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ABSTRACT

Background: Salinity is one of the most imperative problems of farmers worldwide. Reports are available that the external application
of GA3 can reduce harmful effects of salinity. Low concentration and small quantities of GA3, a phytohormone, is essential to hasten
the growth and development of plants. The current study was aimed to test the efficiency of GA3 on the impart of salt tolerance in
terms of better nutrient uptake under salt stress situation and to determine the effect of external giberellic acid applications on the
physiological properties and proline level of peanuts under different salt (NaCl) stress conditions on the degree of resistance to salt
stress in peanuts.

Methods: Trial was established as split plot design with 3 replications and NC-7 variety was used as a material. The chlorophyll
content in leaves, ion (K, Na, Mg, Ca) content, cell membrane permeability were searched in the research. To determine the physiological
responses of groundnut in the conditions of Gibberellic asid (GA3), (0, 5, 15 mM) applications under the different salt (Nacl), (0, 25,
50, 100 mM) stress conditions at the plant growth room in the GAP Agricultural Research Institute in Sanliurfa, Turkey in 2019. The
chlorophyll content in leaves, ion (K, Na, Mg, Ca) content, cell membrane permeability were searched in the research.

Result: The increasing salt applications decreases the leaf chlorophyll content and leaf ions (K, Mg, Ca) content, in contrast, increased
the cell membrane permeability, proline content and sodium concentration were determined. The gibberallic asid applied externally
against salt stress were determined to have the positive effects on ftraits; leaf chlorophyll content, ion (K, Na, Mg, Ca) content, cell

membrane permeability, proline content.
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INTRODUCTION
Groundnut (Arachis hypogaea L.), also known as peanut,
earthnut is a self-pollinating, indeterminate, annual
herbaceous crop and belongs to the family Leguminoceae
Adinya et al. (2010). Groundnut, whose fatherland is South
America outshines with its several aspects at agricultural
field. A legume plant as green feed directly to humans and
animals as it is fed, dried and made into bales. It is used as
animal food in winter season. Groundnut is one of the five
greatly cultivated oil seed crops in Turkey (FAO, 2019).
Southeastern Anatolia Project (SAP) region in Turkey retains
varying climatic conditions results in the cultivation of a wide
range oil crops such as groundnut. These rural areas are
exposed to salts under several levels and compositions.
The all cultivated crops do not exhibit same reaction
against salinity. While the some plants more susceptible to
salinity, some plants are more resistant. Groundnut has been
recognized the plant as a moderately sensitive to salinity
Mensah et al. (2006). Excessive amount of Na contained in
the plant cytoplasm shows toxic effect by blocking the
enzyme activity and protein synthesis. In contrast, it is known
that the greater chlorine rate collected in the tissues much
than sodium affects the photosynthesis and therefore
product adversely due to causes damages in the leaves.
The accumulation of organic compounds such as
saccharose, proline, gibberallic acid (GA3), betaine as
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osmoprotectants the adverse effects of salinity in the plant
cell Jiao et al. (2019).

Gibberellins commonly known as gibberellic acids first
came to the attentionof western scientists in 1950s,
Gibberellins (GAs) are endogenous plant growth regulators,
having tetracyclic, diterpenoid compounds. After valuable
efforts to understand the GA biosynthesis and movements,
the appropriate site of bioactive GA in plants or tissues
targeted by bioactive GAs to initiate their action has not yet
been confirmed (Gupta and Chakrabarty 2013). Reports are
available that the external application of GA3 can reduce
harmful effects of salinity (Hayat et al. 2001; Leubner-
Metzger 2003). Low concentration and small quantities of
GA3, a phytohormone, is essential to hasten the growth
and development of plants (Hassan and Ismail, 2018).
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Furthermore, for plants appropriate conditions may be
created by applying a growth regulator gibberallic acid (GA3)
at the correct concentration and at the stipulated time for a
particular plant crop (Meera and Poonam, 2010).

With Increasing salinity, Na content increases K and
Ca content decrease in groundnut leaves Ghosh et al.
(2001). Groundnut species gives react differently to diferrent
salt concentrations (Chauhan and Singh, 2000). Salt and
drought stress have negative impacts on the growth of
groundnut plant, organs, dry matter, soluble protein and
chlorophyll content (Mensah et al. 2006; Teixeira and Pereira
2007). The proline that accumulates in plants balancing the
osmotic pressure, effects of the concentrations such as; Na,
K, Mg and Ca ions and reported to have an important place
in strengthening of the cell wall, enzyme activities and
chlorophyll molecules (lba, 2002).

