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AbstractArticle Info

Importance of the work: Vermicompost is utilized as biofertilizer, especially in organic 
farming systems. It has potential for soilborne plant disease control but empirical studies are 
scarce.
Objectives: To test the effect of vermicompost from African nightcrawler in combination with 
Trichoderma asperellum isolate T13 on the mycelial growth of Athelia rolfsii in vitro and the 
incidence of sclerotium rot disease on vegetable soybean seedlings under greenhouse conditions. 
Materials & Methods: Fungal confrontation assay using either vermicompost filtrate or in 
combinations with varied spore concentrations of T. asperellum isolate T13 was conducted to 
observe antagonistic activity against the mycelial growth of A. rolfsii in vitro. Vegetable soybean 
seeds were sown in the greenhouse in soil mixed with vermicompost and pathogen inoculum 
(mycelia or sclerotia) to observe the disease incidence on the seedlings.
Results: For the in vitro bioassay, adding half the proportion of T. asperellum isolate T13 spores 
(1 × 108 spores/mL) relative to the total volume resulted in 80.4% inhibition of A. rolfsii diameter 
growth, producing the best antagonistic activity. Under greenhouse conditions, the soil amended 
with mycelial inoculum and pure vermicompost led to significantly lower disease incidence 
(19.7%) than for the pathogen-inoculated control (40.7%) and the mixture of vermicompost 
and T. asperellum isolate T13 (34.7%). However, no disease incidence was observed with soil 
amendment using vermicompost, T. asperellum isolate T13 and sclerotia.
Main finding: Vermicompost can be used as a bioagent for soilborne disease control, especially 
when combined with T. asperellum isolate T13, suggesting a strategy to prevent sclerotium 
disease incidence rather than trying to control actively growing mycelia.
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Introduction

	 Sclerotium rot disease caused by the fungus Athelia rolfsii 
(Curzi) C.C. Tu. & Kimbr. (Anamorph: Sclerotium rolfsii 
Sacc.) has been a worldwide problem in plant production, 
leading to plant death and yield losses (Guclu et al., 2020).  
A major reason for this level of impact is the wide host range  
of approximately 500 plant species, including vegetables, 
woody– and ornamental plants (Billah et al., 2017). Additionally, 
its survival strategy via a modified structure, namely sclerotia, 
provides the advantage of allowing it to remain in soil for 
several years (Paul et al., 2017) and be resistant to extreme 
environments (Xu et al., 2008).
	 Several cultural practices (Punja, 1985), biological control 
(Shrestha et al., 2020) and chemical fungicides have been 
applied to control sclerotium rot disease (Huzar-Novakowiski 
et al., 2017). Indeed, the implementation of a combination of 
various methods to control sclerotium rot disease resulted in a 
significant reduction in disease incidence (Cilliers et al., 2003; 
Dwivedi and Prasad, 2016). Thus, integrated control strategies 
could have potential in disease prevention (Ganesan et al., 
2007).
	 The global increase in demand for organic food has driven 
the growth of organic farming, especially organic plant 
production (Garg and Balodi, 2014; Nandwani and Nwosisi, 
2016). While chemical pesticides are not allowed as a part 
of such cultivation processes, plant disease is one of major 
constraints in plant productivity. Thus, biological control is one 
alternative to overcome this limitation, especially regarding 
soilborne diseases, such as sclerotium rot disease.
	 Vermicompost, derived from organic matter digested by 
earthworms, together with the decomposition of associated 
microorganisms, has been utilized as biofertilizer (Wang et al., 
2017) and also for soilborne plant disease control (Ersahin, 
2011; Basco et al., 2017). Vermicompost-amended substrates 
revealed suppressive activity to soilborne plant diseases caused 
by several fungal pathogens, such as Fusarium oxysporum, 
Phytophthora nicotianae, Pythium aphanidermatum and 
Rhizoctonia solani (Ersahin, 2011). Regarding A. rolfsii, 
the growing substrate amended with vermicompost showed 
sclerotium rot disease suppression on chickpea in a greenhouse 
study (Sahni et al., 2008; Sahni and Prasad, 2020). However, 
there have been no published reports of experimental studies 
examining the antagonistic activity of vermicompost against A. 
rolfsii in vitro, rather only for the pathogenic fungus Fusarium 
(Szczech, 1999) and Rhizoctonia solani (Ersahin et al., 2009).

