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Abstract

The current experiment was designed to alleviate the detrimental effects of salt stress on two varieties of Wheat i.e.
Johar 2016 (V,) and Anaj 2017 (V,). Sorbitol was used by foliar application method to bring under control the negative
impacts of NaCl stress on plants. Salt was applied at concentration of 150mM and Sorbitol was used in three concentrations
(50, 75 and 100mM). Sorbitol application was done three times on plants with the interval of one week. All the
morphological, physiological and yield parameters were recorded. The experimental design was completely randomized and
for the statistical analysis, CoStat software was used. The findings of the experiment concluded that the application of
sorbitol on plants proved beneficial in salt stress as well as under normal conditions. Foliar application of sorbitol helped to
ameliorate the negative impacts of NaCl stress on plants. It was noticed that sorbitol caused a significant increase in the
growth of plants in salt stress and normal conditions. Almost all the growth parameters were increased after sorbitol’s
application. The results concluded that the 50mM and 75mM concentration of sorbitol gave the best results to overcome the
effects of NaCl stress. All the treatments of sorbitol improved the growth parameters of plants under normal conditions but

the best results were observed at 50mM and 75mM.
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Introduction

The cultivated Wheat (Triticum aestivum L.)
belongs to family Poaceae which is the family of sweet
grasses. Wheat is commonly known as king of cereals
because it is the main cereal crop in various parts of the
Globe. It is the most important and extensively grown
food cereals throughout the globe, due to its broad
adaptability along with the nutritive values quality than
other cereals crops. Similarly, it also stands first in terms
of production and acreage. An important role is played
by wheat with reference to food, economic production
and nutrition across the world and it is considered as a
strategic crop (Barutcular et al., 2017; Darwish et al.,
2018; Jahan et al., 2019). It is extensively cultivated
crop around the world. Wheat is also considered as the
1% domesticated food crop and in the major civilizations
in West Asia, Europe, and North Africa it is the main
staple food from past 8,000 years.

In Pakistan cultivation of wheat is done on an area of
more than 9.0 mega hectares (Khan et al., 2017). The
cultivation of wheat is performed in Pakistan and different
countries around the world in order to fulfill the demand
for food. Even though, the production potential of wheat
is lower than its productivity per hectare because of
various environmental factors that cause a reduction of
crop yield and among these factors the major one is salt
stress (Igbal et al., 2018). Salt stress causes apparently
around 60% reduction in production and yield of wheat
(Xie et al., 2016). The production and yield of wheat are
the important elements of wheat’s supply. For the security
of food adequate availability of food at the country,
provincial and household is the main concern. In world
markets any change in wheat demand and supply can

affect the well-being of taxpayers, farmers, consumers
and of those people who depend directly or indirectly on
agriculture (Khan et al., 2008; Hong-juan et al., 2017).

Salinity is extremely harmful that limits the growth
of plants and affects the productivity of Wheat (Khaligq
et al., 2015; Barnawal et al., 2017). As reported by
FAO/LPNMS (Land and Plant Nutrition Management
Service) a large cultivated land’s portion is affected by
salt stress around the world that’s why the land cannot
be cultivated (Yassin et al., 2019). Salt affected areas
are exceeding 800 Mha that is up to 6% of the entire
worlds land area (Saddiq et al., 2019). In arid and semi-
arid areas salt stress is a severe threat to productivity of
agriculture (Babu et al., 2012). The yield of some main
crops reduces up to 50% in the arid and semi-arid areas
of the globe and its reason is salinity stress (Dugasa et
al., 2016). Due to NaCl stress osmotic potential of soil
increased that cause the movement of water in soil from
low salt concentrated areas (plant tissues) because in soil
salt concentration is higher (Khan et al., 2017).
Physiology of crop at cellular and plant level disturbed
due to osmotic effect (Shahid et al., 2011).

Sorbitol is a main product of photosynthesis in the
Rosaceae family and the metabolism of sorbitol is
strongly related to the yield and quality of fruit (Teo et
al., 2006). The growth and development of plant sorbitol
act as energy sources and carbon backbone. It also works
as a signaling molecule that involves in the regulation of
plants growth and helps against different environmental
stress as well. According to a recent study, in apple plant
sorbitol provide resistance against pathogenic fungus
named as Alternaria alternata by regulating the
expression of NLR (Nucleotide-binding Leucine-rich
repeat) gene (Meng et al., 2018). Sorbitol’s exogenous



application is effective to alleviate detrimental effects of
NaCl stress on plant growth and also on other various
parameters like, lipid peroxidation, ROS generation and
membrane damage especially in salt sensitive rice crop.
Interestingly in some cases these osmoprotectants
increase growth and other physiological parameters in salt
tolerant rice. Sorbitol accumulation is helpful against
salinity, drought and chilling stress tolerance in many
species of plants (Gupta & Huang, 2014). So the
observations and findings indicate that application of
sorbitol is an interesting and alternative method that can
be used to enhance the salt stress tolerance level of salt
sensitive crops (Theerakulpisut & Gannula, 2012). The
Current study was designed in order to ameliorate the
detrimental effects of salt stress through foliar application
of Sorbitol on two varieties of Wheat.

