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ABSTRACT

Few reports are available on the effect of extractor characteristics and substrate on vermiwash quality. Therefore, the aim of the present
study was to determine the effect of different kinds of extractor and substrate on the quality of vermiwash. Completely randomized design
was performed in a factorial arrangement with 15 treatments (3x5, three substrate and five kinds of extractor), each in 4 replicates.
Salinity, respiratory activity, some of macro and micro nutrient and microbial population were measured in vermicompost tea produced.
The results showed that using DTPA extractor increased the amount of all minerals compound except potassium in vermiwash
significantly (P < 0.05). The highest level of Nitrogen concentration was in the extracted vermiwash by distilled water with pH=5.
Extraction by distilled water with pH=9 and DTPA solution extractors showed the maximum level of total Iron in this study. Total
microbial population did not differ with extraction type, but maximum respiration rate was observed in the extracted vermiwash by DTPA
solution extractor. Maximum elements concentration was observed in the extracted vermiwash of immature vermicompost, excluding
potassium and nitrogen in maximum concentration that existed in the extracted vermiwash of earthworms. Generally, distilled water
solutions were comparable with DTPA solution and the extracted vermiwash of immature vermicompost was the best substrate. Thus, the
results clearly suggested that preparation methods of vermiwash may influence the properties of final vermiwash. The increased level of
plant nutrients in final products in different methods demonstrated that the vermiwash could be a valuable biofertilizer for sustainable
farming practices.

Keywords: DTPA, earthworm, pH, vermicompost
Abbreviations: CRD, completely randomized design; CW, composter worm; DTPA, diethylene triamin penta acetic acid; EDTA,
ethylene diamine tetra acetic acid; HSD, honestly significant difference; IV, immature vermicompost; LSD, least significant difference;

MPN, most probable number; MV, mature vermicompost; TEA, three ethanol amine; TP, total phosphorus; VC, vermicompost

INTRODUCTION

As the global food demand is expected to be doubled in the
next 50 years, it poses huge challenges for the sustainability
both of food production and of terrestrial and aquatic
ecosystems and the services they provide to society. Much
attention has been paid in recent years to manage different
organic wastes resources at low input as well eco-friendly
basis. Animal manure application to soils in arid and semi-
arid areas was a traditional source of nutrients and organic
matter for soil-plant systems. These wastes seldom can be
applied directly in the soil because they damage soil fertility
and lead to structural incompatibility, the immobility of
nitrogen and phytotoxicity. Some kind of treatment on
vermicompost (VC) and vermiwash can make these wastes
suitable for application in soil and safe repulsion in environ-
ment.

Until recently, compost tea has been defined simply as a
liquid extract from composted material that may contain
organic and inorganic soluble nutrients, and a large number
of organisms including bacteria, fungi, protozoa and nema-
todes (Recycled Organics Unite 2003). Vermiwash contains
an enzyme cocktail of proteases, amylases, urease and
phosphatase. Microbiological study of vermiwash revealed
that it contains nitrogen-fixing bacteria like Azotobactrer
sp., Agrobacterium sp. and Rhizobium sp. and some phos-
phate-solublizing bacteria. Vermiwash is a collection of
excretory products and excess secretions of earthworms
along with micronutrients from soil organic molecules.

Teas from VC could possess some of the same bene-
ficial microbiological and chemical characteristics of solid

VCs. During “brewing” process, soluble mineral nutrients,
beneficial microorganisms, humic and fulvic acids, plant
growth hormones and plant growth regulators-known to be
available in solid VC-are probably extracted into the tea.
Composting feedstock influence the biological, chemical
and physical character of finished compost, which, in turn
impacts the characteristics and efficacy of the derived com-
post tea. The advantage of animal manure compost is the
diversity in microbial populations (Scheuerell 2003), or the
higher levels of available phosphorus, calcium and trace
elements, as compared to yard and lawn trimmings (Pittway
2003). The selection of compost characteristics depends
upon the type of compost tea that required and the purpose
of its use (Ingham 2005). A highly aerobic compost made
from a mix of manure and plant material, is favored (Grobe
2003). Aerobic compost is considered to maintain a habitat
that allows beneficial organisms to dominate and compete
with less beneficial and non-beneficial organisms that tend
to populate more rapidly in the reduced oxygen conditions
(Ingham 2005). Based on a two-year field experiment,
Welke (2005) concluded that both aerated and non-aerated
compost teas extracted from composted animal manure for
7 days had positive and similar effects on strawberry yield
and suppression of Botrytis cinerea. In contrast, Arancon et
al. (2007) reported that aerated vermicompost tea had a
more positive impact on plant growth than non-aerated tea
extracted for the same period of time (24 h).

