
development. It alters the order of nutrient
uptake and translocation, reserve
remobilization, and assimilation (De Almeida
and Rosolem, 2012).

It slows gibberellic acid formation by
inhibiting the conversion of  geranyl
diphosphate from being converted to ent-
kaurene, resulting in decreased cell division
and expansion (Raut et al.,, 2019). With the
mepiquat chloride (MC) application, the plant
height, the number of nodes on the main stem,
leaf expansion, internodal distance, and
efficient use of light decreased (Niu et al.,
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2016). The M.C increases the rate of CO,
exchange in the leaf, as well as, stomatal
conductance, transpiration, chlorophyll
content, and fixation of CO,. It also boosts the
assimilation and uptake of nutrients into the
reproductive parts by increasing the growth of
the lateral roots (Sawan, 2013). Plants treated
with M.C absorb more N than untreated plants
(Yang et al., 2014). The latest study sought to
determine the impact of foliar application of
GA3 and M.C as growth regulators on growth
metrics, chemical components, and vyield of
maize cultivated in a calcareous soil under
salinity.

MATERIALS AND METHODS

Field experiments ensued at the farm of El-
Nubaria Agricultural Research Station, Behaira

Governorate, Agriculture Research Center
(ARC), Ministry of Agriculture and Land
Reclamation (MALR), Egypt. During the

summer of 2021 and 2022, foliar application of
GA3 and M.C as growth regulators affected the
growth metrics, chemical components, and
yield of maize cultivated in calcareous soil
under salinity. The geographical features of the
farm are 30° 90’ N, 29° 96’ E, with an altitude
of 25m above sea level. Analysis of sail
samples (0-30 cm depth) was according to the
method described by Page et al. (1982). The
soil texture was sandy loam and had the
following characteristics: pH-8.3, organic
matter-0.67%, CaC03-32%, EC-4.11 dS/m, K,
Ca, Na, Mg, Fe, Mn, Zn, and Cu (380, 360,
360, 162.2, 6.92, 3.52, 1.14, and 2.64 ppm
respectively), as an average of two successive
seasons.

Experimental design and treatments

The experimental design was a randomized
complete block design arrangement with three
replications. The total number of experimental
plots was 15 plots (the plot was 10.5 m?). In
this field experiment, there were four lines in
each parcel of the plantation, and rows were
3.5 m long with 0.75 m row spacing and a
plant-to-plant spacing of 0.20 m, and planting
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depth for seeds was 5-6 cm. The treatments
were as follows: control, 50 ppm GA3, 100
ppm GA3, 100 ppm M.C, and 250 ppm M.C of
gibberellic (GA3) and mepiquat chloride (M.C)
foliar applications. Application of treatments
was after 25 days from sowing, two times per
season, with a one-month interval during
maize growth stages.

The maize cultivar Giza 310 acquisition
came from the Maize Research Department,
Field Crops Research Institute, Agricultural
Research Center, Giza, Egypt. The maize
cultivar sowing continued on June 1, with
harvesting occurring on September 3, in two
growing seasons. The N fertilizer application
was at the recommended level of 286 kg N/ha
as ammonium sulfate (20.5% N), P fertilizer 70
kg P,Os/ha as superphosphate (15.5% P,0s),
and K fertilizer 100 kg K/ha as potassium
sulfate (48% K,0) following the
recommendations of the Ministry of Agriculture
and Land Reclamation, Egypt. All other farming
practices (i.e., fertilizers, irrigation, weeds,
disease control, etc.) followed the standard
procedures recommended by the Agricultural
Research Center for maize crops. The average
monthly meteorological data collected during
the growing seasons of 2021 and 2022 are
available in Table 1.

Soil samples taken during two growing
seasons, 2021 and 2022, were in June, July,
and August from eight different sites at the
experimental site in a randomized manner to
determine salinity, as shown in Table 2.

Growth, yield, and yield components

Taking three plant samples from each plot
underwent plant height (m), fresh and dry
weights of plant (kg), ear weight/plant (g),
length of ear/plant (cm), diameter of the
ear/plant (cm), and the number of rows/ear
measurements as a mean value for two
seasons. Removing the grains and cleaning
within 1 m? at the center of the plot helped
determine the grain yield (ton/ha). The grain
yield and weight of grains/plant (g) acquired a
dry-weight basis recording. The random
sampling of replicated samples had 100 grains
counted and weighed.
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Analysis

Chlorophyll content measurement in fresh
leaves used a chlorophyll meter Spad 502 at 9
AM, according to Wood et al. (1992), with the
results expressed as the chlorophyll index.
Leaf-free proline content determination was
according to the method described by Bates et
al. (1973). Nutrient content in leaves and
grains had the harvest samples from leaves
and grains determined nutrients by Cottenee’s
method (Cottenee et al., 1982). Carbohydrate
% identification in the grain of maize used
aqueous solutions according to DuBois et al.
(1956). The seed oil percentage estimation
was according to A.O0.A.C. (1990). The oail
content calculation was follows:

(Weight of the flask - Oil) - (Weight of empty flask) ’

100
Weight of sample

Oil content (%) =

Statistical analysis

Performing statistical analysis helped compare
the means of data from the two seasons using
the least significant differences (LSDgs5) test
(Snedecor and Cochran, 1990). After running
the statistical analysis separately for the two
experimental years, the homogeneity of error
determination was according to Hartley’s test
(Winer et al., 1971); it was homogeneous,
presenting the data in a combined analysis for
the two years.

