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Abstract

Understanding salinity-fertilizer relationship is of considerable economic importance. Salinity is one of the abiotic stresses
limiting crop productivity, especially in arid and semi-arid regions. This study was done to determine whether the nitrogen (N)
could alleviate the negative effects of NaCl on several physiological attributes and antioxidative defense system. The results
showed that high salinity significantly reduced chlorophyll content (SPAD reading), photosynthesis, stomatal conductance,
protein content, and SOD. Moreover, salt treatment increased the activity of CAT and POD. Nitrogen application had
significant effects on all the physiological parameters by enhancing chlorophyll content, photosynthesis, protein content, SOD,
POD, and CAT. All parameters were significantly affected by the interaction between variety and nitrogen except CAT. The
interactive effect between variety and salinity was significant for protein content, SOD, and CAT. The content of protein and
the activities of SOD, POD, and CAT were significantly affected by the interaction between nitrogen and salinity. In this study,
the application of nitrogen fertilizer was successful in alleviating the adverse effects of salinity. Of all the nitrogen levels used in
this study, 210 kg “ha was most effective on most of the measured parameters. The results of this study will be helpful in
getting increasing yield by choosing suitable varieties and nitrogen management on saline soils.
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Introduction

Salinity stress can cause osmotic and ionic stresses in
plant cells that lead to a deterioration in plant's growth and
yield by influencing physiological processes. Salt stress
also causes oxidative stress by generating high levels of
oxygen radicals (Chawla et al., 2013). Plant species are
different in salt tolerance and the mechanism of tolerance.
It has been confirmed that under the saline condition some
exogenous chemicals can mitigate the adverse effects of
salinity on plants (Gupta & Huang, 2014).

Bread wheat (Triticum aestivum L.) is an essential
source of food and livelihood for over one billion people
in developing countries. It is reckoned among the "big
three cereal crops” viz. rice, wheat, and maize (Metwali et
al., 2011). China is one of the world's largest wheat-
producing countries. However, Chinese wheat yield is
among the highest in the world and its estimated
production put it in second place after the European
Union (Anon., 2014). Wheat has become an important
staple food in Sudan, it is the second most important
cereal crop after sorghum in Sudan. Wheat cultivated area
in Sudan in irrigation schemes such as Gezira, Rahad, and
New Halfa schemes (Anon., 2015). Salinity is the most
important factor limiting wheat production in Sudan,
particularly in the Northern States of the country
(Elahmadi & Hamza, 2015).

Nitrogen (N) is a necessary nutrient in agricultural
production, and its effective use to enhance crop
production is more than any other chemical fertilizer
(Malhi et al., 2001). Consequently, proper application of
nitrogen fertilizer is essential to enhance crop yield. It has

been determined that the most of nitrogen applied (40%-
60%) is taken up by wheat (Guarda et al., 2004). It is
understood that the adverse influences caused by salt
stress could be alleviated by application of fertilizer
(Chen et al., 2010).

Plants growing in saline soils are often N deficient.
The lack of nitrogen is very common in crops and induces
inhibition of plant development whether plants are
growing under salinity stress or normal conditions.
Addition of nitrogen to nitrogen deficient soils at
moderate salt stress increased growth and yield of crops.
In most cases, total N uptake declines, but N
concentration increases under optimal N conditions
(Machado & Serralheiro, 2017).

In this study, we hypothesized that adverse effects of
salinity could be improved by nitrogen fertilizer and will
help to promote the physiological performance.
Therefore, the aim of this study was to investigate
whether the nitrogen could alleviate the impact of salinity
in the leaves of wheat.