According to Arancon et al. (2007), the ratio of solids
to water used can range from 1:3 (33%) to 1.200 to (0.5%).
Water-extractable growth regulators or phytohormones ex-
tracted from vermicompost may also have a positive effect
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on initial root development and plant growth (Keeling
2003; Edwards et al. 2006).

DTPA is a chelating agent because it can effectively
extract micronutrient such as Fe, Zn, Cu and Mn. Some
Factors including pH, chelating agents’ concentration, time
of shaking and temperature can influence the extracted
micronutrient. Usually these factors were adjusted for
producing optimum vermiwash (Lindsy and Norvell 1978).
The study conducted by Rosa et al. (2002) is known as
"Extraction and exchange behavior of metal species thera-
peutically applied peat". The binding and availability of
metals in therapeutically applied peat were characterized by
means of a versatile extraction approach. Aqueous extracts
of peat were obtained by using high-purity water (pH 4.5
and 5.0), CaCl,, EDTA and DTPA solution as metal extrac-
tors. The efficiency of the applied extractors follows this
order: DTPA=EDTA solution >> CaCl, solution > water of
pH 5.0>water of pH 4.5. The following order of metal
availability on the EDTA and DTPA solution could be
found: Ca, Mg, Mn >> Zn > Pb > Cd > Ni > Co > Fe > Sr,
Al. Also, this study shows the pH value can exert a strong
influence on the remobilization of metals. Even at a slightly
raised pH value, however, metals are increasingly remobi-
lized, particularly Al and Fe. Concentrations of Ca, Mg
extractable at pH 4.5 and 5.0 indicate that these metals are
rather weakly bound to peat matter and can be remobilized
even by water. Therefore the aim of the present study was
to determine the effect of different kinds of extractor and
substrate on the quality of vermiwash.

MATERIALS AND METHODS
Preparation of aerobic vermiwash

In these experiments, earthworms Eisenia foetida and VC were
provided from VC Research Center of Faculty of Agricultural
Engineering and Technology in Tehran University.

VCs substrate was cow manure and Sycamore leaf with 2:1
ratio. Immature VC was collected on 60th day and the mature VC
on 90th day.

At first, mature and immature VC were air dried, passed
through a two mm sieve and extracted. VC and extractor were
mixed in the ratio of 1:5 (w/v), and the ratio of earthworm to
extractor was 1:2. The experiment was fulfilled in a factorial com-
pletely randomized design (RCD) with four replicates. Vermiwash
was prepared using three types of substrate, namely, 1 - mature VC
(MV) 2 - immature VC (IV) 3 - composter worm (CW). Aqueous
extracts of VC and earthworm were obtained using high-purity
water (pH 9, 5.0 and 7.0), DTPA full strength and DTPA 1/3
strength. 0.005 M DTPA with 0.1M Three Ethanol Amine (TEA)
and 0.01 M CaCl2 dissolve in a liter distilled water. pH value of
DTPA solution was adjusted to 7.3 (Lindsy and Norvell 1978). The
mixtures were supplied with aeration using a shaker for 30 min
(150 rpm) and filtered through S&S 598.2 filter paper.

