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Abstract  Vigna unguiculata subsp sesquipedalis L. 

also known as string beans/pole sitao is one of the major 

vegetable crop produced in the Philippines all year round 

because of its adaptability to all types of soils except for 

saline soil. Thus, its response to saline soil amended with 

vermicompost was determined. Growth and yield of pole 

sitao in saline soil applied with varying amount of 

vermicompost was obtained. Level of nitrogen, 

phosphorus, potassium and pH were also tested before and 

after vermicompost application. The study was laid out in 

Randomized Complete Block Design, composed of 5 

treatments and replicated 4 times. The treatments were: 

T1-100% Garden soil, T2-100% Saline soil, T3-75% 

Saline soil and 25% Vermicompost, T4-50% Saline soil 

and 50% Vermicompost, and T5-75% Vermicompost and 

25% Saline soil. All the data gathered were analyzed using 

T-test and ANOVA. Generally, vermicompost helps in 

decreasing soil salinity, increasing potassium content of 

the soil and increasing root length. To increase pole sitao’s 

yield and biomass, addition of 75% vermicompost to 25% 

saline soil is recommended. 

Keywords  Soil Salinity, Vermicompost, Vigna 

Uniguiculata, Yield 

1. Introduction

Soil salinization is one of the abiotic stresses that greatly 

affect crop growth and yield [1]. It has been said that 20% 

of the arable lands in the world are saline which could 

greatly affect crops [2]. It is one of the greatest threats in 

crop production since the high concentration of salt in soil 

solution will affect the physiology of plants. It could result 

in inhibition of water uptake and would also lead to 

nutrient imbalance because of uptake inhibition of calcium 

and phosphorus [3]. Thus, this would lead to growth 

restriction and eventually death. It is also a major factor 

that affects seed germination, shoot growth and dry matter 

[4] production. Salinity also affects photosynthesis by 

decreasing CO2 availability, hence leading to leaf growth 

retardation [2]. 

To counteract the salinity and be able to cultivate crops, 

several techniques were used and one of those is the 

application of organic amendments to soil. Results of the 

study by Gondek et al. [5] showed that the use of compost 

reduced the salinity and sodicity of the soil since sodium is 

replaced by calcium. Rady et al. [6] also reported an 

increase in yield and growth of beans applied with compost. 

Vermicompost is one the popular organic fertilizers known 

to help increase plant growth and tolerance to salinity [7]. 

It is made from various organic wastes such as animal 

manure, kitchen wastes, dried leaves, twigs, etc with the 

earthworm excretions. Previous studies have shown that 

addition of vermicompost [8,9] on potting media showed a 

promising result and modulated the harmful effect of 

salinity. 

String beans, locally known as pole sitao is one of the 
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most cultivated crops in the Philippines and has an average 

yearly production of 112,311.00 tons. It is a legume and 

eaten as vegetable. It is normally consumed before the bean 

inside gets fully matured. It has been said that string beans 

are salt-sensitive crop and dry matter and yield reduction 

[10] were two of the effects of salinity on the crop. Hence, 

an attempt has been made to examine the effect of 

vermicompost on salinity and growth indices of string 

beans. 

2. Materials and Methods

2.1. Experimental Area 

The experiment was carried out at Polytechnic 

University of the Philippines Field Laboratory Area from 

June to October 2019. 

2.2. Test Crop 

Pole sitao (Mariposa) was used in the study. It is a viny 

crop with 60 cm light green pods. It is high yielding and 

quick growing. Seeds were obtained from East West Seed 

Company. 

2.3 Treatment and Experimental Design 

This research study was laid out in a Completely 

Randomized Design (CRD) composed of five (5) 

treatments and five replications. The following were the 

treatments: T1-(Control) Ordinary Garden Soil, T2-100% 

Saline Soil, T3-25% Vermicompost 75% Saline Soil, 

T4-50% Vermicompost 50% Saline Soil, and T5-75% 

Vermicompost 25% Saline Soil. 

2.4. Treatment Preparation 

Garden soil was obtained from the riverbanks of Brgy. 

Talolong which is dark brown and friable. Vermicompost 

was obtained from the Municipal Agriculture Office which 

is a quality product of Kahariam Realty & Farms Inc with 

an analysis of N (1.89%), P2O5 (2.49%) and K2O (1.40%). 

