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Vermicomposting is a process where worms are used to transform organic waste products into 
fertilizers for agricultural use and as soil amendments to improve soil health. Vermicompost is used in 
agriculture as both an organic fertilizer and a soil amendment due to its large biological component and 
abundant nutrient concentrations, in particular nitrogen (N). Vermicomposts promote soil microbial 
biodiversity by inoculating the soil with a wide array of beneficial microbes, which can enhance plant 
growth by the production of plant growth-regulating hormones and enzymes while also controlling 
plant pathogens and nematodes, all of which can minimize crop yield losses. Current and historical 
studies have evaluated many vermicompost types for their ability to increase crop growth, 
development, and fruit quality across a wide range of field and greenhouse crops. Many of these 
studies conclude that crop response to vermicompost can meet or exceed crop response to 
conventional rates of synthetic fertilizers. Vermicompost use has therefore been increasingly 
considered in conventional and organic agricultural systems as an alternative to synthetic fertilizers to 
decrease N losses. However, it is difficult to determine the short and long-term effects to soil N cycling 
with increased vermicompost use in agriculture. Here, we summarize the current state of knowledge 
regarding the influence of vermicompost on N dynamics in laboratory and agricultural settings. In 
particular, the physical, chemical and biological means of N cycle alteration following vermicompost 
use is examined, with emphasis on the ability of vermicomposts to influence N leaching. We find 
conflicting results regarding the influence of vermicomposts on soil N dynamics, in particular the 
influence of vermicompost on soil N flux over short and long time scales. We find evidence for both soil 
N retention and leaching with vermicompost use, largely contingent on rate of application and 
vermicompost type.  The differences in chemical, biological and physical properties between 
vermicompost types along with a wide range of recommended rates of application may pose problems 
for large-scale adaptation of vermicompost use in commercial agriculture. It is important to determine a 
proper “goldilocks” rate of vermicompost amendment for crop systems that supports high crop yield 
while minimizing N leaching. We conclude that much research still needs to be performed in laboratory 
and field settings to study N dynamics with vermicomposts. 
 
Key words: Organic fertilizer, organic matter, nitrate sorption, nitrification, nitrogen immobilization, nitrate 
leaching. 

 
 
INTRODUCTION 
 
Nitrogen (N) pollution occurs through over  application  of  chemical fertilizers in agriculture  systems  and  is  largely  
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responsible for water quality degradation through the 
release of nutrients to surface and groundwater sources 
(Bargali, 1996; Good and Beatty, 2011; Singh et al., 
2005; Vitousek et al., 1997; Vitousek et al., 2009). The 
use of organic fertilizers has been shown to decrease N 
pollution into terrestrial, aquatic, and atmospheric 
sources, while promoting high crop yields and improving 
soil health in crop production (Arancon et al., 2004; 
Gopinath et al., 2008; Hepperly et al., 2009; Maynard, 
1993). Vermicompost is an organic fertilizer known to 
promote plant growth, crop yield, and soil fertility while 
also promoting disease suppression in some plants 
(Arancon et al., 2006, Atiyeh et al., 2000; Edwards, 1988, 
Joquet et al., 2011; Noble and Coventry, 2005). 
Vermicompost use has increased in both conventional 
and organic agriculture systems (Lazcano and 
Dominguez, 2011; Singh et al., 2007), with some 
conventional operations increasing organic fertilizer input 
to explore the economic feasibility of lowering synthetic 
fertilizer input (Lim et al., 2014). 

It is difficult to determine the effects of increased 
vermicompost use in agricultural settings on soil N 
dynamics due to the inherent chemical, physical and 
biological variability in vermicomposts (Azarmi et al., 
2008; Basheer and Agrawal, 2013; Campitelli and Ceppi, 
2008; Lazcano et al., 2008.). The objective of this review 
article is to examine the current state of knowledge 
concerning the chemical, biological and physical effects 
of vermicompost use in agriculture, with emphasis on the 
ability of vermicomposts to affect N dynamics in soil, in 

particular the leaching of nitrate (NO3
-
). 

 
 
Vermicompost description 
 
Vermicompost is a finely-divided mature organic matter 
with high water-holding capacity, high porosity, aeration, 
and drainage, and are stabilized by interactions between 
earthworms and microorganisms (Edwards and Burrows, 
1988). Unlike compost, vermicomposts are produced 
under mesophilic conditions (Atiyeh et al., 2000). 
Although soil microorganisms facilitate soil organic matter 
(SOM) degradation, the presence of earthworms is 
essential to vermicompost production (Lazcano et al., 
2008). Earthworms aerate, condition and fragment the 
substrate, drastically altering microbial activity in the 
finished vermicompost (Hatamzadeh and Masouleh, 
2011; Lazcano and Dominguez, 2011). Vermicomposting 
is a non-thermophilic process by which organic materials 
are converted by earthworms and microorganisms into 
rich soil amendments with greatly increased surface area,  
microbial activity and nutrient availability (Arancon  et  al.,  

 
 
 
 
2005). Vermicomposts contain high quantities of plant-
available nutrients, disease- suppressive microbial 
organisms, humic acids, and plant growth-regulating 
hormones (Jack et al., 2011; Noble and Coventry, 2005; 
Pereira et al., 2014). 

