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Drought negatively influences plant growth and 
development and ultimately ends up with significant 
yield losses. Under drought stress, cells get smaller, 
yellowing and dryings are observed in leaves and 
shoots. Such cases then negatively influence yield and 
quality [Kacar et al. 2006, Kabay and Şensoy 2017, 
Erdinc 2018, Alzahrani et al. 2018]. Plants should be 
well fertilized against drought-like abiotic stressors 
since the plants with a sufficient nutrient levels de-
velop better defense mechanisms against biotic and 
abiotic stressors and resultant damages [Kacar et al. 
2006, Yıldız and Terzi 2007, Wang et al. 2013, Ka-
bay and Şensoy 2016, Fitzgerald et al. 2016]. It was 
reported in a study that organic and inorganic fertil-

izers significantly increased the growth and nutrient 
contents of pepper plants grown in a greenhouse [Öz-
kan et al. 2013]. It was pointed out that supplementary 
potassium treatments significantly increased macro 
and micro nutrient contents of sunflower plants [Ertiflik 
and Zengin 2015]. In another study, 0, 40, 80, 120 and  
160 kg K2O ha–1 doses were applied to soil and the best 
effects on yield were obtained from 120 kg K2O ha–1 

treatment [Çolpan et al. 2013]. It was indicated in  
a study that foliar selenium and silicon treatments had 
positive impacts on number of leaves, plant height, the 
fruit number, fruit weight, fruit diameter, fruit length, 
N, P, K, Mg, Ca, Fe, Se and Si contents of cucumbers 
[Çetinsoy and Daşgan 2016]. Mycorrhizal fungus, hu-
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ABSTRACT

Root, stem and leaf development are all negatively influenced by drought stress which causes losses in yield 
and quality and ultimately serious economic losses for growers. This study was conducted to see the efficien-
cy of potassium treatments in reducing the negative effects drought stress on yield and quality of beans large-
ly consumed in Turkey. Zulbiye bean cultivar sensitive to drought stress and V71 bean genotype which was 
also previously identified as sensitive to drought stress were used as the plant materials of the experiments. 
Bean seeds were sown in 2 L pots filled with perlite. Different potassium (K) doses of 0 (control) ppm K,  
500 ppm K, 100 ppm K and 2000 ppm K were applied to seed sown pots. Seeding was performed as to 
have two plants in each pot and experiments were conducted in randomized blocks factorial experimental 
design with 4 replications with 4 pots in each replication. Pots were irrigated with Hoagland nutrient solution 
throughout the experiments. Irrigations were totally terminated on 20th day for drought stress plants. Follow-
ing 15 days of stress conditions, plant height, fresh weight, root collar diameter, number of leaves and leaf 
size, leaf relative contents and membrane damage index values were determined. It was concluded based on 
present findings that 2000 ppm K treatment was more efficient in reducing the negative effects of drought 
stress on investigated growth and development parameters. 
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mic acid and whey treatments significantly improved 
plant growth, yield and quality in melon, watermelon 
and summer squash species [Ekincialp et al. 2016]. 
Foliar potassium treatments were reported to increase 
grain fill ratio in wheat [Chen et al. 2017]. Under arid 
and semi-arid conditions, mycorrhiza treatments were 
reported to improve plant morphological and physi-
ological characteristics and increased phosphorus, 
calcium and potassium contents [Jokar et al. 2016]. 
Nitrogenous fertilization and bacteria inoculation 
treatments were reported to increase number of nod-
ules, plant height, number of pods, number of kernels 
per pod and hundred kernel weight of beans and 5 kg 
da–1 N treatment was recommended for high kernel 
yield in bean cultivation [Altunkaynak 2018]. It was 
reported that amino acid treatments significantly in-
creased kernel yield and protein content of bean plants 
[Kavasoğlu 2017]. Decreases in fruit set and yields of 
tomatoes under high temperature and drought stress 
were reported to increase significantly with irrigation 
and GA3 treatments [Çömlekçioğlu and Şimşek 2014].