RESULTS
Effects of weather on the growth of maize

The meteorological data in Table 1 show that
weather conditions varied significantly between
the two seasons. The average maximum and
minimum temperatures ranged from 34.06 °C
to 20.08 ©°C during the experiment. The
relative humidity was 48.6%, and the wind
speed was 4.43 m/sec from May to September.
Having favorable weather conditions and
adequate irrigation water caused fewer insect
pests and disease incidence, improving crop
production throughout the two growing
seasons.
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Effects of salinity stress on maize

The mean of EC in June and July were 4.93
and 4.40 ds/m, respectively, in the two
growing seasons during seed sowing and
seedling growth stage (Table 2). These stages
of growth are sensitive to salt stress, and high
salt concentrations affect maize growth,
biochemical processes, nutrient absorption and
content, yield attributes, yield, and oil content.
These results appear in the data of the control
treatment in Tables 3-6. Salt stress decreased
the growth of leaves, fresh and dry biomass,
and the length of the roots and shoots of
maize.

Effects of growth regulators on maize
growth and yield traits

Various doses of foliar application of growth
regulators (gibberellic acid, GA3; mepiquat
chloride, M.C) increased maize growth and
yield attributes compared with the control
(Table 3). Regarding growth parameters, such
as, plant height and fresh weight, the results
indicated that the increase was more due to
the GA3 foliar application than the M.C foliar
application treatment. This effect refers to the
mepiquat chloride as a growth regulator,
decreasing cell elongation in contrast with GA3,
which increases the growth of production parts,
biochemical processes, and yield. Among the
different foliar treatments of gibberellic acid,
foliar application of 100 ppm GA3 resulted in
the highest significant values of plant height
and fresh weight (2.7 m and 1.77 kg,
respectively). Meanwhile, the lowest values
emerged in the control affected by salinity (the
mean of EC in June and July were 4.93 and
4.40 ds/m, as shown in Table 2).

The vyield attributes (length, weight,
diameter of the ear per plant, and number of
rows per ear) of maize had significant
influences from different doses of growth
regulators, appearing in Table 3. Higher values
of ear weight per plant (298 g), ear length per
plant (22.6 cm), ear diameter per plant (6
cm), and number of rows per ear (14) were
visible with 100 ppm GA3, which was
statistically followed by 250 ppm M.C, 50 ppm
GA3, and 100 ppm M.C, respectively. The
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Table 1. Average monthly meteorological data of solar radiation, wind speed, temperature, and
relative humidity during both growing seasons.

Solar radiation Wind speed o o Relative
Month (my/m?2) (m/sec) THMAX (°C) TMIN (°C) humidity (%)
May 27.66 4.62 31.5 16.59 42.56
June 29.74 4.69 36.56 20.43 41.67
July 29.55 4.35 34.62 21.45 51.84
August 27.42 4.19 34.68 21.28 53.96
September 23.64 4.30 32.96 20.66 52.94
Average 27.602 4.43 34.064 20.082 48.594

Source: Central Laboratory for Agricultural Climate, Agricultural Research Center, Ministry of Agriculture and Land
Reclamation, Egypt.

Table 2. The E.C. values (ds/m) in June, July, and August at the different sites for the two growing

seasons.

Month Sits E.C. (ds/m) Mean E.C.
1 2 3 4 5 6 7 8 (ds/m)

June 4.76 5.02 5.13 4.96 4.96 5.05 4.67 4.88 4.93

July 4.45 4.49 4.53 4.57 3.90 4.30 4.44 4.50 4.40

August 3.40 3.47 3.32 3.50 3.25 3.53 3.88 4.00 3.54

Table 3. Effect of gibberellic (GA3) and mepiquat chloride (M.C) foliar application on plant

yield traits of maize grown in saline calcareous soil.

growth and

Plza.nt Fresh weight Dry weight Weight of Length of Diameter of No. Of
Treatments height of plant (kg) of plant ear/plant ear/plant ear/plant rows/ear

(m) (kg) (9) (cm) (cm)
Control 2.10B 0.71E 0.186 E 219 E 18.3C 4.6 C 11.3D
50 ppm GA3 230B 1.05C 0.287 C 262 C 20.3B 5.3B 13.0B
100 ppm GA3 2.70 A 1.77 A 0.371 A 298 A 22.6 A 6.0A 14.0 A
100 ppm M.C 2.30B 0.97D 0.265 D 254 D 19.6 BC 5.0 BC 12.0C
250 ppm M.C 2.58 A 1.12 B 0.322 B 287 B 21.0B 5.6 AB 13.6 AB

Combined analysis of two successive seasons.

Table 4. Effect of gibberellic (GA3) and mepiquat chloride (M.C) foliar application on biochemical
parameters, yield, and its components of maize grown in saline calcareous soil.

Chlorophyll . . Carbohydrates Weight of 100 Yield
Treatments index Proline pg/g Protein % % grains (g) Grain (t/ha) Ol %
Control 359E 21.86 E 5.063 B 58.79 D 32C 9.65 E 3.05E
50 ppm GA3 40.4 C 53.60 C 5.625 A 87.83 BC 39B 11.59C 4,20 C
100 ppm GA3 495 A 122.74 A 5.813 A 88.44 A 45 A 12.86 A 6.72 A
100 ppm M.C 38.8D 37.83D 5.563 A 87.36 C 34 C 11.06 D 3.80D
250 ppm M.C 44.0 B 100.03 B 5.688 A 87.98 AB 42 AB 12.53 B 452 B

Combined analysis of two successive seasons.
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Table 5. Effect of gibberellic (GA3) and mepiquat chloride (M.C) foliar application on leaf nutrients

content of maize grown in saline calcareous soil.

