
REVIEW ARTICLE

Sustainable management of diseases and pests in crops
by vermicompost and vermicompost tea. A review

Ali Mohd Yatoo1,2
& Md. Niamat Ali2 & Zahoor Ahmad Baba3 & Birjees Hassan1

Accepted: 19 November 2020
# INRAE and Springer-Verlag France SAS, part of Springer Nature 2021

Abstract
The intensive use of inorganic fertilizers and pesticides in the agricultural field has globally destroyed soil fertility, killed
beneficial microorganisms, and also decreased natural resistance in crops, thereby making them more vulnerable to diseases
besides affecting human health and the environment. To overcome these problems, it is very important to shift our attention
towards eco-friendly alternatives like vermicompost and vermicompost tea which not only can increase crop growth and yield,
suppress diseases and pests sustainably but can also protect human health and the environment. Vermicompost with its rich
nutrient content, plant growth promoters like auxins, gibberellins, cytokinins, and beneficial microbes not only improves the
growth and yield of crops but also increases the diversity and activity of antagonistic microbes and nematodes, which helps to
suppress pests and diseases caused by soil-borne phytopathogens. Vermicompost tea also has a tremendous potential to protect
plants from diseases and its application to plants can coat leaf surfaces and reduce available sites for pathogen infection or
increases microbial diversity that can kill harmful pathogens. Here, we review recent scientific achievements towards the
management of crop diseases and pests by these organic amendments and the major points are the following: (1) production
of vermicompost and vermicompost tea, (2) management of crop pests and diseases by vermicompost and vermicompost tea, and
(3) the possible mechanisms and some important factors involved in the suppression of diseases and pests. Finally, we conclude
that by using these eco-friendly organic amendments as a replacement to inorganic pesticides and fungicides, diseases and pests
can be managed successfully without affecting human health and the environment and chemical-free food can be provided to
humankind in the future.
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1 Introduction

The population of the world is growing at a fast speed, espe-
cially in developing countries. In order to meet the load of an
ever-increasing human population, worldwide agricultural
production is required to get doubled by 2050; however, pres-
ent estimates are less than what is required (Ray et al. 2013).
The production of crops is decreased by 36% worldwide by
plant diseases, weeds, and insects, and diseases alone have
been reported to decrease crop yield by 14 percent (Agrios
2005). On the other hand, the application of chemicals against
such diseases mostly gives good results. However, the misuse
of these inorganic substances has been an issue of public con-
cern as they have destroyed the natural fertility of soil, killed
beneficial soil organisms, reduced the natural resistance abil-
ity in crops, and also led to environmental pollution (Adhikary
2012; Keswani et al. 2014; Bisen et al. 2015). Several authors
have also reported that certain pesticides, even at their recom-
mended doses, are harmful to other beneficial species (Abida

et al. 2000; Nasreen et al. 2003), and when sprayed, some part
may remain in the agricultural land while some may enter the
surrounding water, air, and soil (Malone et al. 2004; Lefrancq
et al. 2013).Therefore, to overcome these problems, it is im-
perative to apply biological control like vermicompost and
vermicompost tea as a safe and efficient alternative against
such diseases, which have been considered important in the
last few years for the control of many soil-borne phytopatho-
gens (Abada and Ahmed 2014; Abada and Hassan 2017;
Ragab Mona et al. 2015; Devi and Das 2016). In organic
farming, they play a very vital role in increasing the fertility
of soil, nourishment of crops and fighting against diseases
(Fig. 1). The application of compost and vermicompost as soil
fertilizers helps in preserving, restoring soil fertility (Kumar
et al. 2013; Passarini et al. 2014) as well as enhancing soil
biodiversity by substantially improving microbial biomass
(Hernandez et al. 2014). Their application also plays a signif-
icant role towards sustainability in the agriculture production
(De corato 2020). The occurrence of a broad variety of antag-
onistic microbes in vermicast ensures the efficient bio-
control of soil borne phyto-pathogenic fungi (Singh
et al. 2008; Pathma and Sakthivel 2012). A number of
studies have reported that due to the presence of acti-
nomycetes and antibiotics, the application of vermicompost
repels crop pests, suppresses infection caused by insects, and
also induces biological resistance in plants against diseases
and pests (Munroe 2007).While other workers have found that
nutrients present in vermicompost are available in plant acces-
sible forms like phosphates, nitrates, soluble calcium, and po-
tassium (Jangra et al. 2019) besides containing plant growth
regulators as well as beneficial microorganisms especially
bacteria, fungi, and actinomycetes which makes it more ap-
propriate and suitable for the overall growth and production of
plant (Joshi et al. 2015)

In addition to solid form, the liquid solution of
vermicompost, i.e., vermicompost tea, has also been extensively
used (Zaller 2006; Edwards et al. 2009) for the management of
plant diseases and pests since the last two decades (Simsek-
Ersahin et al. 2009).Vermicompost tea, known as organic bio-
fertilizer, contains microbes, nutrients, and plant growth pro-
moters, and its application has shown an improvement in seed
germination, growth and yield enhancement, and plant disease
suppression (Khattiyaphutthimet et al. 2020; Arancon et al.
2020). Both solid and liquid forms of vermicompost have very
high potential for the production and protection of crops. It is
believed that nutrients and microbes get transferred from
vermicast into liquid solution, commonly known as
vermicompost tea, rendering it more applicable (Ingham 2005;
Pant et al. 2009). Vermicompost teas also have significant po-
tential for pest control because of the presence of phenolic sub-
stances that makes the plant tissues unpalatable (Pathma and
Sakthivel 2012). Commercially as an organic fertilizer, compost
tea is applied for the growth and yield of vegetables as well as to
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suppress several diseases as substitutive control (Martin and
Brathwaite 2012; Kim et al. 2015). Thus, these organic solu-
tions are considered to be potent alternatives to chemical pesti-
cides and fungicides and should be applied more and more so
that diseases, as well as food security and safety, can be ensured

2 Vermicompost and its production

Vermicompost is derived from organic wastes with the help of
earthworms (Edwards and Arancon 2004a; Blouin et al. 2019)
having high water retaining potential, microbial action, and
nutrient concentration (Edwards 2004; Pandya et al. 2014;
Soobhany et al. 2017a). In recent years, vermicompost has
received increased attention due to its remarkable physico-
chemical and biological features (Huang et al. 2014).
Physically, vermicompost-amended soils have better aeration,
porosity, structure (Zhu et al. 2017), and chemical parameters
like pH, conductivity, organic matter and nutrient status en-
hanced considerably and led to improved crop growth and
yield due to vermicompost application (Lim et al. 2015).
Vermicompost is considered a long-term source of both
micro- and macro-nutrients which are assimilated by crops
very easily Atiyeh et al. 2000a). In addition to these, there is
also presence of nitrogen fixing and phosphorus-solubilizing
bacteria (Yatoo et al. 2020), substances like gibberellins,
auxins, cytokinins, vitamins, humic acids, and defensive en-
zymes (Ravindran et al . 2016; Amooaghaie and
Golmohammadi 2017) in vermicast which encourage the
overall growth, development, and productivity of crops (Fig.
2) (Atiyeh et al. 2002a; Olle 2016; Adiloğlu et al. 2018).
Furthermore, for the fertility improvement, nutrient pool en-
hancement, and water conservation in soil, vermicompost ap-
plication has been observed to be an efficient way (Makode
2015). A broad range of indirect effects has also been shown
by vermicompost on growth of plants such as control or

suppression of pests, parasitic nematodes, and diseases
(Singh et al. 2008; Basco et al. 2017). At present,
vermicompost is well-known for its ability to produce a good
yield of crops and has been extensively utilized for the culti-
vation of maize (Kmet’ová and Kováčik 2014), wheat
(Yousefi and Sadeghi 2014), peppermint (Ayyobi et al.
2014), tomatoes (Zucco et al. 2015), capsicum (Rekha et al.
2018), and garlic (Gichaba et al. 2020). The vermicompost
application provided similar results as that of chemical fertil-
izers (Singh et al. 2008; Ghasem et al. 2014), whereas other
authors have reported that vermicompost outperformed chem-
ical fertilizers in terms of yield enhancement and pest and

Fig. 1 Vermicompost improves
growth and reduces disease in
crops. The right side pot shows
higher growth and no disease
symptoms in the tomato plant
which was due to the addition of
vermicompost, while the left side
pot containing soil only (no
vermicompost) shows reduced
growth and disease symptoms

Enriches 
soil with 

beneficial 
microbes 

and 
hormones

Enhances 
overall 

growth and 
yield of 
crops

Release 
nutrients 
slowly to 
the plants

Protect 
plants from 

diseases 
and pests

Vermicompost

Fig. 2 The addition of vermicompost to crops enriches the soil with
beneficial plant growth hormones, essential nutrients, and beneficial
microbes that suppress the diseases and pests and enhance the overall
growth and productivity of crops
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disease management (Mahmud et al. 2018; Ganeshnauth et al.
2018) therefore making vermicompost as a good substitute to
replace inorganic fertilizers (Yatoo et al. 2020). A cost analy-
sis of vermicompost and chemical fertilizer was carried out
and it was observed that overall costs (fertilizer and labor)
were lower in vermicompost grown plants relative to
chemical-grown plants (Mahmud et al. 2018).

