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Potassium fertilizer supply to vegetable crops is often inadequate due to economic reasons or limited 
knowledge, it is often well known as “the quality element”. Therefore, field experiments were performed 
under newly reclaimed sandy soil conditions with bean plants cv. Paulista during the two successive 
seasons of 2014/2015 and 2015/2016, at The Experimental Station of National Research Centre, El-
Noubaria region, Beheira Governorate, Egypt. In order to study the effect of potassium fertilization levels 
of 0, 90 and 180 kg K2O ha-1 plus foliar spraying of salicylic acid (SA) at 0, 50, 100 and 150 mg/L, twice 
after 30 and 40 days from sowing date, on the vegetative growth, pod yield, pod physical and chemical 
quality properties. The experiments were designed in a split plot design with 3 replicates. The obtained 
results strongly revealed that increasing K fertilizer level from 0 to 180 kg K2O ha-1 led to a progressive 
increase in all investigated characters of bean plants during both seasons. The highest significant 
(P≤0.05) values of plant growth, pod yield, pod physical and chemical quality attributes were recorded 
with K application at 180 kg K2O ha-1 compared to control treatment. While, no significant difference was 
realized among different K fertilizer levels on pods P content in both seasons. Foliar application of SA at 
any of the assigned levels increased significantly the vegetative growth, pod yield, pod physical and 
chemical quality properties during both seasons. Except for the percentages of TSS and phosphorus in 
pods during both seasons, no significant differences were detected among SA treatments. Foliar 
spraying of SA at 150 mg/L recorded the superiority of all studied characters followed by 100 mg/L 
treatment without a significant difference between them in most cases. The interaction between K 
fertilization and SA foliar spraying levels had no significant effects on all measured characters in both 
seasons. Generally, the best results were obtained when bean plants received K fertilizer at 180 kg K2O 
ha-1 and foliar sprayed with SA at 150 mg/L. 
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INTRODUCTION 

Bean (Phaseolus vulgaris L.), is an 
economically one of the most important legumous 
vegetable crops grown in Egypt for both foreign 
and local markets. The crop is grown for its green 
pods or dry seeds. Egypt is ranked as a number 

sixth among top ten green beans producers 
(FAOSTAT, 2015). In 2015, Egypt exported an 
estimated quantity of about 22.5 thousand tons of 
green bean mainly to Europe and Middle East 
markets, bringing a considerable amount of 
revenue to the country. 
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Potassium is the third macronutrient required 
by vegetable species for better plant growth and 
yield and it is often referred as “the quality 
element” (Marschner, 1995). Special attention 
should be paid to the use of potassium fertilizer 
because K fertilizer supply is often inadequate 
due to economic reasons or limited knowledge. 
Optimizing K fertilizer application in order to 
improve plant growth and yield as well as 
enhance adaptive/resistance to stresses, 
particularly in newly reclaimed regions is highly 
recommended, where the demand of K is 
expected to be increased significantly (Zörb et al. 
2014). 

Bean plants have two periods for high K 
demand. The first one occurs during flower bud 
differentiation, while, the second one occurs at the 
end of flowering and at the onset of pods 
(Rodrigues et al., 2013). Appropriate K supply 
during growth period improves the water relations 
of plant and photosynthesis (Garg et al., 2005), 
translocation of sugars and formation of 
carbohydrates (Zörb et al., 2014), maintains turgor 
pressure of cell, helps in osmotic-regulation of 
cell, assists in opening and closing of stomata 
(Yang et al., 2004), activates more than 60 
enzymes (Bukhsh et al., 2011), synthesizes of 
protein, creates resistance against the pest, 
diseases and stresses (Arif et al., 2008) and 
enhances the plant growth and yield (Islam et al., 
2004; Shaheen et al. 2009 & 2011). Overall, it 
could be stated that while, potassium is not a 
constituent of any plant structures or compounds, 
however, it is involved in nearly all processes 
needed to sustain plant growth and reproduction 
(Hsiao and Läuchli, 1986). 

Potassium application to pea up to 100 kg 
K2O ha-1 had significant positive effects on vine 
length, number of pods/plant, pod length and 
green pod yield, beyond this dose further 
application of K2O was ineffective (Akhtar et al., 
2003). The growth and yield components of 
chickpea were significantly increased by different 
applied potash levels. Seed yield and seed protein 
contents gradually increased with increasing 
potash levels from 25 to 150 kg K2O ha-1 (Asghar 
et al., 2007). In addition Ayub et al., (2012) found 
that growth characters of bean plant, plant height, 
number of branches and leaf area/plant and crude 
protein were significantly improved by K fertilizer 
application over control treatment. They also 
added that for obtaining high yield with a good 
nutritional value, K fertilizer must be applied at 85 
kg ha-1. 