Treatments N K Ca _ Na Mg K/Na Fe Mn Zn Cu

Yo ppm
Control 1.4D 1.7D 0.50C 2.5A 0.304E 0.68 110 D 31C 22D 21D
50 ppm GA3 1.8B 1.9BC 0.55BC 2.3 AB 0.338C 0.83 131 B 39B 27 C 27 BC
100 ppm GA3 2.1 A 2.2A 0.63A 2.1B 0.374A 1.05 136 A 44 A 39A 32 A
100 ppm M.C 1.6C 1.8CD 0.51C 2.4AB 0.324D 0.75 124 C 37 B 25 CD 23 CD
250 ppm M.C 2.0A 2.0B 0.59 AB 2.2 AB 0.357B 0.91 134 AB 40 AB 33B 28 AB

Combined analysis of two successive seasons.

Table 6. Effect of gibberellic (GA3) and mepiquat chloride (M.C) foliar application on nutrient content

in grains of maize grown in saline calcareous soil.

Treatments N K ca 5 Na Mg K/Na Fe Zn Cu

Yo ppm
Control 0.81 B 0.25D 0.13B 0.38A 0.037D 0.66 40 C 39C 56 D
50 ppm GA3 0.90 A 0.29C 0.15AB 0.33AB 0.043BC 0.88 46 ABC 51B 63 BC
100 ppm GA3 0.93 A 0.35A 0.17A 0.29B 0.052 A 1.21 53A 59 A 68 A
100 ppm M.C 0.89 A 0.28C 0.14AB 0.35AB 0.042C 0.80 42 BC 49 B 60 CD
250 ppm M.C 0.91 A 0.31B 0.16 AB 0.31B 0.047 B 1.00 48 AB 58 A 66 AB

Combined analysis of two successive seasons.

relative increases in ear weight per plant, ear
length per plant, ear diameter per plant, and
number of rows per ear were 36%, 23.5%,
30%, and 24%, respectively, compared with
the control.

Effects of growth
biochemical parameters

regulators on

The results in Table 4 show the effect of
salinity on biochemical parameters, such as,
chlorophyll, proline, protein, and
carbohydrates, in the control treatments
versus the foliar application of different growth
regulators. Applying different doses of GA3 and
M.C as growth regulators helped enhance all
biochemical parameters. The highest values of
biochemical parameters emerged with foliar
application of 100 GA3 and 250 ppm M.C. The
values of chlorophyll was 49.5 and 44, proline
was 122.74 and 100.03 ug/g, and
carbohydrates were 88.44% and 87.98%,
respectively.
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Effects of growth regulators on grain yield
and oil content

Foliar aapplication of different doses of growth
regulators, GA3 and M.C, caused an increase in
maize grain yield and oil content, as shown in
Table 4. The crop yield depends on the
accumulation of photo-assimilates (which
increased due to GA3 and M.C foliar
application) throughout the growing stage and
how their sharing among the plant's desired
storage organs surfaced. Among the different
doses of GA3 and M.C, the highest significant
grain yield (12.86 and 12.53 t/ha) and oil
percent (6.72% and 4.52%) were evident
under 100 ppm GA3 and 250 ppm M.C
treatments, respectively, followed by 50 ppm
GA3 and 100 ppm M.C treatments. The highest
relative increases over control were (33% and
29.9%) in grain yield and (120% and 48%) in
oil percent, respectively.
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Figure 1. Effect of gibberellic (GA3) and mepiquat chloride (M.C) foliar application on K/Na ratio and
grain yield of maize grown in saline calcareous soil.

Effects of growth regulators on nutrient
content

Leaf nutrient contents

As illustrated in Table 5, foliar application of

different doses of growth regulators
considerably impacted the macro- and
micronutrients in maize plant leaves. The

maximum increase in N% appeared with the
foliar 100 ppm GA3 and 250 ppm M.C
treatments. The treatment applications
provided greatest values for Mg, K/Na, K, Ca,

and Zn. Relative to the control, there are
significant distinctions between the two
treatments. The same treatments revealed

that the leaves of maize plants had the lowest
Na concentration, reflected in the highest K/Na
ratio (1.05 and 0.91), respectively (Figure 1).
Meantime, Fe, Mn, and Cu had the highest
increase with 100 ppm GA3 and 250 ppm M.C
treatments. There were no significant
differences between the two treatments
compared with the control.

Grains nutrient content

Foliar application of GA3 and M.C significantly
affected nutrients in maize grains (Table 6).
The findings for grain N content showed the
highest increase with foliar 100 ppm GA3 and
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250 ppm M.C treatments without substantial

differences between the two treatments.
Potassium (K) and Mg content showed the
utmost  significant increase with foliar

treatments of 100 ppm GA3 and 250 ppm M.C,
respectively, showing notable discrepancies
between the two treatments. The same
treatments had the lowest Na content in the
maize grains, reflected in the maximum K/Na
ratio (1.21 and 1.00). Likewise, Ca, Fe, Zn,
and Cu had the highest increase with 100 ppm
GA3 and 250 ppm M.C treatments,
respectively, with no significant differences
between the two treatments compared with
the control.

