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Abstract 
 

An experiment was conducted to explore the preventive effect of vermicompost on cucumber Fusarium wilt and to investigate 

the growth, yield and fruit quality of cucumber plants inoculated with Fusarium oxysporum. Vermicompost and soil at 

different proportions (100% soil+0% vermicompost, 75% soil+25% vermicompost, 50% soil+50% vermicompost, 25% 

soil+75% vermicompost and 0% soil+100% vermicompost) were applied to cucumber plants inoculated with F. oxysporum. 

The alkali-hydrolysable nitrogen content, available phosphorus content, available potassium content, total porosity, organic 

matter content, sucrose activity, urease activity and neutral phosphatase activity of the soil in which the cucumber plants were 

grown consistently increased with increasing vermicompost proportion in the soil. However, the specific gravity of the soil 

consistently decreased with increasing vermicompost proportion. All of the vermicompost treatments significantly decreased 

the incidence of Fusarium wilt and the nitrate content of the cucumber fruit but significantly increased the heights, stem 

diameters and leaf areas of the plants and the soluble sugar content, soluble protein content and yield per plant of the fruit. 

Among the different treatments, the treatment of 50% soil+50% vermicompost was the most effective at inhibiting cucumber 

Fusarium wilt and improving the growth, fruit quality and yield of cucumber plants infected with F. oxysporum. Therefore, 

vermicompost supplied at moderate proportions may decrease the incidence of cucumber Fusarium wilt and improve plant 

growth, yield per plant and fruit quality by improving the soil. © 2020 Friends Science Publishers 
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Introduction 
 

Cucumber (Cucumis sativus L.), an economically important 

vegetable of the Cucurbitaceae family (Azad et al. 2013), is 

the 4
th
 most widely cultivated vegetable in the world, after 

cabbage, onion and tomato (Monamodi, 2013). With the 

development of horticulture industry, the cultivated area of 

cucumber is increasing annually. In China, approximately 

1,155,840 hectares are currently used for cucumber 

cultivation, yielding an estimated 61,949,094 tons. Several 

biotic and abiotic factors are responsible for low production 

in cucumber, with disease being the most prominent biotic 

factor. Fusarium wilt, caused by Fusarium oxysporum, is an 

important disease that limits cucumber production 

worldwide (Raza et al. 2016). F. oxysporum is a soil-borne 

pathogen and survives in soil for many years, and it cannot 

be controlled by simple methods such as crop rotation 

(Leoni 2013). Due to environmental and health concerns, 

nonchemical practices are encouraged over the large-scale 

use of pesticides and chemicals (Dankwah 2015). Therefore, 

it is essential to identify a nonpolluting substance that can 

prevent cucumber Fusarium wilt while causing little harm to 

humans or other animals. 

Vermicomposting, a form of composting, utilizes 

earthworms and microorganisms to metabolize organic 

matter in raw materials including agricultural, industrial 

and urban wastes, which contain proteins, nucleic acids, 

fats, and carbohydrates (Shetinina et al. 2019; Hashem et 

al. 2018). Vermicomposts, being rich in nutrients and 

humic substances, have high cation exchange capacities 

and moisture contents (García et al. 2014). In recent 

decades, vermicomposting has received much attention due 

to its highly conservative use of water and fertilizers and its 

large surface area, strong adsorption capacity and high 

porosity (Zaller 2007; Charu et al. 2019). Studies on the 

effects of vermicompost in floating systems have shown 

that the addition of vermicompost to seedling substrates can 

substantially shorten seedling emergence time and prevent 

damage caused by soil pests and soil-borne diseases
.
(Amit 

et al. 2018; Sharmila and Jeyanthi 2019). Vermicompost 

plays an important role in the prevention of soil-borne 

disease epidemics among cucumber seedlings (Selvaraj 
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2011). However, there are few reports on optimal 

vermicompost for preventing Fusarium wilt and promoting 

the growth of cucumber plants. 

The aims of the present study were to investigate 

changes in the growth indices, quality indices and fruit 

production of cucumber plants after treatment with different 

proportions of vermicompost and inoculation with F. 

oxysporum and to determine the optimum proportion of 

vermicompost in soil to use in cucumber cultivation. This 

study can serve as a theoretical and technical reference for 

applications of vermicompost in the prevention of vegetable 

disease. 