The intestinal tract of earthworms contains a wide 
range of microorganisms, enzymes and hormones which 
greatly expedite the digestion of organic waste material, 
transforming them into vermicompost in a short time, 
often in times ranging from 4-8 weeks (Pathma and 
Sakthivel, 2012). Physical fractionation of large organic 
matter particles is performed in the gizzard of the 
earthworm, where it is ground into a fine powder, which 
then allows intestinal digestive enzymes including 
proteases, lipases, amylases, cellulases and chitinases 
to conduct rapid biochemical transformation of the 
cellulosic and the proteinaceous materials in the waste 
(Sinha et al., 2009; Pereira et al., 2014). Earthworm gut 
microorganisms further degrade the organic matter 
before eventually passing to the lower portion of the 
intestinal tract as “casts” (Lazcano and Dominguez, 
2011), with an increased surface area through 
fragmentation available for further microbial 
transformations (Lazcano et al., 2008). These casts are 
then acted upon by earthworm gut microflora, including 
numerous bacteria, fungi, and actinomycetes which 
convert the casts to the final product, the “vermicompost” 
(Lazcano and Dominguez, 2011). 

Vermicompost is produced through the processing of 
organic matter by a large variety of earthworm genera, 
but commonly with Eisenia fetida („red wiggler‟) 
(Edwards, 1998, Mitchell, 1997).  Vermicomposts can be 
produced from a variety of organic material from different 
sources. Farm wastes (Azarmi et al., 2008), animal 
wastes (Atiyeh et al, 2001b) garden wastes, sewage 
sludge from municipal wastewater and water treatment 
plants (Sinha et al., 2009), the wastewater sludge from 
paper pulp and cardboard industry (Basher and Agrawal, 
2013) domestic household waste (Suthar and Singh, 
2008), brewery and distillery wastes (Sanchez-Monedero 
et al., 2001), mushroom waste (Tajbakhsh et al., 2008) 
and sugarcane industry waste (Kumar et al., 2010) offer 
excellent feed material for vermicomposting by 
earthworms (Sinha et al., 2009). Vermicomposts 
produced from several waste sources (pig manure, cattle 
manure, food wastes) have been shown to significantly 
increase the rate of germination, growth and yield of 
many specialty, high-value crops (Atiyeh et al., 2000). 
Vermicomposts contain humic materials (Atiyeh et al., 
2002; Arancon et al., 2006; Masciandaro et al., 1997; 
Senesi et al., 1992) and the phytohormones auxin, 
gibberellin and cytokinin (Tomati et al., 1987;
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Vajrabhiah,1986), which may be ultimately responsible for 
significant increases in the growth and yield of crops with  
vermicompost as a fertilizer (Atiyeh et al., 2002). 
Interestingly, the humic materials extracted from 
vermicomposts can promote auxin-like cell growth and 
nitrate metabolism in carrots (Daucus carota) (Muscolo et 
al. 1996) and maize (Canellas et al., 2002). The surfaces 
or internal structure of humic materials can retain 
exchangeable auxin (Atiyeh et al., 2002) possibly through 
adsorption     (Arancon  et al., 2005)    which     may     be 
responsible for promoting the stability and persistence of 
humic materials in soils (Canellas et al. 2002). 
 
 
VERMICOMPOST AND ENVIRONMENTAL QUALITY 

 
One of the most common environmental impacts of 
conventional agricultural production is the over application 
of chemical fertilizers.  From 1970 to 1995, nutrient 
additions in the United States were well in excess of crop 
nutrient removals, and hydrologic N and P losses led to 
eutrophication of freshwaters far from the sources of 
contamination (Vitousek et al., 2009). Some cropping 
systems in China from 2003-2005 and the United States 
from 1997-2006 had a net excess N fertilizer input 
(agronomic inputs minus harvest removals) of 227 and 10 
kg ha-1 yr-1, respectively (Vitousek et al., 2009). In 
addition to excess fertilizer input, the mass discharge of 
livestock manure contributes to the pollution of 
agricultural ecosystems on a global level (Hepperly et al., 
2009). Excess N from fertilize or manure can be stored in 
soil organic matter and leached into the hydrosphere for 
periods exceeding 25 years (Sebilo et al., 2013). N 
pollution of surface and groundwater continues to be a 
major environmental issue.  

