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In this experiment, earthworm, Eudrilus eugeniae was fed with different plant residues: grass clippings,
sago waste and rice straw. These organic wastes were also left to decompose naturally as the control.
Analysis on samples vermicompost showed that humic acid content was highest in rice straw, followed
by grass clippings compared to those of sago wastes. Total phosphorus (P) was lower in
vermicomposts as compared to the controls, however, highest extractable P was found in rice straw
vermicompost (0.33 = 0.00 g/kg). Sago waste vermicompost (22.79 + 0.01 g/kg) contained highest total
calcuim (Ca) compared to the grass clippings (1.39 + 0.01 g/kg) and rice straw (8.22 = 0.06 g/kg)
vermicompost. Significant positive correlations between nutrient contents in raw plant residues and
vermicompost were observed for total nitrogen (N) (r = 0.779), potassium (K) (r = 0.998) and Ca (r =
0.997). The study showed that nutrient in initial wastes material affects the nutrient contents of
vermicompost. This research suggested that among the plant residues studied, vermicomposting of
rice straw produced vermicompost with the highest plant extractable nutrient contents.

Key words: Earthworm, vermicomposting, rice straw, grass clippings, sago wastes, organic wastes, humic

acids.

INTRODUCTION

Plant residues such as those originated from agricultural
and municipal practices are generated in huge quantities
worldwide. The annual total crop residues generated by
the world population is estimated to be around 3.8 billion
tonnes (Lal, 2005). These large amounts of plant residues
may serve as potential sources of plant nutrients (Suthar,
2007). However, due to the lack of a cost effective and
sustainable technology of waste management, disposal
of organic waste unsystematically has led to pollution of
the environment. Some of the major problems caused by
unsustainable plant residues managements are global
warming, scarcity of land and contamination of the environ-
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Abbreviations: RS, Rice straw; SW, sago waste; GC, grass
clippings; CD, cow dung; TN, total nitrogen.

ment (Sangwan et al., 2009; Sharma et al., 2005).

Rice being the staple food source for more than 40% of
the human population is a major crop grown worldwide.
Globally, about 155 million hectares of land are being
harvested, amounting to an annual productivity of around
800 metric tonnes of rice crop (Wati et al., 2007). Large
amount of rice crop cultivations have substantially corres-
ponded to the production of huge amount of rice straw
(Pathak et al., 2006). The disposal of rice straw is a major
cause of environmental concern worldwide. Generally,
rice straws are chopped and openly burnt in the rice field
after harvesting, thus causing air pollution to the environ-
ment.

The sago palm trunk waste produced by sago starch
industries is another example of the plant residues availa-
ble in large quantities but with no commercial value (Akmar
and Kennedy, 2001). Both medium and large scale starch
manufacturing industrial units suffer frominadequate waste
treatment plant and disposal problem (Saravanane et al.,
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2001). The effluent and residues resulting from sago de-
barking and processing are often discharged into nearby
river, creating water pollution. Studies carried out have
shown that these residues (commonly known as Sago
hampas) are highly composed of lignin and cellulose and
are therefore considered as both waste and pollutant
(Vikineswary et al., 1994). Additionally, in many commu-
nities, yard trimmings are one of the major contributors to
municipal wastes streams. For example, yard trimmings
comprise nearly 13% of the municipal waste stream in
the United States (Bary et al., 2005). The large heap of
grass clippings can cause serious odour problem in com-
posting facilities if they are not subsequently or ade-
guately treated (Lopez et al., 2010). Application of grass
clippings, especially in thick layers during household
composting, will create an undisturbed and anaerobic
layer where degradation is reduced, hence producing no-
xious odour (Michel et al., 1996). It would be interesting if
these huge quantities of waste could be recycled into
nutrient rich bio-fertilizer for sustainable development.
Recycling of these plant residues would return a great
portion of crop nutrient input during cultivation back to the
soil, thus serving as an attractive waste disposal method
(Suthar, 2007).