	 To increase the efficacy in controlling sclerotium rot 
disease, antagonistic microbes and vermicompost were added 
to the growing media before planting or at the seedling stage 
(Ersahin, 2011). For example, substrate amended with the 
combination of vermicompost and Pseudomonas sp. (PUR46) 
produced a significantly lower percentage of mortality caused 
by A. rolfsii than the pathogen-inoculated control in chickpea 
(Sahni and Prasad, 2020). Substrate amended with the 
combination of vermicompost and T. asperellum CB–Pin–01 
showed a significant reduction in Pythium aphanidermatum 
colonization on lettuce roots under greenhouse conditions, 
compared with those having only vermicompost amendment 
(Charoenrak et al., 2019). Even though augmentation in 
controlling Rhizoctonia solani disease has been reported  
from the use of vermicompost and T. harzianum in the growing 
media (Ersahin et al., 2009), there has been no report on this 
effect on sclerotium rot disease. Since several Trichoderma 
spp., such as T. asperellum (Chamswarng and Intanoo, 2002; 
Charoenrak and Chamswarng, 2016; Pacheco et al., 2016), 
T. harzianum (Ozbay and Newman, 2004; Pacheco et al.,
2016; Kamel et al., 2020; Junsopa et al., 2021) and T. koningii
(Trutmann and Keane, 1990; Woo et al., 2014; Pacheco
et al., 2016; Kamel et al., 2020) have been examined as
effective biocontrol agents against soilborne plant pathogens,
T. asperellum could be used for soil amendment together with
vermicompost to control sclerotium rot disease.

The vegetable soybean (Glycine max (L.) Merr. ‘Chiang 
Mai 84–2’) was used as the tested plant variety as it is famous 
for its unique favor with seed fragrance (Somdee et al., 
2017). It is widely cultivated in Thailand and Southeast Asia  
(Özcan and Al Juhaimi, 2014); however, sclerotium rot  
disease became a serious problem in crop production, 
specifically at the field crop station of Khon Kaen University, 
Khon Kaen province, Thailand, where A. rolfsii infected either 
seedlings or the mature stage of vegetable soybean plants. 
Diseased plants turn yellow and wilt and plants die within 
a few days of infection. During disease development, thick, 
white mycelia grow and extend from water-soaked lesions on 
the lower stems of the plants, called crown rot. Such fungal 
mycelia spread further on the soil surface around the collar 
region of the plant. The yellowish-to-brown sclerotia can be 
found on mycelia growing on both infected plant tissues and 
the adjacent soil surface (Fig. 1A). The crown rot caused by  
A. rolfsii observed on the vegetable soybean ‘Chiang Mai 84–2’ 
was similar to on infected soybean cultivars, as previously
described by Chattopadhyay et al. (2015) and Zheng et al.
(2020).
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	 The current research aimed to test the effect of vermicompost 
from African nightcrawler (Eudrilus eugeniae Kinberg, 
1867) on the mycelial growth of A. rolfsii in vitro and the 
sclerotium rot disease incidence on this vegetable soybean 
under greenhouse conditions. Furthermore, vermicompost 
added with Trichoderma asperellum isolate T13 was used 
to test for antagonistic activity against A. rolfsii in vitro and 
sclerotium rot disease control under greenhouse conditions.

Materials and Methods

Fungal pathogen

	 Pathogen isolation and culture
	 Athelia rolfsii samples were isolated from diseased soybean 
plants [Glycine max (L.) Merr. ‘Chiang Mai 84–2’] collected 
from the agricultural fields of Khon Kaen University, Khon Kaen 
province, Thailand. Infected plant stems and roots were further 
incubated in a moist chamber at 25±2 °C and 90% hygrometry 
for 7–10 d to induce sclerotium production (Pandey et al., 
2005). Then, individual sclerotia were surface sterilized with 
5% sodium hypochlorite (NaOCl) for 1 min followed by rinsing 
2–3 times in distilled water. Then the sclerotia were placed on 
potato dextrose agar (PDA; HiMedia; Mumbai, India) medium, 
at 39.00 g/L of distilled water in a 90 mm diameter Petri dish 
and incubated at 25±2 °C for 5–7 d as described by Paparu et 
al. (2020). Mycelia grown from the sclerotia were transferred to 
new PDA medium to obtain pure culture (Fig. 1B) for further use 
in vitro and in the greenhouse experiment.

Pathogen inoculum for greenhouse experiment

	 A. rolfsii inoculum was prepared following the method 
described by Paparu et al. (2020). Fungal mycelia were grown 
on PDA and then inoculated on sterile sorghum. Mycelial 

inoculum was used as actively growing mycelia on sterile 
sorghum grains at 25±2 °C for 7 d. The sorghum grains covered 
with mycelia were well mixed daily for homogeneous growth 
of the fungus. 