Materials and Methods

Location of research work was the Botanical Garden
of University of Gujrat, Department of Botany. Overall
there were eight treatments including control and for each
treatment there were four replicates. Salt treatment was
applied at the time of sowing. After two weeks of
germination foliar method was used for application of
sorbitol. Application was done 3 times after one-week
interval. The experiment was arranged in Completely
Randomized Design (CRD).

Seeds of two varieties Johar 2016 (V) Anaj 2017 (Vy)
were obtained from Punjab Seed Corporation Gujranwala
Center. For seed sowing plastic pots containing river sand
were used and placed in a nesting house. Irrigation of the
plants was performed with Full length Hoagland’s nutrient
solution and its application was performed one time in one
week. Salt stress application was done at the time of seed
sowing and sorbitol was applied after 2 weeks of
germination. Following treatments were used in this
experiment. TO = Control, T1 = NaCl (150 mM), T2 =
Sorbitol (50 mM), T3 = Sorbitol (75 mM), T4 = Sorbitol
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(100 mM), T5 = Sorbitol (50 mM) + (NaCl 150mM), T6 =
Sorbitol (75 mM) + (NaCl 150 mM), T7 = Sorbitol (100
mM) + (NaCl 150 mM). Data of morphological,
physiological, biochemical and yield parameters were
recorded after 3 weeks of Sorbitol application.

Germination percentage and other morphological
parameters were recorded. Infra-Red Gas Analyzed
(IRGA) was used to find the photosynthetic rate (A), Inter
cellular carbon dioxide concentration (Ci), transpiration
rate (E), and stomatal conductance to water (gs). For the
calculation of water use efficiency, photosynthetic rate
was divided by transpiration rate.

Glycine betaine content was calculated by method of
Grieve & Grattan (1983). Water toluene solution of 5ml
was used to grind the 0.5 g of leaves. Extract was then
transfer to test tube and shake for 24 hours at temperature
of 25°C with the help of shaker. After shaking sample
solution was filtered with filter paper. Filtrate of 0.5 ml
was taken and 0.1 ml solution of KI and 1ml solution of
hydrochloric acid (HCI) was added in it. The prepared
sample mixture was again shaked in ice bath for 90
minutes and then super cool water of 2ml was added.
Afterward 10 ml of 1, 2 dichloromethane was added.
Sample mixture was then left for about two minutes at
room temperature so that air can pass through the sample.
At last two films were formed in the sample. The top
layer was removed and discarded and lower layer was
used to measure the absorbance at 360 nm by using
spectrophotometer.

Photosynthetic Pigments were recorded by Arnon
method (1949). 0.5 g of leaf sample was taken and crushed
with 4ml of 80 % acetone. Afterward sample solution was
filtered by mean of filter paper. Acetone was added again
to prepare 10ml final volume. Then vortex blend was used
in order to take supernatant. Hitachi spectrophotometer
(Hitachi, Model U2001, Tokyo, Japan) was used to
measure the absorbance. Measurement of absorbance was
done at three wavelengths and for different chlorophyll
contents following formula was used.

Chlorophyll ‘a’ (mg/g f.wt.) = [12.7(0D 663) — 2.69 (OD 645)] X V/ 1000 X W

Chlorophyll b’ (mg/g f.wt.) = [22.9 (OD645 — 4.68(0D 663) X \//1000 X W

Carotenoids (mg/g f.wt) = [7.6(OD 480) — 1.49(OD 510)] X V/1000 X W

W = Weight of fresh leaves tissues in grams
V = Volume of leaf extract in ml

For anthocyanin content the technique of Krizek et
al., (1993) was used. For this technique methanol and HCI
solution was prepared in 99:1 concentration. (99 ml
methanol+ 1 ml HCI. 3ml of this solution was then used

to crush 0.2g of leaves samples. The extract which
prepared then centrifuged for 30 minutes at 18,000 RPM
and the temperature will be 4°C. Supernatant was then
separated and incubated at 4°C for 24 hours in dark area.
Spectrophotometer was then use to take reading at 2
wavelength 530nm and OD 657nm. Following formula
was used to calculate the anthocyanin content.