3 Vermicompost tea and its production

Vermicompost tea is the liquid solution of vermicompost and
it is derived by mixing vermicast with water and fermenting it
for a particular period of time (Edwards et al. 2007; NOSB
2004). It is categorized into two types: aerated and non-
aerated compost tea. During the process of steeping compost
in water, nutrients and microorganisms get extracted. The
presence of microorganisms converts insoluble nutrients into
soluble forms and these available nutrients in turn promote
vast diversity of organisms in vermicompost tea during its
brewing process. Both methods of producing vermicompost
tea (aerated and non-aerated) involve brewing matured com-
post in water for a particular period of time and need filtration
before application to plants. Irrespective of the brewing meth-
od used, de-chlorination of water is very important in order to
enhance the growth and multiplication of microbes, as growth
and propagation can be inhibited by the presence of chlorine
and chloramines. This can be simply achieved by keeping tap
water to stand overnight in the brewing container (Allen 1994)
or by aerating it for 20 to 120 min (Allen 1994; Martin et al.
2012). Aerated tea is made by providing aeration to well-
matured compost suspending in water for about 12 to 24 h.
Besides active aeration and compost source, the final bio-
chemical characteristic of vermicompost tea often depends
upon number of factors and is often supplemented with nutri-
ents, microbial inoculants, and oxygen to enhance its biolog-
ical activity (Ingham 2005; Naidu et al. 2010), while as non-
aerated tea is made by suspending compost or a bag of com-
post for 14 days in a bucket of water so that nutrients and
anaerobic microorganisms are extracted which is then used
to enhance growth and strength in crops (Naidu et al. 2010).
The mode of action by compost tea for disease inhibition is
not well-known (Scheuerell 2002). However, one theory is
that the physico-chemical properties of nutrients and humic
substances present in compost tea may improve nutritional
content of plants, induce systematic resistance against the
pathogen and /or be directly toxic to the plant pathogen
(Kone’ et al. 2010). Another theory is that the compost teas
on the surface of leaves favor the growth of beneficial mi-
crobes, thereby acting as a biocontrol agent of pathogens
(Dianez et al. 2007).

Both forms of vermicompost (vermicompost and
vermicompost tea) have an enormous potential for the

production and protection of crops. However, they are not as
popular as inorganic fertilizers and pesticides because they are
emerging areas developed recently after extensive analysis of
compost and compost tea; farmers are less aware about the
beneficial effects of these organic amendments, and they are
not easily available in the market, etc. Therefore, in order to
make them more popular among the farmers, their production
needs to be increased, which can be achieved by conducting
workshops on these organic amendments, providing the re-
quired knowledge to farmers, taking initiatives by the govern-
ments to convert organic portions of municipal waste into
these value-added products, engaging unemployed youth (es-
pecially rural) to use vermitechnology to produce more and
more vermicompost and in this way both their economy can
be improved and sustainable agriculture can be promoted.

4 Superiority of vermicompost over compost

The use of organic fertilizers, like compost and vermicompost,
is an effective way to enhance and preserve the soil organic
matter, remediate depleted soil, and provide the beneficial
nutrients that are essential for the plants (Mylavarapu and
Zinati 2009; Amiri et al. 2017). Compost or vermicompost
produced from various organic wastes is an essential agricul-
tural supplement because of their beneficial effects on diverse
properties of soil (Zandvakili et al. 2019). These organic
amendments are reported to enhance the growth of plants by
providing essential nutrients, improving beneficial microor-
ganisms, and managing harmful pests and diseases (Stewart-
Wade 2020), and may have a long-term effect on agro-
ecosystem productivity and sustainability (Mas-Carrió et al.
2018; Domínguez et al. 2019). Both composts and
vermicomposts are used for the growth and development of
crops; however, due to some negative aspects of compost such
as higher electrical conductivity, existence of more pathogens,
low nutrient concentrations, and higher phytotoxicity (García-
Gómez et al. 2002; Bloem et al. 2017; Joshi et al. 2020),
vermicompost is preferred for plant growth by most of the
consumers. As an organic fertilizer and a bio-control agent,
vermicompost has been shown to be more effective with re-
spect to its counterpart, compost (Edwards and Arancon
2004b). Ameta-analysis has shown that adding vermicompost
to soil on an average enhances commercial crop production by
26%, overall biomass by 13%, root and shoot biomass by 57
and 78%, respectively (Blouin et al. 2019).Vermicompost can
enhance growth and yield of any agricultural crop, including
horticultural crops like tomato (Ravindran et al. 2019; Aslam
et al. 2020), Brinjal (Samadhiya et al. 2014), pepper (Arancon
et al. 2005), Green bean (Soobhany et al. 2017a), garlic
(Argüello et al. 2006), Ladies finger (Hussain et al. 2017),
aromatic herbs (Islam et al. 2016a; El-Haddad et al. 2020)
medicinal plants (Singh and Mallick 2020), cereals like rice
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(Bhattacharjee et al. 2001), Wheat (Erdal and Ekinci 2020),
Maize (Doan et al. 2015), fruit crops like banana (Cabanas-
Echevarría et al. 2005) papaya (Acevedo and Pire 2004), pine-
apple (Mahmud et al. 2018), and ornamental plants (Atiyeh
et al. 2002b; Belda et al. 2013). Likewise, vermicompost tea
can be used to promote the growth and development of crops
like tomato (Tejada et al. 2008; Aslam et al. 2020), bell pepper
(dos Santos et al. 2020),Maize (Aslam and Ahmad 2020), and
strawberries (Singh et al. 2010). However, vermicompost
products are mostly used in growing horticultural crops. As
vermicompost can be applied to any agricultural crop, the
same can also be produced from any type of organic waste
like municipal waste (Soobhany et al. 2017b), tannery waste
(Ravindran et al. 2019), agricultural waste (Kamalraj
et al. 2017), horticultural waste (Mendoza-Hernández
et al. 2014), animal manure (Szczech and Smolinska
2001), poultry waste (Joshi et al. 2020), and aquatic
waste (Hussain et al. 2017). However, it has been re-
ported that cow dung is the best organic waste to pro-
duce vermicompost (Blouin et al. 2019). A comparative
analysis of vermicompost and vermicompost tea
produced from different organic wastes using the same
earthworm species was conducted by Zarei et al. (2018)
and reported that cow manure vermicompost and
vermicompost tea contain higher macro- and micro-nutrients
compared to leaf meal vermicompost and vermicompost tea.
Several other authors also claimed that the final quality de-
pends on the nature of the raw material, the type of earthworm
used, and the environmental conditions prevailing (Tognetti
et al. 2005; Ganiger et al. 2020).

Compared to traditional compost, vermicompost is often
marked as having superior quality with respect to nutrient
concentration, higher microbial diversity, phytohormones
etc. (Dominguez et al. 1997; Subler et al. 1998) (Table 1),
and its addition to soil enhances crop growth (Kashem et al.
2015; Kaur et al. 2015). Some of the advantages of
vermicompost over compost are discussed in the following
sub-sections briefly.

4.1 Produced in shorter time

Vermicompost is produced by the combined action of earth-
worms and microbes (Benitez et al. 1999; Domínguez et al.
2019) whereas compost is produced only by the action of
microbes (Litterick and Wood 2009; St. Martin and
Brathwaite 2012). As compared to compost, vermicast is pro-
duced in a shorter time because of the presence of humic
substances that enhances the process of humification, which
intensifies the conversion of organic matter (Singh and Singh
2017), and also because earthworms host millions of
degrading microorganisms, hydrolytic enzymes, and hor-
mones that help to rapidly decompose complex organic waste
into vermicast over a relatively shorter period of one to

2 months (Sanchez-Monedero et al. 2001) compared to con-
ventional composting that takes almost 5 months (Munnoli
et al. 2010).

4.2 More nutritious

Vermicompost contains higher concentration of both macro-
and micro-nutrients compared to composts. In the case of
vermicompost, microbial populations are dominated by
mesophilic bacteria and fungi that produce nitrogen as nitrate,
a more suitable form for plants, compared to composting
where thermophilic bacteria produce nitrogen as ammonia
(Atiyeh et al. 2000b; Edwards and Arancon 2004b;
Jayashree et al. 2008). A comparative study was performed
on the conversion of the same material by composting and
vermicomposting and it was reported that vermicompost con-
tains significantly higher macronutrient concentrations com-
pared to compost (Joshi et al. 2020). It was stated that the
higher NPK content was due to the microbial activity present
both within the gut of earthworms and in the earthworm cast.
Suthar (2007) also indicated that an improvement in
total nutrient concentration during sewage-sludge
vermicomposting was due to enhanced microbial action,
which subsequently increases the rate of mineralization
and concentration of nutrients.