 

Materials and Methods 
 

Climatic conditions of the experimental field 

 

The research site is in the north temperate zone and 

continental monsoon area (rainy and hot during the summer; 

cold and arid during the winter) of China that receives an 

average annual precipitation of 549 mm. 

 

Plant materials and tested strains 

 

The cucumber line 649 is susceptible to the pathogen F. 

oxysporum. Seeds of this line were obtained from the 

Cucumber Laboratory of Northeast Agricultural University. 

Isolate H28 of F. oxysporum f. spp. cucumerinum was 

supplied by the Plant Pathology Laboratory of Northeast 

Agricultural University, China. 

 

Experimental design 

 

The experiment was conducted at Northeast Agricultural 

University, China (126°63’E and 45°44’N; Harbin, China) 

in 2015 and 2016. The experimental soil was derived from 

the cultivation layer (0–20 cm) of an experimental field of 

the University. Vermicompost, bought in Shunli Village in 

Shuangcheng District, Heilongjiang Province, was 

generated from cow dung by earthworms. Vermicompost 

and soil were mixed in pre-determined proportions 

(volumetric ratios). Five treatments (designated A0, A1, A2, 

A3 and A4) were prepared. The treatments comprised of soil 

and vermicompost at different percentages as follows: A0, 

100% soil+0% vermicompost; A1, 75% soil+25% 

vermicompost; A2, 50% soil+50% vermicompost; A3, 25% 

soil+75% vermicompost; and A4, 0% soil+100% 

vermicompost. Each experimental plot had an area of 2 m
2
, 

and three biological replicates were used. The soil was 

treated and fully mixed with the pre-determined proportions 

of vermicompost by the fertilization method before the 

seedlings were transplanted. The treated soil was sampled 

for measurements of nutrient content, physicochemical 

properties, and enzymatic activities. Seedlings were grown 

in late May 2015 and transplanted to the greenhouse after 

the 4
th
 real leaf unfolded. 

Disease incidence and preventive effect of vermicompost 
 

Isolate H28 of F. oxysporum was incubated in liquid potato-

sucrose medium with shaking (120 rpm) at 28°C for 7 days. 

Spores were filtered through a double layer of cheesecloth, 

and the suspension was centrifuged at 4,000 × g for 10 min. 

The spores were then resuspended in distilled water, and the 

concentration was adjusted to 1×10
7
 spores mL

-1
. 

Isolate H28 was inoculated by pouring the spore 

suspension on the roots (Zhou et al. 2010). One hundred 

milliliters of F. oxysporum per plant was inoculated via root 

irrigation 7 days after transplantation. Disease occurrence 

was investigated 10~14 days after inoculation, and the 

degree of disease occurrence was recorded according to 

previously described standards for disease levels (Singh et 

al. 1999): 0, no apparent symptoms; 1, vascular 

discoloration of both hypocotyl and epicotyl, stunting; 2, 

similar to 1 but with marked stunting, wilting; 3, dead or 

almost dead seedlings. 
 

Disease incidence (%) =  
Diseased plant number

Total plant number
 ×  100 

 

Preventive effect (%) = (1 −  
Disease incidence of treatments

Mean disease incidence of the control
) × 100 

 

Investigation of plant growth indices 
 

The plant height, stem diameter, leaf area, leaf number and 

dry matter accumulation of 10 cucumber plants from each 

of three biological replicates were measured during the full-

fruit period. The length (D) and width (W) of the 3
rd

, 4
th
 and 

5
th
 leaves were measured. Leaf area = 14.61 - 5.0 × (D) + 

0.94 × (D
2
) + 0.47 × (W) + 0.63 × (W

2
) - 0.62 × (D) × (W). 

 

Determination of photosynthetic pigments 
 

The contents of photosynthetic pigments were determined 

using the ethanol acetone method (Zhang et al. 2009). 