Antagonistic Trichoderma fungi

	 Three selected fungi (Trichoderma asperellum isolate T13, 
T. hazianum isolate T9 and T. koningii isolate 67) were used for 
testing the antagonistic activity against A. rolfsii in vitro because 
they exhibited antagonistic activity against Rhizoctonia spp. in 
vitro in other experiments (Vongphachanh et al., 2016). All 
fungi were provided by the Mycology Laboratory, Department 
of Entomology and Plant Pathology, Faculty of Agriculture, 
Khon Kaen University, Khon Kaen province, Thailand. They 
were maintained and multiplied on PDA at 25±2 °C. For the 
laboratory experiment, Trichoderma species aged 3 d were 
used in fungal confrontation assays (Junsopa et al., 2021). 
For the greenhouse experiment, this species was multiplied 
in steamed rice according to Charoenrak and Chamswarng 
(2016), while sclerotia were collected from the culture on PDA 
(Fig. 1C) at the same radial distance from the initial mycelial 
agar plug at the center (Nájera et al., 2018).

Vermicompost

	 Vermicompost was provided by the Research Developing 
and Learning Center on Earthworms for Agriculture and 
Environment, Integrated Water Resource Management 
Research and Development Center in Northeast Thailand, 
Khon Kaen University, Thailand. It was derived from African 
nightcrawler (Eudrilus eugeniae Kinberg, 1867) fed with 
various substrates including cow manure, cassava peel, rice 
husk ash and soil and was taken after 45 d of the composting 
process (Iwai et al., 2018). All vermicompost used in the 
current study came from the same batch.

Fig. 1	 Characteristics of Athelia rolfsii: (A) sclerotium rot disease on vegetable soybean shown with sclerotia on collar region of infected plants and white 
mycelia on soil surface; (B) mycelial growth on potato dextrose agar (PDA); (C) sclerotia on mycelia grown on PDA
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Plant material

	 Seeds of Thai vegetable soybean, Glycine max ‘Chiang 
Mai 84–2’, were obtained from the Department of Agronomy, 
Faculty of Agriculture, Khon Kaen University, Thailand. This 
cultivar is commercially popular throughout Thailand and 
adjacent areas (Somdee et al., 2017).

Basic physico-chemical properties of soil, vermicompost and 
soil-vermicompost mixture

	 The soil used in the greenhouse experiment was collected 
(approximately 0–20 cm depth) from an agricultural field 
of the Faculty of Agriculture, Khon Kaen University, Khon 
Kaen province, Thailand. It was from the Yasothon soil series 
described as a bright, reddish-brown structureless sand (Soil 
Survey Division Staff, 1993). Basic physico-chemical properties 
were analyzed—pH, electrical conductivity (EC), organic carbon 
(OC), total nitrogen (N), exchangeable potassium (K), and 
available phosphorus (P) of non–amended soil and soil amended 
with 20% of vermicompost (weight per weight). The pH and 
EC were measured using pH and EC meters, respectively, after  
preparing the suspension with a ratio of 1:1 w/w and with  
a ratio of 1:5 soil (or soil amended with vermicompost)–to–
water for the pH and EC, respectively. For pure vermicompost, 
a vermicompost suspension was prepared with a ratio of 1:10 
vermicompost–to–water before the pH and EC measurement. 
The OC was estimated using the method of Walkley-Black 
(Walkley and Black, 1934). Total Kjeldahl nitrogen (TN) was 
measured using the method described by Jackson (1958), 
available P was measured according to Bray and Kurtz (1945), 
while extractable K was analyzed via ammonium acetate 
extraction and determined using the flame photometric method. 
The C:N ratio was calculated according to Allison (1965), total P 
and total K were determined based on the digestion of the samples 
with HNO3:HClO4 (2:1) and after that the total P was determined 
using the spectrophotometric molybdovanadophosphate method 
at 420 nm (Olsen and Sommers, 1982). Total K was determined 
using the flame photometric method.
 