Vermicomposting offers rapid recovery of valuable
resources from biodegradable wastes such as plant resi-
dues at shorter decomposition period, and faster genera-
tion of humus-like vermicompost (Pramanik et al., 2007).
Addition of vermicompost is reported to have positive eff-
ects on soil chemical and physical properties (Azarmi et
al., 2008). However, plant residues have different palata-
bility, particle size, protein, crude fibre and some even
contains special plant metabolites that may influence the
growth and performances of earthworms as composting
agent (Suthar, 2007). These factors may as well affect
the quality of vermicompost produced. Application of ver-
micompost helps to restore nutrient loss from soil through
the recycling of nutrients held in crop residues without
resorting to applications of mineral fertilizers. An under-
standing of the differences in quality of vermicompost
produced from the selected plant residues offers an
insight into influence of initial materials on the nutrient
status in the vermicompost produced. Therefore, the
present study was conducted to evaluate the plant nutri-
ent contents in vermicompost derived from different plant

residues namely rice straw, sago waste and grass clippings.

MATERIALS AND METHODS
Preparation of plant residues

Green wastes used in this study were rice straw (RS), sago waste
(SW) and grass clippings (GC). Rice straw was obtained after the
paddy harvesting season from a rice field in Kedah, northern region
of Peninsular Malaysia. Sago waste was obtained from a sago
starch factory in Johor, Malaysia. The grass clippings used in the
experiment was attained from a field in University of Putra Malaysia.
Preliminary study showed that the weeds comprised of Acroceras

munroanum (Balansa) Henr, Axonopus compressus (Swartz) P.
Beauv and Brachiaria distachya (Linn). The plant residues were
dried under sunlight, shredded and then individually mixed with cow
dung (CD) in ratio of 8:2 (dry weight basis). The 8:2 ratios of plant
residues and cow dung were chosen, as this is the optimal ratio for
vermicompost output and maintaining earthworm’s health. The cow
dung was added into the plant residues to support the earthworm’s
growth by providing easily assimilable nutrient for the earthworm’s
uptake (Gajalakshmi and Abbasi, 2004).

Experimental setup

Containers (20 cm D x 25 cm H) were filled with a total of 250 g of
the plant residues. The experiment was conducted in a culture
room (temperature: 27.0 £ 0.5°C) with 4 replicates for each treat-
ment. Distilled water (200 ml) was added to the plant residues to
initiate decomposition process. After 2 weeks of partial decompo-
sition period, 30 matured earthworms (E. eugeniae) were intro-
duced. Distilled water was sprinkled on the materials when neces-
sary, to maintain moisture level of 70% (wet weight basis). The con-
tainers were covered with orchid net to reduce the loss of moisture
and provide favourable condition to the earthworms. In the control,
plant residues were left to undergo natural decomposition without
the addition of earthworms. Samples (10 g) of vermicompost and
control were harvested weekly, and the experiment was terminated
when the C:N of approximately 20 was achieved. The C:N ratio is
considered the most reliable tool to indicate compost maturity, C:N
ratio of less than 25 is considered a matured compost (Subra-
maniam et al., 2010). The chemical parameters of initial plant resi-
dues, control and vermicompost were analyzed.

Chemicals analysis

The pH was measured in a 1:10 (vermicompost : deionised water)
water slurries using a digital pH meter (Mettler Toledo S20). Total
carbon (C) was determined as organic carbon using Total Organic
Carbon (TOC) analyzer. Total Kjeldahl nitrogen was analyzed using
method described by Van Ranst et al. (1999). Total phosphorus (P),
potassium (K), calcuim (Ca) and magnesium (Mg) were measured
by dry ashing (Van Ranst et al., 1999). Extractable P, K, Ca and Mg
were measured using method described by Jones (2001). Humic
acid content was extracted and measured by using method des-
cribed by Ahmed et al. (2003).

Statistical analysis

Data were analyzed using Statistical Package for the Social Scien-
ces (SPSS) version 16.0 and were subjected to one way ANOVA
and correlation analysis. Considering the treatments as indepen-
dent variables, the means were separated using Duncan test. A
significance level of p < 0.05 was considered throughout the study
(Table 1).