Rank correlation coefficients

The data in Table 7 show that the N% in
leaves, proline, chlorophyll, grain yield, and

0il% of maize revealed a maximum and
positive association with the other
characteristics and yield components

investigated. The correlation coefficients (r)
between grain yield and all examined traits
were positive and significant (P < 0.05). A
favorable and substantial (P < 0.05)
association between grain yield and nutrient
content was also evident. Furthermore, a
promising and sizable (P 0.05) association
appeared between grain yield and nitrogen,
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Table 7. Rank correlation coefficient between N %, Na %, Chlorophyll, Proline, Grain yield (t/ha), and
Oil % with other studied traits for maize (Combined analysis of two successive summer, 2021 and

2022).

Studied Traits :\el:(;/?/es :\éaa[\)ﬁes ChlorophylII index Proline (pg/g) Grain Yield (t/ha) Qil%
Na (%) leaves -0.852

Chlorophyll index 0.917 -0.799

Proline (pg/g) 0.936 -0.807 0.979

Grain Yield (t/ha) 0.955 -0.802 0.930 0.942

Oil (%) 0.847 -0.781  0.973 0.910 0.855

K (% ) leaves 0.960 -0.813  0.947 0.926 0.892 0.922
Ca (% ) leaves 0.917 -0.773  0.930 0.940 0.884 0.894
Mg (%) leaves 0.959 -0.820 0.977 0.979 0.981 0.923
Fe (ppm) leaves 0.939 -0.749 0.841 0.842 0.962 0.767
Mn (ppm) leaves 0.888 -0.644  0.910 0.871 0.942 0.873
Zn (ppm) leaves 0.881 -0.742  0.979 0.974 0.914 0.931
Cu (ppm) leaves 0.933 -0.720 0.924 0.906 0.902 0.879
N (%) grains 0.872 -0.792 0.798 0.773 0.908 0.768
Na (%) grains -0.943  0.800 -0.830 -0.835 -0.859 -0.781
K (%) grains 0.904 -0.813  0.922 0.891 0.876 0.917
Ca (%) grains 0.682 -0.636  0.812 0.809 0.808 0.777
Mg(%) grains 0.882 -0.724  0.957 0.938 0.931 0.931
Fe (ppm) grains 0.898 -0.675 0.913 0.894 0.868 0.877
Zn (ppm) grains 0.938 -0.789  0.892 0.912 0.980 0.817
Cu (ppm) grains 0.851 -0.600 0.897 0.903 0.936 0.818
Protein (%) grains 0.872 -0.792 0.798 0.773 0.908 0.768
Plant height (m) 0.786 -0.592 0.831 0.833 0.816 0.779
Fresh weight (kg) 0.838 -0.745 0.967 0.896 0.850 0.994
Dry weight (kg) 0.944 -0.804 0.959 0.940 0.987 0.915
Diameter of ear (cm) 0.874 -0.712  0.920 0.911 0.917 0.858
100 grain Wt. (gm) 0.887 -0.688 0.936 0.945 0.934 0.870
Carbohydrates (%) 0.735 -0.600 0.642 0.617 0.841 0.592

proline, and chlorophyll (0.955, 0.942, and
0.993, respectively). In contrast, substantial
negative associations occurred between Na%
and nitrogen, proline, chlorophyll, K, grain
yield, and o0il%. The remaining characters
correlated positively with each other, indicating
that agronomists should consider these factors
when choosing growth regulator therapies to
increase maize plant output.

DISCUSSION

Having favorable weather conditions (Table 1)
and adequate irrigation water caused lesser
insect pests and disease incidence, improving
crop production throughout the two growing
seasons. It confirms that no other external
factors (temperature, humidity, and diseases)
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affected the plants and that the effect is only
due to the factors under study.

The application of GA3 and M.C
increased the resistance of maize plants to
salinity stress. The contemporary investigation
showed that salinity stress considerably
inhibited maize growth and biomass
accumulation, especially during the early
growth stages (Table 2). Such salinity levels
increased during June, rose to 4.93 ds/m,
affected the early growth stage, and decreased
to 3.54 ds/m during August compared with the
treated plants with growth regulators (GA3 and
M.C), as shown in Tables 3-6. Compared with
the control, salt stress in maize decreased the
growth of leaves, dry and fresh biomass, and
root and shoot lengths (Hoque et al., 2015).
The higher concentration of Na* ions in roots
and out of plant cells could cause decreases in
plant biomass (Kumar et al., 2020). Higher salt
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concentrations in the soil impair the ability of
the plant roots to absorb water and nutrients.
Additionally, a higher concentration of root Na™*
ions may cause osmotic stress, reduce water
potential, and upset the plant's nutritional
balance. The K" influx in the cell, a crucial
component necessary for plant growth, has
adverse effects from greater Na*
concentrations inside and outside the plant cell
(Singh et al., 2015).

