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Abstract 

The effect of supplemental potash and its sources on the growth and yield of tomato crop grown 

in salinity stress condition was studied during the year 2012 and 2013. The tomato plants were 

irrigated with 0, 50, 100, 150 and 200 mM NaCl saline solutions. Supplemental potash was 

applied from two sources (SOP and MOP) and evaluated against control (no potash supplement). 

The maximum fresh weight of roots (8.97 g) and shoot (217.4 g), dry weight of roots (3.11 g) 

and shoot (46.35 g), shoot/root ratio (24.56), number of leaves/plant (110) and yield (7.32 t. h-1) 

were recorded in control plants. In contrast, the minimum root and shoot fresh weight (3.63 and 

69.71 g respectively), root and shoot dry weight (0.76 and 11.55 g respectively), shoot/root ratio 

(18.46), number of leaves/plant (52) and yield 1.15 t. h-1, were recorded for the treatment with 

200 mM NaCl. Application of supplemental potash and its sources significantly affected the 

salinity induced changes in tomato plants. The SOP source of potassium resulted in the highest 

fresh root and shoot weights (6.74 g,158.5 g respectively), dry weight of root (2.17 g) and shoot 

(32.11 g), shoot root/ratio (23.23), number of leaves per plant (88.4) and yield 4.60 t.ha-1. The 

interaction of salinity and supplemental potash also significantly affected the number of leaves 

per plant and yield. The highest number of leaves per plant (109) and yield (7.56 t.ha-1) in control 

plants, declined with increasing salinity to the minimum of 41 and 0.42 t.ha-1 with 200 mM NaCl 

+ no supplemental potash. Both the potash sources at all levels of salinity had relatively higher 

number of leaves per plant and yield as compared no supplemental potash treatment. However, at 

each level of salinity, SOP as potash source resulted in higher number of leaves and yield as 

compared to MOP.  
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Introduction   

Salinity is a major abiotic stress that affects 

approximately 7% of the world’s total land 

area. More than 800 million hectares of land 

around the world are affected by salinity [1], 

which results in billions of dollars in crop 

production losses. To improve crop growth 

and production in the salt-affected soils, the 

excess salts must be removed from the root 

zone. Methods commonly used in 

reclamation such soils are scraping, flushing 

and leaching [2]. These methods were found 

to be very expensive. 

http://dx.doi.org/10.19045/bspab.2016.50037
mailto:ghiasghias06@hotmail.com
http://dx.doi.org/10.19045/bspab.2016.50037