Excessive inputs of synthetic fertilizers required to 
maintain high crop yields have disrupted the natural 
cycling of nutrients through ecosystems on a global scale 
(Vitousek et al., 1997). Anthropogenic sources of nutrient 
input, largely in the form of conventional synthetic 
fertilizers, ultimately accumulate in soils and leach into 
groundwater due to the high solubility of nutrients in 
mineral fertilizers, especially nitrate-nitrogen (Broschat, 
1995; Logsdon and Sauer, 2016). It is well known that 
chemical fertilizer application in conventional agricultural 
operations is a large source of nitrate (NO3

-
) 

contamination to downstream freshwater and marine 
ecosystems (Amor et al., 2008; Kamman et al., 2016; 
Vitousek et al., 2009). 

With recent global increases in organic agricultural and 
horticultural production, the demand for organic fertilizers 
including vermicomposts is increasing on a global scale 
(Lim et al., 2014). Recent greenhouse and field studies 
have suggested that vermicomposts can provide plants 
with similar levels of macronutrients and micronutrients in 
comparison to synthetic inorganic fertilizers (Atiyeh et al., 
2000a; Peyvast  et al., 2008; Joquet et al., 2011;  Singh et  
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al., 2008), which can be an indicator of potential feasibility 
for increasing agricultural utilization of these 
amendments. 

Other benefits from the use of compost amendments 
include the possible reductions of nitrate leaching into 
groundwater compared to those from inorganically 
fertilized controls (Maynard, 1993; Joquet et al., 2011). 
Numerous studies have evaluated the ability of various 
composts and vermicomposts to promote nutrient 
retention in soils and prevent excess nutrient leaching into 
surface and groundwater sources (Gerke et al., 1999;  
Hepperly et al., 2009; Joquet et al., 2011; Maynard, 
1993), however; there are mixed conclusions regarding 
the ability of vermicomposts to influence N dynamics in 
agricultural soils, in particular soil NO3

-
 flux (Gerke et al., 

1999; Hepperly et al., 2009; Li et al., 1997; Logsdon and 
Sauer, 2016; Mullane et al., 2015). 
 
 
IMPROVEMENT OF SOIL PHYSICAL, CHEMICAL AND 
BIOLOGICAL PROPERTIES WITH VERMICOMPOST 
USE 
 
Physical properties 
 
The use of chemical fertilizer alters the physicochemical 
properties of soils and adversely affects microbial 
populations within the soil and thus decreases overall soil 
productivity (Bargali and Shrivastava, 2002; Bargali et al, 
2015). Many studies have shown that vermicomposts are 
able to improve the physical properties of soils (Ferreras 
et al., 2006; Marinari et al., 2000; Gopinath et al., 2008; 
Lazcano and Dominguez, 2011; Vo and Wang, 2014). 
Ferreras et al. (2006) performed a study on soils that 
were altered by historical agricultural cultivation. An 
addition of 20 tons ha

-1 
of vermicompost to an agricultural 

soil over a two year period significantly improved soil 
porosity and aggregate stability. A related field study by 
Marinari et al. (2000) on a soil with a 20-year conventional 
horticultural cropping history showed that in soil amended 
with vermicompost, total porosities were significantly 
higher than in the original soil. Soil macropores also 
increased significantly after one application of 
vermicompost equivalent to 200 kg ha

-1
 of inorganic N 

fertilizer.  
The ability of vermicompost to perform alterations to soil 

physical properties increases the amount of plant –
available air and water, further encouraging seedling 
emergence and root growth in plants (Lazcano and 
Dominguez, 2011). Other studies have demonstrated the 
positive effect of vermicompost addition on soil bulk 
density (Azami et al., 2008; Gopinath et al., 2008; Ibrahim 
et al., 2015; Singh et al., 2013) and water holding 
capacity (Ganesh et al., 2011; Parthasarathi et al. 2008). 

Typically, soils with higher water -holding capacities can 
prevent excess nutrients from leaching into proximate 
groundwater sources in comparison to  sandier  soils  with 
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Table 1. Chemical properties of vermicomposts derived from various waste materials. 
 