Photosynthetic pigments were extracted from fresh samples 

in 80% acetone. Each extract was centrifuged at 3,000 × g 

for 5 min. The absorbance of the supernatant was measured 

at 470, 645, and 663 nm with a UV-754 spectrophotometer 

(Zealquest Scientific, Shanghai, China). Contents of 

Chlorophyll (Chl) a, Chl b, Chl (a+b) and Car were 

calculated using adjusted extinction coefficients. Pigment 

contents were expressed as mg
-1

 (fresh mass, FM). 
 

Determination of cucumber fruit quality and yield per 

plant 
 

Vitamin C, free amino acid, soluble sugar, soluble protein 

and nitrate contents were measured by 2,6-dichlorophen-

based colorimetry, ninhydrin staining, anthrone-based 

colorimetry, Coomassie brilliant blue G-250 staining and 

salicylic acid-based colorimetry, respectively (Li 2003). The 

weight of each cucumber fruit from each plant was 

measured using an electronic balance, and the yield per 

plant was calculated. 
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Assay of soil nutrient content and physicochemical 

properties 
 

Sampled soils from the different treatments were subjected 

to natural-air drying and filtered through 1-mm and 0.25-

mm screens for assaying soil nutrient contents and 

physicochemical properties. Total nitrogen content, total 

phosphorus content, total potassium content, alkali-

hydrolysable nitrogen content, available phosphorus 

content, available potassium content, organic matter content, 

bulk density, specific gravity, total porosity, electrical 

conductivity (EC) and pH values were measured as 

described by Higashikawa et al. (2010). 
 

Determination of soil enzymatic activities 
 

Soil saccharase, urease and neutral phosphatase activities 

were measured by 3,5-dinitrosalicylic acid-, indigo-, and 

disodium phenyl phosphate-based colorimetric methods, 

respectively (Guan, 1986). 
 

Statistical design and analysis 
 

Data were statistically analyzed by using the SPSS statistical 

program (version 20) with a randomized block design 

model, and mean values were compared using Duncan’s 

multiple range test (DMRT) at P < 0.05. 
 

Results 
 

Preventive effects 
 

The preventive effects of the treatments with different 

vermicompost percentages in the media against cucumber 

wilt disease are listed in Table 1. The A1, A2, A3 and A4 

treatments all significantly (P < 0.05) decreased the disease 

incidence in cucumber, indicating their preventive effects 

against cucumber wilt disease. Among the treatments, the A2 

treatment had the strongest preventive effect in both years. 

The preventive effects of the A2 treatment were 58.82 and 

63.47% in 2015 and 2016, respectively. 
 

Plant growth attributes 
 

Plant height, stem diameter, leaf area, leaf number and dry 

matter weight per cucumber plant all increased from A0 to 

their maximum values at A2 and declined thereafter with 

increasing vermicompost proportion in both years (Table 2). 

A1, A2 and A3 significantly (P < 0.05) increased these five 

growth attributes of the cucumber plants relative to the A0 

values in both years. Relative to the corresponding values in 

plants subjected to the A0 treatment, plant height, stem 

diameter, leaf area, leaf number and dry matter weight per 

plant increased by 20.6, 9.1, 45.1, 41.9 and 642.1%, 

respectively, under the A2 treatment in 2015 and by 30.3, 

3.8, 46.4, 42.4 and 105.6%, respectively, in 2016. The 

percentage increase of dry matter per plant of cucumber was 

greater than the percentage increases of the other four 

attributes. The changes in the five growth parameters 

indicated that the addition of vermicompost can promote the 

growth of cucumber plants. 
 

Photosynthetic pigments 
 

the contents of chl a, chl b and car in leaves of cucumber all 

increased from a0 to their maximum values at a2 and 

declined thereafter with increasing vermicompost 

proportion in both years (table 3). the increases of contents 

of chl a, chl b and car in the a2 treatment were greater in 

2015 than in 2016. Relative to the corresponding contents in 

plants subjected to the a0 treatment, the contents of chl a, chl 

b and car in the a2 treatment were increased by 142.9, 240.0 

and 53.8%, respectively, in 2015 and by 140.8, 173.3 and 

45.6%, respectively, in 2016. chl (a + b) content in 2015 

was higher than that in 2016 in each treatment. 
 