Chemical analysis

The chemical analysis of VC and vermiwash was conducted using
different methods. Electrical Conductivity was measured by an
EC-meter Jenway-4510 and pH by pH-meter PHM-2000. Total
Kjeldahl Nitrogen was determined by Sparks (1996) procedure.
Total Phosphorus (TP) by sulfate acid digestion (Hosomi and Sudo
1986) was followed by vanadomolybdate method for P analysis
(Ryan et al. 2005); Total Magnesium and Calcium and total Zn
and Fe by nitric acid digestion (American Public Health Associa-
tion, 1998) were also followed by the atomic absorption spectro-
metry (A-670) for Fe an Zn analysis and complexometeric for Ca
and Mg analysis potassium by flame photometer (ELE). The Most
Probable Number (MPN) in vermiwash was determined by serial
dilution method (Alef and Nannipieri 1995) and respiration was
measured too (Page et al. 1982). Coliforms population was mea-
sured by producing gas in Durham tubes, including Lactose Broth
media, and incubated for 48 h at 35°C (Alef and Nannipieri 1995).
The chemical analysis methods of VC are described in the fol-
lowing table (Table 1).
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Table 1 Analytical methods of vermicompost.

Garg et al. 2006 EC and pH
Nelson and Somers 1975 oC
Bremmer and Mulvaney 1982 N

Olsen and Nelson 1982 P

Jackson 1958 Cat+ Mg
Jackson 1958 K

Olsen and Roscoe 1982 Fe

Backer and Amacher 1982 Zn

Alef and Nannipieri 1995 MPN

Statistics

Data were subjected to analysis of variance and tested for sig-
nificance by Turkey’s test (HSD) and Least Significant Difference
(LSD) using SPSS 13.0 and MSTAT.EXE. All the experiments
were carried out twice and data was pooled before statistical
analyses.

RESULTS AND DISCUSSION

The chemical characteristics and microbial population of
MYV and IM are observed in Table 2. The electrical conduc-
tivity in MV and IM was 2.5 dsm™. MV had a lower pH
(Table 2), which may be due to the accumulation of organic
acids from microbial metabolism or from the production of
fulvic and humic acids during decomposition (Venkatesh
and Eevera 2008). The C: N ratio, as one of the most widely
used indices for maturity of organic wastes, decreased with
time due to decomposition (Table 2). Initial C: N ratio was
25.314. Final C: N ratio was 33.982. Suthar (2008) reported
that the C: N ratio of substrate material reflects the organic
waste mineralization and stabilization during the process of
decomposition. The loss of carbon as CO, through micro-
bial respiration added nitrogenous excretory material
between the C: N ratio of the substrate. C: N ratio is one of
the most widely used indicators of VC maturation which
decreases sharply during vermic process (Kale 1998; Gupta
and Garg 2007; Suther 2008; Venkatesh and Evera 2008).
Elvira et al. (1998) stated that a large fraction of organic
matter in the initial substrate was the loss of CO, between
20 and 43% which was as total organic carbon by the end of
vermicomposting.

Elvira et al. (1998) and Suthar (2007) reported that
body fluid and excreta secreted by earthworm (e.g. mucus,
high concentration of organic matter, ammonium and urea)
promoted microbial growth vermicomposting.

Table 2 Analysis of mature and immature vermicompost (VC).

Mature VC Immature VC
pH 7.1 7.4
EC (dsm™) 243 2.53
0C% 54.45 62.37
Total N (mg/kg) 2.151 1.891
Total P % 0.337 0.404
C/N 32.982 25.314
Total K (meq/L) 70.97 212.78
Total Ca + Mg ( meq/L) 255 280.5
Total Fe (mg/kg) 2035.8 2361.8
Total Zn (mg/kg) 1434 1882
MPN 2.1*10° 2.7%10"

Table 3 Effect of Substrate on vermiwash EC.

Substrate EC (ds m™)
MV 2.553b
v 3938 a
CW 2.535b

MYV, mature vermicompost; IV, immature vermicompost; CW, composter worm.
*Different letters within a column indicate significant differences according to
Duncan's multiple range test (P < 0.05)
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Table 4 Nutrient content in vermiwash obtained from different substrate.

substrate Ca® Mg" K" P’ N*® Zn’ Fe®
Mature VC 16.82b 5.067b 114.6 ¢ 1.311¢ 17.15b 1.572a 1.654b
Immature VC 18.52a 6.897 a 141.1b 2253 a 16.10 ¢ 1.797 a 2.179 a
Earthworm 12.52¢ 2983 ¢ 4613 a 1.984 b 19.80 a 1.294 a 2717 a
a mg L—l
° meq L

VC: vermicompost

* Different letters within a column indicate significant differences according to Duncan's multiple range test (P < 0.05).