Table 3 indicates the growth of the
productive sections of the maize crop under
salinity stress greatly improved in the
presented study with the application of GA3
and M.C foliar spray,. Results show that the
highest considerable improvement in growth
metrics, such as, weight of ear/plant (g) was
notable with GA3 100 ppm (298 g), followed
by M.C 250 ppm (287 g). Several researchers
have previously reported the favorable effects
of GA3 and M.C foliar sprays in various field
crops; an exogenous GA3 and M.C supply may
boost endogenous accumulation, allowing
plants to develop more efficiently (Iftikhar et
al., 2019). As GA3 is regarded as a key
hormone in cell division, the improved growth
and plant height of GA3-treated maize in the
relevant study (Table 3) could be attributable
to increased cell and stem elongation (Kashif et
al., 2021).

As shown in Table 4, salinity stress
dramatically reduced leaf chlorophyll content in
this study, as evident in the control treatment
(35.9) compared with plants treated with plant
growth regulators, especially GA3 100 ppm
(49.5) and M.C 250 ppm (44). Chlorophyll is
the primary pigment in plant photosynthesis
and participates in several physiological
processes (Gu et al., 2016). Several previous
studies have similarly found that salt stress
reduces the activity of photosynthetic pigments
(El-Esawi et al., 2018). The formation of
proteolytic enzymes at high salt concentrations
may be responsible for the decrease in
chlorophyll content, which is, in turn, liable for
chlorophyll degradation and photosynthesis
reduction under salt conditions. The use of GA3
and M.C improved the chlorophyll
concentration of salt-stressed maize leaves,
with the highest increase occurring when using
100 ppm GA3 and 250 ppm M.C. Higher
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chlorophyll accumulation in GA3 and M.C
treated maize under salt stress may be due to
decreased Na®™ accumulation, lower oxidative
damage, and an improved antioxidant defense
mechanism. These findings are consistent with
prior research reporting that the application of
GA3 boosted leaf chlorophyll concentration
(Zang et al., 2016).

In this study, foliar application of GA3
and M.C lowered Na™* levels in maize tissue, as
shown in Table 5. GA3 100 ppm reduced Na
concentration in leaves to 2.1%, and M.C 250
ppm decreased it to 2.2% compared with the
control (2.5%), implying that PGR treatments
may limit Na®™ translocation from roots to
shoots. Fewer Na* accumulation in maize
tissue may have fewer negative impacts on the
functions of the leaf, which may have affected
pigments in the research. Table 7 shows
substantial negative correlations (r) between
Na% and nitrogen, proline, chlorophyll, K,
grain yield, and o0il%. Applying GA3 and M.C
reduced Na* content in maize grains and
leaves. Furthermore, PGR treatment caused a
considerable increase in Ca?', K*, and K/Na
ratios in several maize sections under salinity
stress (Figure 1, Tables 5 and 6). Plant survival
under salt stress depended on limiting the
concentration of Na* while maintaining or
increasing the concentrations of Ca?* and K*.
Higher Ca?" concentrations assist plants in
sustaining growth in saline soils (Gupta and
Huang, 2014). Several studies have
demonstrated that using GA3 and M.C under
salt stress dramatically reduces Na* ions while
increasing Ca?* and K ions (Riboldi et al.,
2018).

Applying GA3 and M.C as PGR
markedly boosted total soluble protein and
proline under salt stress in this experiment
(Table 4). Proline content increased
significantly with foliar application of PGR,
especially with GA3 100 ppm and M.C 250
ppm, which helped produce 122.74 and 100.03
Hg/g proline, respectively, compared with the
control (21.86 pg/g). These findings are
consistent with previous research that found
that PGR enhanced maize protein and proline
contents. The availability of GA3 and M.C is
critical for protein production because they
increase N absorption from the soil (Saeidi-Sar
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et al.,, 2013). Organic solute accumulation,
such as, soluble proteins and proline, may aid
in plants’ osmotic correction and membrane
stabilization. Organic solutes are widely known
for improving plant tolerance to many
stressors, including salt, through sustaining
membrane integrity and pressure potential,
safeguarding proteins, and scavenging free
radicals (Saeidi-Sar et al., 2013; ElI-Nwehy et
al., 2022).

GA3 and M.C application considerably
enhanced the number of ears/plant, ear
length, number of grains/ear, ear diameter,
grain yield, and oil percentage, which are the
maize’s most vital yield-determining
components in the pertinent study (Table 4).
Plant growth regulators additionally augment
the utilization of reserve food supplies to the
growing sink by promoting the activity of
hydrolyzing and oxidizing enzymes (Ghodrat et
al., 2012). According to Tung et al. (2018), the
M.C treatment maintained a balance between
vegetative and reproductive growth since any
alteration to the physiological or metabolic
route could affect photo-assimilate
translocation and partitioning.

The correlation data (r) in Table 7
shows that there is a positive and significant (P
0.05) association between grain yield and
nitrogen, proline, and chlorophyll (0.955,
0.942, and 0.993, respectively). In contrast,
there were substantial negative associations

between Na% and nitrogen, proline,
chlorophyll, K, grain yield, and o0il%. The
remaining traits correlated positively,
indicating that agronomists should regard

these factors when choosing growth regulator
therapies to increase maize plant output.