4.3 Less EC and phytotoxicity

The salinity of organic fertilizer is reflected by the electrical
conductivity (EC). Higher salinity can cause phytotoxicity
problems and thus EC is an excellent indicator that signifies
whether the compost or vermicompost is safe and suitable for
agricultural purposes or not. High EC means the high concen-
tration of salt which, by enhancing the osmotic potential, re-
stricts the accessibility of water to plants (Bunt 1988).
Lazcano et al. (2008) indicated that when same organic waste
was subjected to composting and vermicomposting, the com-
post contains higher EC compared to vermicompost. Several
other researchers have also stated that the large quantities of
soluble salts such as ammonium and phosphate are released
during composting (Villar et al. 1993), while less ammonium
is released during vermicomposting, leading to lower EC
values (Mitchell 1997). Belda et al. (2013) reported that when
tomato waste-based compost and vermicompost were tested
on two ornamental plants, the vermicompost was much better
than compost in terms of overall effect on plants. They further
reported that compost was found to be phytotoxic, possibly
due to higher electrical conductivity, which was evident from
the reduction in seed germination and growth of both the
plants. This is considered to be a very crucial and a significant
limiting factor, especially in nursery development, as the early
stages of plant growth are highly sensitive to the salinity of the
growth media (Fornes et al. 2007).
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4.4 More microbes

Several scholars have stated that, compared with compost,
vermicompost contains higher microbial number and diversity
(Vivas et al. 2009; Anastasi et al. 2004). Conventional com-
post supports only selected microorganisms, whereas
vermicompost is a rich source of microbial diversity and ac-
tivity which acts as a powerful biocontrol agent in suppressing
soil borne phytopathogens (Scheuerell et al. 2005; Jack et al.
2011). The existence of desirable microbes in vermicompost
like fungi, bacteria, and actinomycetes may support plant
growth by releasing enzymes and hormones that stimulate
plant growth and thus indirectly suppress plant pests and dis-
eases (Pathma and Sakthivel 2014). Earthworm castings are
highly nutritious and rich in calcium humate which encour-
ages the growth of useful microbes, such as Trichoderma sp.
(Tiunov and Scheu 2000), Pseudomonas spp. (Schmidt et al.

1997) Azospirillum spp., Azotobacter spp., and Nitrobacter
spp. (Gopal et al. 2009). Pathma and Sakthivel (2013) have
also recorded a wide variety of microbes like Bacillus,
Arthrobacter, Pseudomonas, and Acinetobacter in goat- and
straw-based vermicompost, most of which displayed an an-
tagonistic capacity against phytopathogens. Microbial diver-
sity analysis of compost and vermicompost, produced from
same material, was investigated and it was reported that the
highest microbial count was observed in vermicompost, while
in compost lowest count was observed. This improvement in
vermicompost may be because of the favorable conditions for
the growth of microbes in the digestive tract of worms and by
the ingestion of nutritious organic waste which provides ener-
gy and acts as a substrate for the growth of microbes
(Ravindran et al. 2016). Other authors reported that the unex-
pected lower microbial activities in compost might be due to
the formation of anaerobic niches, leading to the production of

Table 1 Superiority of vermicompost over compost on the basis of few important parameters

S.
no

Parameter Compost Vermicompost Key findings References

1. C:N ratio High C:N ratio Low C:N ratio Vermicast has a low C: N ratio relative
to compost that may be attributed to the
respiratory activities of earthworms
and microbes and is thus more stable
and mature than compost.

Ravindran et al.
(2015, 2016)

2. Growth and yield Less root, shoot weight
and fruit yield of
green bean

More root, shoot weight
and fruit yield of
green bean

Because of higher macronutrients and
growth hormones, vermicompost
outperformed compost when used in
equal amounts.

Soobhany et al.
(2017a)

3. NPK
(g kg-1)

Low nutrient content
N (8.6), P (4.8), K (5.3)

High nutrient content
N (10.8), P (7.0), K (5.6)

Vermicompost contains significantly
higher nutrient concentrations compared
to compost and when added to soil
produced higher ryegrass yields.

Tognetti et al. (2005)

4. EC High (2.85 dS m−1) Low (0.65 dS m−1) Compost was phytotoxic, possibly due to
high EC, which was evident from a
reduction in seed germination, plant
growth and chlorophyll content.

Belda et al. (2013)

5. Enzyme activities Delayed enzyme
activities

Faster enzyme activities Maximum enzyme activities like urease,
cellulase, protease etc. were found in
vermicompost during 21–35 days,
while in compost delayed enzyme
activities were observed on 42–49 days.

Devi et al. (2009)

6. Bacterial diversity Low High Vermicomposting is the best process to
produce organic fertilizer with greater
bacterial number, diversity and
functional diversity.

Vivas et al. (2009)

7. End product Good quality end
product

Better quality end product Vermicomposting is superior in
transforming
poultry waste into better end product
compared to composting, as vermicast
has higher NPK concentrations and a
lower C: N ratio.

Joshi et al. (2020)

8. Plant growth
hormones and
microbial
number

Minimum growth
hormones and
microbial number

Maximum growth
hormones and
microbial
number

Maximum growth hormones and microbial
number were present in tannery waste
vermicompost compared to compost
which was possibly due to combined
action of earthworms and microbes.

Ravindran et al.
(2016)
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gases such as methane and N oxide in beds that reduce the
microbial populations (Joshi et al. 2020).

4.5 More phytohormones

An analysis was carried out by Ravindran et al. (2016) to turn
tannery-based waste into useful finished product through
composting and vermicomposting. They observed phytohor-
mones in both compost and vermicompost; however, maxi-
mum phytohormones (mg/kg) were detected as Indole 3-
acetic acid (7.37), kinetin (2.8), and gibberellic acid (5.7) in
vermicompost and minimum were recorded as IAA (5.84),
kinetin (2.7), and GA (3.4) in compost. The results revealed
that the maximum amount of phytohormones present in
vermicompost was due to the mutual action of microbes and
earthworms. Tomati et al. (1988) also recorded high value of
hormones like auxins, cytokinins, and gibberellins in sewage
sludge-based vermicompost.

4.6 More mature and stable

To assess the stability and maturity of compost and
vermicompost, various techniques were used by Soobhany
et al. (2017a). They reported that differential scanning calorim-
etry (DSC) curves showed that there was an intense degrada-
tion of complex and larger biomolecules to simpler compounds
in vermicompost compared to compost. In addition,
thermogravimetric curves also show that vermicompost has
lower mass loss as compared to compost which indicates that
it is more stable than compost.

4.7 Less heavy metals

Singh et al. (2011) claimed that there is a chance of heavy
metals in compost whereas, in vermicast, earthworms
remove and accumulate them in their bodies. Dia et al.
(2004) also reported that earthworms have the ability to re-
move excessmetals and bioaccumulate them. The earthworms
not only turn the organic portion of hazardous waste into
available nutrients (Pattnaik and Reddy 2010) but also reduce
or remove heavy metals from wastes by accumulating them in
their bodies during the vermicomposting process (Gupta et al.
2005; Pattnaik and Reddy 2010).

4.8 Less pathogens

Earthworms have the ability to make the environment less suit-
able for pathogens (Contreras-Ramos et al. 2005; Kadam et al.
2008) by releasing antibiotics which destroys them effectively
(Sinha et al. 2010). Bloem et al. (2017) claimed that when
composts are added to cultivated lands, pathogenic microbes
can live in the soil for several days to months. During
composting, the pathogen elimination efficiency relies on the

aeration and mixing of different layers of the waste as well as
on the type of waste (Heinonen-Tanski et al. 2006). Cao et al.
(2016) reported that during 100-day study period in the USA,
the number of E. coli was not reduced, possibly because the
composted waste was not turned and thereby aerated. On the
other hand, several studies have revealed that vermicomposting
greatly decreases or entirely removes the amount of pathogenic
bacteria if vermicomposting is conducted for a reasonable pe-
riod of time. For instance, no pathogenic bacteria like,
Salmonella, Enterobacter, or Shigella could be found during
the 60-day vermicomposting of sheep manure relative to the
beginning of vermicomposting (Gutiérrez-Miceli et al. 2007).
In other studies, vermicomposting of at least 2 months was
found to be ample time to eliminate pathogenic bacteria
(Karimi et al. 2017).

4.9 Higher disease suppression

In contrast to compost and compost tea, both vermicompost
and vermicompost tea have a higher potential to suppress
diseases. Manandhar and Yami (2008) compared the effec-
tiveness of aerated and non-aerated compost and
vermicompost teas on foot rot disease of rice and reported
that aerated vermicompost tea provided the highest level of
disease control. Similarly, Arancon et al. (2007a) also record-
ed that when liquid extract of vermicompost and compost was
sprayed on tomato seedlings against two spotted spider mites,
vermicompost tea substantially avoided plant damage caused
by both pests, whereas compost tea has shown no effect on the
control of both pests.

4.10 Enhanced growth and yield of plants

Several researchers have demonstrated that vermicompost
contributes to higher plant growth and yield relative to com-
post. A comparative study of municipal waste-based compost
and vermicompost was done by Tognetti et al. (2005) and they
observed that when municipal waste-based compost and
vermicompost was applied at the same rate of 20 and
40 g kg−1 to ryegrass, the vermicompost results higher rye-
grass yield, possibly due to higher nutrient concentrations and
higher microbial size and activity. Several other authors have
also reported higher growth and yield of plants like green bean
and Salvia officinalis by vermicompost as compared to com-
post (Soobhany et al. 2017b; El-Haddad et al. 2020).