The effect of substrate

Results of the analysis of variance indicated that there were
significant differences (P < 0.05) on EC (Table 3). The EC
was decreased from immature VC to mature VC (3.94 —
2.53), showing the decrease in EC during vermicomposting.

The volatilization of ammonia and the precipitation of
mineral salts could be the possible reasons for the decrease
in EC at vermicomposting (Venkatesh and Eevera 2008).
Also, Nath et al. (2009) reported that the EC was reduced in
the range of 30 to 48% for different feeds after vermicom-
posting. The increase in EC might have been due to the loss
of weight of organic matter and release of different mineral
salts in available forms (Wong et al. 1997; Kaviraj and
Sharma 2003).

Substrate type showed significant differences (P < 0.01)
on total calcium, magnesium and phosphorus concentration.
Most total calcium (18.52 meq/L) and magnesium (6.897
meq/L) concentration was observed in the vermiwash pro-
ducing IV. Total calcium and magnesium concentration was
reduced by 10 and 36%, respectively in the MV-produced
vermiwash (Table 3). According to Venkatesh and Eevera
(2008), total calcium remained constant after the 60™ day of
vermicomposting.

Partasarathi and Ranganatan (1998) observed that aged
casts showed reduced enzyme activities because of
decreased moisture content, lower nutrient concentrations
and a decline in microbial activity. Nath et al. (2009) repor-
ted total calcium concentration was higher in final products
than the initial feed mixture (Table 4). Elvira et al. (1996)
suggested that gut processes associated with calcium meta-
bolism are primarily responsible for enhanced content of
inorganic calcium content worm cast.

Results of the analysis of variance indicated that sub-
strates had significant differences (P < 0/05) on total potas-
sium concentration (Table 4). The highest amount of total
potassium (461.3 meq/L) was recorded in the produced
vermiwash of earthworm that probably correlated with
digestion system earthworm.

Results of the analysis of variance indicated that sub-
strates had significant differences (P < 0.05) on total nitro-
gen (Table 4).

Produced vermiwash of CW and IV, respectively had
the most (19.80 mg/L) and the least (16.10 mg/L) total
nitrogen content, respectively. The increase of in the nitro-
gen value (6.52%) during vermicomposting process is as a
result of carbon loss and probably because of mineralization
of organic matter (Venkatesh and Eevera 2008). Final
nitrogen content is dependent on the initial N present in the
waste and the extent of the decomposition (Crawford 1983).
Total nitrogen content was increased in final products of
different vermin beds because of organic matter mineraliza-
tion (Nath et al. 2009). Losses of organic carbon might be
responsible for nitrogen addition in the form of mucus
nitrogenous excretory substances, growth stimulatory hor-
mones and enzymes from the gut of earthworms (Tripathi
and Bhardwaj 2004). Sharma et al. (2011) reported that the
increase in shoot extension growth might be due to in-
creased uptake of nutrients and increased release of growth
factors in the root zone. The application of bioorganic
resulted in increased N uptake and release of growth-
promoting substances such as auxins, gibberellins, and
cytokinins in the root zone. Further, A. chroococcum has
also been reported to improve biological nitrogen fixation
(BNF) and its quick release for plants absorption.
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Table 5 Effect of substrate on vermiwash MPN.

Substrate MPN (NUml")
MV 6.722 a
v 6.888 a
CwW 7271 a

MV, mature vermicompost; IV, immature vermicompost; CW, composter worm.
*Different letters within a column indicate significant differences according to
Duncan's multiple range test (P < 0.05)

Table 6 Effect of substrate on vermiwash respiration.