Salicylic acid (SA) is naturally produced in 

plants in very low amounts. It is a common plant 
phenolic compound that acts as a hormone-like 
substance and a signaling or messenger molecule 
in plants to improve plant responses to 
environmental stressors. Salicylic acid positively 
affects ion uptake and transport, membrane 
permeability, photosynthetic rate, transpiration 
and plant growth and development (Gunes et al., 
2005; Simaei et al., 2012). The efficacy of SA 
application depending greatly on plant species, 
stage of growth, concentration, method and time 
of application and environmental conditions as 
reported by Senaratna et al., (2000). It induces 
plant tolerance against various biotic (El-
Mohamedy et al., 2017; Dina, 2018) and abiotic 
stresses (Sadeghipour and Aghaei, 2012; Noreen 
et al., 2017). Moreover, Hayat et al., (2010) 
pointed out that salicylic acid has a crucial 
regulatory role in establishing early stages of 
Rhizobium-legume symbiosis (nodulation). The 
activity of nitrate reductase enzyme (NR) was 
enhanced in soybean plants following the 
exogenous application of SA (Kumar et al. 1999). 

Foliar application of salicylic acid has been 
shown to enhance the plant growth parameters 
and to increase biomass and yield in a variety of 
plant species (Kumar et al. 1999; Larqué-
Saavedra and Martín-Mex, 2007; Javaheri et al., 
2012; Kazemi, 2013; Youssef et al., 2017 a & b). 

Kamal et al. (2006) reported that foliar 
application of SA at 150 ppm gave the highest 
increment in number of branches/plant and fresh 
and dry weights as well as number of pods, pod 
setting, green pod yield and protein content of 
snap bean pods. Furthermore, Abdel-Hakim et al., 
(2012) revealed that foliar application of SA at 
lower concentrations (0.5 mM) resulted in a 
significant increase of plant height, number of 
branches/plant, plant fresh and dry weights, 
average pod length, pod weight/plant, marketable 
yield, protein and mineral contents of snap bean 
than the higher concentrations (2.0 mM). On the 
other hand, increasing SA application level from 
50 to 100 ppm led to a significant increase in plant 
height, number of leaves and branches/plant and 
plant dry weight as well as total green pod yield 
and pod quality attributes of bean plants (Shafeek 
et al., 2014).   

The present work was designed in order to 
study the potential effects of different applied 
potash levels 0, 90 and 180 kg K2O ha-1 and 
exogenous application of salicylic acid at 0, 50, 
100 and 150 mg/L on the vegetative growth, pod 
yield and pod physical quality as well as some 
pods chemical quality properties of bean plants 
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grown under newly reclaimed sandy soil 
conditions. 
 
MATERIALS AND METHODS 

Two field experiments were conducted under 
newly reclaimed sandy soil conditions at The 
Experimental Station of National Research 
Centre, El-Noubaria region, Beheira Governorate, 
Egypt (altitude of 27 m above sea level, latitude 
30° 72' 66" and longitude 30° 20' 18" E) during the 
two successive winter growing seasons of 
2014/2015 and 2015/2016. In order to study the 
effect of potassium fertilization levels of 0, 90 and 
180 kg K2O ha-1 and foliar spraying of salicylic 
acid  at rates of 50, 100 and 150 mg/L plus 
distilled water served as control treatment on the 
vegetative growth, pod yield, pod physical and 
chemical quality properties of bean plants cv. 
Paulista. Physical and chemical properties of the 
experimental soil are presented in Table 1. 

Experimental design and treatments 
The experiments were laid out in a split plot 

design with 3 replicates. The three K fertilization 
levels (0, 90 and 180 kg K2O ha-1) were 
distributed in the main plots, whereas, foliar 
spraying levels (0, 50, 100 and 150 mg/L) of SA 
were randomly distributed within the sub-plots. 
The net area of each experimental plot was 28 m2. 
Each plot consisted of 10 drip irrigated ridges with 
4 m length and 0.7 m width. Bean seeds of cv. 
Paulista were obtained from Horticultural 
Research Institute, Agricultural Research Center 
(ARC), Giza, Egypt. Seeds were directly sown on 
the third week of October in both seasons of the 
study, in hills with 3 seeds per hill and 25 cm apart 
on one side of ridge. The first and tenth ridges 
were left as a guard border among experimental 
plots to avoid the interaction of potassium 
fertilization treatments. The normal agricultural 
practices for bean production under drip irrigation 
in the growing area were followed according to the 
recommendations of Ministry of Agriculture and 
Land Reclamation. 

All sub-plots were received compost at rate of 
20 ton ha-1, phosphorus at 100 kg P2O5 ha-1 as 
calcium super-phosphate (15.5% P2O5) and 
nitrogen at 70 kg N ha-1 in the form of ammonium 
sulphate (20.6% N) as a starter N-dose. Full dose 
of both compost and phosphorus was applied 
during the final preparation of experimental soil 
and thoroughly mixed with the soil. Furthermore, 
nitrogen fertilizer was added 20 days after 
seeding. Whereas, potassium fertilizer treatments 

were added at rates of 0, 90 and 180 kg K2O ha-1 

in the form of potassium sulphate (48% K2O). The 
whole amount was added as a plant side 
dressing, 30 days after sowing date. The assigned 
levels of SA (0, 50, 100 and 150 mg/L) were foliar 
sprayed twice during the growth period of bean 
plant after 30 and 40 days from sowing date. 
Salicylic acid (HOC6H4COOH, MW 138.122) was 
obtained from Merck & Co., Inc., New Jersey, 
USA. It was initially dissolved in absolute ethanol 
and the final volume of prepared solution was 
reached, using distilled water. A few drops of 
Tween-20 as a surfactant agent were added to 
ensure spreading of the applied solution on the 
plant leaf surface. All SA sprayed levels were 
carried out in the early morning using a hand 
sprayer. The volume of the spraying solution was 
maintained just to cover completely the bean plant 
foliage till drip.  