  Ali and  Rab 
   

288 
 

Another approach to minimize the harmful 

effect of salinity is the use of foliar feeding 

of nutrients for increasing plant salinity 

tolerance by alleviating Na+ and Cl- injury to 

plants [3]. Application of certain nutrient 

such as Fe, Zn  and Mn to tomato seedlings 

increase the dry weight of different plant 

organs [4] indicating that salinity stress 

induces nutrients deficiency that can be 

corrected with supplemental nutrients 

application. Salinity stress involves 

accumulation of Na in root zone that inhibit 

K uptake, thus, inducing K deficiency and 

decrease yield [5]. Potassium is an essential 

and major plant nutrient, which lowers the 

osmotic potential in the stele of roots, 

required for turgor pressure driven solute 

transport in the xylem and plant water 

balance [6]. Potassium also plays an 

important role in enzyme activation, protein 

synthesis, photosynthesis, osmoregulation, 

stomatal movement, energy transfer, phloem 

transport, cation-anion balance and stress 

resistance [7]. Thus, an optimum potassium 

level in the cytoplasm is essential for the 

maintenance and survival of plants under 

saline condition [8]. At its optimal 

concentration in the plants, K+ ions may 

enhance the rate of photosynthesis [9] and, 

thus, decrease the adverse effect of salt 

stress. Salt tolerance is partially correlated 

with the ability to avoid the accumulation of 

Na+ and/or to maintain adequate levels of K+ 

in the shoots [10, 11]. By contrast potassium 

deficiency may disrupt metabolism [12], 

resulting in stunted growth and decreased 

yield [5]. The tomatoes require optimum K+ 

for good growth and yield [13]. While the 

soil K may be adequate, the plants require 

additional K+ under saline stress [13]. The 

optimum levels of Potassium also promote 

the uptake of other nutrients [14] and may 

have a synergistic effect with other nutrients 

[13]. In Pakistan, both sulphate of potash 

(SOP) and muriate of potash (MOP) are 

commonly used as potash source and both 

have been found beneficial [15]. SOP 

contains 50% K2O and 18% sulphur while 

MOP contains 62% K2O and 45% chloride 

[16]. However, MOP has a very elevated 

salt index (salt index = 116) in comparison 

with that for SOP (salt index = 46) [17]. 

However, MOP is considered a relatively 

cheaper source of potassium. Keeping in 

view the salinity induced K+ deficiency and 

its adverse effects on the plant; the current 

research was initiated to investigate the 

influence of potassium application from 

different sources on minimizing the adverse 

effects of salinity in tomato.    

Materials and methods 

The experiment was conducted during the 

year 2012 and 2013 at the Centre of Plant 

Biodiversity and Botanical Garden, 

University of Peshawar, Azakhel, 

Nowshera, KP. In this experiment the 

overall affect of supplemental potassium 

(SOP and MOP) in saline condition was 

studied on vegetative growth of shoot and 

root (fresh weight, dry weight, shoot root 

ratio, number of leaves) and yield. The 

experiment was conducted according to two 

factorial randomize complete block design 

(RCBD) having five salinity levels and two 

potassium sources. There were three 

replications of each treatment and 3 plants in 

each replication.  

Experimental procedure 

The effect of supplemental potassium on 

tomato growth and physiological changes 

was investigated by exposing tomato plants 

to 0, 50, 100, 150 and 200 mM NaCl and 

application of 220 kg/ha supplemental 

potash from two sources i.e. Murate of 

Potash (MOP), Sulfate of Potash (SOP) and 

control (no Potash) along with a basal dose 

of N 120 and P2O5 80 kg/ha as urea and 

triple super phosphate, respectively. The 

potassium dose of 220kg/ha was applied 

from both sources in two split doses; All P 

and half of N and K fertilizers were 

manipulated in the media at the time of seed 
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sowing and the remaining N and K 

fertilizers were applied at flower initiation 

stage as side dressing. The same methods 

and materials were followed as for first 

experiment. The plants were harvested at the 

end of the growing season and the data were 

recorded on the following parameters. 

Fresh and dry weight measurements of 

root and shoots    
 Fresh root and shoot weights were 

determined after harvesting the fruits. The 

plants were carefully uprooted from the 

planting tube and divided into root and shoot 

tissue by cutting at the ground levels, using 

an electric balance and measuring weight in 

gram to the third decimal. 

Root and shoot tissues were oven dried at 80 
0C for 48 hours for dry weight 

measurements.  

Shoot-root ratio 

Shoot and root ratio was calculated by using 

the following formula: 

WtFRoot

WtFShoot
RatioRootShoot

. 

. 
 /   

Number of leaves per plant 

The number of leaves per plant was 

determined by counting the number of 

leaves at the time of harvest. Data was 

recorded on three plants in each treatment 

and replication and averaged to represent 

corresponding treatments and replications.  

Yield (Tonnes per hectare) 

All the marketable tomato fruit were 

weighted after picking and the total yield per 

plant was recorded in kilograms. Yield 

(tonnes per hectare) was then estimated from 

nine plants for each treatment. 

Statistical analysis: 

Statistical analysis was performed as for two 

factorial randomized complete block design 

(RCBD) [18]. The means were separated by 

the least significant difference (LSD) using 

MSTATC (Michigan State University, East 

Lansing, MI). 