5 Disease and pest control by vermicompost

5.1 Disease suppression

Interest in the application of vermicompost for the suppression
of crop diseases has grown significantly within the last two
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decades as shown by scientific data presented in Table 2.
Much interest has come from the developing countries, where
the researchers are highly interested in finding low-cost as
well as efficient methods for the management of crop diseases.
A comparative analysis was conducted by Szczech and
Smolinska (2001) against tomato root rot caused by
Phytophthora nicotianae var. nicotianae to evaluate the sup-
pressiveness of the cattle and sewage sludge based
vermicompost. They reported that the sewage sludge-based
vermicompost could not protect tomato seedlings against the
pathogen Phytophthora nicotianae, whereas cow manure
vermicompost greatly reduced the pathogen-infection.
Chaoui et al. (2002) confirmed that diseases caused by
Rhizoctonia in radishes and Pythium in cucumbers signifi-
cantly decreased in greenhouse and indicated that it was due
to the presence of biocontrol agent Trichoderma spp. in the
vermicompost. Significant levels of suppression on the dis-
ease incidence caused by Verticillium in strawberries and
Phomopsis and Sphaerotheca fulginae in grapes were
also achieved by them under field conditions. They also
reported that vermicompost lost its suppressive ability
when it was sterilized, thus persuasively suggesting that
the mechanism for suppressing disease is biological.
Tomato wilt disease caused by Fusarium oxysporum
was significantly suppressed when separate dairy solid-
based vermicompost was used (Kannangara et al. 2000).
Likewise, control of Phytophthora brassicae, Phytophthora
nicotianae, and Rhizoctonia solani (Asciutto et al. 2006;
Simsek-Ersahin et al. 2009) have been achieved by vermicast
treatments. An instant evaluation of vermicompost as a plant
growth enhancer and bio-control agent on damping-off of
tomatoes caused by Rhizoctonia solani was performed by
Rivera et al. (2004). The microbial composition of plant
growth media supplemented with vermicompost at 0, 25, 50,
75, and 100% (by volume) levels was also investigated. When
vermicast was applied @ 20%, the incidence of Rhizoctonia
decreased and at 25–100%, vermicompost not only inhibited
damping-off, but also encouraged the production of seedlings.
They concluded that vermicomposts can be used as an effi-
cient alternative to control damping-off of tomato and may be
used as an effective tool in promoting the growth of seedlings
as well. A comparative study by Sahni et al. (2008b) on sup-
pressive effect of two nonconventional chemicals oxalic acid
and zinc sulfate (ZnS04) and the bio-agent Pseudomonas
syringae along with vermicompost was conducted against
Sclerotium rolfsii which is responsible for collar rot disease
in chickpea. It was observed that the chickpea mortality was
greatly reduced by vermicompost amendments as compared
to control. However, the suppressive effect against S. rolfsii
was more efficient when preinoculation was done with
chemicals. They revealed that the enhancement of strength
and stimulation of defense mechanism like that of systemic
acquired resistance in chick pea plants was due to the

combined effect of chemicals and vermicompost. Gill and
Walia (2014), on the other hand, also stated that the combined
application of vermicompost and chemical fertilizers
helps to maintain yield stability by correcting auxiliary
and micronutrient deficiencies, enhancing the efficacy of
related nutrients and ensuring optimal physical condi-
tions for the soil.

Apart from using compost or biocontrol agents individual-
ly, the fortification of compost with bio-control agents has
been suggested to increase the colonization process of biolog-
ical agents in composts (Sahni et al. 2008a; Sarma et al. 2010).
Numerous composts and biofortified composts have been re-
ported to decrease the number of pathogens and defend crops
against soil borne pathogenic agents when applied as soil
amendments (Mokhtar and El-Mougy 2008; Khalil and El-
Mghrabia 2010). Antagonistic effect of vermicompost and
vermicompost fortified with Trichoderma harzianum,
Bacillus subtilis and Pseudomonas fluorescens was investi-
gated against Fusarium oxysporum and it was shown that
biofortification not only facilitated plant growth but also sig-
nificantly reduced wilt disease. As these microbial strains
have the potential to secrete antifungal metabolites, hydrolytic
enzymes, and antibodies (Keswani et al. 2014). In a study
done by Basco et al. (2017) on the management of
tomato Fusarium wilt by biofortified vermicompost, it
was revealed that the vermicompost application alone
or after fortification with microbes like Trichoderma
harzianum, Pseudomonas fluorescens and Bacillus
subtilis significantly enhances growth and nutritional
status of tomato plants. It was also found that the inci-
dence of disease was lower in plants treated with
vermicompost biofortified with biocontrol agents espe-
cially Trichoderma herzianum as compared to the con-
trol plants. Similar types of results were found by Rao
et al. (2017), in which they reported that when
vermicompost was fortified with Bacillus subtilis IIHR
BS-2, soft rot disease and root-knot nematode was man-
aged effectively. A recent investigation was done by
You et al. (2019) to examine the influence of bamboo
waste based vermicompost on damping-off disease of
cucumber. It was found that damping-off caused by
each strain of Pythium aphanidermatum, P. ultimum
var. ultimum, and Rhizoctonia solani AG1-IB was sub-
stantially decreased by vermicompost as compared to an
autoclaved vermicompost and a commercial nursery me-
dium. This was attributed to the higher diversity and
activity of microbes in vermicompost as compared to
autoclaved vermicompost and commercial medium.
Other authors have also reported that when organic
amendments, including vermicompost, were applied,
the incidence of diseases like late blight in potato and
Fusarium wilt in cucumber was reduced significantly
(Peerzada et al. 2020; Zhang et al. 2020).
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5.2 Pest control

Vermicasts can also manage arthropod pests such as caterpil-
lars: like tomato hornworms, cabbage white caterpillars and
cucumber beetles including sucking arthropods such as
aphids, spider mites and mealy bugs (Arancon et al. 2005).
Arancon and Edwards (2004) and Arancon et al. (2005) were
the first who reported that vermicompost resulted substantial
control of mealy bug attacks on cucumbers and tomatoes, two-
spotted spider mite attacks (Tetranychus urticae) on bush
beans and egg plants and attacks by aphids (Myzus persicae)
on cabbages by low application levels of food waste
vermicompost (Arancon et al. 2007a). Food waste-based
vermicompost effect was also examined by Yardim et al.
(2006) on a number of spotted cucumber beetles (Diabotrica
undecimpunctata) and adult striped cucumber beetles
(Acalymma vittatum) on cucumbers and larval hornworms
on tomatoes (Manduca quinquemaculata) in both field and
green-house conditions. Under field conditions, the tomato
and cucumber plants were cultivated with two distinct
vermicompost doses (1.25 and 2.5 t/ha) comparatively with
chemical fertilizer. It was found that population of cucumber
beetles were substantially suppressed on cucumber plants at
both application levels. In the glasshouse, tomato and cucum-
ber plants were developed inMetro-mix 360 supplemented by
vermicompost food waste of 0, 20, or 40%. Both 20 and 40%
vermicompost replacements significantly reduced damage to
cucumber and tomato plants. Vermicompost also has a
positive effect on the occurrence and number of plant

nematodes. Swathi et al. (1998) first reported that applying
vermicast to soil at a rate 1 kg per meter square considerably
reduced the occurrence of the Meloidogyne incognita in to-
bacco plants. Similar type of reduction was also witnessed by
Morra et al. (1998) in plant infection caused by Meloidogyne
incognita. In another investigation, vermicompost produced
from two different sources has been observed to be efficient
in reducing corn earworm (Helicoverpa zea) in its adult and
immature phases on corn plant (Zea mays). The percentage of
consumed maize leaves as well as the mean amount of
Helicoverpa zea eggs has shown to be decreased compared
to controls on the application of both the sources of
vermicomposts (Cardoza and Buhler 2012).

Sometimes, bio-pesticides are also added along with
vermicomposts to improve overall suppressiveness against pests.
For instance, in case of brinjal crop, the combination of biopes-
ticides and vermicompost has observed to be effective against
nematode (Meloidogyne incognita). The crop yield of brinjal
plant was also substantially improved by this joint application
(Nath et al. 2011). Recently, an investigation was done by Jangra
et al. (2019) to study the effectiveness of vermicompost on man-
agement of chili pest Polyphagotarsonemus latus. It was ob-
served that when plants were applied with vermicompost at the
rate of 5 t/ha, both the population and number of eggs (5.05
eggs/leaf) laid by Polyphagotarsonemus latus decreased signifi-
cantly as compared to control (6.18 eggs/leaf). They revealed that
it was due to the existence of both micro- and macronutrients in
vermicompost whichmakes the defensive system of plants stron-
ger against pest infestation.

Table 2 Disease and pest control by vermicompost

S. No Disease/pest Crop Treatment References

1. Jassid (Empoasca verri), aphid
(Aphis craccivora)

Groundnut Vermicompost Rao et al. (2001)

2. Damping off and root rot Cucumbers and Radishes Vermicompost Chaoui et al. (2002)

3. Damping-off Tomatoes Vermicompost Rivera et al. (2004)

4. Damping-off Patience plant (Impatiens walleriana) Vermicompost Asciutto et al. (2006)

5. Tetranychus urticae, Pseudococcus sp.
Myzus persicae

Bush beans, Eggplant, tomato,
Cucumber, and Cabbage

Vermicompost Arancon et al. (2007b)

6. Collar rot Chickpea Vermicompost Sahni et al. (2008a)

7. Fusarium wilt Chick pea Vermicompost Gopalakrishnan et al. (2011)

8. Helicoverpa zea and Pieris rapae Cabbage Vermicompost Little and Cardoza (2011)

9. Meloidogyne incognita Brinjal Vermicompost Nath et al. (2011)

10. Earworm (Helicoverpa zea) Corn plant Vermicompost Cardoza and Buhler (2012)

11. Aphid (Lipaphis erysimi) Mustard Vermicompost Nath and Singh (2012)

12. Fusarium wilt Tomato Vermicompost Basco et al. (2017)

13. Damping- off Cucumber Vermicompost You et al. (2019)

14. Polyphagotarsonemus latus Chili Vermicompost Jangra et al. (2019)

15. Late blight disease Potato Vermicompost Peerzada et al. (2020)

16. Fusarium wilt Cucumber Vermicompost Zhang et al. 2020
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6 Disease and pest control by vermicompost
tea