Anthocyanin content = [OD530-0.25 OD657] X TV / [dry wt. X 1000]

OD = Optical density
TV = Total volume of the extract (ml)

Dry wt. = weight of the dry lead tissue

For the determination of MDA content Cakmak &
Horst (1991) method was adopted. For this procedure 1-
gram fresh leave of the plant was taken and crushed with
1% (w/v) TCA at temperature 4°C. Afterward the mixture
was centrifuged for fifteen minutes at 2000 rpm. When the
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centrifuge process was completed supernatant was taken
and 3ml of TCA & TBA was added (0.5 by 20%). Sample
was placed in water bath for 90 minutes at temperature
95°C to stop the reaction. Absorbance of the sample was
measured at 532 nm. And for nonspecific values
absorbance was calculated at 600nm. The MAD content
was the measure with the aid of following formula:

MAD level = (A532 nm — A 600nm) / 1.56 X 105

For preparing plant extract fresh leaves of 0.5g were
crushed with 80% of ethanol. After crushing the leaves 10ml
of water was added in the sample. After preparing different
aliquots final volume was made 1ml and then 5ml
concentrated sulfuric acid (H,SO,) was added in each
sample. The samples mixture was then shaked and incubated
at 30°C temperature for 40 minutes. After incubation 1ml
solution of 5% phenol was added in each test tube.
Wavelength of 490 nm was set on spectrophotometer and
absorbance was observed (Rasool et al., 2010).

For the estimation of protein content 0.5g of fresh
leave was crushed. For crushing 10ml of 50mM KPO4
potassium phosphate buffer was used. The pH of buffer
was maintained 7.8 and crushing of leaves was performed
at cool environment. Afterward samples were centrifuged
for 15 minutes at 10,000rpm at 4°C temperature
(Bradford, 1976). The supernatant of 0.1 ml was then
mixed with Bradford reagent of 2ml. protein content was
then determined with the help of spectrophotometer at
absorbance of 590 nm.

For antioxidant activity 0.5g of fresh leaves samples
was collected from each treatment and grinded with 5 ml
of phosphate buffer. Phosphate buffer was cooled before
using. After grinding the sample mixture was placed in
ice bath. Then samples were centrifuged for 20 min at
15000 rpm and temperature was maintained at 4°C.
Supernatant was separated. This supernatant was use to
obtain both CAT and POD activity with the help of
Chance & Meahly (1995) technique.

For CAT activity measurement reaction solution was
prepared with final volume of 3ml. In the reaction
solution 50mM phosphate buffer solution with pH 7 was
used, 5.9mM H,0, and prepared enzyme extract 0.1ml
was added. The reaction initiated through adding the
enzyme extract. For the measurement of CAT activity
spectrophotometer was set on 240nm and the change in
absorbance was measure after every 20 second. For the
measurement of one unit of CAT activity variation in
absorbance of 0.01 units per minutes was measured.

POD activity was measures. The reaction solution was
prepared with final volume of 3ml containing phosphate
buffer 50mM, guaiacol 20mM., and H,O, 40mM then 0.1 ml
of enzyme extract was added in the reaction solution.
Spectrophotometer was set to the wavelength of 470nm and
after every 20 seconds the change in absorbance was
measured. For the measurement of one-unit POD activity
change in absorbance was measured at the rate of 0.01 units
per minute. Each enzyme activity was stated on the
concentration of the proteins in the extract for this method of
Bradford (1976) was used.

Sod activity was evaluated with the help of
Giannopolitis & Ries (1977) method. 0.5 g of leaf

samples was crushed with 5ml of phosphate buffer.
Falcon tubes were taken and from the prepared mixture
3ml of sample was added in it. Afterward, Nitro blue
tetre-zolium (NBT) 50um, methionine 13mM, EDTA
75mM, enzyme extract 20-50 ml, phosphate buffer of pH
7.8 50 mM, and riboflavin 13um, was mixed. Then the
sample mixture was place under fluorescent lamp for 15
minutes. Spectrophotometer was used and absorbance
was measured at 560nm.

For the calculation of electrolyte leakage, the
technique of Lutts et al., (1996) was used. Fresh flag
leaves were taken from the plants. Leaves were washed
with water and cut into different pieces. In falcon tubes 50
ml double distilled water was taken and leaves was placed
in the water. Tubes were then incubated for 24 hours.
After 24 hours EC was measure with the help of
electrolyte leakage meter. The value was named as EC1.
Now the sample was autoclaved for 20 minutes at 121°C
and again electrolyte leakage was measure. This value
was named as EC2. Final value was calculated with the
aid of following formula:

EC1/EC2 x 100

Yield Parameters like, Number of Spikes/Plant,
Number of Grains/Spike, Number of Spikelets/ Spike,
100g Grain Weight (g)

Statistical analysis

Experimental design was completely randomized and
there were total four replicates, for each treatment.
Experimental data was statistical analyzed for comparison
of means with the help of software CoStat, by using
Analysis of Variance (ANOVA) Technique.