Yield per plant and fruit quality 
 

The yield per plant, Vitamin C content, free amino acid 

content, soluble sugar content and soluble protein content of 

cucumber fruit showed the greatest values under A2 and 

declined at higher vermicompost proportions. However, the 

nitrate content of the cucumber fruit was lowest under A2 and 

then increased with increasing vermicompost proportion in 

both years (Table 4). Relative to the corresponding values in 

plants subjected to the A0 treatment, the yield per plant, 

Vitamin C content, free amino acid content, soluble sugar 

content and soluble protein content of cucumber fruit under 

the A2 treatment were increased by 30.7, 69.3, 20.9, 45.0 and 

54.7%, respectively, in 2015, and by 28.5, 80.4, 21.8, 48.0 

and 56.9%, respectively, in 2016. The nitrate contents of the 

cucumber fruit in 2015 and 2016 were decreased by 37.3 and 

37.6%, respectively, under the A2 treatment relative to the 

contents in the A0 treatment. In each treatment, the yield per 

plant was higher in 2015 than in 2016, but the nitrate content 

was lower in 2015 than in 2016. 
 

Soil nutrient content 
 

The effects of the vermicompost treatments on soil nutrient 

contents are presented in Table 5. The contents of total 

Table 1: Preventive effects against cucumber wilt disease of 

vermicompost at different proportions in media in 2015 and 2016 
 

Year Treatment Disease incidence (%) Preventive effect (%) 

2015 A0 32.08 ± 4.08a - 
A1 16.98 ± 2.31d 47.06 ± 3.82b 

A2 13.21 ± 1.08e 58.82 ± 5.97a 

A3 20.75 ± 2.52c 35.29 ± 4.21c 
A4 26.42 ± 2.54b 17.65 ± 1.85d  

2016 A0 43.17 ± 3.89a  

A1 20.37 ± 3.21c 52.81 ± 5.28b 
A2 15.77 ± 1.89d 63.47 ± 5.28a 

A3 24.16± 3.21c 44.04 ± 4.15c 

A4 31.82 ± 3.08b 26.29 ± 3.25d 
Different lowercase letters indicate significant differences at the 0.05 level (P<0.05). 

This notation also applies to the other tables below 
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nitrogen, total phosphorus, total potassium, alkali-

hydrolysable nitrogen, available phosphorus and available 

potassium in the soil gradually increased with increasing 

vermicompost proportion. Significant (P < 0.05) differences 

in total nitrogen, total phosphorus, total potassium, alkali-

hydrolysable nitrogen, available phosphorus and available 

potassium contents were observed among the treatments. 

The total nitrogen content under A1, A2, A3 and A4 was 42.1, 

78.0, 135.6 and 159.4% higher, respectively, than that of the 

control. The total phosphorus content under A1, A2, A3 and 

A4 was 8.5, 51.7, 66.9 and 104.2% higher, respectively, than 

that of the control. The total potassium content was 7.9, 

55.1, 166.3 and 198.8% higher, respectively, than that of the 

control. The alkali-hydrolysable nitrogen content was 69.6, 

95.6, 143.0 and 239.6% higher, respectively, than that under 

the A0 treatment. The available phosphorus content was 

116.9, 162.3, 232.4 and 371.3% higher, respectively, that 

that of the control; and the available potassium content was 

67.3, 230.4, 315.2 and 472.3% higher, respectively, than that 

under the A0 treatment. 

 

Soil physicochemical properties 

 

The effects of the vermicompost treatments on the 

physicochemical properties of the soil are presented in Table 

6. The bulk density and specific gravity of the soil 

consistently decreased with increasing vermicompost 

proportion, whereas the total porosity, organic matter 

content, EC and pH values of the soil consistently increased 

with increasing vermicompost proportion. There were 

significant (P < 0.05) differences in soil organic matter 

content and EC between the control treatment and each of 

the other vermicompost treatments. The soil specific gravity 

under A1, A2, A3 and A4 was 2.9, 12.9, 18.6 and 25.7% 

lower, respectively, than that of the control. The soil organic 

matter content under A1, A2, A3 and A4 was 158.7, 276.0, 

320.9 and 389.2% higher, respectively, than that of the 

control; and the soil EC value at A1, A2, A3 and A4 was 

Table 2: Effect of vermicompost at different proportions in media on the growth of cucumber plants 

