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Abstract

Wheat is cultivated throughout the world to meet the needs of food and feed and industrial raw material in
several countries. The salinity has been confirmed as main constrain of crop production and major threat to the
agriculture. There is a need to increase the wheat production in marginalized soils. Different strategies have been
adopted to increase the crop productivity in the world. During the current study effect of potassium sulphate was
investigated for crop production in the salt stressed areas. Different application rate of K,SOy (i. e., 50, 100, 150,
200 mM) under 150mM NaCl stress were used. It has been observed that the application of K,SO, has increased
the biomass production irrespective of the rate of application. The application of 200 mM K,SO, proved to be the
best to increase the maximum biomass in saline environment. It was also observed that the use of fertilizer has
also increased the uptake of essential nutrients like potassium, calcium, magnesium and phosphorus in saline
soils.
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1. Introduction

Wheat is cultivated all over in the world. It is the oldest and most important of the cereal grains in the world
(Ashraf et al., 2013). In the last two decades, the role of wheat has increased especially in the developing
countries. It is well grown crop in temperate climates where rainfall is 30-90 cm. Areas which remains warm and
moist are not suited but sandy loams and well-drained clay loam soils are suitable for wheat production (Jessop
& Stewart, 1983; Kausar et al., 2014). The best temperature for the seed and development growth ranges from
20-30 °C. Some factors such as sufficient rainfall and adequate phosphate fertilizers are required to increase the
growth and elongate the root system for the absorption of water (Ashraf et al., 2013).

Salinity is a major abiotic stress in the world which inhibits the growth and development of plants all over in the
world (Kosova et al., 2013; Kausar & Gull, 2014). Crop production loss is the billions of dollars every year
because of salinity and sodicity. Under higher salt concentrations, plants take up more toxic ions as compared to
the normal soil conditions and consequently the concentration of these ions becomes higher inside the tissues so
the osmotic potential become more negative and reduce the plant growth and development (Akhtar et al., 2013).
As a result the plants suffer from nutritional imbalance. The increased in the concentration of NaCl decreases the
ionic concentrations of Mg, Ca and K (Han et al., 2014; Gupta & Huang, 2014). Plant development relies on the
rate of photosynthesis. The abiotic stresses that influence the plant development also have a negative response on
photosynthesis (Gupta & Huang, 2014). The severity of the salinity depends upon the concentration of salts on a
typical plant species, lower concentrations of salts have the ability to increase the rate of photosynthesis and thus
the process of photosynthesis is badly affected (Razmjoo et al., 2008). Salinity increases by the use of poor
quality or contaminated water, which shows negative effects on the salt sensitive crops (Ashraf et al., 2013). The
vegetative stage is more sensitive to salinity (Hu & Schmidhalter, 2005). There are two phases of growth after
the application of salinity. In the first phase of growth, salinity showed the response quickly and reduce the
growth within minutes. In second phase of the growth, salinity showed their effect within days/weeks (Gupta &
Huang, 2014). Several scientists summarized that salinity decreased the root, shoot and total dry biomass of the
plants (Ebrahimi et al., 2012). Under saline conditions, water potential is disturbed which causes ionic imbalance
that reduce the agricultural crop productivity. The reduction of plant growth is actually depends on severity and
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levels of the salinity (Kausar et al., 2012).

These nutrients deficiencies created by the salinity may reduce by the addition of fertilizers. Potassium plays an
important role in the stress physiology (Krauss, 2003; Gupta & Huang, 2014). Some essential food nutrients such
as potassium, nitrogen and phosphorus are important in salt affected soil (Noaman, 2004). It is estimated that
potassium occupied a critical position for the wheat physiological requirements (Saifullah et al., 2002) Potassium
is essential nutrient and its availability controls many biochemical and physiological responces in plants (Wang
et al., 2013). Presence of potassium plays essential roles in various enzyme activation, photosynthesis, proteion
synthesis, osmoregulation, Energy transfer, stomatal movement, cation-anion balance and stress resistance (Ashraf
et al., 2013; Wang et al., 2013). The fertility of soils may be enhanced by decreasing salinity and proper
management of soil (Idrees et al., 2004). Uptake of K over Na" develops a more efficient system in the salt
tolerant crops (Wenxue et al., 2003; Kausar et al., 2014).