Materials and Methods

Plant material: This study two wheat varieties, Elnilein
and Xumai 30 that are routinely grown on saline soils in
Sudan and China (Ibrahim, et al., 2016) were selected as
model varieties. All seeds were less than 18-month old.
The seeds were sterilized with 1% NaOCI solution for 2-3
min, then washed with distilled water three times and then
air-dried and within each variety the seeds of uniform
color, size, and shape were selected for the experiment.
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Soil preparation: The soil used in this study was the 0-20
cm layer of a Typic fluvaquents Entisols. It was collected
from the surface of sandy loam soil (0-20 cm) of the
Experimental Farm of Yangzhou University (32°30°N,
119°25’E), Jiangsu Province, China. The soil was dried and
sieved in a 5 mm sieve. Then the soil was spread at a
thickness of about 50 mm over a piece of polyethylene sheet.
Soil suspension was prepared in deionized water at a ratio of
1:2 (soil: water) (Sonneveld & Van Den Ende, 1971). The
suspension was moved and allowed to stand overnight. After
that, the electrical conductivity (EC) of the supernatant
solution was 0.26 dSm™* measured with an EC meter (TZS-
EC-I, Zhejiang Top Instrument Co., Ltd., Hangzhou, China).
The soil samples were analyzed for pH (1:1 in water) using a
pH meter (Bench Top pH-meter by 3B Scientific - U33100 -
1011690 - pH meter), The determination of soil organic
carbon is based on the Walkley-Black method (1934)
described by (Nelson & Sommers, 1996), nitrogen (N)
following the Kjeldahl method described by Labconco
(1998), available phosphorus (P) following Micro-Vanadate-
Molybdate method Olson (1954), available potassium (K)
following neutral ammonium acetate extract method
determined by flame photometer (Chapman & Pratt, 1962).
The soil was tested containing 1.22% organic matter, 1.0 ¢
kg™ total N, 14.1 mg kg™ P, and 77.3 mg kg™ soil test K with
pH 7.1. Water added to each treatment was 3.44 L/94.3 cm?
(pot surface area) to promote germination. Tap water (EC of
0.4 dS m ) was the water source used in this experiment.
The pots were weighted every 2 or 3 days to maintain the
soil water content at 80% of field capacity. Each pot was
without holes at the bottom to avoid drainage or leaching
through the pots.

Experimental design: The experiment was done on the
Experimental Farm of Yangzhou University during two
wheat growing seasons of winter of 2014/2015 and
2015/2016. Temperature and relative humidity during
kernel filling were 27°C and 70% in the 1st season and
24°C and 80% in the 2nd season. The study was designed
as a factorial experiment arranged in a randomized
complete block design in the split split-plot with three
factors. Main plots included wheat varieties; subplots
included three different levels of nitrogen fertilizer as urea
(46% N) 0, 86, and 210 kg N ha-1, designated as ON, 1N,
and 2N. The sub—sub-plot included four levels of salinity
included 1.4, 2.5, 4.2, and 7.6 dS m™* designated as SO,
S1, S2, and S3 respectively. The saline soils at different
salinity levels were made by incorporating NaCl solutions
into the non-saline soil and mixed. The control treatment
of soil was made by adding tap water. There were 24
treatments in the study with three replications for each
treatment. There were 72 pots in total in the study. Each
pot (30 cm in diameter x 32 ¢cm in depth,) was filled with
12 kg dry soil. Twenty seeds were sown at the seeding
depth of 1.5 cm. All the pots were placed in the open
field. If rain was expected, a plastic film was placed over
the pots. The seeding dates were October 20th and 25th in
2014 and 2015 respectively. One month after seeding, all
the pots were thinned to five plants for each pot.

Observations and measurements

Assessment of chlorophyll content (SPAD reading):
The penultimate leaves of each plant in each pot were
used for SPAD determination with a chlorophyll meter

MUHI ELDEEN HUSSIEN IBRAHIM ET AL,

(SPAD-502, chlorophyll meter, Minolta Camera Co.,
Ltd., Japan). The SPAD reading was recorded at the tip,
middle, and base of each leaf. The average of SPAD
readings of the leaves of each pot was calculated.

Assessment of photosynthetic parameters:
Photosynthetic rate, transpiration rate, and stomatal
conductance were measured with a portable photosynthesis
system (LI-6400, Li-Cor, Lincoln, USA) at 8:00-11:30 am
local time at anthesis stages. The flag leaf of the wheat
plant was selected for the measurements of leaf
photosynthetic parameters.

Physiological parameters: The leaves of each treatment
were sampled and immersed in liquid nitrogen for 15
minutes and then saved at -75°C for the determination of
physiological parameters, including soluble protein, and
enzymatic activities of peroxides (POD), catalase (CAT),
and superoxide dismutase (SOD).

Determination of soluble proteins: The soluble protein
was determined according to method of Bradford (1976).
About 0.5 g of leaf sample was used. The sample was
homogenized at 4°C in 5 ml Na-phosphate buffer (pH 7.2)
and then centrifuged at 4°C. The supernatants were placed
on ice for analysis. The soluble protein was determined
using the Coomassie blue dye-binding assay (Bradford,
1976) by using bovine serum albumin (BSA) as the
standard curve. Then the absorbance reading was
converted into the content of protein. The absorbance was
determined with a spectrometer by pipetted supernatants
and stain in spectrophotometer cuvettes at 595 nm (Model
721, Shanghai Mapada Instruments Co. Ltd, Shanghai).