Organic C(%) N(%) P(%) K (%) Ca(%) Mg(%) Fe(%) Waste material Source 

15.0 1.3 1.30 1.00 

  

0.58 Sheep manure Azarmi et al., 2008 

27.4 2.36 4.50 0.40 8.6 0.50 0.80 Pig manure Atiyeh et al., 2001b 

 

0.36 1.18 0.36 

   

Paper waste Basheer and Agrawal, 2013 

36.0 3.68 1.27 3.40 3.8 0.84 0.33 Cattle manure Broz et al., unpublished data 

34.9 2.91 

     

Tomato and almond wastes Fornes et al., 2012 

31.4 2.83 0.11 

    

Cattle manure Lazcano et al., 2008 

34.2 2.00 0.47 

    

MSW sludge Marinari et al., 2000 

20.1 2.03 0.64 0.96 

   

Brewery waste Suthar and Singh, 2008 

 
 
 

higher porosity (Bargali et al., 1993; Maynard, 1993; 
Mukesh et al., 1997; Yao et al., 2012). Vermicomposts 
can be used in a wide variety of agricultural soils to 
improve physical properties which often leads to 
increased crop growth and yield, as poor soil physical 
properties are often a growth-limiting factor in agricultural 
and horticultural production. As many of the 
aforementioned studies found significant beneficial 
alterations to soil water holding capacity and plant-
available   water,    it    is   reasonable   to   suggest    that 
improvements to physical properties of soil with 
vermicompost additions may also facilitate nutrient 
retention in soils. 
 
 

Chemical properties 
 

Vermicomposts contain high amounts of macro and 
micronutrients, which are often present in high enough 
quantities to facilitate high crop yields when used in 
conjunction with or in place of synthetic mineral fertilizers 
(Arancon et al., 2003; Lazcano and Dominguez, 2011). 
The chemical properties of vermicomposts are highly 
variable (Table 1). The chemical properties of 
vermicomposts often vary by the waste material used for 
production (Atiyeh et al., 2001b; Bachman and Metzger, 
2007). Vermicomposts that are produced from vegetative 
and paper wastes are significantly different in nutrient 
content compared to those produced from manures and 
municipal solid wastes, primarily in N, P, and K 
concentrations (Table 1). 

Vermicomposts typically have higher amounts of micro 
and macronutrients compared to composts produced from 
the same waste materials (Lim et al., 2014). A 
comparison of cow manure compost and vermicompost 
showed that vermicompost had a significantly lower C:N 
ratio as it underwent intense decomposition (Lazcano et 
al., 2008). Conventional cow manure compost is higher in 
NH4

+
 while vermicomposted cow manure tends to be 

higher in NO3
-
, likely due enhanced N mineralization and 

increased rates of conversion of NH4
+

 into NO3
-
 (Atiyeh et 

al., 2000; Papadopolous, 1987), which is expedited in the 
presence of earthworms (Dominguez and Gomez-
Brandon, 2013). 

The ratio of NO3
-
 to NH4

+
 in vermicomposts is important 

to understand the leaching capacity of N a reliable 
indicator of the maturity and stability of vermicomposts 
(Lim et al., 2014), with higher ratios of NO3

-
 to NH4

+
 

indicative of nitrification and thus compost maturity 
(Dominguez and Gomez-Brandon, 2013). Composts and 
vermicomposts with high NO3

-
 : NH4

+
 ratios can leach 

more NO3
-
 (Arora and Srivastava, 2013), but an increase 

in soil physical properties with vermicompost application 
can retain NO3 for plant uptake (Marinari et al., 2000). 
Most chemical fertilizer is applied in the form of NH4-N. 
The fate of NH4

+
 in agricultural soils is often microbial 

nitrification (Burger and Jackson, 2003), and thus 
leaching losses of N in conventional agricultural 
operations are high (Arora and Srivastava, 2013).  

The variability of vermicompost chemical properties is 
also expressed in the cation exchange capacity (CEC) of 
vermicomposts. The cation exchange capacity (CEC) of 
vermicomposts has been reported as high, with values 
ranging from 40-300 cmolc kg

-1 
(Armando and Flores, 

2009; Contreras-Ramos et al., 2007; Jordao et al., 2010; 
Nweke, 2013); however, vermicompost CEC varies 
significantly as a function of the waste material used for 
production (Pereira and Arruda, 2003). The inherent 
chemical variability typical between vermicompost types 
is important to discuss when considering an application 
rate and vermicompost type for use in commercial 
agriculture. 
 
 

Biological properties 
 
Vermicomposts are rich in microbial populations and 
diversity, particularly fungi, bacteria and actinomycetes 
(Edwards, 1998; Gopal et al., 2009; Pathma and 
Sakthivel, 2012; Tomati et al., 1987). Vermicomposts can 
contain bacteria, fungi and actinomycetes with maximum 
number of 126 x 10

6
, 28 x 10

4
 and 93 x 10

5
 CFU g

-1
 (Devi 

et al., 2009).Total bacterial counts can exceeded 10
10 

organisms g
-1

 and include nitrobacter, azotobacter, 
rhizobium, phosphate solubilizers and actinomycetes 
(Suhane, 2007). It has been reported that vermicomposts 
contain populations of both nitrifying and denitrifying 
bacteria    (Pathma  and  Sakthivel, 2012).   The   rate   of 

https://springerplus.springeropen.com/articles/10.1186/2193-1801-1-26#CR164
https://springerplus.springeropen.com/articles/10.1186/2193-1801-1-26#CR261
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Table 2. Chemical properties and microbial activity of a standard commercial potting medium (Metro-Mix 360) substituted with different 
concentrations of pig manure vermicompost (Excerpted from Atiyeh et al., 2001b). 
 