Potassium is a macronutrient element which is required for higher concentration for the growth of plants. It plays
an important role in the activation of enzyme, stomata opening and closing, tropisms, photosynthesis (Golldack
et al., 2003). It helps to maintain the osmotic adjustment more than Na® and Cl in the plants under saline
conditions (Ashraf & Sarwar, 2002; Kausar et al., 2014). Several scientists stated that stomata close during
potassium deficiency, which reduce the ability of photosynthesis in crop plants. Studies have been reported on
the effect of potassium on growth and production of of wheat (Mesbah, 2009).

Keeping in view the importance of potassium under salt stressed conditions the present research was carried out
to determine the effect of potassium sulphate to alleviate the effect of salinity ion the growth and nutrient uptake
of wheat crop.

2. Materials and Methods

Different levels of potassium sulphate (K,SO,4) were applied in a sand culture to mitigate the growth and yield of
wheat crop under salinity stress.

2.1 Seed Material

Healthy seeds of almost similar size of two wheat genotypes i.e., NAYAB-11 and MILLAT-11 were grown in this
experiment.

2.2 Experimental Layout

The experiment was conducted in pots (diameter; 35 cm) filled with 12 kg washed sand and laid out in a
completely randomized block design with four treatments of potassium sulphate. Each treatment has three
replications. The seeds were sown in 1/2 strength of Hoagland’s nutrient solution in a sand culture. After one
week of the germination seedlings were subjected to 150 mM NaCl stress. There was also a control. After two
weeks of sowing the both varieties of wheat were subjected to different levels of potassium sulphate i.e. 50 mM,
100 mM, 150 mM and 200 mM.

Table 1. Different levels of potassium sulphate at 150 mM of NaCl stress

Treatments NaCl Concentrations  K,SO, Concentrations
Ty (control) 0 mM 0 mM

T, 150 mM 0 mM

T, 150 mM 50 mM

Ts 150 mM 100 mM

T, 150 mM 150 mM

Ts 150 mM 200 mM

The pots were re-positioned randomly occasionally.
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2.3 Physiochemical Characteristics of Irrigation Water

The irrigation water was analyzed for relevant characteristics:

Parameters Values
EC (uS/cm) 681
pH 7.66
Ca (meq L™ 4

Mg (meq L-") 5

CO; (meq L™ -
HCO; (meq L) 4-6

CI (meq L™) 5-6
Na" (mgkg™) 60

K" (mgkg") 3-4.0

2.4 Plant Analysis

Six wheat plants from each treatment were harvested after 120 days and data for shoots and roots lengths and
fresh weights were recorded. The plants were oven-dried at 65 °C for 48 hours to determine dry plant biomass.
Plants shoots and roots were analyzed for sodium (Na), potassium (K), calcium (Ca), nitrogen (N) and
phosphorus (P). For this purpose ground dried material (0.5 g) was digested in concentrated H,SO,4in digestion
tubes (Wolf, 1982). The extract of the samples was filtered and diluted to the volume of 50 mL to determine K,
Na, Ca, P and N. Sodium and K was determined using flame photometer (Jenway PFP 7). Phosphorus (P) was
determined by a spectrophotometer (Jackson, 1962). Nitrogen was estimated by digesting dry plant material
through H,SO,4 and H,0, method using micro-Kjeldhal method (Bremner, 1965).

2.5 Statistical Analysis

Data were analyzed statistically using STATISTICA Computer Program. Least Significant Difference test at 5%
probability level was used to differentiate means (Steel et al., 1997).

