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Effects of Some Exogenous Applications on
Some Agricultural Crops under Salt Stress
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Abstract—All biotic and abiotic factors, that prevent the plant
growth are called stress. As a result of global climate change, the
importance of abiotic stress factors have been increasing year by
year. Salinity, which is one of the most significant abiotic stress
factors, causes some molecular, cellular, physiological and
morphological alterations on plants. It reduces yield and the quality
of plant production, especially in several semi arid and arid regions
of the earth. Therefore, agricultural sustainability and constant food
production will be able to overcome the salt stress.

In nature, plants develop some adaptation methods against
salinity and based on the subject matter, some tolerance strategies
have been developed to overcome salt stress. Exogenous proline,
glycinebetaine, paclobutrazol, triacontanol selenium, silicone,
salicylic acid, plant activators and nitrogen applications were
investigated through studies conducted on some agricultural crops
such as various tomato, cucurbita, mung bean, rice, wheat, tobacco
and sorghum genotypes. These applications enhance the tolerance of
plants against salt stress and promote the plant growth and yield.
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. INTRODUCTION

LANTS encounter numerous types of biotic and abiotic

stresses through their life cycles [1]. Various types of
abiotic stress factors such as salinity, drought, extreme
temperatures, flooding, metal toxicity, ultraviolet radiation,
elevated ozone [1] and chilling, which are harmful for plant
growth, might cause a reduction on agricultural productivity
[2]. Salinity, which could be increased by over fertilizer
application [3], low rainfall grade, saline irrigation water,
native rock, strong evaporation and poor water management,
is one of the most serious abiotic stress factors [4], [5].
Salinity stress, which usually occurs in arid and semi arid
regions affects plant growth and agricultural productivity
severely, throughout the world [3], [4], [5], [6]. It is estimated
that, approximately 20% of the agricultural land is affected by
salt [1], [7] and in every minute, almost 3 hectares of arable
land is lost due to salinity, all over the world [5]. .

Il.EFFECTS OF SALT STRESS

The growth and the yields of various plants are reduced by
water deficiency due to low water potential of soil, ion
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toxicity associated with the excessive ion uptake, ion and also
nutritional imbalance [3], [7] due to the accumulation of the
sodium ions [8] and the reduced nutrient uptake and
transferred to the shoots, respectively [4], [5]. Plants hardly
absorb needed water for growth when the water content of
soil is decreased by excessive salt concentration [6], [7].
Various morphological, cellular, physiological and molecular
changes take place depending on not only the genotypes and
the development stage of the plant, but also the intensity and
duration of the salt stress [9], [10]. As a result of salinity,
hyperionic and hyperosmotic stresses, which may cause
decreased germination rate [11], membrane damage, nutrient
imbalance, altered levels of growth regulators, enzymatic
inhibition [1] and some metabolic disorders involved lipid
metabolisms,  photosynthesis,  protein  synthesis  and
senescence occur on plants [12].

Plants develop some defense strategies such as osmotic
adjustment using potassium, soluble sugar, proline and
glycinebetaine [3], [11], [13], inducing some plant growth
regulators, increasing antioxidant enzyme activities, changing
way of the photosynthesis [12], activating stress related genes
and production of stress proteins to overcome salinity [9].

However, soil salinity intensely influences the global food
production, improved irrigation techniques and reclamation
of the salt affected soils are not only prohibitively expensive,
but also provide short term solutions [4], [5]. Moreover,
conventional breeding methods, used, to improve salt tolerant
plants, are also laborious and time consuming [14].

Due to these facts, researchers are trying to develop some
effective treatments such as exogenous proline [15], [16,]
[17], glycine betaine [14], paclobutrazol [7], triacontanol
[18], selenium, silicone [19], salicylic acid [1], plant
activator [20] and nitrogen [21] applications to reduce the
detrimental effects of salinity.

Proline, which accumulates under salt stress conditions, is
an important organic compound [15], [17]. It is a key
component which may act as a osmoprotectant to maintain
membrane stability and detoxification enzymes in plants,
exposed to salt stress [11], [13], [17]. Exogenous proline
application has been reported to be protective against salt
induced oxidative stress [15], [17]. Reactive oxygen species
(ROS), such as superoxid radicals, singlet oxygen, hydroxyl
radicals and hydrogen peroxide, which induce lipid
peroxydation responsible to membrane deterioration, are
enhanced in plants under high salt concentration [3].

SOME EXOGENOUS PRACTICES AGAINST SALT STRESS
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Antioxidant enzymes protect plant cells against reactive
oxygen species [3]. It was reported that, the antioxidant
enzyme’s activities were induced severely in exogenous
proline treated pumpkin plants [17]. The effects of exogenous
proline application have been investigated through different
species of agricultural crops, such as tomato [14], rice [16] ,
mung bean [22], olive[23] and canola [24] under salinity.
The results of these investigations reported that the
exogenous proline application efficiently regulated the
osmotic potential and decreased the toxic effect of salinity by
activating the antioxidant enzyme system.