% (by volume) of vermicompost 
in Metro-Mix 360 

pH
A Electrical Conductivity 

(mS/m) 

Dehydrogenase activity 
(μg TPF/g/hr 

NH4-N 
(mg/kg) 

NO3-N 
(mg/kg) 

Control
B 

6.00 
a
 116.4 

e
 6.53 

c
 315.4 

a
 <1 

d
 

5 5.86 
ab

 147.6 
d
 8.16 

c
 258.2 

b
 286 

c
 

10 5.89 
ab

 163.4 
d
 11.90 

c
 241.1 

b
 394 

c
 

25 5.83 
bc

 194.0 
c
 14.57 

c
 206.6 

c
 582 

bc
 

50 5.75 
bc

 242.0 
b
 210.35 

b
 97.4 

d
 830 

ab
 

100 5.68 
c
 322.0 

a
 584.66 

a
 28.8 

e
 1001 

a
 

 
A
Means within the same column followed by the same letter are not significantly different at P< 0.05. 

B
Control represents 100% Metro-Mix 360. 

 
 
 

nitrification inside the drilosphere (earthworm-worked 
burrow) was found to be 1000 times higher than the 
denitrification rate, suggesting that nitrate created from 
microbial nitrification would be susceptible to leaching due 
to the lack of denitrification (Parkin and Berry, 1999). 

Historical and current studies have attributed plant 
disease suppression and physiological disorders to the 
biological      component      of      compost-derived      soil 
amendments and earthworm activity (Boulter et al., 2002; 
Elmer, 2009; Singh et al., 2008). Interactions between 
earthworm gut microbes and soil microorganisms can 
produce copious amounts of plant growth-regulating 
hormones (Arancon et al., 2006; Frankenberger and 
Arshad, 1995), promote nutrient solubilization (Naik et al., 
2008; Suhane, 2007), nitrogen fixation (Gopal et al., 
2009; Han et al., 2005) and exhibit antimicrobial activity 
against pathogenic bacteria Staphylococcus aureus and 
Enterococcus faecalis (Vaz-Moreira et al. 2008). 
Earthworms ingest plant growth-promoting rhizospheric 
bacteria including Pseudomonas, Rhizobium, Bacillus, 
Azosprillium and Azotobacter along with rhizospheric soil 
which may increase the activity of these organisms due to 
the ideal micro-environment of the earthworm gut 
(Pathma and Sakthivel, 2012) and the high specific 
surface areas typical of vermicomposts (Shi-Wei and Fu-
Zhen, 1991).  

Further, earthworm activity increases the population of 
plant growth-promoting rhizobacteria (PGPR) (Sinha et 
al., 2010). Earthworm digestion of organic wastes 
promoted the production of plant growth-regulating 
hormones auxin and cytokinin (Canellas et al., 2002; 
Krishnamoorthy and Vajrabhiah, 1986), which are 
beneficial to plant growth, fruit quality and yield, and 
influence nutrient uptake and storage. The ability of plants 
to efficiently uptake and utilize available nitrogen is 
important to prevent excess nitrogen contamination into 
surface and groundwater sources. 
 
 

SOIL NITROGEN RETENTION WITH VERMICOMPOST 
USE 
 

Improvements  to  soil  chemical,  physical  and  biological 

properties with vermicompost use are well known. 
However, the ability of vermicomposts to affect soil N 
retention is not well understood, especially when 
considering vermicompost that has not been subject to 
irrigation or rainfall. Past studies have suggested that 
nitrate and phosphate contained in the structure of 
composts can initially leach out with a significant irrigation 
or rainfall event, and in some cases provide a sustained 
source of nutrient and metal leaching (Gerke et al., 1999; 
Li et al., 1997; Logsdon and Sauer, 2016; Mullane et al., 
2015). However, when considering the long-term effect of 
composts and vermicomposts on soil N dynamics, several 
studies have reported increased N retention capacity 
(Shi-Wei and Fu-Zhen, 1991; Hepperly et al., 2009), 
especially when compared to N leaching from chemical 
fertilizers (Jouquet et al., 2011). 