 
Year Treatment Plant height (cm) Stem diameter (cm) Leaf area (cm2) Leaf number Dry matter weight per plant (g) 

2015 A0 191.6 ± 9.7d 0.673 ± 0.057e 328.2 ± 31.9e 3.1 ± 0.2c 0.384 ± 0.049d 

A1 212.7 ± 18.5b 0.717 ± 0.069b 457.8 ± 44.1b 3.9 ± 0.7b 0.543 ± 0.051b 

A2 231.0 ± 22.7a 0.734 ± 0.072a 476.3 ± 44.5a 4.4 ± 0.5a 0.628 ± 0.072a 
A3 194.4 ± 13.7c 0.712 ± 0.063c 441.8 ± 38.9c 4.0 ± 0.3ab 0.541 ± 0.061b 

A4 180.7 ± 15.3e 0.705 ± 0.048d 355.5 ± 32.4d 3.7 ± 0.2b 0.442 ± 0.048c 

2016 A0 188.5 ± 19.7d 0.685 ± 0.059c 331.8 ± 31.7d 3.3 ± 0.4d 0.417 ± 0.039e 
A1 224.1 ± 22.9b 0.698 ± 0.072bc 438.4 ± 42.5b 3.8 ± 0.2c 0.698 ± 0.072b 

A2 245.7 ± 23.6a 0.711 ± 0.070a 485.9 ± 45.9a 4.7 ± 0.5a 0.853 ± 0.091a 

A3 200.8 ± 12.8c 0.702 ± 0.071b 451.2 ± 36.1b 4.2 ± 0.4b 0.602 ± 0.052c 
A4 190.2 ± 9.7cd 0.686 ± 0.064c 378.1 ± 31.2c 3.5 ± 0.3cd 0.582 ± 0.051d 

 

Table 3: Effect of vermicompost at different proportions in media on the contents of photosynthetic pigments in the leaves of 

cucumber plants 

 
Year Treatment Chl a (mg g-1 FM) Chl b (mg g-1 FM) Chl (a + b) (mg g-1 FM) Car (mg g-1 FM) 

2015 A0 6.3 ± 0.8c 1.5 ± 0.2c 7.8 ± 0.6d 0.520 ± 0.047c 

 A1 9.6 ± 0.3b 2.7 ± 0.3b 12.3 ± 1.8b 0.736 ± 0.068a  
 A2 15.3 ±2.8a 5.1 ± 0.2a 20.4 ± 2.7a 0.800 ± 0.074a 

 A3 9.2 ± 3.2b 2.6 ± 0.2b 11.8 ± 1.2c 0.758 ± 0.081a 

 A4 9.1 ± 3.1b 2.6 ± 0.1b 11.7 ± 1.0c 0.640 ± 0.071b 
2016 A0 4.9 ± 0.41d 1.5 ± 0.1e 6.4 ± 0.8d 0.456 ± 0.038b  

 A1 7.6 ± 0.73b 2.9 ± 0.2b 10.5 ± 1.1b 0.720 ± 0.066a 

 A2 11.8 ± 1.5a 4.1 ± 0.3a 15.9 ± 1.6a 0.802 ± 0.071a 
 A3 6.2 ± 5.8bc 2.3 ± 0.2c 8.5± 0.8c 0.738 ± 0.071a 

 A4 6.0 ± 6.8c 2.1 ± 0.1d 8.1 ± 0.7c 0.496 ± 0.045b 

 

Table 4: Effect of vermicompost at different proportions in media on cucumber fruit quality 

 
Year Treatment Vitamin C (mg•g-1) Free amino acid (mg•g-1) Soluble sugar (%) Soluble protein (mg•g-1) Nitrate (mg•g-1) Yield per plant (g) 

2015 A0 0.283 ± 0.033d 0.297 ± 0.031b 2.978 ± 0.031e 1.537 ± 0.197e 0.279 ± 0.025a 1.413 ± 0.115c 
A1 0.402 ± 0.051b 0.301 ± 0.033b 4.057 ± 0.411b 2.157 ± 0.223b 0.194 ± 0.028cd 1.690 ± 0.017ab 