Fungal confrontation assays

	 Experiment 1: appropriate technique for testing antagonistic 
activity of vermicompost
	 The vermicompost tested in this experiment was in the 
form of filtrate using Whatman® qualitative filter paper No.1 
as described by Gopalakrishnan et al. (2011). A sample (10 
g) of vermicompost was separately suspended in 90 mL of 
physiological saline (0.85% NaCl) in a flask and placed on 
a shaker (at 100 revolutions per minute) at 25±2 °C for 1 h. 
Five techniques for confrontation assay (Table 1) were used 
to observe the antagonistic activity of vermicompost against  
A. rolfsii. Each technique operated on three biological replicates 
with respective control of which single fungal pathogen was 
placed on PDA. A total of 100 µL vermicompost filtrate was 
applied on each PDA plate in all techniques, based on Ersahin 
et al. (2009). For the dual culture technique except for T5  
(Table 1), fungal pathogen mycelia prepared as agar plugs 
(5 mm in diameter) and vermicompost filtrate were placed 
equidistantly on the border on opposite sides of a 9 mm diameter 
Petri dish. The swab plate technique involved spreading 100 µL 
of vermicompost filtrate on PDA in each Petri dish followed by 
placing an agar plug of fungal pathogen mycelia at the center 
of the Petri dish, according to Szczech (1999). Then, the plates 
were incubated at 25±2 °C and daily observed for radial growth 
(for T1–T4) or diameter growth (for T5) of the fungal pathogen. 
The percentage inhibition of diameter growth (PIDG) was 
calculated following Ebadzadsahrai et al. (2020) as PIDG =  
[(D1 - D2)/ D1] × 100, where D1 is the diameter growth of  
A. rolfsii on the control plate and D2 is the diameter growth of  
A. rolfsii on the plate spread with vermicompost filtrate.

	 Experiment 2: selection of Trichoderma species with best 
antagonistic activity
	 Dual culture assay was conducted as described above in 
the confrontation assays using three Trichoderma species  
(T. asperellum isolate T13, T. hazianum isolate T9, and  
T. koningii isolate 67). The plates were incubated at 25±2 °C  
and then the radial growth of the pathogen was observed 

Table 1	 Five confrontation assay techniques used for testing antagonistic activity of vermicompost filtrate against mycelial growth of Athelia rolfsii
Confrontation technique Type of vermicompost filtrate (100 µL per plate) Reference
T1 = dual culture Paper disc diffusion Cheng et al. (2012)
T2 = dual culture Well diffusion assay Ersahin et al. (2009)
T3 = dual culture Drop diffusion Ersahin et al. (2009)
T4 = dual culture Half plate spread Kamal et al. (2015)
T5 = swab plate Whole plate spread Szczech (1999)
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daily and measured for antagonistic activity. The percentage 
inhibition of radial growth (PIRG) was calculated following 
Muniroh et al. (2019) as PIRG = [(R1 - R2)/ R1] × 100, where 
R1 is the radial growth of A. rolfsii on the control plate and 
R2 is the radial growth of A. rolfsii on the dual culture plate.  
The assay used three biological replicates.

	 Experiment 3: confrontation assay for testing antagonistic 
activity of mixtures 
	 The mixtures used in this experiment were prepared 
by mixing vermicompost filtrate with Trichoderma spore 
suspension, applying two proportions by volume of 75:25 and 
50:50, respectively. In each proportion, the Trichoderma spore 
suspension varied in concentrations of 1×103

 spores/mL, 1×105 
spores/mL and 1×108 spores/mL. To prepare the mixtures, 
the selected Trichoderma from experiment 2 was grown on 
PDA for 7 d at 25±2 °C. Then, fungal spores were prepared 
in physiological saline solution (0.85% of NaCl) to obtain a 
spore suspension (Singh et al., 2016) that was adjusted to the 
desired concentration using a hemocytometer (Neubauer-ruled 
Bright Line counting chambers; Gizmo Supply Co.; Germany), 
according to Wolk et al. (2000). An appropriate confrontation 
assay that was applied in the swab plate technique mentioned 
in experiment 1 was used in this section.

	 Experiment 4: dual culture assay between A. rolfsii and 
isolated antagonists from vermicompost
	 Microorganisms producing an inhibition zone against the 
mycelial growth of A. rolfsii from experiment 3 were isolated 
and multiplied on synthetic media. Fungi were cultured on 
PDA at 25±2 °C for 7 d, whereas the bacteria were cultured on 
nutrient agar (NA) at 25 ± 2 °C for 48 h. Mycelial plug of A. 
rolfsii was prepared as described in experiment 1. Dual culture 
assay was conducted on PDA followed by the calculation of 
the PIRG (Muniroh et al., 2019) as shown in the experiment 
2. Mycelial plug was used for antagonistic fungi while streak 
method was used for establishing the bacterial colony in dual 
culture assay as previously described by Archana et al. (2020) 
and Rivera–Méndez et al. (2020). The assay was conducted on 
three biological replicates.