RESULTS

The duration required for vermicomposting of SW was 4
weeks. It was recorded that GC and RS required 5 weeks
to complete the vermicomposting process. The pH of GC
and RS vermicompost was lower compared to SW
vermicompost. pH changes as much as 10% were
observed in vermicompost produced from initial materials
with low C:N ratio (GC and SW). Besides, the produced
vermicompost had significantly (p < 0.05) lower pH as
compared to the controls (Table 2). The pH range was
found to be from 5.41 (GC vermicompost) to 6.32 (SW
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Table 1. Physicochemical and elemental analysis of raw materials used as initial substrates (g/kg) on dry

weight basis.
Parameter GC+CD SW+CD RS+CD
pH 6.06+0.06 5.99+0.08 6.41+0.10
Organic C 444.33+4.01 405.30+4.64 385.90+£12.49
Total N 16.18+0.22 14.22+0.68 10.07+0.01
Total P 2.97+0.04 0.55+0.01 1.25+0.10
Total K 41.82+0.38 1.06+0.04 3.73+0.17
Total Ca 13.91+0.01 26.91+0.04 5.54+0.18
Humic acids ND ND ND
C:N 27.46 28.49 38.31
Rice straw (RS), sago waste (SW), grass clippings (GC), cow dung (CD), not detected (ND).
Table 2. Physicochemical and elemental analysis of vermicompost and controls dry weight basis.
Parameter pH Total C (g/kg) Total N (g/kg) C:N Humic acid (%)
GC vermicompost 5.41+0.08° 406.88+5.72°% 29.16+0.49% 13.95 28.98+1.51%
GC control 6.65+0.01° 407.15+4.94° 27.26+0.33" 14.93 32.1645.15°
SW vermicompost 6.55+0.04" 325.63+3.72° 15.64+0.55° 20.81 22.09+2.50"
SW control 6.90+0.04° 355.23+8.86" 17.90+0.49" 19.85 27.14+3.99%
RS vermicompost 6.32+0.04° 294.33+2.47° 14.60+0.14° 20.15 32.11+2.26%
RS control 6.94+0.07° 354.15+1.57° 20.23+0.15° 17.50 24.00+3.67%

Mean values followed by different letters in same column are significantly different (ANOVA; Duncan’s test, p < 0.05).

vermicompost). After undergoing vermicomposting by
passing through the gut of earthworms, organic carbon
reduction of 8 to 24% was observed in the vermicompost
formed. Largest reduction (92 g/kg) in organic carbon
was obtained in RS vermicompost, whereas the initial
C:N was the highest (38), indicating that the large amount
of C present in raw material RS can be assimilated by the
earthworms. Reduction of carbon amounting to 80 g/kg
was found in SW vermicompost from its initial material.
However, the lowest reduction of organic C was found in
GC vermicompost, amounting to only 37 g/kg reduction of
C after vermicomposting (Table 2).

Analysis of vermicompost showed that total N was the
highest in GC, twice the amount of N found in SW and
RS vermicompost (Table 2). SW and RS vermicompost
containing low total N were produced, as the initial plant
residues (SW, 14.22 g/kg; RS, 10.07 g/kg) used for
vermicomposting contained low N content. GS, SW and
RS vermicompost yielded significantly lower total P com-
pared to the controls (Figure 1a). However, extractable P
was found to be significantly higher in all vermicompost
compared to controls. In fact, RS vermicompost con-
tained twice the amount of extractable P to those of RS
controls. Similar trend was observed for K (Figure 1b);
higher amount of total K was observed in control com-
pared to vermicompost. Extractable K in RS vermicom-
post was 4 times higher than RS control, 5 times higher
than SW vermicompost and SW control. Significant

differences in extractable K content were found for all
vermicompost and naturally decomposed materials, except
for vermicompost and control of SW.

Highest amount of total Ca was found in SW vermicom-
post while RS vermicompost contained the lowest total
Ca. However, it was found that RS vermicompost con-
tained the highest amount of extractable Ca (Figure 1c).
SW and RS vermicompost showed significantly higher
total calcium content compared to SW and RS control.
Total Ca content was significantly lower in GC vermicom-
post compared to its GC control. Extractable Ca also sho-
wed no significant difference between vermicompost and
control, except for RS vermicompost and control. Highest
amount of extractable Ca was found in RS vermicompost
when compared to all other treatments. Humic acids con-
tent was recorded to be the highest in RS vermicompost
compared to GC and SW vermicompost (Table 2). Signi-
ficant difference in humic acid content was only recorded
between RS and SW vermicompost. No significant differ-
ence was found in humic acid content between vermin-
compost and controls.