6.1 Disease suppression

In agriculture, the usage of vermicompost tea is growing be-
cause of its potential to manage the diversity of air and soil
borne diseases (Table 3). Keeping that in view, the liquid
extracts of composts are seen as alternative options to the
use of traditional chemical fungicides and pesticides in
response to the growing need for agriculture and food
protection for environmental sustainability (Pane et al.
2012). The efficacy of compost tea can be different
due to variations in compost types, sources, and prepa-
ration methods used (Egwunatum and Lane 2009; Pane
et al. 2012). However, it has been documented that the
most excellent outcomes are achieved by applying aer-
ated tea instead of non- aerated tea (Martin 2014), possibly
because dissolved oxygen promotes microbial diversity and
activity (Arancon et al. 2007b). Over the last 10 years, the
application of vermicompost tea as a bio-control agent has in-
creased significantly. It was stated that the mycelial growth of
Botrytis cinerea, Sclerotinia sclerotiorum, Rhizoctonia solani,
Corticium rolfsii, and Fusarium oxysporum was inhibited sig-
nificantly by liquid extracts from vermicomposts (Nakasone
et al. 1999). An investigation was conducted by Singh et al.
(2003) to test the effect of aqueous extract of vermicast by
spraying it directly over the leaves against powdery mildews
of pea and balsam caused by Erysiphe pisi and Erysiphe
cichoracearum, respectively. The in vitro spore germination
of various saprophytic and phytopathogenic fungi (Alternaria
brassicae, Alternaria solani, Curvularia penniseti, Curvularia
palliscens, Helminthosporium speciferum, Helminthosporium

penniseti) was substantially inhibited by aqueous
vermicompost. However, under field conditions, the post-
inoculation application provided higher protection to pea than
pre-inoculation, whereas against powdery mildew on balsam,
both pre- and post-inoculation treatments were found to be
efficient. That variable influence, however, is difficult to ex-
plain. But these findings suggest the high potential of using
vermicompost as a feasible substitute technique for controlling
plant diseases. Singh et al. (2003) recommended that farmers
should apply these liquid solutions directly to leaves as a sim-
ple, inexpensive and environment friendly crop protection
method with high yield potential. Zaller (2006) investigated
the influence of vermicast tea on the growth, yield, fruit
quality and the disease inhibition potential against
Phytophthora infestans on three varieties of tomatoes. He
noted a reduced vulnerability of leaves, stems, and fruits of
tomato plants against disease caused by Phytophthora
infestans as compared to water sprinkled control plants. A
comparative analysis was conducted by Manandhar and Yami
(2008) to investigate the ability of liquid solutions of aerobic
compost and vermicompost on Fusarium moniliforme causing
root rot disease in rice. Four treatments were applied as aerated
vermicast tea, non-aerated vermicast tea, aerated compost tea
and non-aerated compost tea. They stated that highest control
effectiveness was shown by aerated vermicompost tea, while
non-aerated compost tea obtained the least effects. They sum-
marized that the efficiency of tea appears to be dependent on
several factors, including preparation process, extraction peri-
od, form of compost used (compost/vermicompost), and crops
tested. In a recent experiment conducted by Barman et al.
(2013) against fusarium wilt of brinjal plant, it was found that
even at low concentration (0.1%) of vermicompost tea, the
pathogen growth and development was inhibited significantly.

Table 3 Disease and pest control by vermicompost tea

S. No Disease/pest Crop Treatment References

1. Powdery mildew Pea and Balsam Vermicompost tea Singh et al. (2003)

2. Late blight Tomatoes Vermicompost tea Zaller (2006)

3. Foot rot Rice Vermicompost tea Manandhar and Yami (2008)

4. Acalymma vittatum, Manduca sexta Cucumber and Tomato Vermicompost tea Edwards et al. (2010)

5. Fusarium wilt Brinjal Vermicompost tea Barman et al. (2013)

6. Reniform nematode Zucchini Vermicompost tea Wang et al. (2014)

7. Sclerotium cepivorum Onion Vermicompost tea Amin et al. (2016)

8. Meloidogyne incognita Zucchini and Cucumber Vermicompost tea Mishra et al. (2017)

9. Meloidogyne incognita and
Rotylenchulus reniformis

Cucumber Vermicompost tea You et al. (2018)

9. Meloidogyne incognita Banana plant Vermicompost and
Vermicompost tea

Awad-Allah and Khalil (2019)

10. Meloidogyne incognita Tomato Vermicompost tea Liu et al. (2019)

11. Meloidogyne incognita Tomato and bell pepper Vermicompost tea dos Santos et al. (2020)
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Moreover, at the high concentration of vermicompost tea (5%),
not only brinjal growth and development was highest, but in-
duction of disease resistance was highest in treatment plants
compared to control plants. This study had also confirmed that
the application of vermicompost encourages microbial diversi-
ty which not just enhances plant growth but also induces dis-
ease tolerance in plants.

6.2 Pest control

In India, there is an annual loss of around 20–30% of crop
productivity due to pest damage, which costs between US$
14.94–24.89 billion. Vermicompost teas have significant po-
tential to kill or suppress pests. A study by Arancon et al.
(2007a) reported that drenching of vermicast tea suppresses
spider mite damage. By applying vermicompost tea, the soluble
phenolic compounds reach the plant and make the plant tissues
unpalatable, thereby disturbing survival and reproduction rate
of pests (Pathma and Sakthivel 2012). It is reported by Edwards
et al. (2007) that earthworms take-up soil substances, swallow
humic acids through their guts and finally excrete
polychlorinated and monomeric phenols into the final
vermicast. Vast microbial communities and their activities in
vermicompost tea led to the release of nutrients in slow but
balanced manner that reduces nitrogen inputs, improves phenol
content of plants, thus resulting in plant tolerance against pests
(Pathma and Sakthivel 2012). On plant arthropod pests, a set of
experiments was conducted by Arancon et al. (2007b) on two-
spotted spider mite: Tetranychus urticae and Myzus persicae.
After spraying either compost or vermicompost teas on to the
tomato seedlings, the pests were released in to the cages where
the seedlings were grown. The control efficiency of vermicast
tea was higher than that of traditional compost tea in both plant
pest experiments. Edwards et al. (2010) studied the influence of
vermicast tea on different pests and reported that all vermicast
solutions decreased the population of pests; however, maxi-
mum inhibition was observed in 20% vermicompost solution
and minimum in 5% solution. They indicated that the average
damage rate per plant decreased with an increase in the con-
centration of extract and concluded that 20% extract is the most
efficient to manage pests. They further reported that the uptake
of phenolic substances by plant tissues from vermicompost tea
makes the plants unacceptable for pests, thus reducing their
survival and reproduction.

Vermicompost tea has also a tremendous potential against
plant parasitic nematodes. NematodeMeloidogyne spp. which
is responsible for root-knot is highly destructive and common
disease in many agricultural crops like tomato (Hunt and
Handoo 2009). Nematode not just directly reduces crop pro-
ductivity but also making the plants more vulnerable to fungal
and bacterial diseases (Ashraf andKhan 2010). This nematode
has a great potential to reduce yields from a wide range of
crops around the globe, and against which no effective control

mechanism has yet been developed. Eff icacy of
vermicompost tea against nematodes and arthropod pests has
been verified by number of researchers (Edwards et al. 2007;
Wang et al. 2014; Mishra et al. 2017). They conducted various
glasshouse and field tests to check the effectiveness of
vermicast tea as a soil drench in tomato seedlings infected
with Meloidogyne hapla eggs and reported a significant re-
duction in the amount of root knot galls on tomato roots and a
substantial influence on seedling growth. Such response of
plants may be due to the development of growth enhancers
like gibberellins, auxins coupled with humic acids that also
function as plant growth regulators (Oka 2010; Arancon et al.
2012). A comparative investigation was done to study the
influence of vermicompost, vermicompost tea, bio-agent and
nematicide fenamiphos againstMeloidogyne incognita infect-
ing banana under lab and field conditions. In lab conditions, it
was found that, with the increase in concentration and expo-
sure time, the toxicity of vermicompost tea and bio-agent in-
creased against the nematode, and under field conditions, the
number of galls, egg masses, and population of nematode
suppressed significantly by all the treatments of nematicide,
bioagent, vermicompost, and vermicompost tea as compared
to non-treated plants (Awad-Allah and Khalil 2019).
Population density of Meloidogyne incognita in soil was also
significantly suppressed and reduction increased from 75.73–
85.61%, 72. 06–82.28%, 71.97–79.16%, 71.30–77.33% after
the first and second application of fenamiphos, vermicompost,
bioagent, and vermicompost tea, respectively. Therefore, they
concluded that bioagent vermicompost, and vermicompost tea
had nematicidal potential against Meloidogyne incognita.
Similar types of experiments were conducted by You et al.
(2018) under field, greenhouse, and laboratory conditions to
compare suppressive effect of weed- and vegetable-based
vermicompost tea against nematode M. incognita and
Rotylenchulus reniformis. Both vermicompost teas sup-
pressedMeloidogyne incognita egg hatching compared to wa-
ter control, while only weed-based vermicompost tea sup-
pressed Rotylenchulus reniformis egg hatching. They revealed
that the suppressive ability of weed-based vermicompost tea
was more constant than vegetable-based vermicompost tea,
probably because of higher microbial growth promoted by
higher carbon content. These findings were consistent with
Mishra et al. (2017) who found that vermicompost tea sup-
pressed hatching and root penetration of M. incognita but
unfortunately the reproduction and root gall formation was
not suppressed by vermicompost tea over time.