Substrate Respiration (mg CO,/ml.day)
MV 0.9724 b

v 1.081 a

CwW 0.792 ¢

MYV, mature vermicompost; IV, immature vermicompost; CW, composter worm.
*Different letters within a column indicate significant differences according to
Duncan's multiple range test (P < 0.05)

Significant increases were observed in teas obtained
from earthworm and immature VC (Table 4). The earth-
worm body wash indicates the presence of some plant
growth promoters which caused a significant effect on plant
growth as well as the biochemistry of seedlings. Suther
(2010) indicate that vermiwash may be utilized effectively
for sustainable plant production at low input-basis green
framings. Suther (2011) observed that the increase in the
EC, N, P, K and micronutrients (Cu, Zn, Mg and Fe) in all
worm worked composts (except in the case of N in neem
leaves compost) showed that the activity of earthworm E.
eugienae along with microorganisms promoted mineraliza-
tion process and brought the nutrients to ready use for plant
growth (Suther 2011).

The results indicated that the total iron content was
decreased in the vermiwash produced from MV (31.74%).
Partasarathi and Ranganatan (1998) reported a decrease in
enzyme activities and nutrient content in worm casts by
passing the time.

Type of substrate didn't have any significant effect on
microbial population (Table 5), but an increasing in MPN
was observed in the vermiwash produced from CW against
MV and IV. Type of substrate had a significant effect on
respiration activity (Table 6). vermiwash produced from IV
had the most respiration activity (1.081 mg CO,/ml.day).
Many studies have shown an increase in some reproductive
microorganisms on the earthworm’s gut (Byzov 2007; Par-
thasarathi et al. 2008). Studies suggested that microbes
associated with earthworm body probably produce auxin
and gibberellins-like substances, which can promote seed-
ling, germinates and growth in plants. Moreover, there is
evidence that earthworms alter plant seed germination and
seedling establishment indirectly via excreta (Eisenhauer et
al. 2009). The Partasarathi and Ranganatan (1998) study
revealed that the reduced enzyme activities in aged casts of
both L. mauritii and E. eugeniae were probably due to: (1)
their reduced moisture and nutrient contents, (2) a decline
in or inactivation of the microbial population and, (3) low
stability of aged earthworm casts.

Although respiratory CO, release is linearly proportio-
nal to substrate availability, the rate at which the substrates
are converted to CO, varies with substrate types (Berg et al.
1982). Simple sugars can be readily converted to CO, by
roots and microbes with short residence times. It can be
very difficult for humic acids to be decomposed and conver-
ted to CO, with residence times of hundreds or thousands of
years.
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Table 7 Effect of extractor on EC and Ca, Mg, K and N content in vermiwash.

Extractor K Mg Ca EC N
Distilled water with pH=5 302.1a 3.189¢ 9.139¢ 1.704 cd 18.67 ab
Distilled water with pH=7 259.4b 3.083¢ 10.58 ¢ 1.611d 17.50 b
Distilled water with pH=7 222.2 be 44441 8.583 ¢ 1.771 ¢ 16.92b
1/3DTPA solution 204.20 ¢ 4.556 b 19.61 b 34360 18.33 ab
DTPA solution 207.30 ¢ 9.639 a 31.83 a 6.521 a 19.00 a

a mg L—l

® dSm’!

*Different letters within a column indicate significant differences according to Duncan's multiple range test (P < 0.05).
Table 8 Effect of extractor on P, Fe, Zn content and MPN and respiration activity in vermiwash.
Extractor Log;o MPN * Zn" Fe® P° Respiration ©
Distilled water with pH=5 7243 a 0.9467 ¢ 1.646 ¢ 1.649b 0.1522 ¢
Distilled water with pH=7 6.703 a 1214 ¢ 1.999 be 1.636 b 0.1247 ¢
Distilled water with pH=7 7.308 a 1.395 be 2.790 a 1.604 b 0.1870 ¢
1/3DTPA solution 6.999 a 2283 a 2.028b 2.265a 1.5330b
DTPA solution 6.549 a 1.934 ab 2.455 ab 2.092a 2.746 a

*NUm!!

b mgL]

¢ mgCO,/ml. day

*Different letters within a column indicate significant differences according to Duncan's multiple range test (P < 0.05).

