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Abstract

Purpose This study was carried out to assess the effect of integrating microbiological fortification with vermicom-
posting process on biofertilizing quality of vermicompost as well as improvement of the availability of nitrogen
and phosphorus in the product.

Method A mixture of cow dung and vegetable market waste (1:1) was used for vermicomposting with Eisenia
foetida as the decomposer earthworm @ 10 no.of worm kg' substrate. Nitrogen fixing and phosphate solubilizing
bacteria (NFB and PSB)Azotobacter chroococcum and Pseudomonas fluorescens were integrated with this com-
posting process at varying doses viz. 0,5 and 10 g kg!' substrate under different combinations. Changes in the
population of these two bio-fertilizing microorganisms and the availability of relevant nutrients in the substrates
were monitored periodically to assess the behaviors of these microorganisms and their effects on the produced
vermicompost.

Results All the inoculations resulted in substantial increments in population of both NFB and PSB over the control.
However, the increments were more prominent for NFB than the PSB. Significant increments in the amount of
mineralized nitrogen and solubilized phosphate over the control were observed in almost all the treatment combi-
nations.

Conclusion Integration of nitrogen fixing and phosphate solubilizing bacteria with vermicomposting process re-
sulted in substantial enrichment of the product. This benefit was observed not only in terms of increased availabil-
ity of the two major plant nutrients of concern viz. N and P, but also in significant improvement in the population
of the inoculated microorganisms turning the product into a potential source of bio-fertilizers.

Keywords Vermicomposting, Microbial fortification, Compost quality, Nutrient availability, Bio-fertilizer population

Introduction

In recent years, vermicomposting biotechnology has
emerged as an efficient method for recycling varying
kinds of organic wastes in the form of compost with
the help of gut microorganisms of epigeic earthworms
(Singh etal. 2011; Bhat et al. 2017; Mupanwa and Mnke-
ni 2018). The nutrient status of vermicompost is gener-
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ally higher than the traditional composts (Chattopadhyay
2012). Yet, any effort for further improvement of the
nutrient content as well as the microbial quality of this
compost will help to increase its efficiency in upgrading
the soil health. Several investigations have been made
to increase the nutrient content of vermicompost though
addition of mineral fertilizers (Bhattacharya and Kumar
2009). Adhami et al. (2014) observed vermicompost-
ing to increase P solubilization from rock phosphate
and attributed this behavior to release of organic
acids during the decomposition process. Similar re-
sults have been reported by workers like Unuofin et
al. 2014; Mihreteab et al. 2016 and others. The cru-
cial link between earthworms and microbes during the
vermicomposting process has also prompted several
researchers in trying to modify the microbiological
composition of vermicomposts through inoculation of
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some specialized microbial cocktails (Mal et al. 2013;
Mupambwa and Mnkeni 2018).This approach has led
to number of studies to strengthen the microbiological
properties of vermicompost (Mupambwa et al. 2016).
However, in spite of all these efforts, information on
microbiological management with regard to nutrient
enrichment of vermicompost has remained limited. Pri-
marily, vermicomposting is an earthworm gut microbe
induced organic waste degradation system. Therefore,
adoption of some suitable management practice with
the help of bio-fertilizing microbes will be particular-
ly useful for biologically induced qualitative improve-
ment of vermicompost as a rich source of not only the
relevant nutrients but also the inoculated bio-fertilizers.
Gaur (2006), while emphasizing the need for improve-
ment of the quality of traditional composts, suggested
inoculation of nitrogen fixing bacteria (NFB) for in-
creasing the nitrogen content and phosphate solubiliz-
ing microorganisms (PSM) for improving the availabil-
ity of phosphorus in the composts. In addition, NFB
inoculation can also hasten the rate of organic waste de-
composition by narrowing the C: N ratio (Manna et al.
2012). On the other hand, better P nutrition generated
by PSM is likely to enhance the growth and activity of
general microbial population in the substrates. Adop-
tion of any such bio-fertilizing microbial management
practice for vermicomposting will , therefore, help to
sustain the soil health not only through the supply of
the nutrient rich organic matter (Busato et al. 2012) but
also by the consequent multiplication of these bio-fer-
tilizing microbes to the soils. However, information
pertaining to such microbiological manipulation with
regard to enhancement in nutrient availability as well
as bio-fertilizer supplying capacity of vermicompost
is limited. Under this context, the possibility of improv-
ing the nutritional as well as bio-fertilizing quality of
vermicompost through microbiological fortification has
been attempted in the present investigation. Nitrogen
fixing bacteria (NFB), Azotobacter chroococcum and
phosphate solubilizing bacteria (PSB) Pseudomonas
fluorescens were used for the study as the biofertiliz-
ing inoculums. Of these, Azotobacter chroococcum has
been described as an efficient NFB for enriching vari-
ous composting processes (Manna et al. 2012). On the
other hand, Pseudomonas fluorescens is a common PSB
which is having both phosphate solubilizing as well as
bio-controlling properties (Kalayu 2019; Panpatte et al.
2016). Both of these microbial inoculants are common-
ly available in the market and may be procured easily