7 Mechanism of disease suppression
by vermicompost and vermicompost tea

In general, the research on plant disease control by
vermicompost and vermicompost tea has revealed that the
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suppression effect is biological in nature rather than chemical
(Szczech 1999; Simsek-Ersahin et al. 2009). The majority of
scientific literature has revealed that after sterilization or pas-
teurization, composts lost its suppressive effect against dis-
eases (Cotxarrera et al. 2002; Van Beneden et al. 2010;
Joshi et al. 2015). Different mechanisms which have been
identified to be responsible for the suppression of diseases
are classified into two broad categories, i.e., general suppres-
sion mechanism and specific suppression mechanism, which
are analyzed in the following sections.

7.1 General suppression mechanism

This mechanism would be more prominent in the case of
vermicomposts, as vermicomposting significantly increases
both the diversity and the number of beneficial microbes
(Edwards et al. 2004). General suppression is characterized
by nutrient competition, antibiosis, hyperparasitism or preda-
tion, and systemic-induced resistance (Hoitink and Grebus
1997; Pieterse et al. 2014; Baum et al. 2015). These four
mechanisms are shown in Fig. 3 and discussed briefly in the
following sub-sections.

7.1.1 Competition

In the use of compost produced either by composting or
vermicomposting, competition is the key factor in the context
of general disease suppression mechanism. Hence, the inten-
sity of disease suppressiveness is characteristically linked to
the amount of total microbial biomass or activity in a soil. The
larger the number of active microbes in the soil, the greater the
capability of soil to utilize nutrients, energy, carbon and space
thereby, reducing the availability of nutrients to pathogens. It
occurs when a beneficial microorganism out-competes a

phytopathogen for a resource which may result in disease
suppression. For instance, some microbes under iron limiting
conditions produce low molecular weight ferric-specific li-
gands (siderophores) which reduce disease occurrence by re-
ducing the availability of iron to pathogens such as Pythium
species (Srivastava et al. 2010). It was stated by Pantelides
et al. (2009) that the key mechanism of action of the non-
pathogenic Fusarium oxysporum was competition for space
or nutrients on the root surface of host plants against
Verticillium dahlia. Basically, any treatment that enhances
overall activity of microbes in the soil can improve general
suppression of pathogen by enhancing nutrient competition.
The mycorrhizal fungi that can be transmitted and multiplied
in the soil by worms (Turk et al. 2006) may defend plant roots
from diseases through various means, such as antibiotic secre-
tion, increased nutrient absorption by plant roots or by
forming physical barriers. Among the beneficial fungi,
Trichoderma species is probably the mostly used organism
for agricultural yield enhancement (Jogaiah et al. 2013;
Abdelrahman et al . 2016) and some species like
Trichoderma virens have been accepted as a destructive
mycoparasite that have the ability to compete with pathogens
at the infection site (Djonovic et al. 2007).

7.1.2 Antibiosis

Antibiosis refers to an interaction between individuals where
one organism directly affects other organisms by producing
non-toxic and/or unique metabolites or antibiotics (Litterick
and Wood 2009). For instance, Chernin et al. (1995) stated
that chitinolytic enzymes produced by Enterobacter strains
were observed to be antagonistic to various pathogens includ-
ing Rhizoctonia solani. The toxin “gliotoxin,” which is isolat-
ed from Gliocladium virens, was found to be antagonistic

Competition

Hyperparasiti
sm/Predation

Mechanism of 
disease 

suppression 
Antibiosis

Systematic 
induced 

resistance

Fig. 3 Different mechanisms of
disease suppression by
vermicompost and vermicompost
tea Vermicompost products
enhance the microbial number
and diversity around the root zone
of the plants, and these microbes
via different mechanisms protect
the plants, either by stimulating
resistance in plants against
phytopathogens, by increasing
competition for nutrients,
releasing antibiotic substances
against pathogens or by directly
parasitizing the phytopathogens
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against Pythium ultimum (Roberts and Lumsden 1990;
Lumsden et al. 1992). Suarez-Estrella et al. (2007) also stated
that bacteria and fungi isolated from fruit-based compost show
antagonistic activity against many phytopathogens including
Fusarium oxysporum. Similarly, Bacillus subtilis also secretes
an antibiotic, zwittermicin A, which has been identified as
poisonous to the Pythium torulosum, a plant pathogen.
Bacillus subtilis, Enterobacter, Pseudomonas, Gliocladium
virens and Trichoderma harzianum present in compost and
compost tea are known to secrete enzymes or antibiotics that
can prevent growth, development and replication of several
plant pathogens (Brinton and Droffner 1995). For instance,
Vinale et al. (2009) point out that strain Trichoderma
harzianum produced a specific metabolite known as harzianic
acid that showed antibiotic activity against pathogenic agents
such as Pythium irregulare, Rhizoctonia solani, and Sclerotia
sclerotiorum. In addition, Trichoderma strains have signifi-
cant antagonistic and mycoparasitic effects on phytopatho-
gens and consequently can decrease the severity of plant dis-
eases (Viterbo and Horwitz 2010; Elsharkawy et al. 2013).

7.1.3 Hyperparasitism/predation

Hyperparasitism refers to the phenomenon in which phyloge-
netically unrelated microorganisms colonize pathogens,
which leads to their death (Hoitink et al. 1997). In comparison,
when pathogens are usually killed via phagocytosis, it is
known as microbial predation (Matz et al. 2007). As per
Hoitink et al. (1996), parasitism is greatly influenced by the
degree of decomposition of organic matter and the presence of
carbon and other easily available nutrients, as they limit the
production and effect of lytic enzymes that are used to destroy
pathogens (Hoitink et al. 1996). For example, in fresh bark-
based compost, many microbes like Trichoderma hamatum
and Trichoderma harzianum produce several lytic enzymes
but they do not attack plant pathogen Rhizoctonia solani di-
rectly. However, as the composting process continues, the
chitinase genes of Trichoderma species get activated because
of easily accessible glucose and cellulose which then parasit-
izes Rhizoctonia solani by secreting enzyme chitinase (Kwok
et al. 1987; Benitez et al. 2004). One more example of para-
sitism is the biocontrol fungus Trichoderma harzianum that
coils around the Pythium ultimum hyphae, punctures its
cell wall, and consumes the plant pathogen (Benhamou
and Chet 1997).

7.1.4 Induced systemic resistance

As an environmentally friendly and cost-effective platform for
stimulating disease resistance via induced systemic resistance
(ISR) and promoting plant growth for sustainable crop pro-
duction, beneficial microbes have gained considerable atten-
tion (Abdelrahman et al. 2016; Harel et al. 2014). For instance,

when compost was added to a portion of cucumber root using
a split root system, systemic resistance was induced against
pathogen Pythium root rot (Lievens et al. 2001).Many authors
have also stated that resistance in crops against phytophthora
species and Botrytis cinerea has been boosted by
Trichoderma species isolated from compost (Horst
et al. 2005; Hoitink et al. 2006). Based on the identifi-
cation of inductive resistance-related compounds, it was
concluded that in host okra plants, resistance was stim-
ulated when non-sterilized compost tea was applied
(Siddiqui et al. 2008). Similarly, Sang and Kim (2011)
mentioned that protection against disease anthracnose in
pepper and cucumber was due to ISR, mediated by
compost extract.

7.2 Specific suppression mechanism

In this mechanism, a specific organism suppresses a recog-
nized pathogen or one in which repression is only enabled by a
small range of microbes. Here, for the specific intention of
suppressing disease occurrence, a bio-control agent isolated
from compost/vermicompost is added to the soil (Hoitink
et al. 1997). It is assumed that this mechanism is responsible
for the destruction of phytopathogens like Rhizoctonia solani
and Sclerotium rolfsii. Some selected strains of non-
pathogenic bacteria like genus Bacillus have the ability to
colonize plant roots and induce specific resistance in both
the roots, shoots, and leaves of the plant. Under greenhouse
conditions, Bacillus subtilis strain was used by Punja et al.
(2016) to manage post-harvest infection in fruits. Such strains
were also found to have inhibitory effect against Botrytis
cinerea, the main cause responsible for fruit rot of tomato
(Kilani-Feki et al. 2016). Similarly, 10 rhizobacterial strains
were used to control tomato wilt and it was observed that only
two strains Bacillus amyloliquefaciens and Ochrobactrum
intermedium considerably reduced the wilt incidence and also
greatly improved seedlings vigor index (i.e., percentage
of seed germination and mean height of seedlings)
(Gowtham et al. 2016).

8 Mechanism of pest control
by vermicompost and vermicompost tea

The mechanisms by which vermicompost and vermicompost
tea suppresses or controls pest attacks are numerous but spec-
ulative at the same time (Edwards et al. 2004). Based on the
abovementioned research findings, the four possible mecha-
nisms can be identified to be responsible for the suppression
of pest attacks. These are release of phenolic substances, in-
crease in number and diversity of active microbes and patho-
genic nematodes, release of toxic substances and increase in
availability of nutrients to plants. Further studies are required
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to support these hypotheses and to recognize the suitable
mechanisms by which these organic amendments regulate
pests. These mechanisms are shown in Fig. 4 and discussed
below briefly.