3. Results and Discussion
3.1 Shoot and Root Lengths

Shoot length of wheat cultivars (NAYAB-11 and MILLAT-11) was significantly affected by the salt stress. It was
higher in plants growing in control (34.317 cm) than saline conditions (20.333 cm). Application of potassium
significantly enhanced shoot length of both wheat cultivars under saline conditions. The length progressively
increased with increasing potassium level. Maximum length was observed at 200 mM K,SO,. Minimum shoot
length was noted in 150 mM NaCl salt concentration (Figure la). Maximum shoot length was recorded in
NAYAB-11 at 200 mM K,SO, followed by 150 mM, 100 mM and 50 mM. Maximum decrease (48.6%) was
recorded at 150 mM NacCl stress. While minimum decreased (11.1%) was observed at 200 mM K,SO, in both
NAYAB-11 and MILLAT-11 genotypes under salt stress conditions (Figure 1a). Interaction between treatment
and varieties were also significant. Both wheat varieties significantly had lower shoot length under saline
conditions than that of normal conditions. Both varieties responded positively to potassium fertilizer under saline
conditions. In both varieties of wheat shoot length increased progressively with increasing potassium level
(Table 2).
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Table 2. Mean squares from analysis of variance (ANOVA) of data for different levels of K,SO4 on length, fresh
and dry weights of both shoots and roots of two wheat genotypes at 150 mM of NaCl stress

Shoot fresh Root fresh Shoot dry Root dry

SOV df Shoot length  Root length weights weights weight weight
Treatment 5 174.594%** 75.6608*** 0.81787%** 0.25645%**  (0.46355%** 194.98%**
Variety 1 117.722%%* 28.2492%** 0.48534%** 0.07022%%** 76.85%** 116.26%**
TxV 5 5.99%** 2.145ns 0.01276** 0.00168ns 0.74ns 0.67ns
Error 24 1.454 1.0255 0.00212 0.00073
Total 35

* wkwkx = Significant at p < 0.05, 0.01, 0.001%, respectively, ns= Non-significant.

A number of factors involve lowering the crop growth and yield, such as drought, salinity, and high temperatures
(Bray et al., 2000; Wang et al., 2013). Salinity decreased the plant growth and development (Gupta & Huang,
2014). Decrease in lengths of plants was by the effect of salinity also observed by a number of investigators
(Khan, 2010; Ashraf et al., 2011; Ali et al., 2012). Similar investigations were also reported by kausar et al.,
2012). They find out that lengths of plants were adversely affected by salinity stress. Growth of wheat may
reduced by lower fixation of carbon dioxide, reduced stomatal conductance, photochemical and biochemical
capacity or combinations of all other factors in stress environments (Khan & Panda, 2008).

Figure 1. Effect of different levels of K,SO,4 on length of shoots (a) and roots (b) of two wheat genotypes at 150
mM of NaCl stress

Root length of both genotypes affected significantly by salt stress. Maximum root length (21.862 cm) was
observed in plants growing under controlled conditions than that of growing under saline conditions (12.333 cm).
A significant reduction in root length was observed in both genotypes of wheat but higher reduction was
recorded in MILLAT-11 under salinity conditions. Potassium application enhanced the root length significantly
of both wheat genotypes. Both genotypes of wheat showed different sort of response by the application of
potassium (Figure 1b).

Application of potassium slightly increased root length at 50 mM K,SO,4 in NAYAB-11 followed by MILLAT-11
under saline conditions. However, maximum increase was observed at 200 mM K,SO, in NAYAB-11 than
MILLAT-11 under salt stress conditions. Maximum reduction (66.5%) was showed in MILLAT-11 and
NAYAB-11 genotypes at 150 mM NaCl stress, while minimum reduction (22.7%) was recorded in both
genotypes at 150 mM NaCl and 200 mM K,SO, (Figure 1b).

Varieties x treatment interaction were showed non significant results. Under salt stress conditions, both varieties
of wheat had lower root length. However, both NAYAB-11 and MILLAT-11 varieties responded positively to
potash fertilizer under salinity conditions, and it also increased significantly with increasing level of potassium
(Table 2). The reduction in root lengths by the application of salt stress was also reported by Kausar et al. (2012)
and Ashraf et al. (2013). A number of other researcher also depicted similar results (Irshad et al., 2002; Ali et al.,
2012; Kausar & Gull, 2014). However, it has been observed that by the application of Potassium sulphate the
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effect of salt stress was alleviated on the lengths of roots. Same was reported by Ashraf et al. (2013) and
Tzortzakis (2010) that supplementary potassium reduced the effects of salt stress on the growth of plants (Wang
et al., 2013).

3.2 Shoot and Root Fresh Weights

Data showed that maximum shoot fresh weight was observed in NAYAB-11 followed by MILLAT-11 in
controlled plants. Salinity decreased the shoot fresh weight significantly and least value 1.25 g was recorded in
MILLAT-11 genotypes at 150 mM NaCl. In shoot fresh weight application of potassium indicates the varying
effect due to different levels of potassium (Figure 2a).