Determination of antioxidative enzymes activities: For
enzyme extraction, frozen (-75°C) leaves samples of
wheat plant (0.5 g) were collected and ground at 4°C in
the extraction buffer containing 50 mM PBS, 0.1 mM
EDTA, pH 7.8, 4% poly vinyl polypyrroidone (PVP), and
0.3% Triton X-100, and then centrifuged at 4°C, 10,500
pm for 20 min. The supernatant was collected and placed
on ice and used for the determinations of antioxidant
enzymes activities. The activity of POD was determined
using the method of Xu & Ye (1989) while the activity of
SOD was determined according to the method of Koca et
al., (2007).

Statistical analysis: This experiment was a factorial one
arranged in a split-split-plot randomized complete block
design including three variables, with three replications
for each experimental unit. The investigation was
performed two different seasons, and there were no
significant differences in all factors between the two
seasons. So, the mean of each variable of the two seasons
was applied for statistical analysis. The data of variables
were subjected to analysis of variance (ANOVA)
following the method of Gomez & Gomez (1984) with
the statistical package of Mstat-C (Freed et al., 1991)
according to this design. Means compared by the LSD test
when F values were significant (p<0.05).
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Results

Effect of the treatments on chlorophyll content (SPAD
reading): Chlorophyll content was significantly affected by
nitrogen, salinity, and the interaction between variety and
nitrogen (Table 1). Chlorophyll content was decreased with
the increased salinity level. At the high salinity level,
chlorophyll content was decreased by 15.9% as compared
with the control (Fig. 1A). In the interaction between variety
and nitrogen, Elnilein at the high nitrogen level had higher
chlorophyll content than Xumai 30 (Fig. 1B).

Effect of the treatments on photosynthetic rate of
wheat: Photosynthetic rate, transpiration rate, and
stomatal conductance were significantly affected by
wheat variety, nitrogen, salinity, and interaction between
varieties and nitrogen (Table 1). Photosynthetic rate,
stomatal conductance, and transpiration rate were
decreased gradually with increasing salinity level. The S3
salinity level caused reductions in photosynthetic rate by
43.4% as compared with the non-salinity level (Fig. 2). In
the interaction between variety and nitrogen, all nitrogen
treatments significantly increased the photosynthesis,
stomatal conductance, and transpiration rate (Fig. 3A-C).

Effect of the treatments on soluble protein of wheat:
Protein content was significantly affected by all the
experimental factors and their interactions except variety
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and interaction among three experimental factors (Table
1). In the interaction between variety and nitrogen, at all
nitrogen level variety, Elnilein had the highest protein
content by 7.9% (Fig. 4A). In the interaction between
salinity and variety, at high salinity level, the variety
Elnilein had higher protein content than Xumai 30 by
23.8% (Fig. 4B). In the interaction between salinity and
nitrogen, all nitrogen treatments significantly increased
protein content in all the salinity treatment (Table 2).

Effect of the treatments on antioxidant enzyme
activity of wheat: The activity of SOD was significantly
affected by all experimental factors and their interactions
(Table 1). In the interaction among the three experimental
factors (variety, nitrogen, and salinity), 2N nitrogen
treatment at the highest salinity level of S3 in Elnilein
decreased SOD activity by 4.2% as compared with the
control (Table 3).

POD was significantly affected by nitrogen treatment,
salinity treatment, interaction between variety and nitrogen
and between nitrogen and salinity (Table 1). Of the
interaction between variety and nitrogen, at all nitrogen
treatment variety, Xumai 30 had the greater value of POD
than Elnilein (Fig. 5A). In the interaction between nitrogen
and salinity, all nitrogen treatment significantly decreased
POD at all salinity treatments, and at high salinity level 2N
nitrogen treatment decreased POD by 33.7 % as compared
with the control (ON) (Fig. 5B).

Table 1. Analysis of variance for effects of varieties (V), Nitrogen (N), Salt (S) and their interaction on
seedling growth parameters of wheat.

Independent variable

Dependent variable

Variety (V) | Nitrogen(N) | Salt(S) | VxN | VxS NxS VxNxS
Chlorophyll content (SPAD reading) ns *x *x * ns ns ns
Photosynthesis rate ns ** ** *x ns ns ns
Stomata conductance ** ** ** ** ns ns ns
Transpiration rate ** ** ** * ns ns ns
Protein content ns ** ** ** ** ** ns
SOD ** ** ** ** ** ** **
POD ns il i ** ns il ns
CAT * * ok ns *k *k ns
Ns = Insignificant difference; * = Significant the difference at p<0.05; ** = Significant difference at p<0.01
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Fig. 1. Effects of salinity (A) and nitrogen (B) on leaf chlorophyll content (as leaf SPAD reading) of wheat plants of Elnilein and
Xumai 30. Bars represent S.E. of the mean. Bars with the same letter are not different at the 0.05 probability level. Means were