A2 0.479 ± 0.044a 0.359 ± 0.041a 4.319 ± 0.445a 2.378 ± 0.298a 0.175 ± 0.018d 1.847 ± 0.134a 

A3 0.367 ± 0.039c 0.289 ± 0.029b 3.864 ± 0.369c 1.953 ± 0.205c 0.215 ±0.022bc 1.615 ± 0.201b 

A4 0.274 ± 0.031d 0.253 ± 0.026c 3.658 ± 0.397d 1.729 ± 0.159d 0.236 ± 0.026b 1.532 ± 0.167bc 

2016 A0 0.301 ± 0.044d 0.285 ± 0.031c 3.128 ± 0.412d 1.438 ± 0.113d 0.295 ± 0.031a 1.368 ± 0.112cd 
A1 0.441 ± 0.058b 0.314 ± 0.032b 3.987 ± 0.423b 2.058 ± 0.325b 0.224 ± 0.025b 1.527 ± 0.165b 

A2 0.543 ± 0.061a 0.347 ± 0.035a 4.628 ± 0.501a 2.256 ± 0.301a 0.184 ± 0.019d 1.758 ± 0.185a 

A3 0.385 ± 0.032c 0.293 ± 0.031c 3.582 ± 0.402c 2.064 ± 0.201b 0.204 ± 0.022c 1.397 ± 0.178c 
A4 0.311 ± 0.038d 0.244 ± 0.026d 3.275 ± 0.385d 1.638 ± 0.179c 0.228 ± 0.028b 1.258 ± 0.124d 
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127.7, 111.6, 400.0 and 420.4% higher, respectively, than 

that of the control. 

 

Soil enzymatic activities 

 

The effects of the vermicompost treatments on soil 

enzymatic activities are presented in Table 7. The activities 

of sucrose, urease and neutral phosphatase in the soil 

consistently increased with increasing vermicompost 

proportion. The A1, A2, A3 and A4 treatments all 

significantly (P<0.05) increased the activities of sucrose, 

urease and neutral phosphatase in the soil relative to the 

activities under the A0 treatment. The soil sucrose activity in 

A1, A2, A3 and A4 was 50.0, 78.0, 118.3 and 169.5% higher, 

respectively, than that of the control. The soil urease activity 

in A1, A2, A3 and A4 was 76.1, 118.1, 150.9 and 165.8% 

higher, respectively, than that of the control. The soil neutral 

phosphatase activity in the A1, A2, A3 and A4 treatments was 

159.8, 252.4, 408.5 and 470.7% higher, respectively, than 

that of the control. 

 

Discussion 
 

In the present study, we observed significant increases in 

alkali-hydrolysable nitrogen content, available phosphorus 

content, available potassium content, total porosity, organic 

matter content and EC and a significant decrease in specific 

gravity upon treatment with vermicompost at different 

proportions in soil. Plants depend on soil for survival, and 

the nutrient content and physicochemical properties of soil 

are key factors that affect plant growth (Lucia et al. 2013).
.
 

Studies have shown that vermicompost application can 

improve the quality, water retention ability, nutrient content 

and enzymatic activity of soil ( Zhang et al. 2015; Goswami 

et al. 2017). Zimny et al. (2009) reported that vermicompost 

application decreased soil bulk density and increased soil 

porosity. Long-term application of vermicompost was found 

to improve the organic matter content, alkali-hydrolysable N 

content, available P content, available K content and EC of 

soil (Cheng et al. 2007). Previous studies reported that 

sucrose, urease and neutral phosphatase activities all 

increased with increasing vermicompost percentage (Nair et 

al. 2009; Srilakshmi et al. 2011). Our results indicated that 

vermicompost can substantially improve the fertility of 

rhizospheric soil and the physicochemical properties of 

cucumber plants and fruit. 