8.1 Release of phenolic substances

A number of studies have confirmed that insect and nematode
attacks are suppressed significantly after applying either
vermicompost or vermicompost tea. Edwards et al. (2010)
reported that both the survival and reproductive potential of
Acalymma vittatum (cucumber beetle) and Manduca sexta
(Tobacco hornworm) were substantially reduced by applying
vermicompost tea and concluded to be due to the re-
lease of phenolic substances which makes the plant tis-
sues unpalatable to the pests.

8.2 Increase in number of predatory nematodes and
beneficial microbes

Both vermicompost and vermicompost tea are rich sources of
beneficial microbes and their addition to plants often increases
the number of microbes. These beneficial microbes not only
increase plant growth but also induce plant resistance against
various pathogens (Barman et al. 2013). By applying these
organic amendments like vermicompost tea, the number and
diversity of predatory nematodes also increase in soil overtime
which strengths the soil food web (You et al. 2018). These
predators in-turn negatively affect the number of pests by
attacking them directly (Edwards 2004; Renčo et al. 2011).
Renčo and Kovácik (2015) reported that both the number of
eggs and juveniles of potato cyst nematodes Globodera
rostochiensis and Globodera pallida were substantially

decreased when vermicompost tea was applied. Predator prey
interaction was also believed to be responsible for reduction in
the number of plant nematodes (Edwards et al. 2004). Similar
type of mechanism was also found to be responsible for de-
creasing the number of Meloidogyne incognita and
Rotylenchulus reniformis eggs and juveniles when treated
with vermicompost tea and reported to be due to higher
number of beneficial microbes present in vermicompost
tea (You et al. 2018).

8.3 Release of some toxic chemicals

A number of investigations have revealed that plant nema-
todes and arthropods can be suppressed by the presence of
toxic chemicals like antibiotics (Munroe 2007), ammonia,
zinc, and hydrogen sulfide in the vermicompost (Edwards
et al. 2004). These toxic substances are released in the soil
when organic substances are degraded and have the ability
to destroy plant pests by directly killing them (Rodríguez-
Kábana 1986).

8.4 Overall increase in nutrient availability

The introduction of vermicompost not only provides benefi-
cial microbes, growth hormones like gibberellins, auxins etc.,
but also provides both macro and micronutrients like N, P, K,
calcium, boron and magnesium to the plants (Yatoo et al.
2020), which increases their potential to defend themselves
from pest attacks (Ramesh 2000; Arancon et al. 2005).
Patriquin et al. (1995) also reported that when vermicompost
was added, organic nitrogen was released gradually as com-
pared to chemical fertilizers thereby making plants less vul-
nerable to pest attacks. Similarly, Jangra et al. (2019) also

Release of 
phenolic 

substances

Release of 
toxic 

chemicals

Mechanism of 
pest control 

Increase in 
microbes and 

predatory 
nematodes

Overall increase 
of nutrient 
availability

Fig. 4 Different mechanisms of
pest control by vermicompost and
vermicompost tea. The addition
of vermicompost products
increases microbial diversity, the
availability of nutrients and
release some toxic substances
which protects the plants, either
by killing pathogens directly,
making plant tissues unpalatable
for pests or by enhancing plant’s
defensive system against pest
invasion
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stated that when vermicast was added@5 tons per hectare, the
population and number of Polyphagotarsonemus latus eggs
decreased substantially as compared to control plants. They
concluded that it was due to the existence of nutrients in
vermicompost which makes plant’s defensive system stronger
against pest invasion.

9 Factors affecting disease and pest control
potential of vermicompost and vermicompost
tea

There are number of factors that affect the quality of
vermicompost and vermicompost tea, which in-turn affect
their ability of disease and pest suppressiveness. The impor-
tant factors are compost grade, compost maturity, brewing,
aeration, temperature, pH, microbial inoculants, nutrient sup-
plements, and compost to water ratio (Fig. 5). Some of the
important factors are discussed below briefly.

9.1 Compost source, quality, and maturity

Vermicompost quality varies and depends on various fac-
tors like species of earthworm, raw material used, and age
of compost. Many authors have stated that compost ma-
turity (Serra-Wittling et al. 1996), feedstock source
(Termorshuizen et al. 2006), degree of organic waste de-
composition, physico-chemical and biological properties
of compost, brewing time, addition of microbial and

nutrient supplements all affect the compost and compost
tea’s disease suppressive ability (Litterick and Wood
2009; Siddiqui et al. 2009; Martin and Brathwaite 2012;
Islam et al. 2016b; Mengesha et al. 2017). Pane et al.
(2011) observed that animal manure-based compost ex-
hibited the highest and most constant inhibition of
Pythium ultimum, Sclerotinia minor and Rhizoctonia
solani. Erhart et al. (1999), on the other hand, showed
that compost made from grape marc had neutral or en-
couraging effects on Pythium rot disease. Others have
also reported that lignocellulosic substance based compost
constantly reduce root rot disease (Hoitink 1980; Kuter
et al. 1983). You et al. (2018) reported that when weed
and vegetable based vermicompost teas were applied
against M. incognita and R. reniformis, though both of
them suppressed M. incognita egg hatching, but only
weed based vermicompost tea suppressed R. reniformis
egg hatching. An evaluation of the degree of compost
maturity and organic waste decomposition has also been
considered critical in assessing disease control potential of
compost. De Ceuster and Hoitink (1999) have reported
that fresh organic matter generally does not support bio-
logical disease suppression, even if supplemented with
biological agents of confirmed efficiency. It is widely
agreed that premature compost often possesses toxic sub-
stances that affects crop growth and make them attacked
by phytopathogens and pests, and that adding older and
more humidified peats decreases or eradicates suppres-
siveness due to their inability to sustain bio-control

Fig. 5 Some important factors affecting diseases and pest suppressive
potential of vermicompost and vermicompost tea. The quality of
vermicompost products depends on the nature of raw material,

methodology, microbial, and nutritional supplements etc. The higher
the quality of vermicompost, higher the quality of its liquid solution,
and higher the disease and pest management
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activity of microorganisms (Hoitink et al.1993; Hoitink
and Boehm 1999).

9.2 Compost to water ratio

It is recommended that chlorine-free drinkingwater be utilized
to prepare compost tea or any dilution thereof irrespective of
the method of preparation. During the brewing process, these
chemicals can inhibit the growth and proliferation of micro-
organisms. The optimum compost to water ratio varies and
depends on some factors, including the fermentation tech-
nique, compost type and application purpose. More water
and little compost can result into more dilution of compost
tea with low amount of beneficial microbes and nutrients,
whereas less water and more compost may not allow maxi-
mum nutrients and microbes to get extracted from compost
(Ingham 2005). Numerous researchers have used the method-
ology developed byWeltzien (1990) who used the compost to
water ratio of 1:3–1:10. Phytophthora infestans was signifi-
cantly suppressed when compost tea was applied, however, no
difference was observed in disease suppression between the
ratios of 1:3 and 1:10. But there was a difference in disease
suppression with 1:50 ratio as compared to 1:3 and 1:10 ratio
(Weltzien 1990). Significant reduction in onion white rot was
also observed when vermicompost tea at a ratio of 1:10 was
utilized (Amin et al. 2016). On evaluating the effect of various
types of compost teas against powdery mildew, Seddigh and
Kiani (2018) observed that powdery mildew was efficiently
controlled at a ratio of 1:8 as compared to 1:16 ratio under
glass house conditions. Pant (2011) also observed that the
utilization of vermicompost tea at a ratio of 1:10–1:100 en-
hanced growth and yield of plant, thus suggesting that the
ideal ratio ranges between 1:10–1:20. Various other investi-
gations have also confirmed that reducing the ratio to 1:10 is
observed to be efficient in disease inhibition and yield en-
hancement (Weltzien 1991; Scheuerell and Mahaffee 2002).

9.3 Brewing time

Brewing time is a significant factor which contributes to the
quality and effectiveness of compost tea. During the brewing
time, nutrients and plant growth promoters get extracted from
solid compost into the liquid extract which are then easily
assimilated by the plants when applied (El-Din and
Hendawy 2010; Pant 2011). Compost tea needs to be
fermented to the level that most of the nutrients and beneficial
microorganisms could be taken out into the solution (Ingham
2005). Maximum extraction of microbes and nutrients from
the compost may be prevented when brewing occurs for
shorter period of time, while brewing for longer period may
favor the microbial immobilization of extracted nutrients lead-
ing to the inactivation of microorganisms once all available
food is consumed (Ingham 2005). However, for brewing, the

general trend is 24 h for aerated tea, while 5–7 days for non-
aerated tea. Other researchers recommended that while 24-h
brewing period is good for fertilization, 7–14-day brewing
period is better when making liquid solution with optimum
disease inhibition properties (Weltzien 1990; Cantisano
1998). In general, non-aerated compost tea (NCT) needs more
brewing time as compared to aerated compost tea (ACT)
(Diver 2001; Ingham 2005). Weltzien (1991) hypothesized
that in order to provide required time for facultative anaerobic
microbes to dominate and their metabolites to accumulate, 1-
to 2-week brewing period is typically required for non-aerated
compost tea. Ketterer et al. (1992) investigated suppression of
Botrytis with 1-, 3-, 7-, and 14-day brewed non-aerated tea
and found the highest inhibition with one-week brewed com-
post tea. Litterick and Wood (2009) reported that in general
the optimal time required is believed to be relied on the source
of compost and method of brewing, although not verified by
any data. However, the trend is still 24 h for aerated and
1 week for non-aerated compost tea.