Kjeldahl method was used for total N, Vanadomolybdate 

method was used in the analysis of total phosphorus and 

Flame Atomic Spectroscopy Emission Method was used in 

the analysis of total potassium. Saline soil was collected 

from Barangay Sta. Lucia Lopez, Quezon. It has a salinity 

of 6.8 dS/m. The depth of sampling for each hole in the 

saline soil was 12 cm and with a diameter of 10 cm. The 

sample was collected from the location where the soil is 

uncultivated. 

2.5. Pot Preparation of Treatments and Replicates 

Prior to mixing of the soil and preparation of each 

treatment, garden and saline soil were sterilized with 

boiling water. Each of the soil medium was mixed evenly 

and put in each pot depending on the treatment. Each pot 

contained 5 kg of each treatment. The seeds were directly 

planted in a pot about an inch deep with a moisture content 

of 30%. After planting, the pots were watered to stay 

evenly moist until all of the seedlings emerged. Watering 

was done every 3 days, early in the morning and late in the 

afternoon. Weeding was done by pulling the weeds in order 

to avoid nutrient competition. No any synthetic fertilizer or 

chemical pesticide was used in the whole duration of this 

research study. Harvesting of the 1
st
 pod of pole sitao was 

done 55 days after planting. The best time for harvesting 

pole sitao is as early 6 in the morning. 

2.6. Data Gathered 

The salinity of the soil before and after treatment 

application was analyzed at PUP Lopez Laboratory 

through the use of electrical conductivity meter while, pH, 

nitrogen, phosphorus and potassium content of the samples 

before and after crop planting were analyzed at Regional 

Soils Laboratory Region 4-A at Lipa City, Batangas. Root 

length, yield and biomass yield (root, shoot and leaf dry 

weight) were also obtained using digital weighing scale 85 

days after sowing. 

2.7. Statistical Data Analysis 

T-test was used for the analysis of the soil ph, N, P2O5, 

K2O and salinity before and after planting. While, the 

Analysis of Variance for the data under CRD method was 

done to determine the level of significance among 

treatments in terms of root length, pod and biomass yield. 

Further tests using Scheffe were used to compare the 

differences among means through Statistics for 

Agricultural Research (STAR) software. 

3. Results

Effects of Vermicompost on pH, Levels of N, P and K in 

the Soil 

As seen in Table 1, soil pH significantly increased in all 

of the treatments (p value< 0.0001). The average increase 

is 1.11 in T1, 0.5 in T2, 0.38 in T3, 0.77 in T4 and 0.24 in 

T5 while, significant decrease (p value<0.0001) in % N 

was evident in all of the treatments by 3.11 in T1, 8.762 in 

T2, 17.74 in T3, 19.155 in T4 and 24.515 in T5 which 

mainly shows that as the amount of vermicompost 

increases, the decrease in the nutrient was higher. For its 

phosphorus content, a significant increase (p-value<0.05) 

was observed in the control treatment, T1 to T3 while a 

decrease was observed in T4 and T5. For the potassium 
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content, an evident increase was observed in all treatments. 

Soil Salinity before and after Crop Growing 

The effect of vermicompost on salinity was evident in all 

of the treatments as shown in Table 2. Among the 

treatments, garden soil had the lowest salinity and saline 

soil was the most saline (6.872) which is classified as 

moderately saline. For the rest of the treatments, as the 

amount of saline soil becomes higher, the salinity content 

also becomes higher. After the observation period, the 

salinity of the soil for all of the treatments was significantly 

lower than its salinity before planting. Those treatments 

with vermicompost become non-saline after being 

moderately saline. 

Growth and Yield of Pole Sitao Grown in Saline Soil 

Amended with Vermicompost 

Table 3 shows the weight of pole sitao after harvesting 

for a month (10x harvesting). Treatment 5 (75% 

vermicompost and 25% saline soil) got the highest yield 

per pot with a mean of 990 g which is significantly 

different from the rest of the treatments. It was followed by 

T1 (Garden Soil) and had the yield of 550.25 g. It was 

followed by T4 (50% Vermicompost and 50% Saline Soil) 

with a yield of 450.25 g, T3 with a yield of 280.25 g, and 

T2 with pole sitao planted in 100% saline soil which died 2 

weeks after planting. 

Table 4 shows the root length of pole sitao after 

harvesting where garden soil had the longest root (33 cm) 

but not significantly different to the saline soil ameliorated 

with vermicompost. However, it was evident that in pure 

saline soil, root growth stopped because of plant death. It 

just reached a mean root length of only 4.0 cm. 