Data recorded 

Vegetative growth characters  
A random sample of 8 plants was taken from 

each experimental sub-plot at 50 days after 
sowing date in both seasons of the study for 
measuring the following characters of vegetative 
growth of bean plants; plant height, number of 
leaves/plant, number of branches/plant and fresh 
and dry weight of leaves as well as 
branches/plant. 

Pod yield and pod physical quality characters 
At harvesting stage (70 days after sowing 

date), 10 bean plants from each experimental 
sub-plot were randomly chosen and tagged to 
determine the average number of pods/plant and 
the average weight of pods/plant along the 
harvesting period. Furthermore, the total pods 
yield as ton ha-1 was also calculated. In addition, 
25 bean pods were randomly taken from the third 
and fourth harvestings from each experimental 
sub-plot to determine the pod physical quality 
characters i.e. average of pod length, pod 
diameter and pod weight. 

Pod chemical quality properties  
At harvesting stage, an additional 25 pods 

from the third and fourth harvestings were 
randomly taken from each experimental sub-plot 
for some pod chemical quality measurements.  
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Table 1. Physical and chemical properties of the experimental soil

 
 

The percentage of pod total soluble solids 
(TSS) was firstly measured by hand refractometer 
(ATAGO-N1, Brix 0 ~ 32%, ATAGO Co. Ltd., 
Tokyo, Japan), using a few drops of pod sap 
comes from squeezing the pod using a hand 
squeezer. Then pods were oven dried at 70oC 
until constant weight. 

Afterward, dried pod samples were finely 
grinded and wet digested using sulphuric acid 
(H2SO4 98%) and hydrogen peroxide (H2O2 30%) 
as described by Wolf (1982). Acid digested 
solution of dried pod samples was used to 
determine ion contents on a dry weight basis.  

Total nitrogen was determined using the 
modified micro Kjeldahl method and phosphorus 
percentage was assayed according the modified 
colorimetric (molybdenum blue) method using 
spectrophotometer (Spectronic 20D, Milton Roy 
Co. Ltd., NY, USA) according to the procedures 
described by Cottenie et al., (1982). Potassium 
percentage was measured using flame 
photometer method (JENWAY, PFP, ELE 
Instrument Co. Ltd., Staffordshire, UK) as 
described by Chapman and Pratt (1982). 
Moreover, total protein in pods was estimated by 
multiplying nitrogen percentage value by 
conversion factor of 6.25. 

Statistical analysis 
 The obtained data were tabulated and 
subjected to statistical analysis of variance using 
two-way-ANOVA of the Statistical Package for the 
Social Sciences software (SPSS Inc., 2008, 
release 17, Chicago, IL, USA). Mean of the 
treatments were separated and compared using 
the least significant differences (LSD) test at 
(P≤0.05) level of significance according to the 
procedures reported by Gomez and Gomez 
(1984). 
 
 

 
 
RESULTS AND DISCUSSION 
 
Vegetative growth characters 

Vegetative growth characters of bean plants 
were positively responded to K fertilizer over the 
two seasons as shown in Tables 2 and 3. It is 
clear that increasing K fertilizer level from 0 to 180 
kg K2O ha-1 led significantly to progressive 
increase in all vegetative growth characters of 
bean plants grown under newly reclaimed sandy 
soil conditions in both seasons of study. The 
highest significant (P≤0.05) values of plant height 
and number of leaves and branches/plant as well 
as plant fresh and dry weight of leaves and 
branches were recorded with the highest level of 
K application (180 kg K2O ha-1). On the other 
hand, the lowest values were recorded with 
control treatment (0 kg K2O ha-1) during both 
seasons of 2014/2015 and 2015/2016. Except for 
plant height and number of branches/plant in the 
second season only, whereas, the highest values 
were recorded by bean plants which received K 
fertilizer level of 90 kg K2O ha-1. The obtained 
results showed also that no significant difference 
was detected between 90 and 180 kg K2O ha-1 on 
number of branches/plant in both seasons of the 
study.  

The obtained results are in harmony with 
those of Akhtar et al., (2003); Islam et al., (2004); 
Asghar et al., (2007); Shaheen et al., (2009); 
Ayub et al. (2012). They reported that vegetative 
growth characters were significantly enhanced by 
K fertilizer application over control treatment. 

The positive effect of potassium fertilizer on 
plant vegetative growth may be due to that K 
plays a major role in several physiological and 
biochemical processes, uptake of nutrients, ionic 
balance and plant defense systems (Marschner, 
1995). It is involved in nearly all processes 
needed to sustain plant growth such as 
photosynthesis (Garg et al., 2005), opening and 

Soil physical properties 

Sand Clay Silt Texture F.C.% W.P.% 

90.08 9.26 0.66 Sandy 16.57 5.25 

Soil chemical analysis 

EC 
(dS/m) 

pH 
OM 
(%) 

CaCO3 
(%) 

meq/l 

1.7 8.2 0.43 5.50 
Ca++ Mg++ Na+ K+ P+++ HCO3

- Cl- 

7.02 0.53 0.98 0.31 0.11 1.3 0.5 
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closing of stomata (Yang et al., 2004), metabolism 
and translocation of carbohydrates and protein 
compounds (Zörb et al., 2014). It has also been 
shown that K plays a key role in the activation of 
more than 60 enzymes involved in plant growth 
(Bukhsh et al., 2011). Moreover, potassium 
application increased the availability of N and P 
which resulted in a better plant growth (Sahai, 
2004). 