Drought stress reduced number of leaves and leaf 
areas, plant height and weight, root collar diameter 
and leaf relative water content and increased mem-
brane damage index values of the beans [Kabay et al. 
2017, Kabay and Şensoy 2017]. Decreases were ob-
served in plant weights, number of leaves, root collar 
diameter and leaf relative water content and increases 
were observed in membrane damage index of tomato 
plants exposed to drought stress [Sanchez-Rodriguez 
et al. 2010, Alp and Kabay 2017]. While water and 
drought stress negatively influenced the development 
of sensitive bean cultivar, drought stress significantly 
decreased fresh and dry weights, leaf areas and leaf 
relative water contents of tomatoes as compared to 
the control treatment [Zahoor et al. 2017]. In a study 
with drought and semi-drought conditions in beans, 
50% PEG 6000 treatments resulted in dry out of roots, 
flowers and pods [Rathi et al. 2018]. In another study, 
drought and deficit irrigations (0, 25, 50, 75 and 100%) 
were experimented in beans and it was observed that 
number of leaves, leaf weight, leaf area, pod weight, 
pod diameter, pod height, plant height, total number of 
fruits per plant, total pod weight per plant, yield, leaf 
relative water content, chlorophyll content, macro and 
micro nutrients increase with increasing irrigation ra-
tios, but leaf damage index, leaf thickness, membrane 

damage in leaf cells and leaf temperatures decreased 
with increasing irrigation water quantities [Yarış 2018]. 
It was reported that drought stress created through ap-
plying 75% and 50% of available water holding capac-
ity significantly reduced leaf area and transpiration effi-
ciency of chickpea [Farooq et al. 2018]. 

In this study, effects of different potassium doses on 
plant height, fresh weight, root collar diameter, num-
ber of leaves and leaf size, leaf relative water content 
and membrane damage index of bean plants (Zulbiye 
and V71) sensitive to drought stress were investigated. 

MATERIALS AND METHODS

In this study, plant height, fresh weight, root col-
lar diameter, number of leaves and leaf size, leaf rel-
ative water content and membrane damage index of 
drought stress-sensitive Zulbiye bean cultivar and V71 
bean genotype were investigated under different po-
tassium doses (0 ppm, 500 ppm K, 1000 ppm K and  
2000 ppm K). Bean seeds were sown in 2 L pots contain-
ing perlite + potassium doses (0, 500 ppm, 1000 ppm,  
2000 ppm) as to have two plants in each pot. Experi-
ments were conducted in randomized blocks factorial 
experimental design with 4 replications with 4 pots 
in each replication. The climate chamber in which 
the plants are grown had a temperature of between 
22–26°C. Pots were irrigated with Hoagland nutri-
ent solution throughout the experiments. Irrigations 
were totally terminated on 20th day for drought stress 
plants. Following 15 days of stress conditions, plant 
height, fresh weight, root collar diameter, number of 
leaves and leaf size, leaf relative contents and mem-
brane damage index values were determined. It was 
observed that 2000 ppm K treatment was more effi-
cient in reducing negative impacts of drought stress. 

Determination of fresh weights. All plants were 
weighed on a precision scale (±0.1 g). 

Determination of the plant height and diameter. 
The stem lengths in bean plants were measured with 
a ruler (±0.1 cm), and their stem diameters were mea-
sured with a digital display caliper (±0.1 mm). 

Determination of the number of leaves and leaf 
area. At the end of the drought experiment, the num-
ber of leaves was counted and the leaf areas were  
determined as cm2 with a planimeter in all bean  
genotypes. 
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Determination of the leaf relative water content 
(LRWC). At the end of the drought experiment, fresh 
leaf samples were sampled, weighted (FW) and kept 
in distilled water for four hours to calculate their tur-
gor weights (TW). Then, the samples were kept in an 
oven (65°C) for 48 hours and weighted (DW). The be-
low formula was used in order to calculate the relative 
water content of the bean genotypes [Kuşvuran  2010].