Significant positive correlation was observed for total N
between the initial materials and vermicompost (r = 0.77).
Besides, positive correlations were obtained between the
total macronutrients (K and Ca) in both vermicompost
and control and the type of raw materials. Strong positive
correlations were observed for total K in vermicompost
(r= 0.99) and control (r = 0.98). Nevertheless, total Ca
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Figure 1. Average (mean * standard error) of plant nutrient contents in vermicompost and control (a) total and
extractable phosphorus, (b) total and extractable potassium, (c) total and extractable calcium.

only showed significant positive relationship between raw extractable P in vermicompost (r = -0.62) and control (r =
materials and vermicompost (r = 0.99). Significant nega- -0.69). Extractable calcium showed negative correlation
tive correlations were found between raw materials and between raw materials and vermicompost (r = -0.78).



DISCUSSION

Our study showed that the pH of SW vermicompost was
near neutral. Nevertheless, in RS and GC vermicompost,
lower pH was observed. A vermicompost derived from
sheep manure has a pH of 8.6 (Gutierrez-Miceli et al.,
2007) while pH of vermicompost derived from cattle ma-
nure was 7.73 (Lazcano et al., 2008). The pH of vermin-
compost derived from pig manure was even found to
have pH 5.3 (Atiyeh et al., 2002). The pH shift during
vermicomposting is not only dynamic but is substrate
dependent. A different substrate would result in the
formation of a different intermediate, hence portray a
difference in pH of the vermicompost formed (Ndegwa et
al., 2000).

During the degradation of organic materials, ingestion
of organic materials by the earthworm would partially be
degraded by mechanical effort, enzymatic activity and
microorganism from the earthworm gut (Svensson and
Friberg, 2007). Sago wastes contain more easily assimi-
lable labile organic materials which may lead to less
secretion of organic acids by microbes during vermicom-
posting. The organic acids secreted by the microbes during
vermicomposting are known to be subsequently utilized
(Jadia and Fulekar, 2008). However, organic wastes that
contained more lignocellulosic materials (RS and GC)
may require more action from earthworms in fragmenting
and stimulating growth of microbes thus, larger amount of
organic acids were secreted during vermicomposting,
resulting in formation of vermicompost with lower pH.
Reduction in organic carbon content was found in all the
vermicompost. This might be due to its loss as CO,
during respiration and metabolism of earthworms and
microbes (Garg et al.,, 2006a, b; Sudha and Kapoor,
2000). Labile carbon in the feed substrate is also assimi-
lated into building body biomass of earthworms. Our
study showed that highest reduction in organic carbon
was observed in RS vermicompost. This might be due to
the highest C:N of initial material rice straw, as more
organic carbon was available for utilization of earthworms.
Although the C:N ratio of grass clippings was higher com-
pared to sago waste, the reduction of organic carbon was
found to be less in GC vermicompost compared to that of
SW vermicompost. This indicates that the grass clippings
were less consumed by the earthworms. Previous study
has shown that lactic acids and acetic acids interme-
diates that are quickly released from lawn clippings under
oxygen lacking conditions were the most important factor
preventing earthworms Eisenia fetida from tolerating high
concentrations of grass clippings (llimer and Liebensteiner,
2011). This might explain why GC vermicompost in the
present study contained the highest organic carbon as
compared to other vermicompost.

Concentration of total plant macronutrients (N and P) in
GC, SW and RS vermicompost were found to increase
compared to the concentration of nutrients held in initial
plant residues. The loss of dry matter during vermicompos-
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ting may result in the accumulation of higher concen-
tration of inorganic nutrients in the vermicompost. Study
by Sommer (2000) has shown that the concentration of P
had increased as a consequence of the reduction in
amount of litter. This increased concentration of inorganic
nutrient in vermicompost, in combination with reduction of
the volume and weight of the initial raw organic wastes,
pose great advantages. Through this, vermicomposting
reduces the cost of handling and transportation of large
volume of organic waste. Similarly, increased of total N
and P was found in the controls of GC, SW and RS. This
observation could also be due to the accumulation of
inorganic nutrients when the plant residues were left to
undergo natural decomposition. However, it was found
that the total nutrient P and K was higher in control. The
results suggest that some portion of nutrient in the plant
residues was taken up by the earthworms during vermin-
composting. Hence, lower total P and K nutrient was
found in vermicompost.