Regarding the foliar application of SA, data 
presented in Tables 2 and 3 markedly showed 
that foliar application of SA at any of the assigned 
levels (50, 100 and 150 mg/L) increased 
significantly (P≤0.05) the investigated vegetative 
growth parameters of bean plants over control 
treatment during both seasons. It is realized that 
the highest values of plant growth characters 
expressed as plant height, number of 
leaves/plant, number of branches/plant and fresh 
and dry weight of leaves and branches were 
recorded by using 150 mg/L of SA followed by 
100 mg/L and then by 50 mg/L compared to 
control treatment. Except for fresh weight of 
leaves in the first season, where, the highest 
value was obtained by application of SA at 100 
mg/L followed by 150 mg/L without a significant 
difference between them. Also, no significant 
differences were detected among the levels of SA 
on dry weight of branches in the first season only. 
Moreover, no significant differences were 
detected between SA treatments of 150 and 100 
mg/L on number of leaves, fresh and dry weight of 
leaves in both seasons of the study, in addition to, 
dry weight of branches in the second season only.   

The positive effect of foliar application with SA 
on the plant growth parameters has been reported 
by Kumar et al., (1999); El-Mohamedy et al., 
(2017) who are supported the obtained results. In 
contrast to this, Abdel-Hakim et al., (2012) 
revealed that foliar application of SA at lower level 
(0.5 mM) resulted in a significant increase of plant 
height, number of branches/plant, plant fresh and 
dry weight of bean than the higher level (2.0 mM), 
while Kamal et al. (2006) reported that foliar 
application of SA at 150 ppm gave the highest 
values of number of branches/plant and fresh and 
dry weight of snap bean plant. In addition, 
Shafeek et al., (2014) concluded that increasing 
the level of SA application from 50 to 100 ppm led 
to a significant increase in plant height, number of 
leaves and branches/plant and dry weight of bean 
plants.  

Exogenous application of salicylic acid 
increased all aspects of plant growth, this may be 
attributed to that SA acts as an endogenous 

regulator that potentially affects the growth and 
productivity in plants (Hayat et al., 2010). 
Furthermore, the stimulatory effect of SA on 
vegetative growth of bean plant may be ascribed 
to the positive effect of salicylic acid on the 
endogenous phytohormones specially the growth 
promoters i.e. auxins, gibberellins and cytokinins 
(Shakirova, 2007; Mady, 2009). Moreover, SA 
positively affects ion uptake and transport, 
membrane permeability and transpiration (Gunes 
et al., 2005; Simaei et al., 2012), photosynthetic 
and growth rates (Khan et al. 2003), increases 
CO2 assimilation likely responsible for the 
increased plant growth (Martel and Qaderi, 2016). 
In this context, Hayat et al., (2010) pointed out 
that SA has a crucial regulatory role in 
establishing early stages of Rhizobium-legume 
symbiosis and enhanced the activity of nitrate 
reductase enzyme (Kumar et al., 1999). 

The interaction between different potassium 
fertilizer levels and SA application during the two 
experimental seasons had no significant effect on 
all measured parameters, except for plant height 
in both seasons of the study (Tables 2 and 3). It 
means that each main experimental factor acts 
independently. Generally, it could be stated that 
the superiority of plant vegetative growth 
characters were recorded by those bean plants 
which received K fertilizer at 180 kg K2O ha-1 and 
foliar sprayed twice at 30 and 40 days after 
sowing date by SA at level of 150 mg/L. These 
findings were true in both experimental seasons. 
Except for number of leaves/plant in both seasons 
and fresh weight of leaves in the first season only. 
Whereas, the highest values were recorded by 
using K fertilizer at 180 kg K2O ha-1 and foliar 
sprayed by SA at rate of 100 mg/L. Furthermore, 
plant height, number of branches/plant in the 
second season, whereas, the highest values were 
obtained by using K fertilizer at 90 kg K2O ha-1 and 
foliar spraying of SA at 150 mg/L. 

Pod yield and pod physical quality properties  
Data presented in Table 4 clearly 

demonstrated that K fertilizer application caused a 
significant enhancement in the pod yield and pod 
physical quality properties of bean plants grown 
under newly reclaimed sandy soil conditions in 
both seasons of the study. The obtained results 
concluded that there were significant increases in 
all measured parameters of pod yield and pod 
physical quality properties with increasing K 
fertilization level from 0 to 180 kg K2O ha-1.  
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Table 2.  Effect of different potassium fertilization and foliar spraying of salicylic acid levels on the 
vegetative growth characters of bean plants during the season of 2014/ 2015. 

