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Abstract

A research study was conducted to identify the effect of potassium rate and drought stress on the post-harvest soil
potassium content and growth parameters of cowpea (Vigna unguiculata L.). The experiment was arranged in a
Completely Randomized Design (CRD) in a factorial manner with 8 treatments (4 different rates of fertilizer potassium as
muriate of potash (MOP (i) 100% of recommended level (75 kgha-1), (ii) 125% of recommended level (93.75.kgha-1),
(iii) 150% of recommended level (112.5 kgha-1), and (iv) 175% of recommended level (131.25.kgha-1) at 2 different soil
moisture conditions as 25% depletion and 75% depletion of available soil moisture as optimal and sub-optimal moisture
condition respectively and was replicated 3 times. The post-harvest soil potassium content, chlorophyll content of leaves
and cowpea growth parameters such as, dry weight of root and dry weight of shoot were recorded at vegetative and
harvesting stages. The results reveal that there was a significant influence (p<0.05) of potassium rate and soil moisture on
the growth parameters, leaf chlorophyll content and available soil potassium content after harvest. In overall terms
potassium promoted growth of cowpea when subject to sub-optimal soil moisture. Further, it was found that the increased
application of potassium fertilizer up to 175% of recommended level can be considered as a significant factor in
overcoming soil moisture stress in cowpea.
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1. Introduction

Sri Lanka is an agriculture based developing country, which is highly impacted by the growing population.
Due to this, food security has become a major issue in Sri Lanka. Therefore, enhancing the crop productivity
to ensure food security is more important to provide better nutrition to the people and to increase their
standard of living.
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Drought has been a severe abiotic stress in Sri Lanka which has resulted in significant negative impact on crop

production and agriculture. According to the Disaster Management Centre of Sri Lanka it was reported that,
there were over 312,000 people in 14 districts in 8 provinces affected by drought as of May 2020.

Cowpea (Vigna unguiculata L.) is rich in seed protein (33%), (Ddamulira and Santos, 2015) and are cultivated
and consumed in different forms in several parts of the tropics including Sri Lanka. Cowpea is often subjected
to drought stress in both seedling and terminal growth stages which cause a considerable amount of loss in
biomass production (Amos and Christopher, 2017). Among the plant nutrients, potassium (K) is an essential
plant nutrient and is required in large amounts for proper growth and reproduction of plants (Betil and Ali,
2017). Both uptake of water through plant roots and its loss through the stomata are affected by potassium.
Potassium plays a major role in the regulation of stomatal opening in plants to improve drought resistance
(Mirza Hasanuzzaman et al., 2018).

A better understanding of the effects of water stress on cowpea growth and physiology will give farmers
useful information on how to manage cowpea production in conditions of drought, and also a few studies have
demonstrated that the use of potassium fertilizer can reduce the adverse effects of water stress in cowpeas in
controlled environmental conditions (Fooladivanda et al., 2014). Therefore, to investigate this possibility; an
experiment was carried out under exposed environmental conditions in the sandy regosols of Batticaloa
district to determine the impact of potassium fertilizer on the soil potassium content and growth of cowpea
under two different soil moisture conditions and to select the best combination of potassium level and soil
moisture condition for the optimum growth of cowpea.

2. Methodology

2.1. Collection of soil sample and seeds

Sandy regosol soil was collected from the surface layer (0-15 cm) of the Agronomy farm, Eastern University,
Sri Lanka and cowpea seeds of Wijaya variety were used for this experiment.

2.2 Experimental design and preparation of treatments
2.2.1. Experimental design

A pot experiment was conducted at the Eastern University, Sri Lanka for a period of 3 months from July to
September, 2018. The experiment was arranged in a factorial complete randomized design with eight
treatments (4 different rates of fertilizer potassium (MOP): (i) 100% of recommended level(75 kgha-1), (ii)
125% of recommended level, (iii) 150% of recommended level and (iv) 175% of recommended level, with 2
different soil moisture conditions as optimal and sub-optimal) with three replicates with rain proof roof.
Nitrogen and phosphorus fertilizers were incorporated with the soil as per the Department of Agriculture
(DOA) recommendation and potassium was incorporated according to the treatments. According to the
Department of Agriculture recommendation, the optimum potassium level for cowpea is 75 kg/ha.

2.2.2. Soil moisture control

Soil’s field capacity (52%) was measured in volume basis (Wang et al., 2013). Depletion of available soil
moisture at 25 and 75% were determined in volume basis and defined as optimal moisture condition and sub-
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optimal moisture condition, respectively. Soil moisture was monitored at every two days interval by weighing
the bags (Felicio Lopo de Sa et al., 2014).

2.2.3. Treatment structure

F1KO -Sub-optimal moisture condition+potassium at 100% of recommendation (control)

F1K1 -Sub-optimal moisture condition+potassium at 125% of recommendation

F1K2 -Sub-optimal moisture condition+potassium at 150% of recommendation

F1K3 -Sub-optimal moisture condition+potassium at 175% of recommendation

F2KO0 -Optimal moisture condition+potassium at 100% of recommendation (control)

F2K1 -Optimal moisture condition+potassium at 125% of recommendation

F2K2 -Optimal moisture condition+potassium at 150% of recommendation

F2K3 -Optimal moisture condition+potassium at 175% of recommendation

According to the recommended rate, treatments were applied to the bag three days before sowing.