Whereas maximum shoot fresh weights were determined at the level of 200 mM K,SO, under saline medium
than other treatments of salinity and potassium. Potash fertilizer mitigates the adverse effect of salinity and
plants grown better under saline conditions. Maximum reduction (53.5%) was observed in MILLAT-11 at 150
mM sodium chloride stress, i.e. MILLAT showed to be almost salt sensitive plants in shoot fresh weight.
Minimum reduction (21.42%) was recorded in MILLAT-11 at 200 mM K2SO4 under saline conditions (Figure
2a). Interaction between varieties and treatments showed significant, because potassium and salinity showed
significant effect on shoot fresh weight of both wheat genotypes (Table 2).
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Figure 2. Effect of different levels of K,SO,4on fresh weight of shoots (a) and roots (b) of two wheat genotypes at
150 mM of NaCl stress

Data indicate that root fresh weight was observed lower in MILLAT-11 and higher in NAYAB-11 under saline
conditions. But maximum growth was observed in controlled than in other treatments of potash and salinity
conditions (Figure 2b).

Potassium fertilizer at 200 mM increased the biomass of both genotypes i.e. NAYAB-11 and MILLAT-11 under
salinity conditions. Application of potassium exhibited different effect in this attributes due to different levels of
potassium under salt stress. Reduction of root fresh weight (60.6%) were observed by the application of 150 mM
sodium chloride stress only but this percentage was reduced to 17.5% at 200 mM of K,SO, in both genotypes
in saline environments (Figure 2b). Interaction between varieties and treatment indicate non significant behavior,
because treatments of potassium and salinity affected the crop non-significantly on root fresh weights (Table 2).
Several reports are available in agreement of the present studies that fresh biomass production reduced by the
salinity stress as compared to non saline conditions (Kausar et al., 2012; Akhtar et al., 2013; Kausar & Gull,
2014). However use of fertilizers in stressed conditions proved better for the high biomass production of crops
(Ashraf et al., 2013; Tzortzakis, 2010).

3.3 Shoot and Roots Dry Weight

Results showed that maximum growth was observed at controlled conditions in both genotypes. Salinity affected
the wheat crop significantly (Table 2). Salinity reduced the shoot dry weight in both genotypes. But more
reduction was observed in MILLAT-11 followed by NAYAB-11. Addition of potassium slightly increases shoot
dry weight under sodium chloride stress (Figure 3a). At 200 mM K,SO, crop grow better than other treatments
of potassium under saline environment. At 150mM NaCl, maximum reduction was observed 66.6% followed by
53.7%, 42.4%, 36.6% and 17.08% in other levels of potassium in both NAYAB-11 and MILLAT-11 genotypes of
wheat (Figure 3a).
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Figure 3. Effect of different levels of K,SO4o0n dry weight of shoots (a) and roots (b) of two wheat genotypes at
150 mM of NaCl stress

Varieties x treatment interaction were showed non significant results. Under salt stress conditions, both varieties
of wheat had lower root length. However, both NAYAB-11 and MILLAT-11 varieties responded positively to
potash fertilizer under salinity conditions, and it also increased significantly with increasing level of potassium
(Table 2). Data showed that maximum root dry weight was recorded in MILLAT-11 than NAYAB-11 genotypes
of wheat in controlled treatment. Salinity decreased the biomass and number of tillers of wheat plant.
Application of different levels of potassium sulphate mitigates the negative effect of salt stress and increased the
plant growth under stressed conditions (Figure 3b). At 150 mM salt stress and 200 mM potassium sulphate,
higher and lower reduction 64.5% followed by 22.5% in MILLAT-11 was found respectively (Figure 3b).

Varieties x treatment interaction showed non significant behavior on root dry weight, because results showed that
treatment of both salinity and potassium affected the crop non significantly in NAYAB-11 and MILLAT-11
genotypes (Table 2). Salt stressed environments reduced the plant growth and development (Ashraf et al., 2003),
so overall the plant dry biomass has negatively affected by salt stress (Kausar et al., 2014). However, Dry
biomass has been increased by the presence of potassium fertilizer. Adequate potassium fertilizer utilization can
increase the total dry mass production of plants under salt and drought stress as compare to lower concentrations of
potash fertilizer (Wang et al., 2013).