In the present study, vermicompost at all the studied 

proportions significantly decreased the incidence of 

cucumber wilt disease. There have been few reports of the 

effects of vermicompost on soil-borne diseases. A previous 

study demonstrated that vermicompost application could 

alter the structure of the soil microbial community 

(Verdenelli et al. 2012). Moreover, inhibitory effects of 

biological composts (other than vermicompost) on soil 

borne diseases have been reported. Mengesha et al. (2017) 

reported that the microbial communities in non-aerated 

compost teas can suppress bacterial wilt. The results of Joshi 

et al. (2009) suggested that the application of composts and 

compost extracts derived from poultry manure and Urtica 

spp. has the potential to provide effective control of diseases 

and improve yield in bean under field conditions. The 

inhibition of 50% vermicompost on cucumber wilt disease 

may be due to a decrease in the activity of Fusarium 

oxysporum resulting from the alteration of soil microbial 

Table 5: Effect of vermicompost at different proportions in media on soil nutrient contents in 2015 

 

Treatment 
Total nitrogen 
(g•kg-1) 

Total phosphorus 
(g•kg-1) 

Total potassium 
(g•kg-1) 

Alkali-hydrolysable nitrogen 
(mg•kg-1) 

Available phosphorus 
(mg•kg-1) 

Available potassium 
(mg•kg-1) 

A0 2.355 ± 0.325e 0.118 ± 0.019e 40.8 ± 4.7e 68.2 ± 7.2e 14.6 ± 1.4e 661 ± 68e 

A1 3.346 ± 0.338d 0.128 ± 0.015d 44.0 ± 4.5d 115.6 ± 12.3d 31.6 ± 3.2d 1106 ± 97d 
A2 4.193 ± 0.448c 0.179 ± 0.016c 63.2 ± 7.3c 133.4 ± 13.5c 38.2 ± 3.7c 2184 ± 302c 

A3 5.548 ± 0.659b 0.197 ± 0.021b 108.5 ± 12.1b 165.7 ± 20.1b 48.5 ± 4.5b 2744 ± 289b 

A4 6.109 ± 0.762a 0.241 ± 0.023a 121.8 ± 18.2a 231.4 ± 25.4a 68.7 ± 6.6a 3783 ± 341a 

 

Table 6: Effects of vermicompost at different proportions in media on the physicochemical properties of the soil in 2015 

 
Treatment Bulk density (g·cm-3) Specific gravity (g·cm-3) Total porosity (%) Organic matter (g·kg-1) Electrical Conductivity (μs.cm-1) pH  

A0 1.811 ± 0.201a 0.704 ± 0.072a 61.3 ± 4.7d 29.4 ± 2.5e 307 ± 28e 6.63 ± 0.75d 

A1 1.792 ± 0.164a 0.683 ± 0.070a 62.0 ± 7.2d 76.2 ± 7.8d 699 ± 70d 6.70 ± 0.71cd 

A2 1.763 ± 0.152a 0.615 ± 0.064b 65.3 ± 7.3c 110.7 ± 10.8c 680 ± 64c 6.76 ± 0.64bc 
A3 1.714 ± 0.125a 0.577 ± 0.061c 66.8 ± 6.2b 123.9 ± 12.7b 1535 ± 102b 6.83 ± 0.63ab 

A4 1.702 ± 0.163a 0.527 ± 0.049d 69.4 ± 7.0a 144.0 ± 18.6a 1598 ± 131a 6.89 ± 0.61a 

 

Table 7: Effects of vermicompost at different proportions in media on soil enzymatic activities in 2015 

 
Treatment Sucrose activity (mg•g•h-1) Urease activity (mg•g•h-1) Neutral phosphatase activity (mg•g•d-1) 

A0 0.821 ± 0.079e 3.481 ± 0.385e 0.821 ± 0.076e 
A1 1.237 ± 0.134d 6.136 ± 0.664d 2.136 ± 0.228d 

A2 1.466 ± 0.152c 7.590 ± 0.801c 2.894 ± 0.278c 
A3 1.793 ± 0.125b 8.733 ± 0.864b 4.170 ± 0.457b 

A4 2.215 ± 0.278a 9.254 ± 0.937a 4.683 ± 0.477a 
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community structure. 