by the compost producers. It has been hoped that adop-
tion of this simple microbial management practice will
be highly effective to improve the nutritional as well as
bio-fertilizing capacity of vermicompost; thus, enabling
this organic input to perform more beneficial roles in
betterment of soil health through increased availability
of the major plant nutrients like N and P and also the
bio-fertilizing microorganisms.

Materials and methods

The study was carried out under yard condition using
earthen pots tapering towards lower end having 25 cm
diameter at the top and 13 cm at lower end with a height
of 20 cm and perforation in the bottom to avoid water
accumulation. Organic wastes containing mixture of
cow dung and vegetable market waste at 1:1 ratio (w/w)
were taken in 21 nos. of such pots @ lkg waste per pot.
The substrates were maintained under moist (40-50%)
condition through periodic addition of water. Cessation
of the initial thermophilic condition, i.e., reduction of
temperature below 40 °C, in all the treatments took 9-11
days which brought down the substrate temperatures to
36--38°C. At this stage, two common nitrogen fixing
and phosphate solubilizing bacteria, Azotobacter chroo-
coccum and Pseudomonas fluorescens were inoculated
in the vermicomposting process under different combi-
nations using six treatments. Details of the treatments
along with the doses of microbial inoculation and the
concentrations of the inoculated organisms have been
provided in Table 1. In addition, the study included a
control (T,) which received only organic wastes and
earthworms, without any microbial treatment. Thus, in
total, seven treatments each with three replicates were
used for this study. After 3 days of inoculation of the
microorganisms, epigeic earthworm FEisenia foetida, a
common decomposer earthworm used for vermicom-
posting (Ravindran et al. 2015; Usmani et al. 2017)
,was released to each pot @ 10 no.of worm kg waste.
This number has been reported to be within optimum
stocking range of earthworms for vermicomposting by
workers like Sahariah et al. (2014), Das et al. (2016)
and others. The substrate temperatures during the ver-
micomposting period of 60 days ranged between 31 and
38 °C under different treatments exhibiting a congenial
environment for microbial activity as well as vermi-
composting.

Composite samples were drawn from the substrates
in each of the pots at 15 day intervals from the date
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of releasing the earthworms and were analyzed for
NH,” and NO, nitrogen with the help of a Kjeltec
distillation unit. The alkaline distillation method de-
scribed by Jackson (1973) without and with Davarda’s
alloy was used for estimation of these two forms of
N. Availability of phosphorus was determined by Ol-
sen’s method using 0.5M NaHCO, as the extractant
(Jackson 1973) with the help of a spectrophotometer.
Populations of nitrogen fixing bacteria (NFB) and phos-
phate solubilizing bacteria (PSB) were estimated after
60 days of incubation. NFB was estimated by using N

Table 1 Treatment combinations used in the study

free Jenson’s agar medium. For enumeration of PSB,
Pikovskaia’s tricalcium phosphate agar medium was
used. In each case, enumeration was done by counting
the colony forming units using serial dilution technique
as described by Johnson et al. (1956).

A portion of the substrate from each of the replicates
was weighed under both moist and air dried conditions
during each of the sampling and the results of relevant
analyses were corrected for air dry condition. Moisture
status of the composting systems were also maintained
based on these observations.

Treatments

Microbial combinations (g kg™)

T, (control)
T OW + 10g PSB+ EW

2

w

4

5

OW + 10g NFB + EW

6

4 4 44—

7

Organic waste (OW) + Earthworm (EW)
OW +5g PSB + 5¢ NFB + EW
OW + 10g PSB + 5g NFB + EW

OW + 10g PSB + 10g NFB + EW

OW + 5g PSB + 10g NFB + EW

Earthworm was added @ 10 no. kg' waste

NFB and PSB were procured from market at a concentration of 10 x 10° no. g for each.