We observed that the coliform population was reduced
by 100% in MV as compared with I'V. It suggests that diges-
tive processes in the gut of E. fetida are the main factors
involved in the decrease of total coliforms observed in the
mature VC. Decreases in total coliform numbers were not
related to decreases in bacterial biomass, indicating a spe-
cific negative effect of earthworms on the coliforms (Monry
et al. 2009). The vermicompost leachate was free of patho-
gens, i.e. coliforms (E. coli), Salmonella sp. and Shigella
spp. The reduction of pathogens in the vermicompost might
be related to the release of coelomic fluids by the earth-
worms during vermicomposting, which could have antibac-
terial properties and kill pathogens (Valembois et al. 1982;
Gutiérrez-Miceli 2008).

Type of extractor

The effect of extractor was significant (P < 0.01) on EC in
vermiwash (Table 7). Higher EC observed in the extracted
Vermlwash by DTPA (6.21 dSm™) and 1/3 DTPA (3.436
dSm™) solutions was probably the reason for high strength
chelating element by DTPA of substrate.

So it had been observed that each extractor extracts dif-
ferent quantities of elements from substrate. Type of extrac-
tor had a significant effect on total calcium, magnesium and
potassium content in vermiwash (P < 0.01). The highest
amount of total calcium (31.83 meq/L), magnesium (9.639
meq/L) and phosphorus (2.265 mg/L) concentration existed
in the extracted vermiwash from DTPA solution (Table 7).
Probably, it is because of high strength chelating cations by
DTPA that it is the same as that Rosa et al. (2002) report.
Gholizadeh (2000) reported more element derivation by
agents chelating. This is because the decrease in agents
chelating free metal ions in solution via producing metal-
chelate soluble complexes and for recovery of this reduc-
tion, extracted ions from solid phase (exchange, sediment
on carbonates, complexes with organic material and amor-
phous sesquoxids) are needed.

Extractor had a significant effect on total potassium of
vermiwash (Table 7). Results showed that using distilled
water with pH=5 extractor increased the potassium content
(302.1 meq/L) in vermiwash significantly (P < 0.05). As far
as the charge of organic material was partly pH-dependent,
the charge of this part was reduces by pH decline, causing
an increase in soluble Potassium (Ardalan and savaghebi
2001; Salardini 2002).

Extractor was significantly different regarding nitrogen
content in vermiwash (Table 7). The extracted vermiwash
by DTPA had the highest nitrogen content (19 mg/L) in
comparison with other treatments.

Type of extractor had also a significant effect on iron
content in vermiwash (P < 0.05). The most iron content
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(2.790 mg/L) was observed in the extracted vermiwash by
distilled water with pH 9 (Table 8) although there were no
differences between this vermiwash and the extracted
vermiwash by DTPA on iron content. When the pH of the
extraction system is changed, the quantities of micronutri-
ents extracted by chelating agents are likely to be influ-
enced by a number of interacting factors including: (1) the
amounts and forms of micronutrients initially present in
vermiwash, (2) the generally decreasing availability of Zn,
Cu, Fe and Mn with increasing pH due to adsorption-
precipitation reactions, (3) the dispersion of organic matter
and the formation of stable soluble organic matter - metal
complexes as the pH reaches neutrality, and (4) the pH-
dependent stability of metal chelates and secondary inter-
actions among various metals for chelate sites (Haynes and
Swift 1983).

50% of the dissolved organic matter in liquid media is
made up of humic substances that influenced pH, alkalinity,
chemistry and element biological availability. They can be
divided in to three components according to their solubility:
humic acids, fulvic acids and humin. The dissolved humic
substances including humic acid and fulvic acid were only
removed from water with reducing acidity to below 2 and
precipitated (International Humic Substances 2007). Per-
haps it can increase iron content in the extracted vermiwash
by alkaline solution modified with increasing humic sub-
stances in this condition (Arancon et al. 2007). The results
are in accordance with Rosa et al. (2002) study. However,
Pant et al. (2009) reported a decrease in iron content of
vermiwash with pH increase.