separated by the LSD test.
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Fig. 2. Effects of salinity on photosynthetic rate (umol COy/ m%s) (A),
stomatal conductance (mol H,O/ m?%s) (B) and transpiration rate
(mmol H,0/m%s) (C) of wheat leaves. Bars with the same letter are
not different at the 0.05 probability level. Means were separated by

the LSD test.
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Fig. 3. Effects of the interaction variety and nitrogen on photosynthetic rate
(umol CO,/ m¥s) (A), stomatal conductance (mol H,O/ m%s) (B) and
transpiration rate (mmol H,0/m%s) (C) of wheat leaves. Bars represent S.E.
of the mean. Points marked with the same letter are not different at the 0.05
probability level. Means were separated by the LSD test.
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Fig. 4. Effects of the interaction between variety and nitrogen (A) and the interaction between variety and salinity (B) on the protein
content of wheat plants of Elnilein and Xumai 30. Bars with the same letter are not different at the 0.05 probability level. Means were
separated by the LSD test.
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Fig. 5. Effects of the interaction between variety and nitrogen (A) and the interaction between nitrogen and salinity (B) on POD (umol
min “1.g ! FW) of wheat varieties of Elnilein and Xumai 30. Bars with the same letter are not different at the 0.05 probability level.
Means were separated by the LSD test.

Table 2. Effect of interaction between nitrogen and salinity on Protein, and CAT of wheat leaves at anthesis stage.

oN Protein (mg/g FW) oN CAT (min .g ' Fw)
IN \ 2N IN | 2N
S0 190.9¢ 216.9a 21353 24.12fg 22.629 31.5¢f
S1 199.9b 211.3a 211a 22.75¢9 35.95de 35.68de
S2 178.7de 191.1c 209.8a 29.52¢fg 39.18cd 59.9b
S3 171.4ef 184.3cd 167.8f 33.23de 46¢ 67.72a

Different letters in the table show significant differences at 0.05 probability level

Table 3. Effect of interaction among variety (Elnilein, and Xumai 30), nitrogen (ON, 1N, and 2N), and salinity
(S0, S1, S2, and S3) on SOD (min “*.g"* FW) of wheat leaves at anthesis stage.

Elnilein Xumai 30
ON ON
IN ED IN | 2N
S0 186.3I 185.3I 131.3n 200.7jk 1813 12330
s1 214.3n 195.0 169.3m 226.7g 247.7¢ 196.7k
s2 236.7f 205.3ij 250.0¢ 231.0fg 257.0d 204.0ij
s3 257.7cd 234.0f 269.0b 290.0a 263.30c 207.3i

Different letters in the table show significant differences at 0.05 probability level
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Fig. 6. Effect of salinity on CAT (umol min “1.g"* FW) of wheat
varieties of Elnilein and Xumai 30. Bars with the same letter are
not different at the 0.05 probability level. Means were separated
by the LSD test.

The CAT activity was significantly affected by all
experimental factors and their combinations except the
interaction between variety and salinity and interaction
among the three experimental factors (Table 1). In the
interaction between variety and salinity, at high salinity
level, variety Xumai 30 had the higher CAT than Elnilein
by 48.6% (Fig. 6). In the interaction between salinity and
nitrogen, all nitrogen treatments significantly increased
the CAT activity, at the high salinity level of S3, 2N
nitrogen treatment increased CAT by 50.9 % as compared
with the control (Table 2).

Discussion

Understanding  salinity-fertilizer relationships is
essential, and many studies have been conducted to
examine the physiological responses by plants under
saline conditions (Alam et al., 2015; Ali et al., 2004,
Dhanapackiam and llyas, 2010; Nimir et al., 2014; Zhang
et al., 2014). The damaging impacts of the salt stress on
plants could be recognized at the all plant growth stages
as the death of plants and reductions in production. High
salinity affects plant growth by changing their
physiological parameters (Alam et al., 2015, Muscolo et
al.,, 2003). In this study, we investigated the adverse
effects of different salinity levels, including 0, 1, 2 and 3
g NaCl/kg dry soil on physiological responses of the
wheat plant. Our results indicated that salinity stress
inhibited physiological parameters in term of chlorophyll
content as SPAD reading, photosynthetic rate, and protein
content as compared with the non-saline conditions.
These findings were in agreement with (Jamil et al.,
2014), who reported that chlorophyll content was
significantly decreased with the increase in salinity in
Cauliflower (Brassica oleracea), whereas a significant
increase was observed in other Brassica species The
decrease in chlorophyll content is partially because of the
inhibitory effects of ions of several salts on the
biosynthesis of different chlorophyll molecules (Kaya et
al., 2015). Under saline conditions, the activity of
chlorophyll-degrading enzymes could also be increased
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(Nimir et al., 2016). Besides in this study, the chlorophyll
content of wheat in N treatments was higher than other
without N application. These results were in conformity
with those of Zhang et al., (2013) who found that
increasing levels of nitrogen increased chlorophyll
content in soya bean (Glycine max L.). Similar finding
was described by (Vafadar et al., 2014) in wheat who
reported that there was a positive relationship between
nitrogen supply and the leaf chlorophyll content and
biomass production.