Results and discussion

Colony forming units (CFU) of nitrogen fixing bacteria
(NFB) in the substrates under different treatments in-
creased gradually with the progress of vermicomposting
(Table 2). As discussed by Wallwork (1984) and then
by other workers (Bhattacharya and Chattopadhyay
2005; Gomez-Brandon and Dominguez 2014), micro
flora present in the organic wastes are consumed by
the earthworms along with the food materials and are
provided congenial environment in the worm guts to
grow profusely. These microorganisms are subsequent-
ly released to the vermicomposting system through the
earthworm excreta, thus increasing their population in
the substrates. This activity helped to maintain an al-
most consistently increasing trend in the occurrence of
NFB in the vermicomposts under the present study also
(Table 2).The increments were comparatively slower
during the initial phases of composting but gained pace
with the progress of the study, as more nutrients were
released in available forms. At the end of the vermi-
composting period, all the treatments with NFB result-

ed in statistically significant increase in the population
of this microflora over the control. Similar increase in the
NFB population during the course of vermicomposting
has been reported by Bhattacharya and Chattopadhyay
(2005) also. The mean population of NFB in the sub-
strates under different treatments have been present-
ed in Fig. 1. The Fig. 1 indicates the trend of general
occurrence of this microbe under different treatments
during the span of vermicomposting. As shown in the
Fig. 1, microbial inoculations resulted in 19.1 to 65.3%
increment in mean population of NFB over the control.
It was interesting to observe that simultaneous inocula-
tion of PSB with NFB in different combinations helped
to maintain increased populations of NFB in the sub-
strate. After completion of vermicomposting, the high-
est occurrence of NFB (58.66x10° no.g') was found in
the treatment receiving combined inoculation of NFB
and PSB @ 10g kg each. This value was statistically
at par with the corresponding NFB concentrations in
T6 and T, treatments bearing sole use of NFB @10g
kg! and combination of NFB and PSB @5 g kg, re-
spectively .The NFB population in the treatment T,
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with only PSB @ 10g kg and no NFB, also increased
significantly over the control. This synergistic effect
of PSB on NFB population may be due to increase in
availability of phosphorus in the PSB treated substrates.
P plays a critical role in cell division (Weil and Brady
2018). Hence, these microorganisms, which propagate
through cell division, depend largely on the availability
of P for their multiplication .Therefore, in the present
study, better P availability under PSB treatments helped
in more rapid multiplication of NFB, too. Such prolif-
eration of NFB under co-inoculation of phosphate sol-
ubilizing microorganisms has been discussed by Subba
Rao (1999) also. This increased population of NFB not
only improves the quality of the compost by fixing at-
mospheric N, into the substrate but also tends to hasten
the composting process by narrowing the C: N ratio
(Gaur 2006). In addition, the high NFB concentrations
in these NFB treated vermicomposts indicate that such
vermicompost may act as a rich source of nitrogen fix-
ing bio-fertilizer after its application to the soil.

Availability of NH," nitrogen in the substrates in-
creased more or less consistently with the period of in-
cubation in all the treatments (Table 3). This behavior
was attributed to gradual mineralization of the organic
wastes releasing nitrogen to NH," form. The differences
among the treatments were narrower during the initial
phase of the study but widened as the vermicompost-
ing process proceeded further. It was interesting to
observe that although T, treatment showed the highest
mean CFU of NFB, yet the amount of NH," nitrogen
was not that high in this treatment. This behavior was
attributed to large scale nitrification of the ammonified
nitrogen under the prevailing aerobic condition of the
vermicomposting process. As will be discussed later,
this treatment showed highest occurrence of NO," ni-
trogen (Table 4).