Finally, the most effective therapy for
improving maize growth, development, and
yield under salt stress was the 100 ppm GA3
and 250 ppm M.C foliar applications during the
growth stage. Future studies should investigate
other growth regulators and antioxidant
materials that can minimize the consequences
of stress and oxidative damage.
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CONCLUSIONS

The administration of GA3 and M.C can
successfully mitigate the damage caused by
salt stress. Under salinity, adding gibberellic
acid or mepiquat chloride increased the growth
of maize, soluble protein, chlorophyll, proline,
and concentration of K* ions while decreasing
Na* ion buildup and oxidative stress. The most
effective therapy for improving maize growth,
development, and yield under salt stress was
the foliar application of 100 ppm GA3 and 250
ppm M.C during the growth stage. In salt-
affected soil, improvements in the K/Na ratio,
osmolyte accumulation (proline), antioxidant
defense, maintenance of photosynthetic
pigments, and ionic homeostasis emerged,
promoting superior stress tolerance and maize
growth in this treatment. Future studies should
check other growth regulators and antioxidant
materials that can significantly reduce the
consequences of stress and oxidative damage.

ACKNOWLEDGMENTS

As part of the Egypt-German Project "Micronutrients
and Other Plant Nutrition Problems" (coordinator,
Prof. Dr. M. M. El-Fouly), the National Research
Centre (NRC), Fertilization Technology Department,
and Plant Nutrition Department conducted this study.

REFERENCES

A.O0.A.C. (1990). Association of Official Agriculture
Chemists. Official and Tentative Methods of
Analysis. The A.O0.A.C., Washington, D.C.,
U.S.A.

Abdel-Hamid A (2014). Physiological and molecular

markers for salt tolerance in four barley

cultivars. Eur. Sci. J. 10: 252-272.

https://doi.org/10.19044/esj.2014. v10n3p

%25p.

(2021). Soil salinity: A global threat to

sustainable development. Soil Use Manage.

38: 39-67. doi: 10.1111/sum.12772.

Almukhtar SA (2022). Plant growth regulators,
licorice extract, and salts used in media for

Ajay S


https://doi.org/10.19044/esj.2014.v10n3p%25p.
https://doi.org/10.19044/esj.2014.v10n3p%25p.
https://sabraojournal.org/plant-growth-regulators-licorice-extract-and-salts-used-in-media-for-micropropagation-of-gardenia-jasminoides/
https://sabraojournal.org/plant-growth-regulators-licorice-extract-and-salts-used-in-media-for-micropropagation-of-gardenia-jasminoides/

El-Nwehy and Afify (2023)

micropropagation of Gardenia jasminoides.
SABRAO J. Breed. Genet. 54(5): 1149-
1158. http://doi.org/10.54910/sabrao2022.
54.5.16.

MMM, Abd-El-Salam RM, Abdel-Lattif HM,
Garang MA (2022). Effect of silicon on maize
under water deficit conditions at flowering
stage. SABRAO J. Breed. Genet. 54(4): 948-
962. http://doi.org/10.54910/sabrao2022.
54.4.25

Bates LS, Waldren RP, Teare ID (1973). Rapid

determination of free proline for water-
stress studies. Plant Soil. 39: 205-207.
file:///C:/Users/hp/Downloads/BF00018060.

Atta

pdf.
Bishnu B, Mukti RP, Rishav P, Rashmi R, Pritika N,
Kushal B, Binju M, Bigyan

KC, Suprava A (2021). A review on abiotic
stress resistance in maize ( Zea mays L.):
Effects, resistance mechanisms and
management. J. Biol. Today's World. 10(2):
001-003.

Cottenee A, Verloo M, Kiekense L, Velghe G,
Camerlynck R (1982). Chemical analysis of
plants and soils handbook. Gent, Germany,
State University of Belgium.

De Almeida AQ, Rosolem CA (2012). Cotton root and
shoot growth as affected by application of
mepiquat chloride to cotton seeds. Acta Sci.
Agron. 34(1): 61-65. https://doi.org/10.
4025/actasciagron.v34i1.12369.

Deinlein U, Stephan AB, Horie T, Luo W, Xu G,
Schroeder JI (2014). Plant salt-tolerance
mechanisms. Trends Plant Sci. 19(6): 371-
379. doi: 10.1016/j.tplants.2014.02.001.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F

(1956). Colorimetric method for
determination of sugars and related
substances. Anal. Chem. 28: 350-356.

https://doi.org/10.1021/ac60111a017.

El-Esawi MA, Al-Ghamdi AA, Ali HM, Alayafi AA,
Witczak J, Ahmad M (2018). Analysis of
genetic variation and enhancement of salt
tolerance in french pea (Pisum sativum L.).
Int. J. Mol. Sci. 19(8): 2433. doi:
10.3390/ijms19082433.

El-Nwehy SS, Sary DH, Afify RRM (2022). Foliar
application of proline improves salinity
tolerance in maize by modulating growth
and nutrient dynamics. Int J Agric Biol. 27
(4): 270-276. http://dx.doi.org/10.17957/
1JAB/15.1925.

Ghodrat V, Rousta MJ], Tadaion MS, Karampour A
(2012). Yield and yield components of corn
(Zea mays L.) in response to foliar
application with indole butyric acid and
gibberellic acid. AEJAES. 12 (9): 1246-1251.
doi: 10.5829/idosi.aejaes.2012.12.09.1880.

1664

Gu X, Li Y, Du Y (2016). Compensative impact of
winter oilseed rape (Brassica napus L.)
affected by water stress at re-greening
stage under different nitrogen rates. Chin. J.
Eco Agric. 24(5): 572-581. doi:
10.13930/j.cnki.cjea.150995.