K2O 
kg ha-1 

Salicylic 
acid (SA) 

(mg/L) 

First season (2014/2015) 

Plant 
height 
(cm) 

Number of Fresh weight (g) Dry weight (g) 

Leaves Branches Leaves Branches Leaves Branches 

0 

0 41.22 11.10 6.21 16.95 22.04 6.17 10.12 

50 43.90 11.83 6.70 19.97 24.17 7.63 10.63 

100 45.03 13.00 6.73 22.10 27.30 7.77 11.33 

150 46.53 13.27 7.30 23.00 28.30 7.90 12.13 

Mean 44.17 12.30 6.74 20.51 25.45 7.37 11.05 

90 

0 42.85 12.32 6.65 21.12 24.82 8.06 11.02 

50 46.33 13.50 7.67 23.33 28.93 8.53 12.77 

100 48.33 15.00 8.27 25.33 29.33 10.03 12.97 

150 51.33 15.33 8.33 25.17 31.07 10.23 13.03 

Mean 47.21 14.04 7.73 23.76 28.54 9.21 12.45 

180 

0 44.29 12.29 7.29 22.82 27.67 9.21 11.84 

50 45.13 14.33 7.77 25.53 31.37 10.43 13.03 

100 46.80 17.17 7.87 29.53 34.37 10.73 13.17 

150 61.37 16.67 9.23 28.63 36.33 11.13 13.53 

Mean 49.40 15.12 8.04 26.63 32.44 10.38 12.89 

SA 
means 

0 42.79 11.90 6.72 20.33 24.84 7.81 10.99 

50 45.12 13.22 7.38 22.94 28.16 8.87 12.14 

100 46.72 15.06 7.62 25.66 30.33 9.51 12.49 

150 53.08 15.09 8.29 25.60 31.90 9.76 12.90 

LSD 
at 5% 
level 

K2O 0.59 0.40 0.41 0.72 0.95 0.47 0.18 

SA 1.18 0.69 0.37 1.36 1.03 0.44 NS* 

K2O x SA 2.05 NS NS NS NS NS NS 

* NS: Non-significant. 
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Table 3. Effect of different potassium fertilization and foliar spraying of salicylic acid levels on the 

vegetative growth characters of bean plants during the season of 2015/ 2016.  

K2O 
kg ha-1 

Salicylic 
 acid (SA) 

(mg/L) 

Second season (2015/2016) 

Plant 
height 
(cm) 

Number of Fresh weight (g) Dry weight (g) 

Leaves Branches Leaves Branches Leaves Branches 

0 

0 39.51 9.63 5.52 17.77 21.14 6.26 7.97 

50 42.58 9.83 5.44 18.30 22.83 6.97 9.63 

100 43.70 11.33 6.03 20.43 25.30 7.10 10.33 

150 45.20 11.60 6.40 22.00 27.00 7.23 11.03 

Mean 42.75 10.60 5.85 19.63 24.07 6.89 9.74 

90 

0 41.61 10.91 5.72 18.54 24.48 7.52 11.02 

50 43.80 11.83 7.10 21.50 27.33 7.87 11.73 

100 45.47 13.33 7.20 23.30 27.73 9.20 11.80 

150 60.07 13.87 8.57 23.17 29.40 8.97 11.90 

Mean 47.74 12.49 7.15 21.63 27.24 8.39 11.61 

180 

0 41.62 10.98 6.11 22.65 25.56 9.01 10.81 

50 45.00 12.67 7.00 24.20 29.67 9.13 11.94 

100 47.17 15.50 7.60 26.87 31.77 10.03 12.50 

150 50.11 15.00 7.67 27.30 34.67 10.43 12.63 

Mean 45.98 13.54 7.10 25.26 30.42 9.65 11.97 

SA 
means 

0 40.91 10.51 5.78 19.65 23.73 7.60 9.93 

50 43.79 11.44 6.51 21.33 26.61 7.99 11.09 

100 45.44 13.39 6.94 23.53 28.24 8.78 11.54 

150 51.79 13.49 7.54 24.16 30.36 8.88 11.86 

LSD 
at 5% 
level 

K2O 0.63 0.37 0.38 0.93 1.26 0.57 0.29 

SA 1.16 0.74 0.37 1.36 0.69 0.45 0.40 

K2O x SA 2.01 NS* NS NS NS NS NS 

 

* NS: Non-significant.   
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Table 4. Effect of different potassium fertilization and foliar spraying of salicylic acid levels on total pod yield and pod physical quality 
characters of bean plants during 2014/2015 and 2015/2016 seasons. 

 

K2O 
kg ha-1 

Salicylic 
acid (SA) 

(mg/L) 

First season (2014/2015) Second season (2015/2016) 

Pod physical characters Number 
of pods/ 

plant 

Weight of 
pods 

/plant (g) 

Total 
yield 

(ton ha-1) 

Pod physical characters Number 
of pods/ 

plant 

Weight 
of pods 

/plant (g) 

Total 
yield 

(ton ha-1) 
Length 

(cm) 
Diam. 
(cm) 

Weight 
(g) 

Length 
(cm) 

Diam. 
(cm) 

Weight 
(g) 