Accumulation of compatible organic solutes is one of the
cellular adaptive responses, which might be induced by
environmental stress, including water deficit, salinity and low
temperatures [25]. Glycinebetaine is an important organic
metabolite that accumulates in various plants in response to
salinity [25]. This compound plays an important role in
membrane stabilization and reducing oxidative stress as an
oxygen radical scavenger under salinity stress [14], [26].
Besides, it may also act as an enzyme protectant and
stabilizing factor of the structure of macromolecules and
organelles [27]. Exogenous glycinebetaine application on
Vicia faba under salt stress reduced membrane injury,
improved K* uptake and growth and also increased the
chlorophyll contents [27]. Similar results have been obtained
in Prosopis ruscifolia [25] under salt stress. Positive effects of
exogenous application of glycinebetaine were also observed in
wheat [28] and maize plants [29]. Glycinebetaine enhanced
salt tolerance of perennial ryegrass via induced antioxidant
enzyme activity has improved ion homeostasis and reduced
oxidation of membrane lipid [30]. Although Na* and CI
accumulations were decreased by exogenous application of
glycinebetaine on tomato plants, it was not possible to prevent
the effects of salt stress in salt sensitive tomato genotypes
[14]. On the contrary, it was reported that the development of
the embryos of tomato plants were positively affected by
glycinebetaine application [31].

Paclobutrozol is a triozole compound, which is used as a
plant growth regulator in both agriculture and horticulture.
Triozoles which have been referred to a plant multiprotectant,
protects plants againts various stress [7]. Paclobutrozol, that
increased the antioxidant enzyme content of plants, protects
them against environmental stress [32]. It was reported that
the paclobutrozol is a potential compound to increase salt
tolerance in a wheat cultivar due to moderating the negative
effect of salt stress on some growth parameters [7]. It was
reported that the negative effects of salt stress were prevented
by paclobutrozol application in barley seedlings [32].

Triacontanol, which is a natural component of epicuticular
waxes, is a plant growth regulator [33]. Vegetative growth,
chlorophyll content, dry weight [34], yield, photosynthesis,
protein synthesis, uptake of nutrient and water, nitrogen
fixation, enzyme activities and the content of free amino acids
of various plants were enhanced by tricontanol application
[33]. It was reported that total chlorophyll content, total
soluble sugars and proteins and also ascorbate peroxidase,
which is an antioxidant enzyme, were increased in Arachis
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hypogaea depending on the concentration of triacontanol
[35]. Triacontanol pretreatment positively affected to
germination rates, radicle elongation and the fresh weight of
barley under saline conditions [18].

The role of silicon, the second most abundant element on
the earth, has been poorly understood in plant biology [36]
,[37].However, it is one of the most important elements, plays
a critical role in tolerance against some environmental stress
including drought [37] and salt stress [36], [38] on plants.
Similar to proline, silicone promotes the antioxidative defense
mechanisms and reduces the lipid peroxydation under
drought [37], salinity [36] and chilling [39] stresses.
Antioxidant enzyme activities are enhanced by exogenous
silicon application in barley [38] and cucumber [36] under
salt stress.

Selenium, which is also an essential microelement for
animals, positively affects growth and development of some
plants by enhancing the activities of antioxidant enzyme [40].
The growth rate, photosynthetic pigment and proline content
of cucumber were increased by exogenous selenium treatment
under salt stress. This application have protected the cell
membrane and enhanced the salt tolerance of the cucumber
[41]. Similar results were obtained in salt stressed tomato
plants. The growth and the photosynthesis of tomato
seedlings were induced by selenium application under salt
stress condition [40]. Although both silicon and selenium
applications reduced the toxic effects of salinity on various
tomato genoytpes, silicone is more effective for improving
salt tolerance [19].

Salicylic acid, which is a chemical messenger, plays an
important role in salt tolerance [42]. Various processes such
as seed germination, ion uptake and transport, membrane
permeability, photosynthesis ant plant growth are effected by
exogenous application of salicylic acid [42] Exogenous
application of salicylic acid is an effective protectant in salt
stress tolerance of various Brassica genotypes. It enhances the
endogenous antioxidant levels in Brassica juncea [43] and
Brassica napus [1]. Salicylic acid also induced salt tolerance
of Artemisia annua L. and promoted the growth and the
activity of antioxidant enzymes of the plant under different
levels of NaCl [42].

Plant activators are the chemical compounds that have
some protective effects against the plant pathogens and they
induce disease resistance [20]. Salt stress induce the severity
of disease caused by some pathogens in tomato plant. Some
commercial plant activators such as actigard and tiadinil
induced the bacterial resistance of tomato under salt stress
[20]. It was reported that a plant activator called as Stubble-
Aid could enhance the tolerance of tomato plant against
salinity. Exogenous application of this plant activator
prevented the reduction of leaf relative water concent,
chlorophyll fluorescence, stomatal conductance and total
soluble protein under salt stress [44].

Nitrogen fertilizers, that enhance number of leaves, plant
length, dry and fresh weight of seedling, could increase crop
yield [45] such as wheat, corn [46], cotton and rice [47]. The
application of nitrogen fertilizers, which plays a critical role
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in cell division, decrease the adverse effects caused by high
salt stress [45]. Negative effects of salinity were reduced by
exogenous nitrogen application as a foliar spray on the wheat
plant. Nitrogen, which is one of the best nutrient to control
salinity, increased the plant growth of wheat [45]. It was
reported that the nitrogen application (1%) played a crucial
role in protection against salt stress and enhanced the salinity
tolerance of tomato plants via antioxidant enzyme activities
[21].

Consequently, these exogenous applications play an
important role to develop salt tolerance in various plants.
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