One of the essential biochemical pathways is
photosynthesis by which plants transform solar energy into
chemical energy and plant growth. The decrease in
photosynthetic rates in plants under salinity stress is mostly
because of the decrease in water potential (Parihar et al.,
2015). In the present study, as the salt concentrations
increased, the photosynthetic rate, stomatal conductance,
transpiration rate) were decreased. These results were in
agreement with those of Liu et al., (2014). Also our results
are in agreement with Khan et al., (2014) who report that the
overall decreased growth of yield under salt stress is a result
of the cumulative effect of disruption of ion homeostasis,
water imbalance, and reduction in photosynthetic capacity of
plants. The significant combination of nitrogen and salinity
treatment showed a positive impact of nitrogen on the
photosynthetic rate of plants due to the highest
photosynthetic rate observed in plants treated with nitrogen
fertilizer. Related results were reported by Zivéak et al.,
(2014), Zhang et al., (2013), and Vafadar, et al., (2014).

In this investigation, soluble protein content was
significantly affected by salt stresses. Moreover, protein
content was increased when the plants were treated with
nitrogen fertilizer. These findings agree with the results
reported by Ayala-Astorga & Alcaraz-Meléndez (2010)
and Mahboobeh & Akbar (2013). They are also in
agreement with those who indicated that protein content
reduced under salt condition in sunflower (Helianthus
annuus) and corn (Zea mays L.) (Ebrahimian & Bybordi,
2012; Gautam & Singh, 2011), but in disagreement with
those who reported that the soluble protein was
considerably higher in the NaCl treatments than that in
non-saline treatments (Nimir et al., 2015).

To cope with oxidative harm under salinity stress,
plants can develop an antioxidant defense system (Foyer
& Noctor, 2005; Kala, 2015). In the present investigation,
activity of antioxidant enzymes was increased accordingly
under salt stress condition in the wheat plants and the
highest SOD activity was observed in the variety Xumai
30 and the lowest was in the variety Elnilein under salt
stress. Many researchers have also reported the increased
activity of SOD under salt stress in canola (Brassica
napus L.) (Ebrahimian & Bybordi, 2012) and wheat
(Kahrizi et al., 2012). In this study significant increase in
CAT and POD activity in leaves with increasing salt
stress was observed. Approximate increase in CAT
activity under salinity has been observed in several plants,
including maize (Kholova et al., 2009; Kholova et al.,
2010), wheat (Abdel Latef, 2010), and canola (Bybordi,
2010). They identified a deterioration in CAT activity
under salt stress as compared to control in wheat cultivars.
Increased POD activity under salt stress has been reported
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in wheat (Abdel Latef, 2010, Kahrizi et al., 2012). An
increase in the anti-oxidative enzymes under salt stress
could be suggestive of an increased result of ROS and
improvement of a protective mechanism to decrease
oxidative harm triggered by stress in plants. Catalase in
peroxisomes breaks down H,0,. Peroxidase in cytosol
and chloroplast can correctly scavenge H,0,. An increase
in peroxidase activity by salt treatment in plants has also
been reported by Kabhrizi, et al., (2012). We observed that
the activity of antioxidant enzymes (POD, and SOD) was
reduced slightly in all the nitrogen treatments (Table 3
and Fig. 6B). Related findings have been observed by
Huang et al., (2004), Rios-Gonzalez et al., (2002), and
CAT was initially increased with increasing nitrogen rate
(Table 3). Related increases in the CAT have been also
observed by Huang et al., (2004).

Conclusion

In this study we found that salt stress had various
effects on physiology and antioxidant enzymes of wheat
plants. However, the effects of salinity differed
significantly among different measurements. The use of
nitrogen fertilizer under salinity stress has been
determined to be useful to mitigate salinity induced
damages. The 86 and 210 kg N ha™ increased chlorophyll
content, photosynthetic rate, transpiration rate, and
stomatal conductance. More investigation is needed to
optimize the effectiveness of nitrogen treatments on more
varieties of wheat.
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