Results and Discussion

Morphological parameters: Germination percentage
was the first parameter that was recorded after salt
application and results proved that the rate of germination
was reduced in salt treated plants (Fig. 1a). Roots of
plants are directly in contact with saline soil and as a
result, roots are the first part of the plant that get affected
with stress. Results of our experiment proved that salinity
stress declined the length of root and shoot as well as
fresh and dry weight when treated with salt stress (Fig.
1b, ¢, d) and Sorbitol’s treatment improved growth of salt
effected plants. ANOVA results also showed that the
sorbitol treatment was highly significant (Table 1). The
same reduction in root and shoot length of Brassica rapa
after salt application was noticed by Jan et al., (2016).
Findings of Tanveer et al., (2020) also proved that salt
stress declined the dry and fresh weight of root and shoot
of Solanum lycopersicum L. under salt stress conditions
and treatment of calcium declined the detrimental effects
of NaCl stress. The number of tillers of both varieties
reduced when the plants subjected to NaCl stress and
foliar application of sorbitol significantly increased the
number of tillers of salt affected as well as normal plants
(Fig. 1h), Sorbitol treatment was highly significant in
statistical analysis (Table 1). These findings also fit with
the findings of Shahzad et al., (2016) where no. of tillers
of wheat decreased with increasing NaCl concentration.
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Fig. 1. Effect of Foliar application of Sorbitol on various morphological parameters of Wheat.
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Saline condition greatly affects the photosynthetic
activities of plant as a result leaf surface area as well as
the number of leaves reduced in plant. It was analyzed
from our results that leaf area of wheat reduced when
plants exposed to 150mM NaCl. Number of leaves of
both varieties also reduced with salt application and
Sorbitol application showed positive result in both
parameters (Fig. 1i, j). ANOVA results for both
parameters were also highly significant for Sorbitol
application (Table 1).

Physiological parameters: Reduction in stomatal
conductance  (gs), net photosynthesis rate (A),
intercellular carbon dioxide concentration (Ci) was
observed from data and water use efficiency was observed
by salt treatment and foliar application of sorbitol
improved all these parameters (Fig. 2a, b, c, d). For all
these parameters results of statistical analysis of the
treatment of Sorbitol is highly significant (Table 2). These
findings were same as the findings of Zou et al., (2016).
They found that all these gaseous exchange parameters
were reduced in Wheat after salt treatment.

Biochemical parameters: Salinity stress has an adverse
effect on the biochemical parameters of the various
plants. The data herein proved that NaCl declined the
concentration of carbohydrate in the leaf of wheat
varieties. Foliar treatment proved favorable for the plants
grown under salinity stress. Carbohydrate content reached
up to normal level after all treatments of sorbitol under
stress conditions (Fig. 3a). ANOVA results are also
highly significant (Table 4). These results were correlated
with the consequences of Sadak et al., (2013). He found
that salinity stress cause reduction in content of
carbohydrate when Wheat exposed to NaCl stress.
Reduction of the protein content after salt treatment was
also observed from our experimental data and foliar
treatment of sorbitol elevate the level of protein in salt
affected plants (Fig. 3b). Foliar spray of Sorbitol was
significant for plants (Table 4). Same consequences were
noticed by Deivanai et al., (2011) where Rice plants
treated with salt stress reduced the level of protein and
exogenous treatment of Proline enhanced the
concentration of proteins in salt affected plants. Gul et al.,
(2017) also observed the same results. He found that salt
application cause reduction in carbohydrate and protein
content of Spinacia oleracea but application of sorbitol
helps the plant to reduce harmful effect of salt stress and
increase carbohydrate and protein concentration.

Results of our experiment proved that reduction in
photosynthetic rate occurred by salt application because
salt stress causes a reduction of photosynthetic pigment
(chlorophyll ‘a’ ‘b’ and carotenoids). Application of
Sorbitol improved all these parameters of plant in salt
stress and normal condition (Fig. 3c, d, €) and ANOVA
results for sorbitol application are also significant (Table
4). Our findings were correlated with Sadak et al., (2013)
and Najar et al., (2019). Sadak et al., (2013) concluded
that in Triticum aestivum salt stress declined the
photosynthetic activity by effecting the concentration of

photosynthetic pigments. A significant reduction of
chlorophyll a, b and carotenoids was observed by
increasing concentration of salt stress. Najar et al., (2019)
concluded that the gaseous exchange parameters and
photosynthetic pigments reduced with salt treatment in
Medicago truncatula.