Researches have shown that, GA3 accumulation in
different stress conditions is species-specific characters,
even that carry differences between same species and the
amounts of GA3 accumulation in plants varying due to stress
conditions and possible to detect the resistant plants to salt
stress by making use of resisting stress (Mohanty and
Sahoo, 2000; Renugadevi and Vijayageetha 2006). GA3 is
the most commonly used hormone or growth-regulating
chemical under in the laboratory experiments.

It was aimed with this study to test the efficiency of GA3
on the impact of salt tolerance in terms of better nutrient
uptake under salt stress situation and to determine the effect
of external giberellic acid applications on the physiological
properties and proline level of peanuts under different salt
(NaCl) stress conditions on the degree of resistance to salt
stress in peanuts.

MATERIALS AND METHODS

NC-7 groundnut variety was used as a plant material in this
study. Planting seeds which were subjected advent re-
germinate in 10 liter pots and as plant growth environment,
sand-perlite mixture (1:1) was used. The plant growth
ambient temperature in the room during the day / night fixed
set of 22 °C and 10 000 lux lighting, to be 16 hours daylight
and 8 hours darkness, blue and red wavelengths are
provided with highly fluorescent lamps (18 W osram flora/
840).

The all plants were given % Hoagland nutrient solution
without any stress factor from the first 20 days of emergence.
After this time, different concentrations of salt (NaCl) were
applied once a week for nine weeks at the groundnut plants
which are selected randomly in the nutrient mediums. Salt
concentrations of the 0, 25, 50, 100 mM NaCl were applied
to plants, ¥2 Hoagland nutrient solution was used as solvent
in the preparation of salt concentrations. The control plants
were given the nutrient solution of ¥2 Hogland only. After the
salt stress treatment, 0, 5 and 15 mM of gibberallic acid
(GA3) concentration in 500 ml of distilled water were sprayed
to the surface of the plant leaves.

The applications were performed as follows;

Control (Single nutrient solution),

Nutrient solution + 5 mM Gibberallic acid,

Nutrient solution + 15 mM Gibberallic acid,

Nutrient solution + 25 mM NacCl,

Nutrient Solution + 50 mM NacCl,

Nutrient solution + 100 mM NacCl,

Nutrient solution + 5 mM Gibberallic acid + 25 mM NacCl,

Nutrient solution + 5 mM Gibberallic acid + 50 mM NacCl,

Nutrient solution + 5 mM Gibberallic acid + 100 mM NaCl,

Nutrient solution + 15 mM Gibberallic acid + 25 mM NaCl,

Nutrient solution + 15 mM Gibberallic acid + 50 mM NaCl,

Nutrient solution + 15 mM Gibberallic acid + 100 mM NacCl.
Trial was subjected to analysis of variance with regard

to split-plot experimental design. The salt concentration

consisted of the main plots, GA3 concentration were sub-

plots in the experiment. JMP 13.0 statistical software

package was used to determine the factors used such as

the effects of salt and GA3 and their interaction in the

experiment.

Statistical analysis

All the data obtained were analysed using the IBM Statistical
Package for the Social Sciences (SPSS) version 22.
Significant difference of mean values were determined and
analysed using one-way ANOVA and the mean differences
were compared using Duncan’s multiple range test (DMRT)
at 1% level of significance.

RESULTS AND DISCUSSION

The sodium level remained at the lowest level in plants at
which the salt stress were not applied, the GA3 applied
externally was not found to have a significant impact on the
sodium content of groundnut leaves (Table 1). Sodium
accumulation in plants is increased (Késkeroglu, 2006) by
the breaks down of root membrane selectivity in saline
environments. The evidences available show that, Na values
are increased in many plants under salt stress (Ozcan et al.,
2000; Ghosh et al., 2001). Again, it has been reported by
several researchers that, the applied GA3 to plants externally
shows healing effects under salt stress (Gadallah, 1999;
Hassan and Ismail, 2018).