Therefore, it is important to discern whether 
vermicomposts can promote N retention in soils, or if the 
inherent amounts of N within many vermicomposts are 
easily leached. Shi-Wei and Fu-Zhen (1991) suggested 
that the large surface area of vermicompost provides 
many sites for continuous microbial activity and 
subsequently promoted retention of nutrients, either due 
to increased microbial NO3- immobilization or sorption to 
amorphous vermicompost surfaces. Hepperly et al. 
(2009) found that compost was superior to both 
conventional synthetic fertilizer and raw dairy manure in 
reducing nutrient losses to groundwater and surface 
runoff, promoting soil macronutrient levels, and increasing 
long-term nutrient availability to a wheat crop system. In 
contrast, Atiyeh et al. (2001) found that increased 
application of pig manure vermicompost to a potting 
media substrate increased levels of nitrate-N in saturated 
soil extracts. With levels of vermicompost amendment of 
25% (v/v), the nitrate- N concentration exceeded 580 mg 
kg-1. This value nearly doubled to 1001 mg kg-1 nitrate-N 
after increasing the vermicompost amendment to 100% of 
the total medium (Table 2). In addition, EC and 
dehydrogenase activity (indicator of microbial abundance) 
increased with increasing amounts of vermicompost 
substitution. The total NH4-N content decreased with 
increasing amounts of vermicompost, which indicates that  



 

178 J. Soil Sci. Environ. Manage. 
 
 
 

Table 3. Properties of three soils used in batch and diffusion-cell tests (adapted from from Remya et 
al., 2011). 
 

Soil properties Soil-1 Soil-2 Soil-3 

Sand (%) 79 75 77 

Silt (%) 10 14 13 

Clay (%) 11 12 10 

SOM (%) 3.43 6.76 9.42 

Anion Exchange Capacity (cmol kg
-1

) 0.24 0.58 0.82 

pH 5.85 4.71 6.8 

 
 
 

increasing vermicompost application may increase soil 
NO3- to NH4+ ratio  and  facilitate  soil N  losses  through 
NO3- leaching (Table 2). 

There are mixed results regarding the ability of 
composts and vermicomposts to affect nutrient leaching 
(Hepperly et al., 2009; Logsdon and Sauer, 2016; Mullane  
et al., 2015). Thus, it is important to determine the ability 
of vermicomposts to promote NO3- retention in soils 
through biological and/or chemical mechanisms, or to 
promote plant uptake and transformation of NO3- within 
plant tissue. 
 
 
Nitrate dynamics and chemical properties of 
vermicompost 
 
There is abundant literature on the cation exchange 
capacity (CEC) of vermicomposts (Neweke, 2013; Pereira 
and Arruda, 2003; Theunissen et al., 2010), which is a 
good way to quantify improvements to soil fertility with 
vermicompost use. However, little is known regarding the 
anion exchange capacity (AEC) of vermicomposts and 
other SOM-rich soil amendments (Carrasquero-Duran 
and Flores, 2009). In particular, the ability of 
vermicomposts to adsorb and retain anions including 
nitrate (NO3-) is not well known. Vermicompost filter beds 
have been investigated for the treatment of domestic 
wastewaters as a way to remove NO3- and expedite 
decomposition of solid domestic household wastes 
(Taylor et al., 2003). 

Nitrate-N is high in many vermicomposts (Atiyeh et al., 
2000; Atiyeh et al., 2001b; Lazcano et al., 2008; Marinari 
et al., 2000; Parkin and Berry, 1999) and thus it is 
reasonable to suggest a release of NO3

-
 upon water 

application may initially overwhelm the adsorption 
capacity of NO3

-
 in a given vermicompost system. It is 

typical for a continuum of competitive adsorption onto soil 
anion exchange sites to occur in the order of phosphates 
> sulfates > chlorides > nitrate (Feder et al., 2015; Katou 
et al., 1996) which can explain the high mobility and low 
adsorption capacity of nitrate in many systems. However, 
the surface charge of the sorbent, which is pH dependent 
in the case of SOM (Appel and Ma, 2002; Marcano-
Martinez and McBride, 1989) determines the capacity for 
anion  sorption  to  occur,  with  positive  surface  charges 

generally promoting anion sorption. The surface charge of 
a sugar cane waste vermicompost with added calcite was 
positive at pH less than 7.5 (Carrasquero-Duran and 
Flores, 2009), suggesting anion exchange capacity at pH 
less than 7.5 (Appel et al., 2003). 