Anthocyanins are the pigments that are present in
plants these are also involved in various antioxidant
activities. Results of this experiment confirmed that salt
stress caused reduction in anthocyanin pigment of wheat
leaves (Fig. 3I). Significant result obtained from AVOA
for the treatment of Sorbitol on plants (Table 4).
Trivellini et al., (2014) found the same results. He
observed the reduction of anthocyanin content in
Hibiscus due to salt stress.

From the current study, it was proved that antioxidant
activity of wheat plants changes with salt treatment. The
activity of CAT was reduced with the application of NaCl
stress in the soil and after foliar spray of Sorbitol, its
concentration increased (Fig. 3f). Sorbitol application was
significant in ANOVA (Table 4). Dogan et al., (2011)
found the similar results where salt treatment declined the
concentration of CAT in Soybean plants. The results of
our experiment showed that POD and SOD increased with
the increasing level of salt in the soil (Fig. 3g, h). These
results indicate that the high concentration of POD and
SOD represents stressful conditions in the plants. In this
aspect, the foliar application of Sorbitol reduced the
concentration of POD and SOD. These findings were in
agreement with Daoud et al. (2018) results where
increasing salt concentration increased the SOD activity
in Wheat and then foliar application of silicon proved
useful to overcome the harmful effect of stress by
reducing SOD activity.

The consequences of this experiment proved that
salinity stress increased electrolyte leakage of leaves of
both wheat varieties but foliar spray of sorbitol helped the
plant to increase El level (Fig. 3i) and ANOVA showed
that sorbitol application is highly significant (Table 4).
These findings were in consistence with the findings of
Wu et al., 2017, According to them when Lolium perenne
subjected to salt stress it was noticed that EL of plant
increased. Exogenous application of 24-Epibrassinolide
reduced the electrolyte leakage of plant. Hnilickova et al.,
(2019) also concluded that salt stress increased the
electrolyte leakage in Lactuca sativa, Tetragonia
tetragonoides and Portulaca oleracea. MDA content is
also an indicator of salinity stress in plants. After
application of salt stress on Wheat, it was proved that
MDA content increased as compared to control treatments
and application of sorbitol reduced the MDA content in
plants (Fig. 3k). Similar results were also documented
from recent research performed by Zhang et al., (2020).
According to their research, salt stress increased the MDA
content in Cucumis sativus and exogenous application of
Melatonin reduced the MDA content. Theerakulpisut &
Gannula (2012) also concluded that the treatment of NaCl
stress on Rice (Oryza Sativa L.) increased the content of
MDA and treatment of Sorbitol and Trehalose helped to
reduce the MDA content.
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Fig. 2. Effect of Foliar application of Sorbitol on various Physiological parameters of Wheat.
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Fig. 3. Effect of Foliar application of Sorbitol on various Biochemical parameters of Wheat.
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Fig. 4. Effect of foliar application of Sorbitol on various Yield parameters of Wheat.

Yield parameters: As salinity stress affected adversely on
all parameters of wheat plant and all these parameters
directly influenced the yield of crop. It was noticed that salt
stress declined all yield parameters such as weight of seed,
no. of spikes, no. of spikelet and no. of grain of wheat crop
(Fig. 4a, b, c, d). Sorbitol application significantly
increased yield of salt affected as well as normal plants and
ANOVA results were also highly Signiant (Table 3). These
findings of our experiment are in consistence with the
results of Gul et al., (2019). They determined that NaCl
stress declined the weight of gain and no. of grains in
Wheat. Shahzad et al., (2016) also noticed declined no. of
spikes, no. of spikelet and grain weight and grain number in
Wheat after salt treatment. The results of our experiment
were also correlated with the results of Yadav et al., (2020)
where NaCl stress cause reduction in the grain yield of
Wheat but Foliar application of salicylic acid increased the
yield of crop and help to mitigated effects of salt stress.

Conclusion

Wheat is an important crop around the globe and in
order to meet food security challenges in future appropriate
wheat production is necessary. Overall sorbitol’s application
by foliar method proved useful for wheat plants. The results
of sorbitol on both varieties were positive. So the use of
Sorbitol for the cure of salt stress can be useful in this aspect.
Despite sorbitol’s application on non-salt treated plants also
proved useful therefore its application can also be performed
in order to increase crop yield.
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