Generally, K content in the leaves decreased significantly
depends on the increased of the salt concentration.
Reductions in the amount of potassium occurs in groundnut
plants that grown in saline environments (Tipirdamaz, 1989;
Ghosh et al., 2001). Furthermore, the several researchers
reported that, K content in the leaf increased by the
application of GA3 to plants externally under salt stress
Purohit et al. (2020). It was determined as a result of this
study, the calcium content in the leaves vary between 0.64%
between 0.51, the highest calcium content in the control
plants, the lowest calcium content in the application of 0O
mM GA3 and 100 mM salt. The amount of calcium was at
the highest level in case of the salt stress not applied in
plants and the adverse effects was determined in the calcium
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content of groundnut leaves by the application of GA3
externally.

Na to compete with other cationic elements especially
in the element binding region of the membranes of plants
under salt stress and evidences available about the
reductions in transports and uptake of potassium,
magnesium, calcium and some nutrients due to the
disruption of electrolytes balance of intracellular. Verma et al.
(2009) reported similar findings, in which Gibberallic acid
(GA3) improved the yield of rice. Furthermore, it was reported
that by several researchers, the content of Ca in the leaf is
increased by the application of GA3 to plants externally
under the salt stress.

When the control plants compared with 5 and 15 mM
of GA3 applied externally and the highest content of
magnesium at the salt stress is not applied in plants,
statistically in the control group, the GA3 was found to be
the adverse effects on the content of magnesium. Generally,
the magnesium content in the leaves decreased significantly
in case of the salt concentration is increased. It might be
concluded that, the amount of magnesium decreased
because of the sodium replacing with the magnesium on
the chlorophyll molecules in plants under salt stress.

The findings on the content of chlorophyll a in the leaves
of NC-7 type groundnut plant that obtained by the
applications of different salts and GA3 were presented in
Table 2. The highest content of chlorophyll a occurs in plants
in case of salt stress was not applied and different groups
with control were formed by the applications of 5 and 15
mM GA3 externally, statistically, in the control group, the
application of GA3 externally were found decreased the
content of chlorophyll a. Generally, the content of chlorophyll
a in leaves decreased significantly depending on the
increasing salt concentration.

Different groups formed with the control by the
applications of 5 and 15 mM GA3 externally in case of the
salt stress was not applied to plants, the application of 5
mM GA3 effected the content of chlorophyll b positively.
Generally, the chlorophyll b in the leaves varied in case of
the salt concentration is increased. The evidence available
is that, the chlorophyll b in salt stress is varied according to
the plant variety and genotype Khan et al. (2010).
Furthermore, the applications of GA3 depending on the
increasing salt stress increased the content of chlorophyll b
in leaf. Moneruzzaman et al. (2011) determined that, foliar
application of GA3 increased leaf chlorophyll content of of
the red jambu air madu fruits (Syzygium samarangense).

The lowest cell membrane permeability was from the
control plants. Cell membrane permeability in the plants in
which salt stress was not applied was the lowest and
externally applications of 5 and 15 mM GAS3 had been placed
in the same group with the control group and statistically, in
the control group, the application of GA3 externally has been
found to have no impact on cell membrane permeability.
Generally, in parallel with increasing salt concentration, the
cell membrane permeability in the leaf increased
significantly. Evidence is available that cell membrane
permeability increase in the saline growth is due to the
decrease of chlorophyll content (Flexas et al., 2004;
Mafakheri et al., 2010. Binici, (2005) wheat; Kdskeroglu,
(2006), corn and Yakit and Tuna (2006) have reported that
salt stress in the corn plants increased cell membrane
permeability. Furthermore, increasing applications of GA3
depending on salt stress decreased membrane permeability
of the cells in the leaves significantly.

The lowest amount of GA3 in plants without salt stress
and exogenously 5 and 15 mM GA3 applications with control
in different groups statistically, in the control group,
exogenously Applied, GA3 has been extracted to increase

Table 1: Changes in some nutrient content in peanuts in response to salinity stress and externally applied GA3.