LRWC =  
(FW – DW)

  × 100
(TW – DW)

Determination of the membrane damages in the 
leaf cells. Membrane Damage Index (MDI) in bean 
leaves was calculated by measuring the electrolyte out 
of the cell. The 17 mm diameter discs taken from the 
bottom 3 leaves were incubated for 5 hours in 10 ml 
distilled water, and their EC values were measured. 
The same disc samples were kept at 100°C for 10 
minutes, and their EC values were measured again. 
Membrane Damage Index (MDI) was calculated by 
the following formula [Kuşvuran 2010].

   MDI =
Lt – Lc

  × 100
1 – Lc

Lt: The first EC value of drought stressed leaf disk 
samples / The second EC value of drought stressed 
leaf disc samples kept at 100°C for 10 min;
Lc: The first EC value of control leaf disk samples / 
The second EC value of control disk samples kept at 
100°C for 10 min.

The statistical analysis. Analysis of Variances 
based on general linear models [Yesilova and Denizhan 
2016] carried out by SAS 9.4.1 statistical program was 
used. Duncan multiple Comparison tests was used to 
measure the statistical differences between genotype.

RESULTS AND DISCUSSION

Since drought reduces yield and quality in plant 
production, decreases are evident in market value of 
the products. Such a case results in serious econom-
ic losses for the producers. Present potassium treat-
ments were found to be quite effective in reducing 
drought-induced damages on plant roots, shoots and 
leaves. Plant weights of V71 bean genotypes and Zul-
biye bean cultivar decreased with the negative effects 
of drought. However, increases were observed in plant 
weights with potassium treatments. Plant weights un-

 Table 1. Effects of potassium treatments on plant weight (g) and height (cm) of bean plants under drought stress  

Beans Treatment 
Fresh weight  

 in control 
(g) 

Fresh weight 
 in drought stress 

(g) 

Change 
(fresh weight) 

(%) 

Control  
plant height  

(cm) 

Plant height 
in drought stress 

(cm)  

Change 
(plant height) 

(%) 

0 ppm K 4.53g 1.85e -59.16 51.35d 36.49d -28.94 
500 ppm K 5.17e 2.31d -55.32 53.17c 41.82c -21.35 

1000 ppm K 6.88b 3.12b -54.65 55.96b 45.22b -19.19 
Zulbiya 

2000 ppm K 7.25a 3.43a -52.68 56.43a 47.13a -16.48 
Means  5.78A 2.68A -63.86 54.09B 43.69A -29.48 

0 ppm K 3.68h 1.33f  46.26h 32.62h  
500 ppm K 4.77f 1.78e -62.68 47.15g 33.31g -29.35 

1000 ppm K 5.58d 2.73c -51.07 47.87f 34.01f -28.95 
V71 

2000 ppm K 6.24c 3.39a -45.67 48.68e 34.94e -28.23 
Means  4.91B 2.30A  60.22A 31.34B  

There is significant differences (P ≤ 0.01) among the different letters in each column. The capital letters for the varieties and the small-case letters 
for the interaction between variety and K doses 

 

 
Table 2. Effects of potassium treatments on leaf number (leaf) and area (cm2) of bean plants under drought stress  

Beans Treatment 
Leaf  

number  
in control 

Leaf number  
in drought 

stress 

% 
Change  

(leaf number) 

Leaf area 
 in control 

Leaf area  
in drought 

stress 

% 
Change 

(leaf area) 

0 ppm K 17.26e 8.84f -48.78 27.65c 12.78f -53.78 

500 ppm K 18.79d 9.68e -48.48 29.37b 14.48e -50.69 
1000 ppm K 21.55b 11.47d -46.77 29.85b 15.42d -48.34 

Zulbiya 

2000 ppm K 22.17a 11.89c -46.37 31.24a 16.53c -47.08 
Means  23.56A 13.54A -52.99 31.75A 15.55A -50.22 

0 ppm K 15.21g 7.15h  24.69g 12.29g  
500 ppm K 16.48f 8.13g -50.67 25.32f 13.02f -48.57 

1000 ppm K 19.08d 12.26b -35.74 26.12e 17.54b -32.84 
V71 

2000 ppm K 19.69c 12.74a -35.29 26.87d 18.96a -29.44 
Means  19.45B 10.15B  32.48A 15.45A  

There is significant differences (P ≤ 0.01) among the different letters in each column. The capital letters for the varieties and the small-case letters 
for the interaction between variety and K doses. 
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der drought stress decreased by 59.16% in Zulbiye bean 
cultivar and decreased by 63.86% in V71 bean geno-
type (Tab. 1). Plant weights increased with increasing 
potassium doses. In 2000 ppm K treatment, loss in plant 
weight decreased to 52.68% in Zulbiye bean cultivar 
and to 45.67% in V71 bean genotype (Tab. 1).