Greenhouse experiment

	 Inoculation method
	 Inoculation of A. rolfsii on vegetable soybean was 
simultaneously conducted when the vegetable soybean seed 
was sown in each plastic pot (4 cm height and 5 cm diameter) 

containing 20 g of soil (Yasothon soil series) together with either 
a sorghum grain fully covered with mycelia or a single sclerotium 
of A. rolfsii in the respective treatment (Mahadevakumar et al., 
2018; Paparu et al., 2020). Then, each pot was watered until 
reaching field capacity to trigger germination of sclerotia and 
growth of fungal mycelia. All pots were kept at 25±2 °C average 
temperature and 90% relative humidity (Sun et al., 2020), with  
a 12 h-12 h light-dark photoperiod via supplemental light 
(1,412.8 cd). Disease incidence was observed and recorded 
daily at 4:00 p.m. until 21 d after germination. Additionally, 
inoculated plants were grown until the plants died to observe 
additional disease incidence. Pathogen-inoculated controls of 
both inoculum types were used. There were four treatments:  
1) seed + mycelia of A. rolfsii + vermicompost; 2) seed + 
mycelia of A. rolfsii + vermicompost + T. asperellum isolate T13;  
3) seed + sclerotia of A. rolfsii + vermicompost; and  
4) seed + sclerotia of A. rolfsii + vermicompost + T. asperellum 
isolate T13. The water-inoculated control was included for both 
inoculations of both mycelial and sclerotia. For the treatments 
inoculated with T. asperellum isolate T13, the pathogen inoculum 
was simultaneously inoculated with two grains of rice covered 
with T. asperellum isolate T13. The experimental design was 
arranged in a completely randomized design with five replicates, 
each containing seven experimental units.

	 Disease incidence
	 Disease incidence (DI) was calculated following Tarafdar et al. 
(2018), where DI (%) = (the number of plants with sclerotium rot 
disease in the replicate / the number of germinating seeds in the 
replicate) × 100. The percentage DI measured from all replicates 
was averaged and then compared among treatments and controls.

Data analysis

	 Data on PIDG, PIRG and DI were subjected to analysis 
of variance and subsequent pairwise comparisons were done 
using the least significant difference (LSD) at the 95% level 
of significance using the package ‘agricolae’ version 1.3-5  
(de Mendiburu, 2021) and RStudio Desktop 1.4.1717 and the  
R software package (R Core Team, 2021).

Results and Discussion

Appropriate method to test antagonistic activity of vermicompost

	 Of the five tested fungal confrontation assay procedures, 



882 A. Nonthapa et al. / Agr. Nat. Resour. 56 (2022) 877–888

all methods produced antagonistic activity against mycelial 
growth of A. rolfsii (Fig. 2). The observed diameter of A. rolfsii 
colonies grown on PDA spread thoroughly with vermicompost 
filtrate, as described by Szczech (1999), showed the highest 
antagonistic activity (53.3%) (Fig. 2). Thus, the whole plate 
spread method was used to confirm the results and used for 
testing the effect of the mixture of vermicompost and spore 
suspension of T. asperellum isolate T13 on A. rolfsii mycelial 
growth.

Selection of Trichoderma spp. producing best antagonistic 
activity

	 Among the three examined species, T. asperellum  
isolate T13 demonstrated PIRG at 40.7% that was significantly 
higher than for T. harzianum isolate T9 (31.2%) and T. 
koningii isolate 67 (24.9%), respectively (Fig. 3). Surprisingly,  
the antagonistic activities of all Trichoderma spp. were 
significantly greater than for the chemical fungicide 
(azoxystrobin + difenoconazole) for these experimental 
conditions (Fig. 3). Therefore, T. asperellum isolate T13 
was selected to mix in the vermicompost filtrate for testing 
the antagonistic activity against mycelial growth in vitro 
and sclerotium rot disease suppression under greenhouse 
conditions. Previous empirical studies also indicated the in 
vitro antagonistic activity of T. asperellum against A. rolfsii 
(Pacheco et al., 2016) and Sclerotium cepivorum (Rivera-
Méndez et al., 2020).