3.4 Sodium of Roots and Shoots (mg/g dry wt.)

Analysis data indicate that salt stress increased Na' contents significantly of both genotypes. Na' contents were
more pronounced in MILLAT-11(30 mg/g d.wt.) and least values were observed in NAYAB-11 (26 mg/g d.wt.)
under saline conditions of both shoots and roots (Figures 4a, 4b) However, very low quantity of sodium was
observed in controlled in both genotypes NIAB-11 and MILLAT-11 respectively. Application of potassium
fertilizer decreases the Na' contents in NAYAB-11 than MILLAT-11, because NAYAB-11 was found to be more
resistant to saline environment (Figures 4a, 4b).

Varieties and treatment interaction showed non significant behavior, because different treatment of K and NaCl
affected the plant non-significantly in sodium contents of roots and shoots in both NAYAB-11 and MILLAT-11
genotypes (Table 3). Under salt stressed conditions, both varieties of wheat had lower shoot contents. However,
both NAYAB-11 and MILLAT-11 varieties responded positively to potash fertilizer less than 150mM NaCl. It
also increased with increasing level of potassium. In the salt stress conditions there is more uptake and
accumulation of toxic ions than essential nutrients in the plant tissue, (Kausar et al., 2012) as a result there is
more negative value of water potential in leaf tissues which decreases the rate of photosynthesis rate as a
consequence this decrease the plant growth and productivity (Irshad et al., 2002; Ali et al., 2012). Salt affected
soils requires nutrients particularly potassium that play an important role in plant growth and germination. As a
result the plant development depends upon the availability of suitable amounts of potassium sulphate, which
increases crops overall productivity (Wang et al., 2013).
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Figure 4. Effect of different levels of K,SO,4on sodium contents of shoots (a) and roots (b) of two wheat
genotypes at 150 mM of NaCl stress

3.5 Potassium Contents in Roots and Shoots (mg/g dry wt.)

Analysis of variance data revealed that under the influence of salt stress at different growth stages affected the
uptake of potassium significantly. Salinity at either stage decreases the potassium contents in both genotypes of
wheat. Maximum reduction was observed in MILLAT 11 (9.33 mg/g dry weight) and least in NAYAB 11(12.16
mg/g dry weight) as compared to controlled. Application of potassium increased the concentration of potassium
in plants under salt stressed environment but minimum increased was observed in MILLAT 11 (Figures Sa, 5b).
Maximum reduction at 150 mM NaCl was observed 37.5% and minimum reduction was recorded at 200 mM
K,SO,4 and 150 mM NaCl (Figure S5a, 5b). On the uptake of potassium interaction between genotypes and
treatment was non significant because both genotypes behaved non significantly (Table3). Under salt stressed
conditions, both varieties of wheat had lower shoot Na" contents. However, both NAYAB-11 and MILLAT-11
varieties responded positively to potash fertilizer less than 150 mM NaCl. It also increased with increasing level
of potassium. Potassium is macro-nutrient and its availability controls many biochemical and physiological
responces in plants (Wang et al., 2013). Presence of potassium plays essential roles in various enzyme activation,
photosynthesis, proteion synthesis, osmoregulation, energy transfer, stomatal movement, cation-anion balance and
stress resistance (Wang et al., 2013).
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Figure 5. Effect of different levels of K,SO,40on potassium contents of shoots (a) and roots (b) of two wheat
genotypes at 150 mM of NaCl stress
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Table 3. Mean squares from analysis of variance (ANOVA) of data for different levels of K,SO, on length, fresh
and dry weights of both shoots and roots of two wheat genotypes at 150 mM of NaCl stress

sov pr Sl Sl Rl o
Treatment 5 107.950%** 49.5569*** 229.583*** 172.624%**
Variety 1 28.444%* 31.1736** 78.028%** 73.674%**
TxV 5 4.244ns 0.569ns 3.125%* 3.490%*
Error 24 2.472 2.5278 0.569 0.917
Total 35

* wkakx = Significant at 0.05, 0.01, .001%, respectively, ns=non-significant.