Plant heights under drought stress decreased by 
28.94% in Zulbiye bean cultivar and decreased by 
29.48% in V71 bean genotype (Tab. 1). However in 
2000 ppm K treatment, plants heights decreased by 
16.48% in Zulbiye bean cultivar and by 28.23% in 
V71 bean genotype (Tab. 1). 

Abiotic stress negatively influences plant growth 
and fruit set [Yıldız and Terzi 2016, Erdinc 2018,  
Alzahrani et al. 2018]. Drought stress was reported to 
reduce plant height and weight of the beans [Kabay 
et al. 2017, Yarış 2018]. Decreases were reported in 
plant weight and height of tomatoes under drought 
stress [Sanchez-Rodriguez et al. 2010, Alp and Ka-
bay 2017]. Plants should be well-supplemented with 
nutrients, especially with potassium to improve plant 
resistance to abiotic stressors like drought [Kacar et al. 
2006, Yıldız and Terzi 2007, Wang et al. 2013, Fitz-
gerald et al. 2016]. It was reported that organic and 
inorganic fertilizers significantly increased growth and 

nutrient content of pepper plants [Özkan et al. 2013]. 
Supplementary potassium treatments had positive ef-
fects on yields of tomatoes and sunflowers [Çolpan et 
al. 2013, Ertiflik and Zengin 2015]. 

It was observed that number of leaves and leaf siz-
es of bean plants decreased under drought stress, but 
such decreases were reduced by K treatments. Number 
of leaves under drought stress decreased by 48.78% 
in Zulbiye bean cultivar and decreased by 52.99% in 
V71 bean genotype. On the other hand in 2000 ppm K 
treatments, such decreases were observed as 46.37% 
in Zulbiye bean cultivar and as 35.29% in V71 bean 
genotype (Tab. 2). Leaf areas under drought stress 
decreased by 53.78% in Zulbiye bean cultivar and 
decreased by 50.22% in V71 bean genotype (Tab. 2).  
In 2000 ppm K treatments, such decreases were ob-
served as 47.08% in Zulbiye bean cultivar and as 
29.44% in V71 bean genotype (Tab. 2). Decreases 
are also reported in number of leaves and leaf areas 
of bean and tomato plants under drought stress [San-
chez-Rodriguez et al. 2010, Zhou et al. 2017, Kabay 
et al. 2017, Kabay and Şensoy 2017, Alp and Kabay 
2017]. Foliar potassium treatments increased grain 
fill ratios in wheat [Chen et al. 2017]. Mycorrhiza 
treatments under arid and semi-arid conditions were 

 Table 1. Effects of potassium treatments on plant weight (g) and height (cm) of bean plants under drought stress  

Beans Treatment 
Fresh weight  

 in control 
(g) 

Fresh weight 
 in drought stress 

(g) 

Change 
(fresh weight) 

(%) 

Control  
plant height  

(cm) 

Plant height 
in drought stress 

(cm)  

Change 
(plant height) 

(%) 

0 ppm K 4.53g 1.85e -59.16 51.35d 36.49d -28.94 
500 ppm K 5.17e 2.31d -55.32 53.17c 41.82c -21.35 

1000 ppm K 6.88b 3.12b -54.65 55.96b 45.22b -19.19 
Zulbiya 

2000 ppm K 7.25a 3.43a -52.68 56.43a 47.13a -16.48 
Means  5.78A 2.68A -63.86 54.09B 43.69A -29.48 