Anion exchange capacity is important to N retention in 
SOM and soils, as certain species of anions including 
NO3

-
 are readily leached in soils in part due to low AEC 

and variable surface charge (Appel et al., 2003; Feder et 
al., 2015). Studies have been performed to measure NO3

-
 

sorption to SOM surfaces through batch and diffusion-cell 
tests. Remya et al. (2011) measured the maximum 
specific nitrate adsorption capacity (MSNAC, Qmax) of 
three sandy soils that were similar in all characteristics 
except pH and OM content (Table 3). SOM is largely 
responsible for nutrient retention in soils (Lehmann and 
Kleber, 2015), and thus increasing SOM may promote N 
retention. The authors observed an increase in MSNAC 
and AEC with increasing amounts of soil SOM, 
suggesting that organic matter may promote soil NO3

-
 

retention (Table 4). These data agree with Sebilo et al. 
(2013) where approximately 19% of NO3

-
 from synthetic 

fertilizer N was retained in both the SOM pool and 
microbial biomass for periods of over 25 years. Thus, the 
organic matter content of vermicomposts may significantly 
contribute to N retention in soil, especially when 
considering the ability of SOM to retain N over long time 
scales where synthetic fertilizer N is applied (Sebilo et al., 
2013). 

NO3 adsorption is considered as one of several abiotic 
mechanisms of NO3

-
 removal from solution (Dhakal, 

2013); however, it is reasonable to suggest that a biotic 
mechanism of NO3

-
 transformation may have also 

occurred due in part to the high microbial component and 
complex “social” microbial interactions associated with 
SOM (Kaiser et al., 2015). Vermicompost is fractionated 
SOM with high surface area (Pathma and Sakthivel, 
2012), and thus may have a significant capacity to 
influence NO3

-
 dynamics either directly by facilitating NO3

-
 

sorption or indirectly by harboring large numbers of 
nitrifying and denitrifying bacteria. Therefore it would be 
helpful to measure the difference between an unsterilized 
versus a sterilized vermicompost with added NO3

-
 on N 

dynamics in laboratory conditions in order to better 
understand   the   kinetics,    equilibrium    and    dominant   
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Table 4. Adsorption isotherm constants at A) lower NO3
- concentrations (1.5-15 mg l-1) and B) higher NO3

- concentrations 
(20-100 mg l-1) in different soils where qmax is the maximum specific nitrate adsorption capacity (excerpted from Remya et 
al., 2011). 

 

Name of soil Langmuir constants  Freundlich constants 

A qmax (mg g
-1

) b R
2
  K

f
 1/n R

2
 

Soil -1 0.080 1.75 0.989  0.036 0.333 0.933 
Soil -2 0.090 4.48 0.988  0.052 0.303 0.903 
Soil -3 0.091 5.76 0.999  0.057 0.321 0.956 

 

Name of soil Langmuir constants   Freundlich constants 

B qmax (mg g
-1

)  b R
2
   K

f
 1/n R

2
 

Soil -1 0.335 0.019 0.985 
 

0.018 0.55 0.97 
Soil -2 1.141 0.007 0.939 

 
0.012 0.811 0.967 

Soil -3 1.403 0.006 0.921 
 

0.017 0.767 0.958 

 
 

 
mechanism of NO3

-
 removal from solution with 

vermicompost. The nitrate adsorption capacity and AEC 
are not well known in vermicompost or vermicompost - 
amended soils. The AEC of soils is largely pH dependent, 
with lower pH generally promoting higher anion exchange 
capacity (Appel et al., 2003; Martinez and Mcbride, 1989; 
Remya et al., 2011). Thus, it is important to determine the 
pH where the AEC is maximized in vermicomposts in 
order to understand the capacity of vermicompost to 
retain anions through abiotic (chemical) mechanisms. 
Studies have been performed on tropical soils (Appel et 
al., 2003) and vermicomposts (Carrasquero-Duran et al., 
2006) to experimentally determine the point of zero 
charge (PZC), a pH where the surface charge of a soil 
particle is zero. If a soil has a pH that is less than the 
PZC, anion exchange capacity (retention) readily occurs. 
If soil pH is greater than the PZC, cation exchange 
capacity increases. There is limited information regarding 
the surface charge typical in vermicomposts 
(Carrasquero-Duran and Flores, 2009). Therefore, it 
would be helpful to identify the pH where AEC is 
maximized in vermicomposts through a PZC 
determination and an ion adsorption study. The fate and 
pathways of abiotic NO3

-
 immobilization differs from the 

commonly known mechanisms of NO3
-
 reactions in SOM 

(Dail et al., 2001), and thus the results from NO3
-
 

adsorption studies with sterilized organic matter soil 
amendments may reveal the ability of these materials to 
promote NO3

-
 immobilization before addressing biological 

and / or physical mechanisms of NO3
-
 removal from 

solution. 
 