Values of NO,™ nitrogen also increased on incuba-
tion (Table 4) owing to gradual nitrification of the NH,*
nitrogen in the substrates. Nitrifying bacteria are es-
sentially aerobic in nature (Tilak et al. 2010) and ver-

Table 2 C.F.U of nitrogen fixing bacteria (x x 10° g!) in different treatments during the period of incubation

C.E.U. C.F.U C.F.U C.F.U
Treatments at 15 days at 30 days at 45 days at 60 days
interval interval interval interval
T, = Control (0.W) 18.66 21.33 22.0 30.33
T,=10gPSB.+O.W+EW 20.66 25.33 24.66 39.33
T,=5gPS.B. +5 g N.F.B+ O.W+EW 24.66 26.00 24.66 51.33
T,=10g PS.B. +5 g NFEB+ O.W+ EW 21.33 27.33 24.66 38.0
T,=10gPS.B. + 10 g N.F.B+ O.W+ EW 26.66 31.33 36.0 58.66
T, =10 gN.FB+ O.W+EW 22.00 24.33 26.00 53.66
T, =5g P.S.B.+10 g N.F.B+ O.W+EW 20.66 26.66 46.66 51.33
.C.D 6.46 5.88 591 8.17
Table 3 Availability of NH +N (mg kg') in different treatments during the period of incubation
NH,-N NH-N NH-N NH-N
Treatments at 15 days at 30 days at 45 days at 60 days
interval interval interval interval
T, = Control (0.W) 305.82 412.96 448.18 688.62
T,=10gPSB.+O.W+EW 428.89 759.75 76491 890.99
T,=5gPS.B. +5gN.F.B+ O.W+EW 566.52 448.27 1055.68 1055.65
T,=10g PS.B. +5 g NFB+ O.W+EW 453.52 537.65 606.28 551.54
T,=10g P.S.B. +10 g N.F.B+ O.W+EW 595.45 782.23 882.23 887.63
T, =10 gN.FB+ O.W+E.W 538.15 559.79 892.32 1056.04
T, =5g P.S.B.+10 gN.F.B+ O.W+E.W 532.14 551.64 532.27 924.24
C.D. 62.54 49.12 69.33 80.42
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Table 4 Availability of NO,-N (mg kg') in different treatments during the period of incubation

NO,-N NO,-N NO,-N NO,-N
Treatments at 15 days at 30 days at 45 days at 60 days

interval interval interval interval
T, = Control (0.W) 448.16 504.20 489.27 504.26
T,=10gPS.B.+O.W+EW 477.94 826.13 726.28 830.18
T,=5gPS.B. +5gN.F.B+ O.W+EW 473.18 766.87 747.55 1146.27
T,=10g PS.B. +5 g N.FB+ O.W+EW 478.51 532.20 532.26 932.84
T,=10g P.S.B. + 10 g N.FB+ O.W+EW 586.28 517.88 510.89 1148.21
T, =10 gN.FB+ O.W+EW 495.30 1089.09 922.30 1055.61
T, =5gPS.B.+10 gN.F.B+ O.W+E.W 522.17 536.21 597.14 987.60
C.D. 51.14 56.63 48.17 61.97

micomposting is an aerobic decomposition process
(Chattopadhyay 2005). Hence, the nitrifying microbes
could work efficiently under this congenial environ-
ment of vermicomposting and increased the amount of
NO, form of nitrogen in the system.

Since both NH," and NO, N constitute the readily
available forms of this nutrient, the total availability
of N as NH," + NO, has been presented in Fig. 2. The

treatments exhibiting higher occurrence of NFB, in
general, showed higher concentrations of mineralized
(NH," + NO,) forms of nitrogen. This was attributed
to hastening of decomposition owing to lowering in
carbon: nitrogen ratio by NFBs (Raj and Antil 2011;
Ravindran and Mnkeni 2016). Such accelerated min-
eralization of organic materials helped to release more
amount of nitrogen to mineralized forms.
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Fig. 1 Mean occurrence of NFB in the substrates under different treatments
T, = Control :Organic waste (OW) + Earthworm (EW); T, =10g P.S.B. + O.W + E-W; T,= 5¢ P.S.B. + 5 g N.F.B+ O.W+ E.W; T, = 10g P.S.B.
+5 g N.EB+O.W+EW; T,= 10g PS.B. + 10 g N.EB+ O.W+ E.W; T, = 10 g N.EB+ O.W+E.W; T, = 5g P.S.B. + 10 g N.EB+ O.W+ E.W.
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Occurrences of phosphate solubilizing bacte-
ria (PSB) in different treatments during the period of
vermicomposting have been presented in Table 5.The
control treatment showed the lowest values of PSB
during the entire period of incubation due to obvious
reasons. On the other hand, inoculation of PSB helped
to increase its occurrence in other treatments. Among
different treatments with PSB, inoculation @ 10g kg
substrate (T,) showed the highest and statistically supe-
rior population of PSB (18.33x10° no. g). On the oth-
er hand, use of same dose of PSB along with different
concentrations of NFB (T,, T5) resulted in marginal de-
cline in PSB values, as compared to T, treatment. This
behavior was not in conformity to what was observed
in case of occurrence of NFB in presence of PSB in