 

 

Results and discussion 

Fresh weight 

The root fresh weight was significantly 

affected by salinity and potassium 

application. However, the interaction of 

salinity levels and potassium treatment was 

not significant. The root fresh weight 

decreased with increasing salinity levels 

from 8.97 g in control plants to 6.74, 5.28 

and 4.38 in plants exposed to 50, 100 and 

150 mM NaCl levels respectively. The 

minimum root fresh weight (3.63 g) was 

recorded with 200 mM NaCl stress. The 

difference in 150 and 200 mM NaCl stress 

was, however, not significant.  

Potash application also significantly affected 

the root fresh weight in relation. The root 

fresh weight in control plants (4.93 g) 

increased significantly to 5.73 g and 6.74 g 

when supplemental potash was applied from 

MOP and SOP sources respectively (Table 

1). 

The shoot fresh weight was also 

significantly affected by salinity levels and 

potash sources. The fresh weight of non 

stressed tomato plants (0 mM NaCl) was the 

maximum (217.4 g), which declined with 

increasing salinity levels to the minimum of 

69.71 g in plant exposed to 200 mM NaCl 

stress. Among the potash treatments, the 

mean shoot fresh weight was 113.1 g in 

control treatment (no supplemental potash 

application), that increased to 124.8 and 

158.5 g with supplemental potash 

application as MOP and SOP respectively. 

The interaction between salinity and potash 

sources was not significant.  

The fresh weight of the plant roots and 

shoots is a common index of plant response 

to abiotic stresses, including salinity [19]. 

Salinity decreased both the root and shoot 

fresh weight by 58.1 and 67.93% 

respectively. It is believed that salinity stress 

is in part mediated through K deficiency and 

subsequent inhibition of plant growth [20]. 

http://dx.doi.org/10.19045/bspab.2016.50037
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While, the roots are plant organs directly 

exposed to salinity, the shoot system is 

affected more adversely by high salt con-

centration [21, 22]. Thus, the decline in 

fresh weight was more in the shoot than the 

root system. The decrease in fresh weight 

may be attributed to increased osmotic 

pressure around the roots, which decreases 

water uptake by root in plants grown in 

saline conditions [23, 24]. The decreased 

water uptake in plants exposed to salinity 

stress may be an adoptive strategy to avoid 

excessive Na+ uptake by the plant [25]. 

Salinity may also inhibit cell expansion in 

the root and shoot system by decreasing 

cytokines production [26]. Furthermore, 

decreased leaf area and stomatal closure, 

that reduces transpiration and hence the 

uptake of water by the plant [27]. The 

greater reduction in shoot fresh weight can 

also be attributed a decline in net 

photosynthesis and limited supply of 

carbohydrate in the growing cells, which 

inhibits the growth in shoot system in plants 

exposed to salinity stress [28].  

Potassium application decreased the salinity 

induced decrease in fresh weight of both the 

root and shoot tissue. While, salinity stress 

may cause stomatal closure by inducing K+ 

deficiency [27], application of K+ increases 

the turgor pressure of guard cells and keep 

the stomata open [7]. Thus, while salinity 

stress inhibit photosynthesis by closing 

stomata [9, 29], K application may improve 

the water uptake [30] by acting as an 

osmoticam [7]. The increased fresh weight 

clearly demonstrates that potassium 

application enhances the movement of 

water, nutrients and carbohydrates in plant 

tissue [31]. Therefore, supplemental potash 

inhibits the decline in fresh weight due to 

salinity [32, 33].  

While both MOP and SOP enhanced the 

root and shoot fresh weight, SOP was 

superior in decreasing the salinity induced 

decline in the root and shoot fresh weight. 

The root fresh weight in MOP and SOP 

treated plant was 16.26 and 36.6% higher 

than control. By contrast, the shoot fresh 

weight in SOP treated plant was 40.14% 

higher than control. The superiority of SOP 

in maintaining high fresh weight of both the 

root and shoot system could be due to the 

presence of K and S, the building blocks of 

this fertilizer [34] and its lower salt index 

per unit of K2O as compared to MOP [17]. 