GC vermicompost has highest total nitrogen (TN) com-
pared to SW and RS vermicomposts. The lowest reduc-
tion of total carbon in GC vermicompost suggests that
microbes in SW and RS vermicompost might have requi-
red large amount of nitrogen during the reduction of carbon
in vermicomposting. Previous work has suggested that
the microbes require 1 part of nitrogen to decompose 30
part of carbon (Yadav et al., 2010). The low reduction of
organic carbon content during vermicomposting of grass
clipping may help retain higher total nitrogen in the ver-
mincompost. In addition, our study has shown significant
positive correlation of total nitrogen between raw material
andvermicompost. This suggeststhat using materials which
contain high total N as the feed substrate might promote
the production of vermicompost containing higher N.

Total P (TP) in vermicompost and control materials
were higher compared to the initial raw materials as re-
ported by many authors Garg et al. (2006b), Kaushik and
Garg (2004) and Tripathi and Bhardwaj (2004). However,
certain portion of TP in organic wastes has been taken up
by earthworms, resulting in lesser TP in the vermicom-
post (Ndegwa et al., 2000). On the other hand, earth-
worms have increased extractable P in vermicompost.
Some authors attributed this increment to direct action of
earthworm gut enzymes and indirectly by stimulation of
the microflora in earthworm'’s cast (Kaushik and Garg,
2004; Suthar, 2007). According to Suthar (2008), the par-
tial release of phosphorus in a more available form was
performed by the earthworm gut phosphatises, and fur-
ther release of P might be attributed to microorganism in
the earthworm’s cast. With the gizzards, the earthworms
are able to grind on the organic waste consumed, thus
increasing surface area for microbial activity. Study by
Mansell et al. (1981) showed that plant litter contained
more available P after ingestion by earthworms; this could
be attributed to the increase of physical breakdown of the
plant material.

RS vermicompost contained the highest concentration
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of extractable P. Furthermore, our results have shown
negative correlation for extractable P between the nutria-
ent contents of raw material and vermicompost. Interes-
tingly, this finding indicates the potential of earthworms in
solubilizing raw waste materials that contain low amount
of total P. It has been reported that the release or mobile-
zation of P is strongly mediated by a negative feedback
mechanisms, which is through the inhibition of P-solu-
bilizing enzymes production (Elfstrand et al., 2007). In
other words, keeping the P level supply at low levels that
do not exceed the demand of biota will stimulate produc-
tion of enzymes, hence stimulating the P solubilization.
The negative correlation between enzyme activity and
nutrient availability are consistent with a negative feed-
back mechanism whereby the production or activity of
enzyme is regulated by a supply of nutrient that the enzy-
me mineralizes (Sinsabaugh, 1994). The negative feed-
back mechanisms could be the primary way microbes
regulate mineralization of nutrient in response to the
nutrient supply (Olander and Vitousek, 2000). This nega-
tive relationship between nutrient supply and enzyme
activity in vermicomposting has not been previously
reported.

High positive correlation was found for the amount of K
between raw materials and vermicompost. Different find-
ings were obtained in terms of changes in total potassium
(TK) after vermicomposting. TK was found to increase in
the SW and RS vermicompost. However, plant residue
GC was found to contain higher TK compared to both
vermicompost and control. Study by Vig et al. (2011)
showed that TK decreased significantly from the initial
feed material by the end of vermicomposting period.
Other studies conducted by Kaur et al. (2010), Garg et al.
(2006b) and Orozco et al. (1996) recorded similar trend.
However, increase of TK was reported by Swati and
Reddy (2010) during vermicomposting of urban green
wastes. This suggests that the different changes in total
K may be attributed to the type of green wastes used as
vermibed. Further research should be done to investigate
the factors that contribute to different potassium in
vermicompost, as TK plays possible roles in plant growth
promotion.

Extractable K was found highest in RS vermicompost.
The increase of the extractable K may be attributed to
both the actions of earthworms and microbes activities
during vermicomposting. Similar result was obtained by
Suthar and Singh (2008) who reported that extractable K
increased during the vermicomposting of vegetable
wastes. The interaction between earthworms and micro-
organisms is of major importance in degradation of orga-
nic matter and release of microbial nutrients (Lee, 1985;
Aira et al., 2002), as earthworm primes its symbiotic gut
microflora with secreted mucus and water to increase
their degradation of ingested organic matter and the
release of available metabolites. Acid production by mic-
roorganisms is accounted for in the prime mechanisms
for solubilising the insoluble K (Gupta et al., 2006). The
low amount of TK in the initial material RS could promote

higher amount of microbial acid secretion. This might
attribute to the higher amount of extractable K found in
RS vermicompost.