this study (Table 2). While NFB was benefited by the
phosphorus released by PSB from the organic wastes
during vermicomposting (Subba Rao 1999), the PSB
did not receive such mutual benefit from NFB. In the
former case, the PSB induced higher availability of P
acted as a booster to the multiplication of unicellular
NFB. On the other hand, mineralization of N in all the
vermicomposted materials resulted in release of suffi-
cient N in available form for the growth of the microbi-
al population irrespective of the effects of NFB in fixing
atmospheric nitrogen (Fig. 2). Hence, co-inoculation of
NFB did not provide any additional benefit to the PSB
population with regard to their N nutrition, rather the
PSB population had to compete with the NFB for their
growth.

2,500.001

2,000.00

Available NH,4,-N and NOs-N content (mg kg-1)

1,500.00-
1,000.00 I - J_
165140 | T
T 1,565.00 1473.0
) 1,295.85
1,156.20
500.00 950.37
0.00 T T T T T T T
T1 T2 T3 T4 TS T6 T7
Treatments

Fig. 2 Mean NH," and NO, -N content (mg kg) in the substrates under different treatments
T, = Control: Organic waste (OW) + Earthworm (EW); T, =10g P.S.B. + O.W + E.W; T,= 5g PS.B. + 5 g N.E.B+ O.W+ E.W; T, = 10g P.S.B.
+5 gNFB+O.W+EW; T, = 10g PSB. + 10 gN.FB+ O.W+E.-W; T,= 10 gN.FB+ O.W+E.W; T, = 5g P.S.B. + 10 gN.FB+ O.W+E.W.

Auvailability of phosphorus in the substrates under
different treatments have been presented in Table 6.
Inoculation of the biofertilizers helped to increase the
availability of phosphorus significantly over the control
in all the treatments. Among them, use of higher dose
of PSB (10g kg') in combination with NFB resulted
in comparatively higher availability of phosphorus than

the treatment with same dose of PSB alone (T,). While
highest availability of phosphorus (996.31 mg kg™') was
observed in the treatment with both PSB and NFB @
10g kg each (T,), the next highest value of available
phosphorus was found in the treatment with PSB @
10g and NFB @ 5g kg! substrate. This may be due to
larger transformation of organic phosphorus to mineral
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forms due to increased rate of decomposition effected
by narrowing of C: N ratios in presence of NFBs (Gaur
2006). In addition to phosphate solubilizing microor-
ganisms, several nitrogen fixing bacteria can also sol-
ubilize phosphorus from insoluble sources (Subba Rao
1999). This behavior probably resulted in synergistic

Table 5 C.F.U of Phosphate solubilizing bacteria (P.S.B.)
(x < 10°g™)

effect on phosphorus solubilization when both PSB and
NFB were inoculated to the vermicomposting system.
This hypothesis may be supported by the observation
that use of NFB alone @ 10g kg™ substrate (T,) also re-
sulted in statistically significant increment in available
phosphorus status over control (Table 6).

in different treatments during the period of incubation:

CFU CF.U CFU CFU

Treatments at 15 days at 30 days at 45 days at 60 days

interval interval interval interval
T, = Control (O.W) 7.66 8.33 8.33 10.33
T,=10gPSB.+O.W+EW 10.66 12.66 14.00 18.33
T,=5gP.S.B.+5gN.FB+ O.W+EW 8.0 11.0 10.66 12.33
T,=10gPS.B.+5gNFB+O.W+EW 9.66 11.33 10.66 13.0
T,=10gP.S.B.+ 10 gN.FB+ O.W+EW 9.66 10.66 10.66 14.33
T, =10 gN.FB+ O.W+EW 8.0 10.33 9.0 10.66
T, =5g P.S.B.+10 gN.F.B+ O.W+E.W 8.66 8.66 10.0 0.12
C.D. 3.44 3.01 2.00 345