Antagonistic activity of vermicompost-T. asperellum isolate 
T13 mixture against A. rolfsii

	 The PIDGs observed from the confrontation assays on 
media spread with all types of mixture of vermicompost 
filtrate and T. asperellum isolate T13 spore suspension were 
significantly greater than for pure vermicompost (47.6%), as 
shown in Fig. 4. Of all the mixtures, adding a half proportion of 
1×108 spores/mL spore suspension of T. asperellum isolate T13 
relative to the total volume produced 80.4% PIDG, implying 
the best antagonistic activity (Fig. 4). Hence, adding spores of 
antagonistic fungi to the mixtures either with a higher spore 
concentration or a larger proportion tended to increase the 
antagonistic activity against A. rolfsii.
	 Of the 35 sown seeds in each treatment, the total of 
germinated seeds in each treatment was greater than 50%  
(Fig. 5). Within each treatment, there were more than three 
germinated seeds in every replicate (data not shown). After 
inoculation, the water-inoculated plants either with mycelia or 
sclerotia did not show any disease symptoms (% DI = 0). For the 
pathogen-inoculated control, sclerotium rot disease incidence in 
the treatment inoculated with mycelia was significantly greater 
than for sclerotium inoculation (40.7% and 10.9%, respectively), 
as shown in Fig. 5. This suggested that active mycelia of A. rolfsii 
caused a larger percentage of disease incidence, as reported by 
Mishra et al. (2021). Sclerotia, dormant structures of the fungal 
pathogen, appeared to delay the infection process due to late 
germination in unusual growth conditions (Xu et al., 2008).

Fig. 2	 Mean percentage inhibition of radial growth (PIRG) and diameter 
growth (PIDG) measured from tested methods of confrontation assay 
between mycelial plug of Athelia rolfsii and vermicompost filtrate at day 
3 after culture (error bars = ± SD), different lowercase letters above bars 
indicate significantly (p < 0.05) different; dual culture assay was applied in 
T1–T4 while mycelial growth on media spread with vermicompost filtrate 
was used in T5*. Vermicompost filtrate used in T1 = paper disc diffusion, 
T2 = well diffusion assay, T3 = drop diffusion, T4 = half plate spread,  
T5 = whole plate spread

Fig. 3	 Mean percentage inhibition of radial growth (PIRG) measured 
from dual culture assay between mycelial plug of Athelia rolfsii and 
individual Trichoderma species compared with chemical fungicide at 
day 5 after culture (error bars = ± SD), where different lowercase letters 
above bars indicate significantly (p < 0.05) different; TA = T. asperellum 
isolate T13, TH = T. harzianum isolate T9, TK = T. koningii isolate 67 and  
Ch = azoxystrobin + difenoconazole
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Fig. 5	 Mean percentage sclerotium rot disease incidence observed on 
soybean seedlings at day 21 after inoculation with different pathogen 
inoculum types, where n = total number of germinated seeds of each 
treatment (error bars = ± SD); Different lowercase letters above bars 
indicate significantly (p < 0.05) different; C = water-inoculated control, 
PC = pathogen-inoculated control, AF = vermicompost, TA = Trichoderma 
asperellum isolate T13 and AF + TA = simultaneous inoculation of 
pathogen inoculum and T. asperellum isolate T13

Fig. 4	 Mean percentage inhibition of diameter growth (PIDG) observed 
from fungal confrontation assay via mycelial growth on media spread 
with various mixtures of vermicompost filtrate and spore suspension 
of Trichoderma asperellum isolate T13 at day 3 after culture (error 
bars = ± SD), where different lowercase letters above bars indicate 
significantly (p < 0.05) different; 75:25 and 50:50 = proportion between 
vermicompost volume and spore suspension volume in the mixture; 
T1 = pure vermicompost, T2, T4, T6 = mixture of 75% by volume of 
vermicompost + 25% of T. asperellum isolate T13 spore suspension 
volume with varied spore concentrations for each treatment (T2 = 1×103 

spores/mL, T4 = 1×105 spores/mL, and T6 = 1×108 spores/mL); T3, T5, 
T7 = mixtures of 50% by volume of vermicompost + 50% of T. asperellum 
isolate T13 spore suspension volume (T3 = 1×103 spores/mL, T5 = 1×105 
spores/mL and T7 = 1×108 spores/mL; AF = vermicompost

	 For mycelial inoculation, the pathogen-inoculated control 
had 40.7% DI that was higher than the treatment with the 
combination of vermicompost and T. asperellum isolate 
T13. Interestingly, adding pure vermicompost produced the 
lowest DI (19.7%), as shown in Fig. 4, contrasting to the 
result observed from the in vitro confrontation assays (Fig. 3). 
Specific environmental conditions either on synthetic culture 
media or in the soil might have affected the growth of both the 
fungal pathogen and the antagonistic organism (Punja, 1985). 
Therefore, varied antagonistic activity levels in vitro and 
percent disease incidences in the greenhouse were observed in 
the current study.
	 For sclerotium inoculation, the DI percentages were not 
significantly different among inoculated treatments (Fig. 5). 
However, plants treated with the combination of vermicompost 
and T. asperellum had no sclerotium rot disease symptoms 
(0% DI; Fig. 5). This result suggested effective biological 
control of soilborne pathogens, especially A. rolfsii should be 
at the initial stage of pathogen growth, as reported by Qadri 
et al. (2020). In contrast, controlling A. rolfsii in the mycelial 
stage was partially successful when using only vermicompost  
(Fig. 4), which agreed with the empirical studies of Szczech 
(1999) and Ersahin et al. (2009). 