Analysis of nutrient contents in the plant residues and
nutrient contents in vermicompost generated showed
strong positive correlation in total calcium (TCa). Higher
amount of calcium in vermibed materials would promote
more calcium in earthworm’s casts. As shown in SW ver-
mincompost, initial material sago wastes which contains
high amount of calcium has stimulated the earthworm to
produce vermicompost with the highest TCa. The pre-
sence of calciferous gland in most of the epigeic earth-
worms might explain the increase of TCa in the vermin-
compost produced. A common feature of this structure is
the release of calcareous secretion which would be depo-
sited as calcite in the esophageal pouches (Briones et al.,
2008). The calcite would then be released into the gut of
the earthworms. Through the secretion of calcium carbo-
nates, the earthworms control their dietary intake of cal-
cium, allowing them to survive in various environments.
Edwards and Bohlen (1996) has considered the calcife-
rous gland as an excretory organ to eliminate excess
dietary calcium in form of calcium carbonate from the earth-
worm’s diet. This mechanism aids in excreting excessive
amount of calcium from the body of earthworms.

During vermicomposting, the microbes in the gut might
produce organic acids to hydrolyze the organic materials
available. The calciferous glands are also claimed to be
important in regulating the pH in the ingested food and
environment of the earthworm by regulating the amount
of calcium carbonate released to neutralize acidic envi-
ronment surrounding the earthworms. This excretion plays
particularly important role in neutralizing humic acids of
the ingested feed litter in the gut of earthworms (Piearce,
1972). Therefore, the high percentage of humic acids in
rice straw might contribute to the high extractable Ca in
RS vermicompost. Increase of humic acid in the vermin-
compost as compared to the initial material was observed.
It has been reported that while a large part of organic
matter is mineralized into carbon dioxide, ammonia and
water during vermicomposting, the residual portion is
transformed into stabilized and refractory organic matter
that resembles native soil humus material (Benitez et al.,
1999). Our results showed that rice straw vermicompost
contained the highest amount of humic acids. The rice
straw might contain high lignin content, leading to the
formation of high amount of humic materials in RS vermi-
compost. Modern analytical technique has suggested that
the oxidation of the side chain of lignin is the main pro-
cess occurring during the transformation of lignin to the
humic structure (Xiong et al., 2010). The final products of
lignin decomposition through microorganisms are humic
material (Pramanik et al., 2009).

To date, little study has been done on the humic acids
content in vermicompost generated (Arancon et al., 2006;
Atiyeh et al., 2002). The present study showed that 22 to
32% of humic acid was present in the vermicompost. This
demonstrates the ability of vermicomposting to produce
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high quality humified product that contains aesthetic value
to be used as soil conditioner. Humic acids are believed
to enhance nutrient uptake by plants, by increasing the
permeability of root cell membrane (Atiyeh et al., 2002;
Valdrighi et al., 1996). Besides that, plant nutrients are

carried on the cation and chelating sites of the humic acid.

These large chelating sites serve as storage for large
guantity of nutrients for the growth of both plants and mic-
robial growth (Tan, 2003). Hence, the synergetic relation-
ship between earthworms and microorganisms in the
decomposition of organic wastes has yielded a fertilizer
with high nutrient availability. Besides the recovery of
energy rich resources, vermicomposting aids in safely
disposing of organic wastes.

Conclusion

The current generation of surplus quantities of biodegra-
dable organic substrates such as agricultural residues,
food processing wastes, and cellulose based wastes
have made vermicomposting a viable low input and cost
effective technology in managing organic wastes; though
the total plant macronutrients generated in vermicompost
were lower compared to control, as some of the nutrients
were assimilated by the earthworms. Due to the ability of
earthworm to decompose organic material into the more
available form for plant uptake, higher plant extractable
nutrients which are more meaningful and beneficial to the
agro ecosystems perspective were observed in vermi-
compost. The study also suggests that the nutrient con-
tents in initial plant residues will influence the quality of
vermicompost produced. An estimation of the quality of
vermicompost produced from plant residues of similar
characteristic can be drawn. This research has proved
that among the plant residues tested, vermicomposting of
rice straw produced vermicompost with the highest plant
extractable nutrient contents.
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