Dry weight 

Salinity treatments decreased the root dry 

weight significantly. The maximum root dry 

weight (3.11 g) was recorded in control (0 

mM NaCl) plants, which declined 

significantly to 2.16, 1.49, 1.10 and 0.76 g 

with increasing salinity stress levels to 50, 

100, 150 and 200 mM NaCl respectively. 

Likewise, the dry weight of roots varied 

significantly with supplemental potassium 

application. The control plants had the least 

root dry weight (1.32 g) that increased 

significantly to 1.68 g and 2.17 g with 

supplemental potash application as MOP 

and SOP respectively. The interaction of 

salinity treatments and potassium 

application was not significant (Table 1). 

The shoot dry weight was significantly 

affected by salinity stress and supplemental 

potash sources. The means across salinity 

levels indicated the highest shoot dry weight 

(46.35 g) with 0 mM NaCl treatment, which 

declined to 33.13, 22.70 and 16.64 g with 

increasing salinity stress levels to 50, 100 

and 150 mM NaCl accordingly. The least 

(11.55 g) shoot dry weight was recorded 

when tomato plants were exposed to 200 

mM NaCl stress. Application of 

supplemental potash resulted in significantly 

higher shoot dry weight with SOP source 

(32.11 g) than MOP (24.49 g) and Control 

(21.56 g). The difference between MOP and 

control was, however, not significant (Table 

1).   

The root and shoot dry weight decreased by 

75.6 and 75.08% and with increasing 



Pure Appl. Biol., 5(2): 287-297, June- 2016 
http://dx.doi.org/10.19045/bspab.2016.50037 

 

291 
 

salinity from 0 to 200 mM NaCl. Salinity 

stress decreases the plant dry weight in a 

number of crops including tomato [35-37]. 

Salinity stress increases Na+ concentration 

around the roots, that out compete K+ 

uptakes [38]. Thus, increasing Na+ uptake 

induce K+ deficiency in the plant tissue [39] 

and decrease the root and shoot dry weight 

[4, 33, 39] and plant growth [40].  

Supplemental potash application decreased 

the adverse effects of salinity on dry weight 

accumulation. Since, Potassium is required 

for photosynthesis [9] and regulating several 

enzymes needed in abiotic stress condition 

[41] as well as translocation of photo 

assimilates [42]. Therefore, the increased 

root and shoot dry weight with potassium 

application may be attributed to improved K 

concentration in the tissue [43]. 

Among the potassium sources, the increase 

in root dry weight was 27.7 and 65.0% 

higher than control in MOP and SOP treated 

plants. Similarly, the shoot dry weight also 

increased by 48.9% with SOP treatment 

while, the MOP was at par with control, 

indicating that SOP is a superior source to 

enhance root and shoot dry weight in plants 

grown under saline condition. It is suggested 

that in saline conditions, MOP further 

increased the chloride content of the soil 

[44]. Therefore, high concentrations of Cl- in 

the soil solution may depress nutrient-ion 

activities and produce extreme ratios of Cl-

/NO3
− and decreased nitrate uptake [45].  

Shoot-root ratio 

The shoot root ratio significantly decreased 

with the increasing levels of salinity as well 

as with application of potash in the same 

treatments of salinity (Table 1). 

Significantly higher shoot root ratio (24.56) 

was recorded with 0 mM NaCl treatment 

that decreased to 18.46 with increasing 

stress level to 200 mM NaCl. The 

application of supplemental potash had 

source dependent effect, where SOP 

treatment resulted in significantly higher 

(23.23) shoot/ root ratio than MOP (20.57) 

and control (21.58). The interaction of 

salinity treatments and potassium 

application was not significant. The 

shoot/root ratio is a function of fresh weight 

gain in shoot and roots. Hence, it indicates 

the sensitivity of different plant parts to an 

abiotic stress. The shoot/root ratio decreased 

significantly with increasing salinity stress. 