2.3 Measurements

Growth parameters (Dry weight of root and leaf (g)-roots of uprooted plants were oven dried at 70 Oc for 72
hours and dry weight was measured using an electronic balance, Chlorophyll content of leaves—measured by
SPAD meter) were measured to evaluate the growth performances of cowpea in each treatment at vegetative
(30 days after sowing (DAS)) and harvesting stages (60 DAS). Soil potassium content (mg/kg) was also
measured (by flame photo meter).

2.4 Statistical analysis

All the data were analyzed by Analysis of Variance (ANOVA) (a =0.05) using SAS 9.1.3 statistical software
and the differences between means was compared using Duncan’s Multiple Range Test (DMRT).

3. Results and discussion
3.1 Available potassium in soil at harvest

The results pertaining to the post-harvest soil potassium content indicated that there was a significant
influence of fertilizer potassium and soil moisture on the available soil potassium at harvest (Table 1).

The results obtained showed that the available potassium level increased with increasing level of fertilizer
potassium in both moisture conditions. But the available soil potassium rates were comparatively higher in
optimal moisture condition than the sub-optimal. This deviation was may be due to the differences in root
growth.
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Table 1: Effect of soil moisture content and potassium fertilizer on the available potassium content of soil
(mg/Kg) at harvest.

Soil K (mg/Kg)

Rate of Sub-optimal Soil moisture ~ Optimal Soil moisture
MOP content content
Control 40.27 +0.204° 10624.1+ 34.36°
(100%)
125% 4323.0 + 25.62° 18838.0+ 45.37°
150% 9447.0 + 42.12° 20698.2+ 12.1"
175% 11908.0 + 35.26° 33074.1+ 26.0°
Moisture content P <0.05
MOP P <0.05
Interaction P <0.05

The values are means of replicates + standard error.
Means with the same letter(s) are not significantly different from each other according to the Duncan multiple range test at 5% significant
level.

Root growth was higher under sub-optimal condition to enable to access more moisture in soil. For the growth
of root potassium is needed, and the uptake of potassium under water stress may be high. Thereby this may
cause the reduction of available soil potassium in the sub-optimal condition. This was supported by (Carmeis
Filho et al., 2017) who found that potassium added to the soil increased the root growth.

3.2 Leaf dry weight

The results pertaining to the leaf dry weight of cowpea plant indicated that there was a significant influence
(P< 0.05) of soil moisture and potassium fertilizer on the leaf dry weight at both vegetative and harvesting
stages.

At vegetative stage, among the treatments greater values were received under sub-optimal moisture condition
compared to optimal. This may be due to the leaf thickening by higher accumulation of photosynthates to
overcome the moisture stress. This was supported by with similar data on peanuts (Craufurd et al., 1999).
However, at the harvesting stage, leaf dry weight was low under the sub-optimal moisture condition compared
to optimal. Similar findings were observed by (Samson and Helmut, 2007) in cowpea. This may be due to the
reduction of photochemical yield during the prolonged dry condition.
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Fig.1: Effect of different soil moisture conditions and Fig.2: Effect of different soil moisture conditions and potassium

potassium rates on the leaf dry weight of cowpea at vegetative  rates on the leaf dry weight of cowpea at harvesting stage.
stage.

Application of potassium reduced leaf dry weight, and the impact was greater in 175% potassium level under
both moisture conditions and at both growth stages. The reduction of leaf dry weight was may be due to the
movement of photosynthates from the leaves to conducting tissues by the activity of potassium. This provides
evidence of the possible role of potassium in the movement of photosynthates from leaves. This was
supported by (Sangakkara et al., 2001). Results further reveal that there was no significant influence (P> 0.05)
by the interaction between moisture content and potassium rates at the vegetative stage.

At harvest interaction between moisture condition and potassium rates shows significant influence (P< 0.05).
Recommended level of potassium showed highest leaf dry weight difference among sub-optimal and optimal
moisture conditions and was highest under optimal moisture condition (3.520g). This may be due to low level
of potassium application. It means decreasing level of potassium application significantly increases leaf dry
weight of cowpea at harvest. Under sub-optimal condition significantly highest value was observed at
recommended level and was on par with 125% level. The value was significantly low at 175% potassium
level. This indicates that increasing level of fertilizer potassium significantly reduces the leaf dry weight
under sub-optimal moisture conditions. Sangakkara et al. (2001) stated that increasing potassium level will
reduce the leaf dry weight especially under soil moisture stress. The reduction in the leaf dry weight with
increasing level of potassium may be due to the movement of photosynthates from leaf to reproductive parts.
Pujos and Morard, (1997) stated that in fruit vegetables potassium is remobilized from the leaves and the stem
and transferred largely to the fruits.
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3.3 Root dry weight

The results pertaining to the root dry weight of cowpea plant indicated that there was a significant influence
(P< 0.05) of soil moisture content and potassium on the dry weight of root at both vegetative and harvesting
stages (Table 2).