3.6 Nitrogen Contents of Roots and Shoots (mg/g dry wt.)

The analyzed data indicate that salinity affected wheat nitrogen contents significantly. Significant effect was
observed by nitrogen uptake in both genotypes of shoots (Figures 6a, 6b). Maximum uptake of nitrogen in shoot
was recorded in controlled treatments in NAYAB-11 than MILLAT-11. Addition of potassium fertilizer increased
the nitrogen uptake on the concentration of nitrogen. Minimum and maximum effect was showed at 50 mM and
200 mM K,SO,4 under saline environment in two genotypes of wheat (Figures 6a, 6b). At 150 mM NaCl
maximum reduction 52% was observed in shoots, however minimum reduction 24% was observed at 200 mM
K,SO,in both genotypes of wheat. Similar trend was also recorded in roots of NAYAB-11 and MILLAT-11 by
the application of potassium under salinity stress. Interaction between treatment x potassium was showed non
significant effect on nitrogen contents of both roots and shoots inNAYAB-11 and MILLAT-11 genotypes (Table
4). These findings that nitrogen contents are decreased in stressed environments is also proved by Ashraf et al.
(2003) and Kausar and Gull (2014). Similar findings are also depicted by Kausar et al. (2014) that salt stress
negatively effect the plant growth and development in such a way that many metabolic processes bcomes hinders
because of nitrogen deficiency in plants. It is also reported that potassium is essential nutrients and growth of
plants increased in the potassium fertilizer and there is more absorption of nitrogen contents by the use of
fertilizer as investigated by Tzortzakis (2010) and Ashraf et al. (2013).
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Figure 6. Effect of different levels of K,SO,4on nitrogen contents of shoots (a) and roots (b) of two wheat
genotypes at 150 mM of NaCl stress

3.7 Calcium Contents of Shoots and Roots (mg/g dry wt.)

Analysis data showed that these contents is present higher in controlled than salinity in both genotypes of wheat.
At 150 mM of salt stress germination percentage reduced significantly. Maximum reduction due to salinity
observed in MILLAT-11 genotypes than NAYAB-11 genotypes. However, application of potash increased the
calcium contents under saline conditions, but this increased not more than in controlled both in shoots and roots
(Figures 7a, 7b). Higher calcium contents are present at 200 mM K,SO, in NIAB-11 (25 mg/g dry wt.) followed
by MILLAT-11 (23 mg/g dry wt.) at 150 mM NaCl stress than other treatments of potassium and sodium.
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Salinity reduced these contents higher in MILLAT-11 than NAYAB-11 in both roots and shoots (Figures 7a, 7b).
Similar response of treatment on wheat varieties was also recorded in calcium contents of roots. Maximum and
minimum reduction 46.1% and 11.5% in calcium contents of roots and shoots was recorded at 150 mM NaCl and
200 mM K2S04 + 150 mM NacCl respectively in both genotypes of wheat (Figures 7a,7b). Interaction between
varieties and treatment was showed non significant behavior in calcium contents of both roots and shoots in
MILLAT-11 and NAYAB-11 (Table 4).These results are in accordance with Ashraf et al. (2013) and Kausar &
Gull (2014). It is now well established fact that application of NaCl stress reduced plant growth because of
lowering in water potential, turgor potential, more absorption of toxic ions which cause the ions toxicity and less
uptake of essential nutrients like potassium, calcium and phosphorus both in shoots and roots (Gupta & Huang,
2014).

Table 4. Mean squares from analysis of variance (ANOVA) of data for different levels of K,SO4on Nitrogen,
calcium and phosphorus both shoots and roots of two wheat genotypes at 150 mM of NaCl stress

Nitrogen of  Nitrogen of  Calcium of Calcium of Phosphorus Phosphorus

sov df shoots roots shoots roots of shoots of roots

Treatment 5  65.6444%** 16.7083%** 16.1111ns 142.778ns 3.00144ns 1.37761**

Variety 1 7.84%%* 1.4803** 25.000ns 2.778ns 0.72818ns 2.94694**
TxV 5 0.2673ns 38.3333ns 62.778ns 0.02001ns 0.53094ns
Error 24 0.6819 83.3333ns 136.111 1.45415 0.32556
Total 35