The shoot/root ratio in control plants was 

24.84% higher than the maximum salinity 

stress (200 mM NaCl). The plant biomass 

and yield are the most widely used indices to 

evaluate the response of plants to abiotic 

stress including salinity [19, 20]. When roots 

are exposed to the salt stress conditions, the 

root biomass is negatively affected [46]. The 

decreased root biomass in saline conditions 

can be attributed to inhibition of cell growth 

and roots killing [47], due to salinity 

induced water deficit [48]. However, the 

decline in shoot and root fresh weight in the 

present study shows that, roots are less 

sensitive than the shoot system [49]. Thus, 

the shoot/root fresh weight ratio decreased 

with increasing salinity [50]. Since, the root 

directly experience the salt stress, the 

relatively less sensitivity of root system than 

shoot system appears an adoptive strategy, 

to recover from stress effects if the condition 

are improved [51]. It appears as a strategy 

that potassium application from MOP and 

SOP sources had the opposite effect on 

shoot/root. While, SOP increased the 

shoot/root by 7.64% compared to control, 

MOP declined it by 4.68% (Table 1). 
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Table 1. Effects of potassium (MOP and SOP) on saline stressed tomato shoot fresh weight, 

shoot dry weight, root fresh weight, root dry weight and shoot root ratio 

Salinity levels Fresh weight (g) 

 

Dry weight (g) 

 

Shoot Root 

Ratio 

Root Shoot Root Shoot 

0 mM 8.968 a 217.4 a 3.110 a 46.35 a 24.56 a 

50 mM 6.739 b 163.6 b 2.164 b 33.13 b 23.80 ab 

100 mM 5.281 c 117.9 c 1.486 c 22.70 c 22.38 b 

150 mM 4.384 cd 91.98 cd 1.095 cd 16.54 cd 20.23 c 

200 mM 3.632 d 69.71 d 0.757 d 11.55 d 18.46 d 

LSD at α 0.05 1.012 30.76 0.456 7.348 1.576 

Percent Change - 58.1% - 67.93% - 75.6% - 75.08% - 24.84% 

Potassium source 

Control 4.932 c 113.1 b 1.316 c 21.56 b 21.58 b 

MOP 5.734 b 124.8 b 1.681 b 24.49 b 20.57 c 

SOP 6.737 a 158.5 a 2.171 a 32.11 a 23.23 a 

LSD at α 0.05 0.7838 23.82 0.3532 5.692 1.221 

Percent Change + 36.6% + 40.14% + 65% + 48.93% + 7.64% 

Means followed by similar letters in a column are non-significantly different from each other at α 

0.05. (+) and (–) signs in percent changes correspond to increase and decrease respectively  

Number of leaves/ plant 

The mean number of leaves per plant 

decreased significantly with the increasing 

levels of salinity as well as with application 

of supplemental potash. The highest number 

of leaves per plant (110) was recorded in 

plant grown at 0 mM NaCl stress, which 

decreased with increasing salinity to a 

minimum of 52 in plants exposed to 200 

mM NaCl stress. The application of 

supplemental potash had source dependent 

effect on the number of leaves per plant. The 

SOP treatment resulted in the highest 

number of leaves per plant (88) compared to 

84 and 77 leaves/ plant with MOP and 

control treatments respectively. The 

interaction of salinity treatments and 

supplemental potash application 

significantly affected the number of leaves 

per plant. Increasing salinity decreased the 

number of leaves from the maximum of 109 

in control plants to the minimum (41) in 

plants exposed to 200 mM NaCl + no 

supplemental potash treatment. Whereas, 

application of supplemental potash resulted 

in higher number of leaves at each level of 

salinity as compared to control, the SOP 

source was more effective than MOP in 

retaining higher number of leaves per plant 

(Table 2). The plant biomass and yield are 

the most widely used indices to evaluate the 

response of plants to abiotic stress including 

salinity [19, 20]. Salinity stress decreases the 

number of branches in tomato [52-54] by 

decreasing cytokinin synthesis [55]. The 

decreased cytokinin decreases the leaf area 

[19, 56] and chlorophyll content of plants 

exposed to salinity stress [57, 58] and 

enhances leaf senescence [59].  