At both stages, among the treatments highest value was received in sub-optimal moisture condition. It may be
due to increased root length under water stress conditions in order to search water in the deeper layers of dry
soil. It shows that the sustained growth of roots is the factor of resistance to water stress under water deficit
conditions. This is supported by (Monneveux, 1997). Sangakkara et al. (2001) stated that dry matter
partitioning is high to roots under moisture stress.

Table 2: Effect of soil moisture content and potassium rates on the root dry weight of cowpea

Root dry weight ()

6

Growth Rate of MOP Sub-optimal soil Optimal soil
stage moisture content moisture content
Vegetative Control (100%)  0.316 + 0.017" 0.160 + 0.017°
125% 0.296 + 0.132° 0.170 £ 0.011°
150% 0.360 + 0.015° 0.193 + 0.045"
175% 0.466 + 0.040° 0.280 +0.017?
Moisture content P <0.05
MOP P <0.05
Interaction P >0.05
Harvesting Control (100%)  0.680 + 0.015° 0.384 +0.020°
125% 0.720+0.012 ¢ 0.560 + 0.035°
150% 1.163 +£0.027° 0.596 + 0.002
175% 1.508 + 0.176° 0.623 +0.018%
Moisture content P <0.05
MOP P <0.05
Interaction P<0.05

The values are means of replicates + standard error

Means with the same letter(s) are not significantly different from each other according to the Duncan multiple range test at 5% significant
level.

At vegetative stage increasing level of fertilizer potassium increased the root dry weight of cowpea.
Especially 175% potassium level significantly increased the root dry weight. There is no significant
differences were observed between recommended, 125% and 150% potassium levels. This may be due to the
translocation of photo-assimilates to root. Rémheld and Kirkby, (2010) stated that potassium is essential for
the translocation of photo-assimilates in root growth and increased supply of potassium increase the root
surface and root water uptake. It shows that increased application of fertilizer potassium helps to overcome
the moisture stress. At harvest significantly highest root dry weight of cowpea was observed at the rate of
175% and 150 % level ranked the second under sub-optimal moisture. Increasing level of fertilizer potassium
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increased the root dry weight under sub-optimal condition at harvest. Islam et al. (2004) confirmed that the
root volume and root dry weight measured at harvest remarkably increased with the decrease in the moisture
level. Under optimal condition 125%, 150%, and 175% increased the root dry weight and there is no
significant differences observed between them.

3.4 Chlorophyll content of leaves at vegetative stage
The results pertaining to the chlorophyll content of the leaves of cowpea plant indicated that there was a
significant influence (P< 0.05) of soil moisture content and fertilizer potassium on the chlorophyll content of

cowpea plants at vegetative stage (Table 3).

Table 3: Effect of soil moisture content and potassium rates on the chlorophyll content of leaves of cowpea at
vegetative stage.

Leaf Chlorophill content (mg/Kg)

Rate of MOP Sub-optimal soil Optimal soil moisture
moisture cotent content
Control (100%) 49.616 + 0.122° 51.400 = 0.579°
125% 50.733 + 0.050° 52.500 + 0.388°
150% 51.000 + 0.305° 52.700 + 0.132°
175% 52.666+ 0.050° 52.700+ 0.491°
Moisture content P <0.05
MOP P <0.05
Interaction P >0.05

The values are means of replicates + standard error
Means with the same letter(s) are not significantly different from each other according to the Duncan multiple range test at 5% significant
level.

Plants under optimal moisture conditions displayed greater chlorophyll contents than under sub-optimal
moisture conditions (Table 3). Decreased chlorophyll contents have been reported for many crop species
under soil moisture stress (Massacci et al., 2008 and Guha et al., 2010). Chathurika et al. 2019 reported that
the soil moisture stress-induced reduction in chlorophylls is considered as an indicator of oxidative stress
which is attributed to chlorophyll degradation, and insufficient synthesis of chlorophylls.

Under sub-optimal moisture content chlorophyll content was significantly increased at 175% compared with
the lower rates (125%) and the control. Nyoki and Ndakidemi, (2016) reported that, increasing the level of
fertilizers had positive effects on chlorophyll content of soybean leaves. This observation agrees with
Watanabe and Yoshida, (1970), who stated that deficiency phosphorus and potassium causes changes in the
structure of chloroplasts and may affect the biochemical activity of chloroplast resulting to low leaf
chlorophyll content.
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4. Conclusion and suggestions

In the present study, plants grown at potassium rate at 175% of recommendation showed significantly better
performances in soil potassium content and plant growth parameters. It might be due to the activity of
potassium which regulates the stomatal opening and makes the plants adaptive to drought stress. From the
findings it could be concluded that, application of potassium rate at 175% of recommendation could be
recommended for cowpea (Vigna unguiculata L.) cultivation as a better option to improve growth under
moisture stress conditions. As this study was performed as a pot experiment, the same should be undertaken
under field conditions to ensure the results.
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