* xk Hkx = Significant at 0.05, 0.01, .001%, respectively, ns=non-significant.
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Figure 7. Effect of different levels of K,SO,4o0n calcium contents of shoots (a) and roots (b) of two wheat
genotypes at 150 mM of NaCl stress

3.8 Phosphorous Contents of Roots and Shoots (mg/g dry wt.)

Data indicate that phosphorous concentration is affected by salinity and depends on the concentration of salinity.
It also observed that adverse effect of salt stress significant on the uptake of phosphorous. Maximum
phosphorous contents were observed at controlled conditions in NAYAB-11 (5.5 mg/g d.wt.) genotypes than
MILLAT-11 (5.1 mg/g dry wt.) (Figures 8a, 8b). Addition of potassium slightly increase the concentration of
phosphorous under salt stressed in both MILLAT 11 and NAYAB 11. But minimum uptake was recorded in
MILLAT-11 and maximum in NAYAB-11. Highest reduction (54.5%) of phosphorous at 150 mM of salt stress
was observed, however, lowest reduction (18.18%) was observed at 200 mM K,SO, under saline conditions
(Figure 8a, 8b). Similar effect of salinity and potassium was observed in phosphorous contents of roots and
shoots in both varieties of wheat (Figures 8a, 8b).

The phosphorus contents decreased under salt stressed soils. However, by the use of potassium sulphate this
reduction in phosphorus contents was diminished. Both genotypes of wheat showed non significant effect,
because interactive effect between varieties and treatments were non significant (Table 4). There is need of
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abiotic stress tolerance crops for high productivity. Different strategies has been adopted to cope the situation
Techniques that have vital importance to reduce the effect of salinity such as use of fertilizers, breeding of new
plant varieties, exogenous use of plant osmo protectant and growth regulators and genetically modified crop
production (Ashraf et al., 2013).

HNAYAB-11 MILLAT-11

o
3 b
i

(@) (b)
Figure 8. Effect of different levels of K,SO4on phosphorus contents of shoots (a) and roots (b) of two wheat
genotypes at 150 mM of NaCl stress

P shoot contents (mg/g d.wt.)

i

Potassium is macronutrients that used in the form of sulphate of potash (SOP) as K,SO, Under stressful
environment, addition of potash fertilizers increased the growth and yield (Hussain et al., 2013). In present study,
potassium was applied to alleviate the adverse effect of salinity and there was significant increase in lengths,
fresh and dry weights of shoots and roots in both genotypes. The fertilizers showed positive effect on growth and
development under salinity conditions. Similar results were reported that growth of rice and wheat crop
increased significantly in response to application of potash under stress conditions (Hussain et al., 2013). It may
be due to increase rate of photosynthesis as depicted that the rate of photosynthesis becomes enhanced by the
application of potassium in stressed environment (Ali et al., 1999). Similar investigations were also obtained by
Rashid et al. (2001).

In present study as there was also significantly increase in nutrients uptake like potassium, calcium, nitrogen and
phosphorus by the application of fertilizer in the stressed conditions in both genotypes. This increase was more
pronounced effect as the concentrations of fertilizer increases in both the genotypes reverse of that when these
essential ions were decreased with the application of salinity only in wheat. Analysis of variance of data showed
that N, P, and K were reduced at 150 mM NaCl, while application of potassium at 200 mM progressively
increased the contents of N, P, and K in both varieties of wheat. Both varieties responded positively by the
application of potassium. The concentrations of N, P and K in the roots and shoots were affected significantly
due to salinity in both genotypes of wheat. In both roots and shoots, application of potassium increased these
inorganic ions. Potassium application as K,SO, increased nitrogen concentration to some extent (Gupta & Haung,
2014). These facts indicate that SO, play an important role to the formation of some proteins which ultimately
has positive effect on plant growth. Sulphur is an important structural constituent of some amino acids such as
cysteine (Lee et al. 2009). These results are also obtained by Rashid et al. (2001) and confirmed by Gupta and
Haung (2014).

The present research works indicate that K source increased the growth and development of plants under saline
conditions. It is suggested that potassium sulphate may be used to alleviate the effect of salinity in crops which
grow on stressed areas of the world.
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