Table 6 Availability of PO, (mg kg™) in different treatments during the period of incubation
PO, PO, PO, PO,

Treatments at 15 days at 30 days at 45 days at 60 days

interval interval interval interval
T, = Control (0.W) 331.19 320.62 348.72 564.14
T,=10gPSB.+O.W+EW 455.81 474.08 523.31 638.45
T,=5gPS.B.+5gN.FB+O0.W+EW 546.18 587.16 567.21 783.06
T,=10g PS.B. +5 g N.FB+ O.W+EW 460.53 455.5 517.52 872.29
T,=10gP.S.B.+ 10 gN.F.B+ O.W+EW 593.69 601.53 577.63 996.31
T, =10 gN.FB+ O.W+E.W 417.83 422.70 511.89 643.48
T, =5gP.SB.+ 10 gN.EB+ O.W+EW 407.18 448.71 481.46 631.50
C.D. 38.89 45.02 44.96 63.32

Comprehensive contributions of different biofertil-
izer treatments on resultant populations of NFB and
PSB and also the increments in available N and PO
status in the biologically fortified vermicompost were
taken into account by considering the overall benefits
achieved by each of the treatments. Several of these
treatments showed appreciable improvements with re-
gard to the biofertilizing capacity and also the availabil-
ity of relevant plant nutrients. Among them, the com-
bination of NFB and PSB each @ 10 g inoculum kg

of substrate showed better overall performance. This
treatment resulted in the highest occurrence of NFB
(Fig. 1) and 2nd highest concentrations of PSB (Fig 3).
The availability of P,O, was the highest in this treat-
ment while occurrence of total mineralized N (NH," +
NO,’) was also among the top three.

Such value addition in the vermicompost in term
of biofertilizer fortification is likely to fetch better
economic return also. With integration of 10 g inoc-
ulum of NFB and PSB each, this microbe enriched
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vermicompost (T,) resulted in a final product carrying
58.66 x10°CFU of NFB and 14.35x 10°CFU of PSB
making the product a rich source of both nitrogenous
and phosphatic biofertilizing microorganisms. Hence,
this biologically fortified vermicompost will serve not

only as an organic manure with better N and P sup-
plying capacity but also as a potential source of two
important biofertilizers; thus, minimizing the neces-
sity of separate application of N and P biofertilizers
in soils.
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Fig. 3 Mean occurrence of PSB in the substrates under different treatments
T1 = Control :Organic waste (OW) + Earthworm (EW); T2=10g P.S.B. + O.W + EEW; T3 =5g P.S.B. + 5 g N.F.B+ O.W+ E.W; T4 = 10g P.S.B.
+5gN.FB+O.W+E.W; T5=10g P.S.B. + 10 gN.F.B+ O.W+E.W; T6 = 10 g N.F.B+O.W+E.-W; T7 = 5g P.S.B. + 10 g N.F.B+ O.W+ E.W.

Conclusion

The study dealt with the effects of integrating nitrogen
fixing and phosphate solubilizing bacteria (NFB and
PSB) with vermicomposting process on availability of
N and P and also the biofertlizer supplying capacity of
this microbiologically fortified vermicompost. The re-
sults of inoculation of different combinations of 4zo-
tobacter chroococcum and Pseudomonas fluorescens
in the vermicomposting process of cow dung and veg-
etable market waste mixture using Eisenia foetida as
the decomposer earthworm was assessed in this inves-
tigation. The study showed significant increase in the
population of these two bio-fertilizing microbes over
the control depending on the doses of their inocula-
tion and combination. Between the two, however, the
increment was more prominent for the NFB than the
PSB. Apparently, PSB provided increased sustenance
to NFB population through better P nutrition. Enhanced
occurrences of these bio-fertilizing microbes resulted

in improved availability of the relevant nutrients viz.
N and P in the resultant vermicomposting. Significant
increments in the amount of mineralized nitrogen and
solubilized phosphate over the control were recorded in
almost all the treatment combinations, of which com-
bined use of NFB and PSB @ 10g kg' each appeared to
be the most effective.

The study showed integration of nitrogen fixing
and phosphate solubilizing bacteria with vermicom-
posting process to improve the availability of these
two nutrients in the product. In addition, this biologi-
cally fortified vermicompost appeared to act as a rich
source of N and P biofertilizing microbes, thus mini-
mizing the necessity of separate application of these
biofertilizers.
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