Gupta B, Huang B (2014). Mechanism of salinity

tolerance in plants: Physiological,
biochemical, and molecular characterization.
Int. J. Genom. ID: 701596: 1-18.

http://dx.doi.org/10.1155/2014/701596.

Hoque MMI, Jun Z, Guoying W (2015). Evaluation of
salinity tolerance in maize (Zea mays L.)
genotypes at seedling stage. J. Biosci.
Biotechnol. 4: 39-49.

Iftikhar A, Ali S, Yasmeen T, Arif MS, Zubair M,
Rizwan M, Alhaithloul HAS, Alayafi AA,
Soliman MH (2019). Effect of gibberellic acid
on growth, photosynthesis and antioxidant
defense system of wheat under zinc oxide
nanoparticle stress. Environ. Pollut. 254:
113109. https://doi.org/10.1016/j.envpol.
2019.1131009.

Igbal M, Ashraf M (2013). Gibberellic acid mediated
induction of salt tolerance in wheat plants:
Growth, ionic partitioning, photosynthesis,
yield and hormonal homeostasis. Environ.
Exp. Bot. 86: 76-85. https://doi.org/10.
1016/j.envexpbot.2010.06.002.

Jiang C, Zu C, Lu D, Zheng Q, Shen J, Wang H, Li D
(2017). Effect of exogenous selenium supply
on photosynthesis, Na* accumulation and
antioxidative capacity of maize (Zea mays
L.) under salinity stress. Sci. Rep. 7: 42039.
doi: 10.1038/srep42039.

Kashif S, Sadam H, Muhammad A, Saddam H, Ejaz
AW, Shahid Z, Maham S, Abdur R, Khaled
YK, Christophe H, Mohamed AE (2021).
Exogenously  applied gibberellic  acid
enhances growth and salinity stress
tolerance of maize through modulating the
morpho-physiological, biochemical and
molecular attributes. Biomol Ther. 11(7):
1005. doi: 10.3390/biom11071005.

Kumar A, Singh S, Gaurav AK, Srivastava S, Verma
JP (2020). Plant growth-promoting bacteria:
Biological tools for the mitigation of salinity
stress in plants. Front. Microbiol. 11: 1216.
https://doi.org/10.3389/fmicb.2020.01216.

Mazhar MW, Ali Q, Ishtiag M, Ghani A, Magbool M,

Hussain T, Mushtag W (2021). Zinc-
aspartate-mediated drought amelioration in
maize promises better growth and

agronomic parameters than zinc sulfate and
L-aspartate. SABRAO J. Breed. Genet.
53(2): 290-310.

Niu JH, Ahmad S, Anjum R, Wang JH, Li MR, Liu JX
(2016). Exogenous application of


https://sabraojournal.org/plant-growth-regulators-licorice-extract-and-salts-used-in-media-for-micropropagation-of-gardenia-jasminoides/
http://doi.org/10.54910/%20sabrao2022.54.5.16
http://doi.org/10.54910/%20sabrao2022.54.5.16
https://sabraojournal.org/effect-of-silicon-on-maize-under-water-deficit-conditions-at-flowering-stage/
https://sabraojournal.org/effect-of-silicon-on-maize-under-water-deficit-conditions-at-flowering-stage/
https://sabraojournal.org/effect-of-silicon-on-maize-under-water-deficit-conditions-at-flowering-stage/
file:///C:/Downloads/BF00018060.pdf
file:///C:/Downloads/BF00018060.pdf
https://doi.org/10.4025/actasciagron.v34i1.12369
https://doi.org/10.4025/actasciagron.v34i1.12369
https://doi.org/10.1016/j.tplants.2014.02.001
http://dx.doi.org/10.17957/IJAB/15.1925
http://dx.doi.org/10.17957/IJAB/15.1925
http://dx.doi.org/10.1155/2014/701596
https://doi.org/10.1016/j.envpol.2019.113109
https://doi.org/10.1016/j.envpol.2019.113109
https://doi.org/10.1016/j.envexpbot.2010.06.002
https://doi.org/10.1016/j.envexpbot.2010.06.002
https://doi.org/10.1038%2Fsrep42039
https://doi.org/10.3390%2Fbiom11071005
https://doi.org/10.3389/fmicb.2020.01216
http://sabraojournal.org/wp-content/uploads/2021/06/SABRAO-J-BREED-Genet-53-2-290-310-Mazhar.pdf
http://sabraojournal.org/wp-content/uploads/2021/06/SABRAO-J-BREED-Genet-53-2-290-310-Mazhar.pdf
http://sabraojournal.org/wp-content/uploads/2021/06/SABRAO-J-BREED-Genet-53-2-290-310-Mazhar.pdf
http://sabraojournal.org/wp-content/uploads/2021/06/SABRAO-J-BREED-Genet-53-2-290-310-Mazhar.pdf
http://sabraojournal.org/wp-content/uploads/2021/06/SABRAO-J-BREED-Genet-53-2-290-310-Mazhar.pdf

SABRAO J. Breed. Genet.55 (5) 1654-1665. http://doi.org/10.54910/sabrao2023.55.5.18

brassinolide can alter morphological and
physiological traits of Leymus chinensis L.

(Trin.) Tzvelev under room and high
temperatures. ChileanJAR. 76: 27-33.
http://dx.doi.org/10.4067/S0718-
58392016000100004.