0 ppm K 3.68h 1.33f  46.26h 32.62h  
500 ppm K 4.77f 1.78e -62.68 47.15g 33.31g -29.35 

1000 ppm K 5.58d 2.73c -51.07 47.87f 34.01f -28.95 
V71 

2000 ppm K 6.24c 3.39a -45.67 48.68e 34.94e -28.23 
Means  4.91B 2.30A  60.22A 31.34B  

There is significant differences (P ≤ 0.01) among the different letters in each column. The capital letters for the varieties and the small-case letters 
for the interaction between variety and K doses 

 

 
Table 2. Effects of potassium treatments on leaf number (leaf) and area (cm2) of bean plants under drought stress  

Beans Treatment 
Leaf  

number  
in control 

Leaf number  
in drought 

stress 

% 
Change  

(leaf number) 

Leaf area 
 in control 

Leaf area  
in drought 

stress 

% 
Change 

(leaf area) 

0 ppm K 17.26e 8.84f -48.78 27.65c 12.78f -53.78 

500 ppm K 18.79d 9.68e -48.48 29.37b 14.48e -50.69 
1000 ppm K 21.55b 11.47d -46.77 29.85b 15.42d -48.34 

Zulbiya 

2000 ppm K 22.17a 11.89c -46.37 31.24a 16.53c -47.08 
Means  23.56A 13.54A -52.99 31.75A 15.55A -50.22 

0 ppm K 15.21g 7.15h  24.69g 12.29g  
500 ppm K 16.48f 8.13g -50.67 25.32f 13.02f -48.57 

1000 ppm K 19.08d 12.26b -35.74 26.12e 17.54b -32.84 
V71 

2000 ppm K 19.69c 12.74a -35.29 26.87d 18.96a -29.44 
Means  19.45B 10.15B  32.48A 15.45A  

There is significant differences (P ≤ 0.01) among the different letters in each column. The capital letters for the varieties and the small-case letters 
for the interaction between variety and K doses 
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reported to improve plant morphological and phys-
iological characteristics and increased phosphorus, 
calcium and potassium contents [Jokar et al. 2016]. 
Nitrogenous fertilization and bacteria inoculation 
treatments were reported to increase number of nod-
ules, plant height, number of pods, number of ker-
nels per pod of a bean cultivar [Altunkaynak 2018]. 
It was reported that amino acid treatments signifi-
cantly increased kernel yield and protein content of 
bean plants [Kavasoğlu 2017]. Decreases in fruit set 
and yields of tomatoes under high temperature and 
drought stress were reported to increase significant-
ly with irrigation and GA3 treatments [Çömlekçioğlu 
and Şimşek 2014].

Under drought stress, root collar diameters de-
creased by 27.37% in Zulbiye bean cultivar and de-
creased by 46.21 in V71 bean genotype. However 
under 2000 ppm K supplementary treatments, the 
decreases were observed as 15.25% in Zulbiye bean 
cultivar and as 44.77% in V71 bean genotype (Tab. 3).

Leaf relative water contents decreased under 
drought stress by 31.49% in Zulbiye bean cultivar and 
decreased by 38.19% in V71 genotype. On the other 
hand, such decreases in 2000 ppm K dose were ob-

served as 20.29% Zulbiye bean cultivar and as 27.14% 
in V71 bean genotype (Tab. 3). 

Membrane damage index under drought stress was 
observed as 72.78% in Zulbiye bean cultivar and as 
77.21% in V71 bean genotype. The values decreased 
with supplementary K doses and membrane dam-
age index in 2000 ppm K treatment was observed as 
55.26% in Zulbiye bean cultivar and as 58.93% in V71 
bean genotype (Tab. 3).