As shown in Table 5, Treatment 5 had the highest 

biomass yield and significantly different from the rest of 

the treatment. It could also be noted that the lowest 

biomass was obtained from crops planted in 100% saline 

soil. 

Table 1.  Soil Test Data of pH, N, P, K Before and After Crop Growing

Treatment pH % N P (ppm) K (ppm) 

Before After Before After Before After Before After 

T1 (100% Garden Soil) 6.02*** 7.13*** 6.911** 3.80** 48*** 146.4*** 93.6*** 580*** 

T2 (100% Saline Soil) 5.69*** 6.19*** 13.652*** 4.89*** 12*** 259.4*** 81.9*** 1138*** 

T3 (25% Vermicompost 

75% Saline Soil) 
5.65*** 6.03*** 24.800*** 7.09*** 195** 211.4** 101.4*** 1795*** 

T4 (50% Vermicompost 

50% Saline Soil) 
5.84*** 6.61*** 25.645*** 6.49*** 244*** 211.2*** 113.1*** 2213*** 

T5 (75% Vermicompost 

25% Saline Soil) 
6.66*** 6.84*** 33.705*** 9.19*** 239*** 152.92*** 136.5*** 3161*** 

*Significant at p<0.05, **highly significant at p<0.001, ***extremely significant at p<0.0001 

Table 2.  Salinity of the Treatments Before and After Crop Growing 

Treatment E.C (dS/m) Degree of Salinity 

Before After Before After 

T1 (100% Garden Soil) 2.151*** 1.282*** Non-Saline Non-Saline 

T2 (100% Saline Soil) 6.872*** 3.602*** Moderately saline Slightly saline 

T3 (25% Vermicompost 75% Saline 

Soil) 
5.148*** 2.508*** Moderately saline Non-saline 

T4 (50% Vermicompost 50% Saline 

Soil) 
4.538*** 2.421*** Moderately saline Non-saline 

T5 (75% Vermicompost 25% Saline 

Soil) 
3.808*** 1.538*** Slightly saline Non-saline 

*Significant at p<0.05, **highly significant at p<0.001, ***extremely significant at p<0.0001 
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Table 3.  Yield of Pole Sitao Applied with Different Levels of Vermicompost 

Treatments Yield per pot (g) 

Treatment 1 (100% Garden Soil) 550.25 b 

Treatment 2 (100% Saline Soil) 0.00 e 

Treatment 3(25% Vermicompost 75% Saline Soil) 280.25 d 

Treatment 4(50% Vermicompost 50% Saline Soil) 450.25 c 

Treatment 5(75% Vermicompost 25% Saline Soil) 999.00 a 

Table 4.  Mean Root Length of Stringbeans After Harvesting

Treatments Root Length (cm) 

Treatment 1 (100% Garden Soil) 33.00 a 

Treatment 2 (100% Saline Soil) 4.0 b 

Treatment 3(25% Vermicompost 75% Saline Soil) 27.50 a 

Treatment 4(50% Vermicompost 50% Saline Soil) 29.25 a 

Treatment 5(75% Vermicompost 25% Saline Soil) 28.29 a 

Table 5.  Biomass yield (dry weight) of string beans 

Treatments Biomass (dry stover) (g/pot)) 

Treatment 1 (100% Garden Soil) 5.6 d 

Treatment 2 (100% Saline Soil) 0.8 e 

Treatment 3(25% Vermicompost 75% Saline Soil) 6.3 c 

Treatment 4(50% Vermicompost 50% Saline Soil) 6.6 b 

Treatment 5(75% Vermicompost 25% Saline Soil) 7.7 a 

4. Discussion

Effect on pH, Nitrogen, Phosphorus and Potassium 

The pH of the vermicompost used was 6.8 which is 

considered to be neutral and it generally increased the pH 

for all of the treatments. It has been said that the addition of 

organic materials in the soil may cause an increase in soil 

pH due to the organic anion and nitrogen decomposition. 

Since there is a degradation of organic compounds, 

mineralization immediately occurs which produces 

ammonium which could help increase soil pH [11]. During 

vermicomposting organic matter is decomposed into 

ammonia which neutralizes the acid components in the soil 

shifting to alkaline pH. Also, vermicompost has buffer 

action on soil and thus it helps alleviate the problem of acid 

soil by increasing the soil pH. The result is generally in 

contrast with the general belief that organic fertilizers 

decrease soil pH [12]. 