Page AL, Miller RH, Keeny DR (1982). Methods of soil

analysis, Part 2: Chemical microbiological

properties. Am. Soc. Agron, Madison,

Wisconsin, USA. https://doi.org/10.2134/

agronmonogr9.2.2ed.

M, Joy D, Ravi RK, Alok KV, Ritikesh R

(2021). Effect of nitrogen level and plant

growth regulators in maize (Zea mays L.)

Int. J. Curr. Microbiol. App. Sci. 10(01):

1283-1288. https://doi.org/10.20546/

ijcmas.2021.1001.152.

Raut SA, Jayan DR, Meshram H, Lal Eugenia P
(2019). Effect of mepiquat chloride on
cotton var Suraj shoot and root growth
behaviour. Int. J. Commun. Syst. 7(3): 946-
950.

Riboldi LB, da Cruz Araujo SH, Murcia JAG, de Freitas
ST, de Camargo CPR (2018). Abscisic acid
and 24-epibrassinolide regulate blossom-
end rot (BER) development in tomato fruit
under Ca?* deficiency. Aust. J. Crop Sci.
12(9): 1440-1446. doi: 10.21475/ajcs.
18.12.09.PNE1106.

Saade S, Maurer A, Shahid M, Oakey H, Schmdckel
SM, Negrdao S, Pillen K, Tester M (2016).
Yield-related salinity  tolerance traits
identified in a nested association mapping
(NAM) population of wild barley. Sci. Rep. 6:
1-9. doi: 10.1038/srep32586.

Saeidi-Sar S, Abbaspour H, Afshari H, Yaghoobi SR
(2013). Effects of ascorbic acid and
gibberellin A3 on alleviation of salt stress in
common bean (Phaseolus vulgaris L.)
seedlings. Acta Physiol. Plant. 35: 667-677.
doi: 10.1007/s11738-012-1107-7.

Sawan ZM (2013). Plant growth retardants, plant
nutrients, and cotton production. Commun.

Prakhar

Soil Sci. Plant Anal.. 44: 1353-1398.
https://doi.org/10.1080/00103624.2012.75
6509.

1665

Sevgi C, Mohammad SH, Mustafa A,

Ramazan IA, Mehmet B (2021). Effect of

gibberellic acid on growth, tuber yield and

quality in potatoes (Solanum tuberosum L.).

Turk. J. Field Crops. 26(2): 139-146. doi:

10.17557/tjfc.1033429.

Shagufta F, Ayesha M, Muhammad WA (2019). Plant
growth  regulators (PGRs) and their
applications: A review. IJCBS. 15: 94-103.
https://www.iscientific.org/wp-content/
uploads/2020/05/14-1JCBS-19-15-14.pdf.

Singh RP, Jha P, Jha PN (2015). The plant-growth-
promoting bacterium Klebsiella sp. SBP-8
confers induced systemic tolerance in wheat
(Triticum aestivum) under salt stress. J.
Plant Physiol. 184: 57-67. doi:
10.1016/j.jplph.2015.07.002.

Snedecor GW, Cochran WG (1990). Statistical
Methods. 7th Ed. Iowa State University
Press, Ames. 507 pp.

Tung SA, Huan Y, Ali S, Hafeez A, Shah AN, Song X,
Ma X, Luo D, Yang G (2018). Mepiquat
chloride application does not favor leaf
photosynthesis and carbohydrate
metabolism and lint yield in late-planted
cotton at high plant density. Field Crop. Res.
221: 108-118. https://doi.org/10.1016/
j.fcr.2018.02.027.

Winer BJ, Brown DR, Michels KM (1971). Statistical
Principles in Experimental Design. 2nd Ed.
McGraw-Hill, New York, USA.

Wood CW, Tracy PW, Reeves DW, Edmisten KL
(1992). Determination of cotton status with
handheld chlorophyll meter. J. Plant Nutr.
15: 1439-1442.

Yang F, Du M, Tian X, Eneji AE, Duan L, Li Z (2014)
Plant growth regulation enhanced potassium
uptake and use efficiency in cotton. Field
Crops Res. 163: 109-118.
https://doi.org/10.1016/j.fcr.2014.03.016.

Zang YX, Chun 1J, Zhang LL, Hong SB, Zheng WW,
Xu K (2016). Effect of gibberellic acid
application on plant growth attributes,
return bloom, and fruit quality of rabbiteye

blueberry. Sci. Hortic. 200: 13-18.
https://doi.org/10.1016/j.scienta.2015.12.0
57.


https://doi.org/10.2134/agronmonogr9.2.2ed
https://doi.org/10.2134/agronmonogr9.2.2ed
https://doi.org/10.20546/ijcmas.2021.1001.152
https://doi.org/10.20546/ijcmas.2021.1001.152
https://doi.org/10.1080/00103624.2012.756509
https://doi.org/10.1080/00103624.2012.756509
https://www.iscientific.org/wp-content/uploads/2020/05/14-IJCBS-19-15-14.pdf
https://www.iscientific.org/wp-content/uploads/2020/05/14-IJCBS-19-15-14.pdf
https://doi.org/10.1016/j.fcr.2018.02.027
https://doi.org/10.1016/j.fcr.2018.02.027
https://doi.org/10.1016/j.fcr.2014.03.016
https://doi.org/10.1016/j.scienta.2015.12.057
https://doi.org/10.1016/j.scienta.2015.12.057