Yield (t. ha-1) 

The mean yield was the maximum (7.32 t. 

ha-1) in non-stressed plants (0 mM NaCl 

treatment), followed by 4.25 and 2.92 t. ha-1 

by plants exposed 50 and 100 mM NaCl 

treatments respectively (Table-2). The yield 

decreased to 2.22 and 1.15 t. ha-1 with 

increase in salinity stress levels to 150 and 

200 mM NaCl respectively. Supplemental 
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potash increased the yield of tomato in 

saline condition significantly. The highest 

yield (4.60 t. ha-1) was recorded with SOP 

application followed by MOP treatment 

(4.20 t. ha-1); whereas the least yield (3.72 t. 

ha-1) was in control condition (no 

supplemental potash). The yield of tomato 

plants under salinity stress decreased 

significantly with increasing salinity but the 

decline was less with supplemental potash 

application. Salinity decreases the uptake of 

water by the plant and fruit, thus decreases 

the rate of fruit expansion [60]. The rate of 

photosynthetic [61-63] as well the transport 

of photosynthetic products from leaves also 

decline in plants grown in saline condition 

[64]. Thus, both osmotic stress and low 

photosynthates availability, in plants 

exposed to salinity stress, may cause small 

size fruit, that decreases the yield [20, 35, 

65]. Since salinity effects are partly 

mediated through a decrease potassium 

uptake [12], its deficiency may also 

contribute to decreased yield [66]. Thus, 

enhancing K availability through 

supplemental potassium application may 

enhance photosynthesis and photo- 

assimilates translocation [67] that resulted in 

higher yield [68]. Besides, increasing K in 

tissue, potassium treatment may also 

increase the phosphorus content of tomato 

[14], indicating a positive effect on other 

nutrients in the plant and, thus, contribute to 

less yield losses due to salinity [13]. 

Potassium treatment with MOP and SOP 

sources resulted in 12.90 and 23.66% 

increase respectively in the yield over 

control. The superiority of SOP over MOP 

in increasing tomato yield is in conformity 

with [69] but contrary to the findings of 

[70], who reported that MOP treated tomato 

plants gave higher yield than that of SOP 

under field conditions. The differences in 

response of tomato to K sources could be 

due to cultivars of tomato understudy or the 

soil and climatic condition, especially 

salinity stress in this study [14]. 

Table 2. Effects of supplemental potash (MOP and SOP) on number of leaves per plant and 

yield of tomato exposed to different levels of salinity 

Salinity 

Levels 

No. of Leaves/Plant Yield t.ha-1 

Control MOP SOP Means  Control MOP SOP Means 

0 mM 109 113 107 110 a 7.56 7.12 7.27 7.32 a 

50 mM 101 105 106 104 b 5.57 6.45 6.73 6.25 b 

100 mM 76 84 95 85 c 3.26 4.26 4.45 3.99 c 

150 mM 57 65 71 64 d 1.79 2.26 2.42 2.16 d 

200 mM 41 51 63 52 e 0.42 0.89 2.15 1.15 e 

Means 76.8 c 83.6 b 88.4 a  3.72 c 4.196 b 4.604 a  

Interaction LSD for Leaves at α 0.05 = 13.579 

Interaction LSD for Yield at α 0.05 = 0.782 

    Means followed by similar letters in a column are non-significantly different from each other 

    at α 0.05 
 
Conclusion  

It is concluded from this study that salinity 

decreased the growth such as root and 

shoots fresh weight; root and shoot dry 

weight, number of leaves per plant, 

shoot/root ratio and yield of tomato. The 

salinity induced decline in growth and yield 

could be decreased by the application of 

supplemental potassium to tomato plants 

grown under saline condition. Among the 

potash sources, SOP was more effective 

than MOP in increasing root and shoots 
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fresh and dry weight, number of leaves per 

plant, shoot/root ratio and yield. 
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