9.4 Nutrient supplements

Nutrient supplements are mainly applied to enhance total mi-
crobial biomass or the number of a particular group of mi-
crobes that are assumed to have positive effects. During the
brewing process, supplements like kelp, humic acids, and mo-
lasses are added to support the enrichment of microbes
(Scheuerell 2002; Naidu et al. 2010). As per Scheuerell and
Mahaffee (2004), fermentation nutrients are capable of
inhibiting or enhancing growth rates of various kinds of mi-
crobes. Aerated tea supplemented with rock dust, humic acid,
and kelp showed considerable reduction of damping–off dis-
ease in cucumber plants cultivated in pot media (Scheuerell
and Mahaffee 2004). While several other researchers have
observed that nutrient amendments increased (Tian and
Zheng 2013), decreased (Scheuerell and Mahaffee 2004), or
had no considerable influence on compost tea’s disease inhi-
bition properties (Elad and Shtienberg 1994). For instance,
Elad and Shtienberg (1994) stated that nutrient supplementa-
tion to the non-aerated compost tea did not usually enhance
the suppression of gray mold in pepper, tomato, and grape
plants. Scheuerell and Mahaffee (2006) observed that while
nutrient additions usually enhanced microbial populations in
aerated tea, higher gray mold disease reduction was not con-
stantly achieved. However, around 67% batches of aerated tea
supplemented with rock dust, kelp extract and humic acid
considerably suppressed the disease. But the supplementation
of nutrients must be done with extreme care, as recent inves-
tigations have shown that compost tea amended withmolasses
or other sugars appears to promote the growth of human path-
ogens like E. coli and Salmonella (Ingram and Millner 2007;
Palmer et al. 2010). Molasses especially can lead to the pro-
liferation of harmful bacteria, which means that when fresh
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food is intended for human use, nutrient supplementation
should be avoided because of possible risks on human health
(Duffy et al. 2004). Further studies are required to check the
influence of nutrient amendments on both targeted and non-
targeted pathogens (Scheuerell and Mahaffee 2002).

9.5 Aeration

Oxygenation during the brewing process of aerated tea has
been claimed to promote the growth and propagation of various
groups of beneficial microorganisms (Ingham 2005), whereas
reduced or absence of aeration during the brewing of non-
aerated compost tea may facilitate growth of plant and human
pathogens (Scheuerell and Mahaffee 2004; Ingham 2005).
Ingham (2005) argues that non-aerated tea is less efficient in
reducing plant diseases than aerated tea, as the former contains
lower biomass and diversity of beneficial microorganisms.
Siddiqui et al. (2009) also revealed that aerated tea suppressed
the conidial germination of Choanephora cucurbitarum re-
sponsible for wet rot of okra. In addition, they claimed stimu-
lation of host resistance in okra plants. In fact, it is even more
argued that teas prepared from vermicompost, because of great-
er microbial diversity, are more able to manage pests and dis-
eases than other types of teas (Yami and Shrestha 2005;
Fracchia et al. 2006; Manandhar and Yami 2008; Vivas et al.
2009). Manandhar and Yami (2008) revealed that while all
compost solutions substantially decreased the number of
Fusarium moniliforme infected seeds, aerated compost and
vermicompost teas contributed to maximum levels of disease
suppression as compared to non-aerated vermicompost and
compost tea. Aerated compost tea also has one more advantage
from farmer’s viewpoint that it can be prepared in 24–48 h,
whereas non-aerated tea takes 1–2 weeks and also have odor
problems (Ingham 2005).

9.6 Dilution and application

Dilution and application rate has been stated to influence the
effectiveness of compost tea in suppressing plant diseases
(Litterick andWood 2009). Some studies have also found that
after dilution, disease suppressiveness of compost tea has ei-
ther been sustained or reduced (Elad and Shtienberg 1994;
Scheuerell and Mahaffee 2004; Hegazy et al. 2015).
Likewise, the liquid extracts of un-decomposed materials
were suppressive to Phytophthora capsici, but with increasing
dilution, disease suppression reduced (Cayuela et al. 2008).
Experts have suggested applying compost tea at a rate of 40–
50 L/ha for managing plant diseases and in order to get desired
results, enough volume should be sprayed so as to reach the
entire root zone (Scheuerell 2003; Ingham 2005; Growing
Solutions Incorporated 2012). Adequate drenching of
vermicompost tea around root zone not just suppresses dis-
eases but also pests (Edwards et al. 2007) because of induced

systemic resistance in plants (Mishra et al. 2018). It has been
reported that compost tea has pesticide and fertilizer like ef-
fects (Islam et al. 2016a), so in most of the cases, it is applied
like that of chemical pesticides and biocontrol agents
(Mahaffee and Scheuerell 2006). In this context, substantial
regulation of disease was found when compost tea was
sprayed at less than 14-day interval and 5 to 10 applications
every year (Weltzien 1991). Istifadah et al. (2020) observed
that when compost extract was applied every 3 or 7 days,
diseases like powdery mildew and late blight were reduced
by 41 to 49%. Mishra et al. (2016) also reported that popula-
tion densities of root-knot nematode would not suppress if the
plants were drenched every 2 weeks or once a month. Due to
the narrowwindow of expression of these plant defense genes,
Meloidogyne incognita can still infect vermicompost tea
drenched plants and complete its life cycle over time. Thus,
frequent drenching of vermicompost tea at least at 1-week
intervals could provide more consistent suppression of
M. incognita using tea drenching solution (Mishra et al.
2018). The utilization of vermicompost tea consistently can
increase omnivorous nematodes, which indicates gradual en-
hancement of soil food web over time (You et al. 2018).
Among other factors which are required to be assessed to
decide whether compost tea can be utilized cost-effectively
to manage plant pathogens is the time of application. To this
end, Grobe (2003) recommended that evening is the most
appropriate time to apply compost tea, when the rate of evap-
oration is quite low and ultraviolet light, which can be harmful
to beneficial microbes, is also low.

9.7 Microbial supplements

Microbial supplements are added to increase the effectiveness
and certainty of compost and compost tea in order to suppress
the disease. They are up to three times as suppressive as un-
supplemented composts (Nelson et al. 1983; Cotxarrera et al.
2002). Several studies have reported that composts or micro-
bial supplemented composts have resulted in better disease
inhibition and prevented plants from diseases (Khalil and El-
Mghrabia 2010; Istifadah et al. 2020). The utilization of forti-
fied vermicompost or vermicompost tea has resulted consid-
erable outcomes in terms of productivity and diseases.
Priyanka et al. (2014) revealed that highest growth of plant
was observed when a combination of vermicompost and
microbes Bacillus, Trichoderma and Glomus species were
applied. Similar results were also observed by Basco et al.
(2017) when vermicompost supplemented with microbes like
Trichoderma harzianum, Pseudomonas fluorescens and
Bacillus subtilis was applied to tomato plants, not just
growth and nutrient level of tomato increased but also
Fusarium wilt was considerably reduced. Istifadah et al.
(2020) reported that when compost supplemented with antag-
onistic microbes like Trichoderma harzianum, Papulaspora

Page 17 of 26     7Agron. Sustain. Dev. (2021) 41: 7



sp., and Paecilomyces fumosoroseus was applied to tomato
plants, late blight and powdery mildew disease was
suppressed significantly. Adam et al. (2014) also claimed that
when Bacillus subtilis was applied to tomato plant, egg
masses of M. incognita were suppressed by 51%. The use of
these organic amendments alone or after biofortification with
microbes of agricultural significance will be an environment-
friendly way for disease management that could lead to
sustainable agriculture, especially in organic farming (Mishra
et al. 2015; Basco et al. 2017; Istifadah et al. 2020).

10 Conclusion

The sustainable utilization of these safe and efficient alterna-
tives can provide food security for an ever-rising human pop-
ulation. Although vermicompost and vermicompost tea have
shown positive effects on the growth and productivity of var-
ious crops, however, there are certain issues for which they are
not widely used as inorganic chemicals like they are new and
emerging, less available in the market, there is lack of aware-
ness among farmers of their beneficial effects. Moreover,
vermicompost tea cannot be stored for long and is required
to be utilized within 1 to 2 days as microbes get immobilized.
Therefore, to increase the rate of their utilization, more and
more farmers should be trained and made aware of them. The
overall cost-benefit analysis of vermicast and inorganic
chemicals must be evaluated to understand whether these or-
ganic modifications are productive for farmers or not and how
in future these amendments can be made more efficient so that
farmers of both poor and rich countries can take advantage of
them without any uncertainty. Work carried out on
vermicompost applications for plant protection purposes, in
either solid or liquid forms, has shown that they are efficient
in suppressing pathogens and pest attacks. Continued research
is needed to increase the understanding of mechanisms and
factors affecting the suppression of diseases and pests that
constantly boost the suppressive potential and the possibilities
of integrating them into eco-friendly and sustainable crop pro-
duction systems. It is also very important to maximize the
production and utilization of vermicast products without
sacrificing food safety in order to improve crop quality. In
the future, plant disease management, currently provided
mainly by inorganic chemicals, should be augmented or
substituted by these innovative eco-friendly disease control
methods. If vermi-products (vermicompost and vermicompost
tea) would replace the agrochemicals in crops and fruit pro-
duction, they would definitely help to create truly sustainable
food production systems that will provide chemical-free food
for humans in the future.
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