Drought stress significantly decreased fresh and 
dry weights, leaf areas and leaf relative water con-
tents of tomatoes as compared to the control treat-
ment [Zhou et al. 2017]. Mycorrhiza treatments 
under arid and semi-arid conditions improved plant 
morphological and physiological characteristics and 
increased phosphorus, calcium and potassium con-
tents [Jokar et al. 2016]. In a drought and deficit ir-
rigation study with beans and tomatoes, it was ob-
served that number of leaves, leaf weight, leaf area, 
pod weight, pod diameter, pod height, plant height, 
total number of fruits per plant, total pod weight per 
plant, yield, leaf relative water content, chlorophyll 
content, macro and micro nutrients increased with 
increasing irrigation ratios, but leaf damage index, 

 Table 3. Effects of potassium treatments on Stem diameter (mm), leaf relative water content (LRWC) (%) and membrane 
damage Index (MDI) (%), of bean plants under drought stress  

Beans Treatment 
Stem  

diameter  
in control 

Stem diameter 
in drought 

stress 

% 
Change 

(stem diameter) 

LRWC 
 in control 

LRWC 
 in drought 

stress 

%  
Change 

(LRWC) 

MDI  
in drought 

stress 

0 ppm K 2.85e 2.07c -27.37 77.42d 53.04e -31.49 72.78c 
500 ppm K 3.12c 2.52b -19.23 78.63b 54.09d -31.2 66.68f 

1000 ppm K 3.37a 2.81a -16.62 78.87a 54.81c -30.51 68.16e 
Zulbiya 

2000 ppm K 3.41a 2.89a -15.25 78.93a 62.91a -20.29 55.26h 
Means  4.29A 2.56A -46.21 76.96A 56.21A -38.19 65.72B 

0 ppm K 2.77f 1.49f  74.67g 46.15g  77.21a 
500 ppm K 2.95d 1.61e -45.42 75.28f 46.68g -37.99 76.52b 

1000 ppm K 3.22b 1.77d -45.03 75.77e 51.09f -32.57 68.90d 
V71 

2000 ppm K 3.35a 1.85d -44.77 78.11c 56.91b -27.14 58.93g 
Means  2.61B 1.71B  72.18B 50.21B  70.39A 

There is significant differences (P ≤ 0.01) among the different letters in each column. The capital letters for the varieties and the small-case letters 
for the interaction between variety and K doses 
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leaf thickness, membrane damage in leaf cells and 
leaf temperatures decreased with increasing irriga-
tion water quantities [Sanchez-Rodriguez et al. 2010, 
Alp and Kabay 2017, Kabay et al. 2017, Kabay and 
Şensoy 2017, Yarış 2018]. Foliar selenium and sil-
icon treatments had positive impacts on number of 
leaves, plant height, number of fruits, fruit weight, 
fruit diameter and fruit length of cucumbers [Çetin-
soy and Daşgan 2016]. Mycorrhizal fungus, humic 
acid and whey treatments significantly improved 
plant growth, yield and quality in melon, watermelon 
and summer squash species [Ekincialp et al. 2016].  
In a study with drought and semi-drought conditions 
in beans, 50% PEG 6000 treatments resulted in dry 
out of roots, flowers and pods [Rathi et al. 2018].

Foliar potassium treatments were reported to in-
crease grain fill ratios in wheat [Kavasoğlu 2017, 
Chen et al. 2017]. Decreases in fruit set and yields  
of tomatoes under high temperature and drought 
stress were reported to increase significantly with 
irrigation and GA3 treatments [Çömlekçioğlu and 
Şimşek 2014].

CONCLUSION 

It was observed in this study that increasing potas-
sium doses had positive effects on growth parameters 
of drought-sensitive bean genotypes. Drought stress 
negatively influenced plant height, fresh weight, root 
collar diameter, number of leaves and leaf area, leaf 
relative water content and membrane damage index. 
However, increasing potassium treatments reduced 
negative impacts of drought stress on these parame-
ters. Under drought stress conditions, plant height, 
fresh weight, root collar diameter, number of leaves 
and leaf size, leaf relative water content of sensitive 
bean plants decreased and membrane damage index 
values increased. On the other hand, with increasing 
potassium doses, plant height, fresh weight, root collar 
diameter, number of leaves and leaf size, leaf relative 
water content increased and membrane damage index 
values decreased. It was observed that investigated 
parameters of drought stress-sensitive Zulbiye bean 
cultivar and V71 bean genotype were positively influ-
enced and improved by increasing K doses.
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