The extracted vermiwash by DTPA (1.934 mg/L) and
1/3 DTPA (2.328 mg/L) solutions had the highest Zinc con-
tent (Table 8) that was nearly the same as that found Rosa
et al. (2002). In peat, the quantities of Zn, Cu and Mn
extracted with 0.005 M DTPA or EDTA behaved irregularly
as the pH was increased. The strong complexing ability of
organic matter may have contributed to such trends (Haynes
and Swift 1983). Also, soil pH influenced growth and repro-
duction of soil microorganisms (Chaoui et al. 2003), but the
type of extractor did not significantly differ on microbial
population (Table 8). Chaoui ef al. (2003) reported that
Microbial biomass in the earthworm cast treatments did not
significantly differ from the control soil in the four final
(days 43, 50, 57 and 70) sampling dates. However, soil res-
piration rates for the vermiwash treatments were signifi-
cantly different and the most respiration activity (2.746 mg
CO,/ml.day) was found in the produced vermiwash from
DTPA solution (Table 8). The different respiration rates in
the vermiwash treatments in calong with no difference in
biomass could be due to the presence of different classes of
microorganisms in the casts which might have a different
respiration to biomass ratio (Chaoui et al. 2003). The higher
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Table 9 effect of substrate and extractor on coliform population
(number/ml) in vermiwashes.

Extractor Mature VC Immature VC Earthworm
Substrate
Distilled water with pH=7 0 3.5 x10° 0.02 x10°
Distilled water with pH=5 0 0.045 x10° 0
Distilled water with pH=9 0 0.26 x10° 0
DTPA solution 0 12 x10° 0
1/3 DTPA solution 0 3.5 x10° 0.02 x10°

VC: vermicompost

respiration rate in the extracted vermiwash from DTPA
might be due to higher nutrient content in this vermiwash.
Production of CO, usually increases with pH when pH is
less than 7 and decreases with pH at soil pH beyond 7
(Kowalenko and Ivarson 1978). Emission of CO, decreases
by 18% at pH 8.7 and 83% at pH 10.0 as compared with pH
7.0 (Rao and Pathak 1996).

One of the main problems associated with the vermi-
composting process is the presence of human pathogens, the
levels of which can restrict the use of vermicompost as an
organic fertilizer or its disposal by landfill. Unlike compos-
ting, vermicomposting is a mesophilic process (<35°C), so
substrates do not undergo thermal stabilization that can
eliminate pathogens (Aira et al. 2011). Nevertheless, it is
known that vermicomposting may reduce the levels of
different pathogens such as Escherichia coli, Salmonella
enteriditis, total and faecal coliforms, helminth ova and
human viruses in different types of wastes (Monroy et al.
2009; Edwards 2011). Parthasarathi et a/. (2007) found that
earthworms did not reduce the numbers of Klebsiella penu-
moniae and Morganella morganii, whereas other pathogens
such as Enterobacter aerogenes and Enterobacter cloacae
were completely eliminated. It has obviously been shown
that vermicomposting reduced total coliform numbers
(Table 9). Moreover, the reduction was mainly due to earth-
worm digestive processes, which eliminated 100% of total
coliforms, probably due to a combination of its own earth-
worm digestive abilities. They include fine grinding of cells
and several enzymes related to the degradation of bacterial
cell wall (Monroy et al. 2008, 2009; Edwards 2011).

CONCLUSION

The type of substrate and extractor were significantly dif-
ferent in terms of chemical characteristic, nutrient content
and respiration rate and did not influence microbial popula-
tion in the final vermiwash. It is concluded that the type of
substrate and the extractor influence nutrient content of the
final product. So it could be used as an efficient biofertilizer
in organic farming and the chemical composition of vermi-
wash could be obtained according to the extractor type and
substrate. Since distilled water acts better than DTPA solu-
tion and almost no significant difference was found between
DTPA solution and distilled water, it is suggested that
application of DTPA solution for producing vermiwash is
not necessary. Also, depending on the purpose of vermi-
wash application, distilled water could be used with acidity
or alkalinity pH. The most nutrient content observed in the
vermiwash produced from IV is coliform population of this
substrate. Studying the effect of different kinds of vermi-
wash on plants growth and yield for the selection of the best
is suggested.
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