 
Nitrate dynamics and biological properties of 
vermicomposts 
 
The microbial content of composts and vermicomposts 
may be responsible for performing alterations to nitrogen 
dynamics in soils. Su and Puls (2007) performed an 
anaerobic NO3

-
 sorption batch study on a cotton-burr 

compost with the objective of determining if NO3
-
 removal 

from aqueous solution was dominantly a biotic (microbial 
NO3

-
 reduction ) or abiotic (NO3

-
 sorption to compost or 

other immobilization) process. To discern the mechanism 
of NO3

-
 removal from solution, the N dynamics of a) an 

unmodified “pristine” cotton burr compost and b) an 
autoclaved cotton burr compost were studied in a series 
of batch tests, focusing on the kinetics and equilibrium of 
NO3

-
 removal under anaerobic conditions in the 

unsterilized versus sterilized composts. In the unsterilized 
“pristine” cotton burr compost, there was a removal of 
nearly 100% of the added nitrate (20 mg N l

-1
) after 

approximately 100 h (Figure 1A). In contrast, the 
autoclaved cotton burr compost had less than 15% 
removal of nitrate after approximately 250 h (Figure 1B). 

The solution redox potential (Eh) and pH of the 
equilibrium batch tests were studied to determine the 
influence of the nitrate removal mechanism on solution 
pH and redox potential (Su and Puls, 2007). A negative 
solution redox potential (Eh) and decreasing pH were 
observed in the unsterilized “pristine” cotton burr compost 
which corresponded to the fastest rate of nitrate removal, 
which occurred during the first 50 h (Figure 1A). There 
was no significant change in Eh or pH in the autoclaved 
cotton burr compost (Figure 1B). It is typical for Eh to 
become increasingly negative in response to the 
reduction of nitrate facilitated by anaerobic and facultative 
microbial activity (Bailey and Beauchamp, 1971). 

These data suggest that the dominant mechanism of 
nitrate removal from aqueous solution with compost is a 
biotic process, which may include microbial denitrification 
of nitrate (Su and Puls, 2007). Thus, it is reasonable to 
suggest that the mechanism of nitrogen removal from 
aqueous solution with vermicomposts under anaerobic 
conditions may be dominantly a biotic process. However,   
no known studies have addressed batch NO3

-
 dynamics 

with vermicompost in aerobic systems. Further, there are 
large differences in the biological properties of 
vermicomposts and composts, most specifically in 
bacterial  and  fungal  community  composition   (Lazcano  
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Figure 2. Nitrogen dynamics, Eh and pH in A) non-autoclaved cotton burr compost; and B) autoclaved cotton burr 
compost with added nitrate at 20 mg N l-1 (excerpted from Su and Puls, 2007). 

 
 
 

and Dominguez, 2011). The maximum specific NO3 

removal capacity of vermicomposts may be greater than 
certain composts because of the presence of a large and 
diverse microbial consortium typical in many 
vermicomposts, where populations of nitrifying, 
denitrifying and N-immobilizing bacteria may comprise a 
significant fraction of the total microbial population 
(Pathma and Sakthivel, 2012). It is important to evaluate 
differences in microbial abundance and diversity across 
different types of vermicomposts, as differences in 
microbial species can influence the ability of 
vermicomposts to affect nitrogen dynamics, in particular 
anaerobic NO3

-
 reduction (Su and Puls, 2007). It would be 

helpful to measure the biological and chemical capacity of 
vermicomposts to remove NO3

-
 from solution through a 

series of aerobic batch and column-leaching studies. Little 
is known regarding NO3

-
 adsorption kinetics or equilibrium 

when vermicompost is used as a sorbent material. 
Further, there is a lack of knowledge regarding the 

microbial NO3
- 

reduction or immobilization capacity of 

vermicomposts. Results from these studies may better 
inform a proper level and /or preparation technique for 
vermicompost use as a way to reduce N losses in 
agriculture systems. 

 
 
CONCLUSION 
 
Nutrient pollution and soil degradation from conventional 

agricultural systems continue to be a global 
environmental quality issue. The use of vermicompost as 
both a replacement for chemical fertilizer and to improve 
soil properties has been shown to be effective. Much is 
known about the ability of vermicompost to improve soil 
chemical, physical and biological properties; however, the 
kinetics of N release or retention in the wide consortium of 
vermicompost types is not well understood. In particular, 
there is little agreement regarding a correct application 
rate of vermicompost that will not facilitate increases in 
nutrient N leaching. Further, mechanisms of NO3

-
 

retention and /or removal in agricultural soils where 
vermicompost is added as a long-term soil amendment is 
also not well understood. The above uncertainties are a 
demonstration of the complexity of N dynamics in 
agricultural systems utilizing vermicompost, and are an 
encouragement to continue research in this field. 
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