In our present study, the concentrations of chlorophyll 

and carotenoids were significantly increased by 50% 

vermicompost relative to control treatment. The contents of 

leaf photosynthetic pigments are important indexes of the 

photosynthetic capacity of plants (Zou et al. 2018). 

Chlorophyll and carotenoids are the main photosynthetic 

pigments of higher plants (Singh et al. 2017). The leaf 

chlorophyll content of plants is a useful indicator of plant 

tolerance to biotic or abiotic stress (Hosseinzadeh et al. 

2018). Alamri et al. (2019) reported that lettuce infested with 

E. rostratum exhibited higher contents of Chl a, Chl b and 

Car than did control lettuce. Mg participates directly in 

chlorophyll synthesis. Compared to other organic fertilizers, 

vermicompost fertilizer contains higher levels of nutrients, 

such as N, P, K, Ca and Mg, and of micronutrients, such as 

Fe, Zn, Cu and Mn (Suthar 2009; Tognetti et al. 2013). For 

these reasons, increasing the uptake of Mg ions is associated 

with upregulated chlorophyll synthesis (Hosseinzadeh et al. 

2016). Carotenoid content is proportional to the content of 

chlorophyll that protects it (Hosseinzadeh et al. 2017). 

Accordingly, the increased carotenoid content observed 

under 50% vermicompost treatment in the present study was 

associated with increased chlorophyll contents. Gupta et al. 

(2014) showed that the addition of vermicompost to potting 

media in appropriate quantities has significant positive 

effects on the growth and flowering of marigold seedlings, 

including positive effects on plant biomass, plant height, and 

the numbers of buds and flowers. In addition, it has been 

reported that vermicompost leachate can increase some 

growth attributes, such as biomass production, plant height 

and leaf area (Bidabadi et al. 2016). In the present study, 

plant height, stem diameter, leaf area, leaf number and dry 

matter weight per plant increased by 20.6–30.3%, 3.8–9.1%, 

45.1–46.4%, 41.9–42.4% and 105.6–642.1%, respectively, 

under the 50% vermicompost treatment relative to the 

control treatment. Similarly, Patil (2010) found that total 

fresh biomass production was higher with the application of 

biofertilizer than under control treatment. Our results are also 

consistent with results of Liu et al. (2011), who used organic 

manure and inorganic fertilizer on S. rebaudiana. VITAMIN 

CL could improve the plant biomass by supplementing plant 

nutrients and producing growth hormones. 

In this study, treatment with 50% soil and 50% 

vermicompost significantly increased yield, Vitamin C 

content, free amino acid content, soluble sugar content and 

soluble protein content of cucumber fruit but significantly 

decreased the nitrate content of the fruit. Beneficial effects 

of vermicompost on fruit quality and yield have been 

demonstrated across a wide range of plants (Mahmud et al. 

2018; Trandel et al. 2018). Wang et al. (2010) reported that 

treatment with vermicompost and soil provided a ratio of 

4:7 increased the soluble sugar, soluble protein, Vitamin C, 

total phenol and total flavonoid contents of Chinese cabbage 

by 62, 18, 200, 25 and 17%, respectively, relative to the 

contents under treatment with soil alone. Kaur et al. (2018) 

reported that the use of vermicompost and its by-products to 

cultivate W. somnifera can effectively enhance the plant's 

yield and bioactive compound contents. These results are 

consistent with a recent report that fruit yield, phenols and 

vitamin C in cucumber fruit increased under vermicompost 

application. A possible cause of the observed enhancements 

of growth, yield and fruit quality in cucumber may be the 

occurrence of some biostimulants and plant growth 

regulators of microbial origin in the vermicompost. Our 

findings demonstrate that vermicompost supplied in 

moderate proportions can improve plant growth, fruit 

quality and yield in cucumber plants infected with F. 

oxysporum. 

 

Conclusion 
 

Treatment by mixing 75% soil with 25% vermicompost 

could substantially improve the fertility of rhizospheric soil, 

the physicochemical properties of cucumber plants and fruit, 

and effectively improve plant growth, fruit quality and yield 

of cucumber plants infected with Fusarium wilt, and thus 

decrease disease incidence of cucumber Fusarium wilt. 
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