Effect of vermicompost amendment on physico-chemical 
properties and disease incidence

	 The basic physico-chemical properties of non-amended 
soil, pure vermicompost and soil amended with 20% of 
vermicompost by volume are shown in Table 2. The soil 
amended with vermicompost showed significant differences 
in the physico-chemical properties from the non-amended soil 
(Table 2). The soil amended with vermicompost had lower 
values for pH and EC but higher levels of total N, available 
P and exchangeable K than the non-amended soil (Table 2). 
These results indicated that adding vermicompost to the soil 
led to short-term changes in some physico-chemical properties, 
as was also reported by Zhao et al. (2017). For example, the 
addition of vermicompost to the soil resulted in a change in 
the pH (Vo and Wang, 2014; Mahmud et al., 2018) and the OM 
(Tejada and Benítez, 2011; Wang et al., 2017).
	 In addition to fungal inoculum in the soil, the physico-
chemical properties of the soil significantly correlated with 
soilborne disease incidence (Huber et al., 2012). For example, 
sclerotium disease incidence was positively correlated with an 
increasing level of N and OM but negatively correlated with 
the pH and K contents (Garain et al., 2020). Furthermore, the 
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decrease in pH with the increase in K revealed effective control 
of fusarium wilt (Wang et al., 2021). In the current study, the 
soil amended with vermicompost produced a decrease in the 
pH, whereas the exchangeable K increased (Table 2). This 
might have resulted in the significantly lower percentage of 
sclerotium rot disease incidence than in the non-amended soil 
(Fig. 5). The changes in the physico-chemical properties of the 
soil after amendment with vermicompost, such as the decrease 
in pH and the increase in K, could adversely affect soilborne 
pathogen growth and thus have the advantage of soilborne 
disease suppression (Sahni et al., 2008; Zhao et al., 2017).

Antagonistic activity of microbes isolated from vermicompost 
against A. rolfsii

	 Vermicompost added to growth media for potted plants 
showed effective soilborne disease suppression (Pathma and 
Sakthivel, 2012). For example, disease incidence in chickpea 
grown in substrate mixed with vermicompost was lower than in 
pure substrate (Sahni and Prasad, 2020), as well as in the current 
study for sclerotium rot disease on vegetable soybean (Fig. 5). 
The competition-based mechanisms among microorganisms for 
resources, including direct- and interference competition, have 
been used to explain how vermicompost encouraged soilborne 
disease suppression (Pathma and Sakthivel, 2012) because 
vermicompost amendment leads to an increase in OM in the 
substrate resulting in some microorganisms, from both the 
microflora of the substrate and the added vermicompost, readily 
multiplying and rapidly exploiting the organic substances at the 
expense of the soilborne plant pathogen. This direct resource 
competition provides unfavorable conditions for the growth of 
the infective stage of the pathogen (Zhao et al., 2019; Wang et 
al., 2021) and prevents germination (Amooaghaie and Korrani, 

2018). Consequently, disease incidence is decreased in such 
circumstances compared to the pure substrate condition, as 
reported by Wang et al. (2021).
	 Furthermore, some microbial species from vermicompost 
can indirectly compete for resources via interference competition 
by secreting secondary metabolites to suppress the growth of 
soil borne pathogens (Gopalakrishnan et al., 2011; Jayakumar 
and Natarajan, 2013); thus, soilborne disease incidence 
decreases. In the current study, two antagonistic bacteria and 
one antagonistic fungus isolated from vermicompost showed 
the inhibition activity in vitro against A. rolfsii (Table 3). They 
produced distinct inhibition zones, implying an inhibitory 
mechanism for disease suppression.
	 The three examined Trichoderma spp. (T. harzianum isolate 
T9, T. koningii isolate 67 and T. asperellum isolate T13) had 
higher antagonistic activity against the mycelial growth of  
A. rolfsii in vitro than did the chemical fungicide (azoxystrobin 
+ difenoconazole), as shown in Fig. 3. The T. asperellum 
isolate T13 had the best in vitro antagonistic activity among the 
three Trichoderma species (Fig. 3). The vermicompost filtrate 
clearly had antagonistic activity against the mycelial growth of  