0 

0 10.56 0.91 3.97 19.89 78.96 13.55 9.27 0.90 3.81 19.21 73.19 10.12 

50 12.00 0.99 4.40 23.00 101.20 14.36 10.67 0.95 4.53 21.67 98.17 12.79 

100 12.47 0.97 4.43 23.33 103.35 14.60 11.07 0.93 3.87 22.00 85.14 13.02 

150 12.73 1.00 4.53 24.67 111.76 15.07 11.53 0.97 3.87 23.00 89.01 13.10 

Mean 11.94 0.97 4.33 22.72 98.82 14.41 10.64 0.94 4.02 21.47 86.38 12.26 

90 

0 11.41 0.98 4.64 23.18 107.56 13.69 10.86 1.00 4.17 21.86 91.61 11.62 

50 12.70 1.10 5.03 25.00 125.75 15.71 11.40 1.00 4.33 23.67 102.49 12.93 

100 13.17 1.20 5.17 25.67 132.71 15.79 12.13 1.13 4.50 24.33 109.49 14.60 

150 13.30 1.27 5.63 26.67 150.15 16.43 12.43 1.13 5.07 25.00 126.75 15.79 

Mean 12.65 1.14 5.12 25.13 129.04 15.41 11.71 1.07 4.52 23.72 107.59 13.74 

180 

0 11.92 1.05 5.10 23.76 121.18 13.91 11.72 0.93 4.84 23.15 112.05 12.02 

50 13.77 1.17 5.77 26.33 151.92 16.19 12.90 1.10 5.07 25.00 126.75 13.88 

100 13.93 1.33 5.97 27.33 163.16 16.26 13.27 1.20 5.33 25.67 136.82 14.69 

150 14.07 1.38 6.10 27.67 168.79 16.43 13.73 1.27 5.33 26.33 140.34 15.71 

Mean 13.42 1.23 5.74 26.27 151.26 15.69 12.91 1.13 5.14 25.04 128.99 14.07 

SA 
means 

0 11.30 0.98 4.57 22.28 102.57 13.71 10.62 0.94 4.27 21.41 92.28 11.26 

50 12.82 1.09 5.07 24.78 125.63 15.43 11.66 1.01 4.64 23.44 108.76 13.19 

100 13.19 1.17 5.19 25.44 132.03 15.55 12.16 1.09 4.57 24.00 109.68 14.10 

150 13.37 1.22 5.42 26.33 142.71 15.98 12.57 1.12 4.76 24.78 117.95 14.86 

LSD 
at 5% 
level 

K2O 0.20 0.08 0.13 0.94 1.65 0.476 0.91 0.11 0.41 0.94 2.03 0.619 

SA 0.17 0.06 0.18 0.73 1.06 0.214 0.31 0.05 NS* 0.66 0.99 NS 

K2O x SA NS NS NS NS NS NS NS NS NS NS NS NS 

 
* NS: Non-significant. 
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The highest significant values of number of 
pods/plant (26.27, 25.04), weight of pods/plant 
(151.26, 128.99 g) and total pod yield (15.69, 
14.07 ton ha-1) were achieved by using potassium 
fertilizer at 180 kg K2O ha-1. On the other hand, 
control treatment (0 kg K2O / ha-1) gave 
significantly (P≤0.05) the lowest values of number 
of pods/plant (22.72, 21.47), weight of pods plant 
(98.82, 86.38 g) and total pod yield (14.41, 12.26 
ton ha-1) of bean plants in the first and second 
seasons, respectively. The maximum length, 
diameter and weight of bean pods (13.42, 12.91; 
1.23, 1.13 cm and 5.74, 5.14 g) in the first and 
second seasons, respectively, were obtained 
when potash applied at level of 180 kg K2O ha-1 

followed by 90 kg K2O ha-1, while, the minimum 
values were attained where no potash was 
applied (control treatment).  

The statistical analysis of the obtained data 
clearly revealed that significant differences were 
detected among potassium treatments (0, 90 and 
180 kg K2O ha-1) in both seasons of 2014/2015 
and 2015/2016. Although, no significant 
differences were realized between treatments of 
90 and 180 kg K2O ha-1 on parameters of pod 
yield in both seasons and on pod diameter in the 
second season only. 

The obtained results are in line with findings 
of Islam et al., (2004); Shaheen et al., (2009 & 
2011); Ayub et al. (2012). They concluded that 
increasing potassium fertilizer levels could be 
used to improve or enhance plant yield and 
quality. In addition, K application had significant 
positive effects on number of pods/plant, pod 
length and green pod yield of pea (Akhtar et al., 
2003). Seed yield and yield components of 
chickpea were significantly increased with 
increasing potash levels from 25 to 150 kg K2O 
ha-1 (Asghar et al., 2007).   

The superiority of pod yield and its preferable 
values of pod physical quality parameters with 
increasing potassium fertilizer levels may be 
attributed to the vigorous of plant growth as 
previously shown in Tables 2 and 3. Furthermore, 
potassium has an important role as “the quality 
element” (Marschner, 1995), these reflected on 
plant yield and quality attributes. Besides, 
potassium application increased the N and P 
availability to the plant and improved the biological 
nitrogen fixation (Sahai, 2004), also increased N, 
P, and K contents (Singh et al., 2002) which 
resulted in better plant growth and yield as well. 