Treatment Na** (%) K** (%) Ca** (%) Mg** (%)
Control 0.42¢g 1.55a 0.64a 0.27a

NS+5 mM GA3 0.41g 1.54a 0.60b 0.25ab
NS+15 mM GA3 0.43g 1.53a 0.61b 0.25ab
NS+25 mM Nacl 0.91e 1.46¢ 0.62b 0.22bc

NS+50 mM Nacl 1.59¢ 1.32e 0.55cd 0.20cd

NS+100 mM Nacl 1.99a 1.07g 0.51e 0.18d

NS+5 mM GA3+25 mM Nacl 0.66f 1.52ab 0.62ab 0.23abc
NS+5 mM GA3+50 mM Nacl 0.91e 1.41d 0.60b 0.23abc
NS+5 mM GA3+100 mM Nacl 1.88b 1.17f 0.53d 0.18d

NS+15 mM GA3+25 mM Nacl 0.61f 1.55a 0.62ab 0.26ab
NS+15 mM GA3+50 mM Nacl 0.84e 1.47bc 0.62ab 0.25ab
NS+15 mM GA3+100 mM Nacl 1.44d 1.39d 0.56¢ 0.22bc
LSD

GA3 0.5 0.02 0.013 0.008

Nacl 0.05 0.03 0.015 0.009

GA3* Nacl 0.09 0.04 0.026 0.015

Different letters in the same column are significantly different at ** 1% level (Duncan’s multiple range test).
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Table 2: Changes in some physiological parameters in peanuts in response to salinity stress and externally applied GA3.

Chlorophyll a** Chlorophyll b** Cell membrane Proline**

Treatment . .
(mg/g) (mg/g) permeability** (%) (umol/g fresh weight)

Control 2.594a 0.361f 6.16j 0.038k
NS+5 mM GA3 2.457b 0.545d 6.50j 0.119j
NS+15 mM GA3 2.515ab 0.308fg 6.50j 0.203)
NS+25 mM Nacl 0.882f 0.593d 22.149 0.224h
NS+50 mM Nacl 0.707g 0.453e 52.77c 0.292f
NS+100 mM Nacl 0.6449 0.298¢g 69.42a 0.471c
NS+5 mM GA3+25 mM Nacl 2.021d 1.284a 14.99h 0.253¢g
NS+5 mM GA3+50 mM Nacl 1.061e 0.837c 38.47e 0.33%¢
NS+5 mM GA3+100 mM Nacl 0.833f 0.218h 58.88b 0.631b
NS+15 mM GA3+25 mM Nacl 2.216¢ 1.168b 11.611 0.281f
NS+15 mM GA3+50 mM Nacl 2.421b 1.233a 29.29f 0.374d
NS+15 mM GA3+100 mM Nacl 2.015d 1.138b 43.13d 0.752a
LSD
GA3 0.05 0.03 1.41 0.008
Nacl 0.05 0.03 0.015 0.009
GA3* Nacl 0.09 0.04 0,.026 0.015

Different letters in the same column are significantly different at ** 1% level (Duncan’s multiple range test).

the amount of gibberallic acid. In general, the amount of
proline in the leaf increased significantly due to the
increasing salt concentration. Proline is one of the
substances that arise under the effect of stress under salt
stress in cultivated plants Durmus et al. (2017). Proline, an
amino acid, is an osmoregulation that is secreted internally
by the plant in order to prevent damage to cells and tissues,
at least in the early stages, in plants under stress. As a matter
of fact, our findings are consistent with Tatar (2006), which
states that the accumulation of some inorganic ions or
organic compounds with low molecular weight was observed
by plants in order to balance the osmotic potential against
the initial effects of salinity, which causes inhibition of water
uptake by the roots due to high ion content in the soil solution.
Our findings suggest that some researchers reported that
the amount of proline in the plantincreased due to increasing
salt concentrations (Ozcan et al., 2000; Oncel and Keles
2002; Gehlot, 2005; Sayari et al., 2005; Knipp and
Honermeier 2006; Yakit and Tuna 2006; Koca, 2007).

CONCLUSION

It was determined that salt stress increased the cell
membrane permeability, the amount of proline and the
sodium concentration in leaves, while reducing the
concentration of potassium, magnesium and calcium in the
leaves. It was observed that application of salt together with
GAZ3in the plants did not eliminate the adverse effects
completely despite the growth retarder impact.

In research it was found that GA3 doses applied had
no impact on the control plants and the 5 mM GA3
application was found insufficient in application of 100 mM
salt. As the result of research, the applied of GA3 may help
to determine selection of plants that can be grown in saline
conditions. Research concluded economic analysis needs

to be done and it was suitable to apply GA3 in increasing
doses to groundnuts in the fields accordig to their salinity
levels where groundnuts are to be grown.
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