Table 2	 Basic physico-chemical properties of soil, soil amended with vermicompost and vermicompost (mean ± SD)
Parameter Soil Vermicompost Soil + Vermicompost
pH 6.90±0.01 6.61±0.01 6.63±0.01
EC (dS/m) 0.080±0.00 4.05±0.02 0.64±0.03
Total N (g/kg) 0.42±0.00 13.29±0.00 0.70±0.00
Total P(g/kg) - 4.70±0.14 -
Total K (g/kg) - 4.10±0.01 -
Available P (mg/kg) 312.50±0.00 - 512.50±0.00
Exchangeable K (mg/kg) 308.96±3.22 - 543.90±17.32
OC (%) 0.54±0.00 8.56 ±0.09 0.56±0.00
C/N 12.85±1.52 12.33±0.49 8.10±0.75

AF = vermicompost from African nightcrawler; EC = electrical conductivity; OC = organic carbon; C = carbon; N= nitrogen; K = exchangeable 
potassium; P= available phosphorus. Exchangeable potassium and available phosphorus were measured for non-amended soil and soil amended with 
vermicompost, in contrast to total potassium and total phosphorus for pure vermicompost. 

Table 3	 Percentage inhibition (mean ± SD) of radial growth (PIRG) 
measured from dual culture assay between mycelial plug of Athelia rolfsii 
and three antagonistic microbes isolated from vermicompost filtrate at  
day 5 after culture on potato dextrose agar 

Antagonistic microbe PIRG (%)
Bacteria
	 Bacillus sp. isolate B1 23.0±1.3b

	 Bacillus sp. isolate B2 51.5±5.8a

Fungus
	 Trichoderma sp. isolate V1 55.0±3.9a

Mean values superscripted with different lowercase letters are significantly 
(p < 0.05) different. 
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A. rolfsii in vitro, with augmented efficacy when combined with 
spores of T. asperellum isolate T13 (Fig. 4). While this indicated 
the antagonistic activity of the vermicompost against A. rolfsii 
in vitro, the sole amendment of vermicompost to the growing 
media led to a lower incidence of sclerotium rot disease caused 
by mycelial inoculation on vegetable soybean than either the 
pathogen-inoculated control or vermicompost combined with 
T. asperellum isolate T13 under greenhouse conditions (Fig. 5). 
It certainly appeared that sole vermicompost could be utilized 
for controlling sclerotium rot disease on vegetable soybean 
seedlings. This was contradictory to the results of previous 
experiments which indicated that soil amended with the 
combination of vermicompost and T. asperellum CB–Pin–01 
had greater suppression of P. aphanidermatum colonization on 
lettuce seedling roots than vermicompost alone (Charoenrak 
et al., 2019), as well as the amendment of combination of 
vermicompost and Pseudomonas syringae (PUR46) that 
reduced chickpea seedling mortality caused by A. rolfsii (Sahni 
et al., 2008). However, the combination of vermicompost 
and T. asperellum isolate T13 amended to the soil completely 
suppressed sclerotium rot disease following the inoculation 
with sclerotia of A. rolfsii (Fig. 5). This suggested that the 
combined vermicompost and T. asperellum isolate T13 should 
be used for sclerotium rot disease prevention rather than for the 
control of A. rolfsii mycelial colonization.
	 The results of the current study indicated that sole 
vermicompost and its combination with T. asperellum 
isolate T13 had the potential to be used as a bioagent to 
control sclerotium rot disease, especially on potted plants. 
The effective control of this disease would prevent disease 
incidence by amending the soil with combined vermicompost 
with T. asperellum isolate T13 in the growing substrate 
before seed sowing. The protocol of vermicompost and its 
combination with T. asperellum isolate T13 application in this 
research would alternatively provide a means of controlling 
sclerotium rot disease on various plants. It would be necessary 
to further investigate the mechanisms of sclerotium disease 
suppression via either sole vermicompost or the combination 
of vermicompost and T. asperellum isolate T13. Intensive 
analysis of the microbial community in the vermicompost 
and identification of isolated antagonistic microbes should 
be conducted to identify antagonistic microbial species and 
their antagonistic activities against A. rolfsii. In addition, the 
antagonistic activity of additional species of Trichoderma 
against A. rolfsii should be examined and compared with the 
current results. The antagonistic activity of vermicompost 
should be examined against various soilborne pathogens.
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