Data shown in Table 4 clearly indicated that 
all sprayed levels of SA improved pod yield and 
pod physical quality properties of bean plants over 

control treatment in both experimental seasons. 
The obtained results revealed that a gradual 
increase in the total pod yield, number and weight 
of pods/plant as well as pod physical quality 
properties (length, diameter and weight) were 
associated with increasing the level of SA 
application from 0 to 150 mg/L. It means that the 
heaviest pod yield, the maximum number and 
weight of pods/plant, and pod length, diameter 
and weight (15.98, 14.86 ton ha-1; 26.33, 24.78; 
142.71, 117.95 g; 13.37, 12.57; 1.22, 1.12 cm and 
5.42, 4.76 g in the first and second seasons, 
respectively) were obtained with the foliar 
application of SA at 150 mg/L, followed in 
descending order by 100 and 50 mg/L treatments.   

It is of interest to note that there were 
significant differences among SA treatments on all 
measured characters of pod yield and pod 
physical quality parameters of bean plants in both 
seasons, except for weight of pods and total pod 
yield in the second season only. Also, no 
significant differences were observed between 
foliar spraying of SA at 150 and 100 mg/L on pod 
diameter in both seasons.  

The obtained results are in good agreement 
with those of Larqué-Saavedra and Martín-Mex 
(2007); Javaheri et al., (2012); Kazemi (2013); 
Shafeek et al., (2014). They reported that foliar 
applications of SA at lower concentrations have 
been shown to increase plant yield and quality. In 
the same respect, Kamal et al., (2006) reported 
that foliar application of SA at 150 ppm gave the 
highest increment in number of pods, pod setting 
and green pod yield of bean plants. On the 
contrary, Abdel-Hakim et al., (2012) revealed that 
foliar application of SA at 0.5 mM resulted in a 
significant increase of average pod length, pod 
weight per plant, marketable yield of bean plants 
than application of SA at 2.0 mM.  

The enhancement of foliar application of SA 
on pod yield and pod physical quality attributes 
may be due to that SA acts as a hormone-like 
substance that potentially affects the productivity 
in plants (Hayat et al., 2010). Foliar application of 
SA led significantly to enhance the flowering and 
pod formation (Kumar et al., 1999). Also, induces 
plant tolerance against various biotic (El-
Mohamedy et al., 2017; Dina, 2018) and abiotic 
stresses (Noreen et al., 2017). SA increases the 
biological nitrogen fixation through establishing 
early stages of Rhizobium-legume symbiosis 
(Hayat et al., 2010). Furthermore, SA positively 
affects ion uptake and transport, membrane 
permeability (Gunes et al., 2005; Simaei et al., 
2012), photosynthetic and growth rates (Khan et 
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al., 2003), increases CO2 assimilation likely 
responsible for the increased plant growth as well 
as yield (Martel and Qaderi, 2016). In this context, 
SA application induced a greater net 
photosynthesis in bean and tomato (Senaratna et 
al., 2000). All these aspects of SA led to promote 
the plant growth and consequently reflected on 
plant yield and quality. 

Concerning the interaction effect between 
application of potassium fertilizer and foliar 
application of salicylic acid, no significant 
differences effect were detected on all 
investigated parameters of pod yield and pod 
physical quality in both seasons of 2014/2015 and 
2015/2016 as shown in Table 4. Generally, in 
spite of no statistical differences were noticed, it 
could be mentioned that the best results of all 
measured parameters were obtained when bean 
plants received K fertilizer at rate of 180 kg K2O 
ha-1 and foliar sprayed twice after 30 and 40 days 
after seeding with SA at 150 mg/L. 

Pod chemical quality properties   
Data shown in Table 5 strongly demonstrated 

that using potassium fertilizer level of 180 kg K2O 
ha-1 significantly gained the highest percentage 
values of total soluble solids (TSS), protein, N, P 
and K over two seasons. The highest and lowest 
values of measured pod chemical quality 
properties of bean plants were recorded by those 
plants which received 180 and 0 kg K2O ha-1 of 
potassium fertilizer, respectively, in both seasons. 
Significant differences were detected among K 
fertilizer application levels on all measured 
chemical quality properties of bean pods in both 
experimental seasons, except for the percentage 
of P. Moreover, no significant difference was 
realized between K fertilizer levels of 90 and 180 
kg K2O ha-1 on TSS in both seasons of the study. 

The improvement effect of K fertilizer on the 
values of chemical quality properties of bean pods 
might be attributed to that K is well known as “the 
quality element” (Marschner, 1995). Potassium is 
involved in nearly all processes needed to sustain 
the plant reproduction, plant metabolism and 
many important regulatory processes in the plant. 
Also, it could be increased mineral uptake by 
plants (Hsiao and Läuchli, 1986). In addition, K 
application increased the N and P availability to 
the plant (Sahai, 2004) also, increased N, P and K 
contents (Singh et al., 2002) which resulted in 
better yield and quality as well.  

The obtained results are in harmony with 
Islam et al., (2004); Asghar et al. (2007); Shaheen 
et al., (2009 & 2011). Moreover, K application had 

significant positive effects on green pod yield of 
pea (Akhtar et al., 2003). In addition Ayub et al. 
(2012) reported that good nutritional value of bean 
pods could be attained by applying K fertilizer at 
85 kg ha-1. 

Increasing SA foliar spraying level up to 150 
mg/L caused an enhancement in chemical quality 
properties of bean pods. It means that foliar 
application of SA at 150 mg/L resulted in the 
highest values of TSS, protein, N, P and K 
followed significantly by 100 mg/L compared with 
control treatment. It is of interest to note that all 
sprayed levels of SA had significant effects on all 
measured pod chemical quality properties of bean 
plants, except for the percentages of TSS and 
phosphorus in both seasons of the study as 
shown in Table 5. 