The nitrogen content of the vermicompost used is 1.89% 

and all of the N content after planting decreased in all 

treatments. It can be noted that among the treatments, that 

with 75% vermicompost had the highest nitrogen content 

but after planting, N decreased. The decrease in the amount 

of nitrogen could be attributed to crop removal and as gases. 

If nitrogen is converted into ammonia, it has been said that 

it rapidly lost from soil especially if the temperature is high. 

According to study, even if there is a constant addition of N 

in the soil, the nitrogen randomly stays in the soil. That 

could be the case for the garden soil. However, for saline 

soil alone and that with vermicompost amendment, the soil 

salinity itself affects the usual pathways of N 

transformation which usually ends up with nitrate. As a 

result, accumulation of Nitrite and NH4 happens in the soil 

[13]. The decrease in N content of the soil after legume 

cropping may be due to rhizobia survival, effective 

nodulation and plant growth factors. It has to be understood 

that not all leguminous plants have an equal nitrogen 

fixation [14]. Moreover, the salinity of the soil might have 

had affected the nitrogen fixation process. 

For the phosphorus, T1 to T3 had higher P content after 

planting while, T4 and T5 had a decrease in P content. The 

reason could be the accumulation of total P because of the 

organic matter contributed by the crop. Subsequently, it 

was also fixed in the soil which might be the reason why it 

barely moved in the soil [15]. However, the decrease of 

total P in T4 and T5 could be the utilization and crop 

removal since high amount of organic matter was put in the 

soil [16]. 

Potassium is one of the primary nutrients and very 
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essential in plant growth and development. Ideally the 

amount of potassium in the soil should be 20-50 ppm [17] 

and what transpired in the soil sample before and after 

planting is way higher than the ideal amount. An evident 

increase was also observed in the soil after planting in all of 

the treatments. The reason could be the amount of moisture 

in the soil. Higher soil moisture usually means greater K 

availability. Increasing soil moisture increases K’s 

movement to plant roots and enhances availability. 

It is important for crop yield as well as for the quality of 

edible parts of crops. Based on the result of the analysis, 

potassium (K) in the soil had a decrease on its content 

before and after planting. The result shows that after the 

application of vermicompost the potassium content 

decreased, which shows that the potassium available to the 

soils is already absorbed by the plants. 

Soil salinity not only delays but also reduces flowering 

and yield of crop plants [18]. It may affect pollination and 

thus decrease seed set and grain yield [19]. According to 

Shrivastava and Kumar [18] plants are adversely affected 

by salinity, grow more slowly and are, therefore, stunted. 

Leaves are smaller, but may be thicker than those of 

normal plants, T1 (Control) Garden soil) had a salinity of 

2.151 ds/m which is the lowest among all treatments. 

According to USDA Salinity Laboratory soil having a 

result range 1-2 is considered non-saline, 2-4 is slightly 

saline, 4-8 is moderately saline, 8-16 is severely saline and 

T5 > 16 is considered severely saline. Before and after 

planting, the result range of salinity decrease for all the 

treatments. It shows that vermicompost is an effective soil 

amendment to decrease the salinity of the soil. 

Table 4 shows the root length of pole sitao after 

harvesting. The root is important because it absorbed the 

nutrients needed by plants, and it holds the stem base to 

hold the plants. The growth of plants planted on saline soil 

is often limited by the ability of roots to extract water from 

the soil and transport it to the shoot [20]. Based on the 

result T1 got the longest root length which means that the 

soil characteristics are friable which makes the root easily 

penetrate the soil. String beans on 100% saline soil had the 

shortest roots because of its salinity. Growth inhibition 

under salt stress may be due to the diversion of energy 

from growth to maintenance [21]. Salt stress caused low 

intra-cellular water potential and water scarcity around 

the root zone due to which roots failed to absorb 

sufficient water and nutrients for adequate plant growth 

[22]. However, based on the result, all of the root length for 

each treatment does not significantly differ from one 

another. 

Table 5 shows the average mean of the standing biomass 

(oven dry weight of roots, stem and leaf) of pole sitao after 

harvesting. Oven dry weight is the quasi-constant weight 

attained by plant. Since, higher yield was obtained in crops 

grown in saline soil with vermicompost, and higher plant 

biomass was also obtained in those treatments. Hence, 

higher primary production and growth rate [23]. 

5. Conclusions

Vermicompost is an effective soil amendment to 

decrease salinity, increase potassium content of the soil and 

increase root length. It can also be concluded that 75% 

vermicompost is highly recommended as a soil amendment 

to increase yield and biomass of pole sitao affected by soil 

salinity. 
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