The obtained results are in good accordance 
with that reported by Larqué-Saavedra and 
Martín-Mex (2007); Khan et al., (2010); Javaheri 
et al., (2012); Kazemi (2013); Shafeek et al., 
(2014); Youssef et al., (2017 a & b). They 
summarized that application of SA at lower 
concentrations has been shown to increase yield 
and quality in a variety of plant species. 
Furthermore, Abdel-Hakim et al., (2012) revealed 
that foliar application of SA at 0.5 mM resulted in 
a significant increase of protein and mineral 
contents of snap bean than 2.0 mM level. 

The betterment of pod chemical quality 
attributes may be due to that SA had beneficial 
effects on nutrient uptake and transport (Gunes et 
al., 2005; Simaei et al., 2012). On the contrary, 
SA has been found to decrease phosphorus 
uptake by plant roots and this depend on soil pH 
(Hayat and Ahmad, 2007). In the same context, 
Kumar et al., (1999) concluded that total protein 
content was increased in soybean plants sprayed 
with SA and this might be due to enhance the 
activity of nitrate reductase enzyme. On the other 
hand, SA application let to increase the biological 
nitrogen fixation through establishing Rhizobium-
legume symbiosis (Hayat et al., 2010) 

The interaction between potassium 
fertilization and SA foliar application had no 
significant effects on all measured chemical 
quality properties of bean pods in both seasons 
(Table 5).  
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Table 5.  Effect of different potassium fertilization and foliar spraying of salicylic acid levels on some pod chemical quality properties of 
bean plants during 2014/2015 and 2015/2016 seasons.  

 

K2O 
kg ha-1 

Salicylic 
acid (SA) 

(mg/L) 

First season (2014/2015) Second season (2015/2016) 

% % 

TSS Protein N P K TSS Protein N P K 

0 

0 5.12 20.11 3.30 0.43 2.44 4.91 20.10 2.98 0.45 2.24 

50 5.28 20.69 3.31 0.46 2.47 4.95 20.44 3.27 0.46 2.44 

100 5.36 21.25 3.40 0.46 2.61 5.03 20.81 3.33 0.47 2.57 

150 5.34 21.88 3.50 0.48 2.74 5.01 21.50 3.44 0.48 2.72 

Mean 5.28 20.98 3.38 0.46 2.57 4.98 20.71 3.26 0.47 2.49 

90 
 

0 5.11 21.02 3.26 0.44 2.52 4.95 20.68 3.35 0.44 2.56 

50 5.53 22.94 3.67 0.48 2.68 5.20 22.56 3.61 0.45 2.65 

100 5.43 23.38 3.74 0.45 2.81 5.10 23.25 3.72 0.44 2.80 

150 5.77 23.56 3.77 0.49 2.90 5.43 23.38 3.74 0.48 2.89 

Mean 5.46 22.73 3.61 0.47 2.73 5.17 22.47 3.61 0.45 2.73 

180 

0 5.18 22.07 3.66 0.46 2.72 5.10 21.51 3.55 0.42 2.70 

50 5.40 23.81 3.81 0.48 2.76 5.07 23.56 3.77 0.48 2.73 

100 5.63 24.19 3.87 0.53 2.93 5.30 24.00 3.84 0.52 2.90 

150 5.87 24.75 3.96 0.53 2.93 5.50 24.50 3.92 0.51 2.91 

Mean 5.52 23.70 3.83 0.50 2.84 5.24 23.39 3.77 0.48 2.81 

SA 
means 

0 5.14 21.05 3.41 0.44 2.56 4.99 20.76 3.29 0.44 2.50 

50 5.41 22.50 3.60 0.47 2.64 5.07 22.19 3.55 0.46 2.60 

100 5.48 22.94 3.67 0.48 2.78 5.14 22.69 3.63 0.48 2.76 

150 5.66 23.38 3.74 0.50 2.86 5.31 23.13 3.70 0.49 2.84 

LSD 
at 5%      
level 

K2O 0.09 0.03 0.04 NS* 0.02 0.11 0.02 0.05 NS 0.03 

SA NS 0.02 0.04 NS 0.02 NS 0.02 0.04 NS 0.03 

K2O x SA NS NS NS NS NS NS NS NS NS NS 
 

* NS: Non-significant.
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Regardless of no significant effects were realized, 
it could be pointed out that the highest values of 
TSS, protein, N, P and K were recorded when 
bean plants received K at 180 kg K2O ha-1 plus 
foliar application of SA twice after 30 and 40 days 
from sowing date at 150 mg/L followed by 
application of 180 kg K2O ha-1 plus 100 mg/L of 
SA. Except for TSS parameter only in both 
seasons of study, whereas, it followed by 
application of 90 kg K2O ha-1 plus foliar spraying of 
SA at 150 mg/L. 

CONCLUSION 
In the light of the achieved data, it may be 

concluded that under newly reclaimed sandy soil 
conditions, application of K fertilizer at 180 kg K2O 
ha-1 with foliar spraying of SA twice after 30 and 
40 days from sowing date at 150 mg/L could be 
used to improve the growth and total green pod 
yield as well as pod physical and chemical quality 
properties of bean plants. 
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