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Abstract. In view of the growing awareness about vermicomposting technology in recycling different
types of organic wastes, this study was conducted to investigate the effect of initial substrate pH on
vermicomposting. The substrate pH and ash content were evaluated as a function of time. The data
showed an exponential relationship between substrate pH and time of vermicomposting while a phase
Bode plot of a single zero system relationship between the ash content and time of vermicomposting. The
model parameters of these relationships also had very good correlation with the initial substrate pH. On
the basis of obtained correlation between model parameters and initial substrate pH, generalized
predictive models for the substrate pH and ash content have been evolved in terms of the duration of
vermicomposting and the initial substrate pH. Plots of the predictive and experimentally observed values
indicated a high robustness of predictive models. The study also revealed that the earthworm species
Perionyx excavatus performs well in a wide range of substrate pH. Near neutral initial substrate pH was
found to be optimal for stabilization of waste with minimal processing time. The substrates having strong
acidic initial pH were found to be less suitable for vermicomposting.
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Introduction

The concept of vermicomposting started from the knowledge that certain species of
earthworms consume a wide range of organic residues very rapidly, converting them
into vermicompost, a humus-like, soil building substance in short time. The effective
use of the earthworms in organic waste management requires a detailed understanding
of the effect of the physico-chemical properties of the substrate. However, in spite of
various studies on vermicomposting technology, the effect of the initial substrate pH on
vermicomposting, being an important parameter has not received due attention of the
investigators.

In view of this gap in knowledge, this study was particularly carried out to evaluate
the variation effect of substrate pH on vermicomposting process using epigeic (surface
burrowing) earthworm Perionyx excavatus (Perrier, 1872) (Megascolecidae).

Review of literature

Different varieties of earthworms have been recommended to be used in
vermicomposting by various workers such as deep burrowing [7], shallow burrowing
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[20, 39], and surface dwellers [1, 6, 9, 12, 20, 21, 35, 39] and it has been established
that the epigeic forms (surface dwellers) of earthworms are the most suitable for
vermicomposting. The potential utilization of Perionyx excavatus, a shallow burrowing
tropical Asian species [14, 38] distributed from the Himalayan Mountains to the plains
of South India [20], in organic waste management has been reported by various authors
[13,17, 18, 20, 21, 26, 29, 30].

Earthworms are very sensitive to pH, thus pH of soil or waste is sometimes a factor
that limits the distribution, numbers and species of earthworms. Little information is
available on effect of substrate pH during vermicomposting. Several researchers have
stated that most species of earthworms prefer a pH of about 7.0 [2, 4, 28, 34]. However,
Lumbricus terrestris occurs in soils with pH 5.4 in Ohio, U.S.A. [27]. Satchell [36]
reported that Bimastos eiseni, Dendrobaena octaedra and Dendrobaena rubida were
acid tolerant species, and Allolobophora caliginosa, Allolobophora nocturna,
Allolobophora longa were acid intolerant. He also reported that Lumbricus terrestris
was not very sensitive to pH, and Guild [15] agreed with this conclusion, although
Richardson [31] disagreed. Bhawalkar [7] has suggested for neutral substrate pH to be
used in vermicomposting. Edwards [11] has, however, reported a wide range of 5.0 to
9.0 for maximizing the productivity of earthworms in the waste management.

Materials and methods

The experiments were performed in truncated porous earthen pots of approximately
8-liter capacity. The pots were initially filled to a 2.5 cm height with 12.5 mm nominal
size chips of stone (aggregates), which was then covered with 2.5 cm thick layer of 1-5
mm size gravel to ensure proper drainage of excess water. A layer of local soil mixed
with cow dung humus in 1:1 ratio of 2.5 cm thickness was used above the gravel bed to
provide natural habitat to the earthworms. The experimental pots were kept in the
laboratory without any attempt to control the ambient conditions.

Mixed vegetable residues (organic waste) collected from hostel kitchen were
homogeneously mixed with citrus waste (lime and sweet lime) and dry mango powder
in different proportions to alter the initial pH was used as substrate. The initially
obtained substrate pH was 4.3, 4.8, 5.2, 5.9, 6.5, and 6.9. These substrates were then top
fed (10 cm thicknesses, average waste volume 3.24x10™ m”) into different experimental
pots to investigate the effect of the initial substrate pH variation. Each variation was
incubated with 40 local adult (clitellate) epigeic earthworms for the purpose of
vermicomposting. Although the earthworm population tended to increase gradually,
they were not counted later. Respective controls were maintained without earthworms.

The experimental pots were maintained at moisture content of 80% to ensure the
optimum functioning of earthworms. The amount and interval of water sprinkling
required to maintain the desired moisture content were obtained by several trials before
starting the actual experimentation. The experiment was carried out till 45 days. The
substrate samples were drawn on 3 days interval up to 30 days and thereafter 5 days
interval from all the experimental pots. All the experiments were performed in replicates.
About 5 g of samples were drawn from each pot. The samples were ground into paste to
ensure the homogeneity of the substrate. The pH of substrate pastes were measured using
pH paper inserting it into paste for a few seconds. Standard color chart was used for
matching with the developed color. Moisture analysis was carried out by drying the
samples in a hot air oven at 105 °C for 24 hours. Ash content was determined by heating
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the moisture-free samples in a muftle furnace at 550 °C for 4 hours. The sample mean of
measured pH and percent ash content computed on dry basis were used for analysis.

Results
The observed data for the variation of substrate pH (¢) and ash content (o, % dry
basis) with different initial substrate pH (4.3, 4.8, 5.2, 5.9, 6.5, and 6.9) including

control (i.e. without earthworms) are presented in 7Tables I and 2 respectively.

Table 1. Variation of substrate pH with different initial substrate pH during vermicomposting

initial pH

days | 4.3 4.8 5.2 5.9 6.5 6.9 4.3 4.8 5.2 5.9 6.5 6.9
substrate pH with earthworms substrate pH without earthworms

0 43 4.8 52 59 6.5 6.9 43 4.8 52 59 6.5 6.9
3 5.5 6.2 6.5 6.6 7.0 8.0 5.5 6.2 6.5 6.7 6.9 7.9
6 6.7 7.2 7.2 7.3 8.1 8.2 6.8 7.3 7.4 7.5 8.0 8.3
9 7.4 7.5 7.6 8.1 8.2 8.2 7.5 7.7 7.8 8.0 8.1 8.2
12 8.0 8.1 8.1 8.2 8.2 8.1 8.1 8.2 8.2 8.2 8.2 8.2
15 7.9 8.2 8.2 8.0 8.0 7.7 8.1 8.3 8.3 8.2 8.1 7.9
18 7.6 8.1 8.0 7.7 7.5 7.5 8.0 8.1 8.2 8.1 8.0 7.8
21 7.3 7.7 7.8 7.5 7.3 7.2 7.8 8.0 8.0 7.9 7.8 7.6
24 7.2 7.3 7.4 7.3 7.2 7.1 7.5 7.7 7.8 7.8 7.5 7.4
27 7.1 7.1 7.2 7.1 7.1 7.0 7.4 7.4 7.6 7.5 7.2 7.2
30 7.0 7.0 7.0 7.0 7.0 7.0 7.2 7.2 7.2 7.1 7.0 6.9
35 7.0 7.0 7.0 7.0 7.0 7.0 6.9 6.9 6.9 6.9 6.8 6.8
40 7.0 7.0 7.0 7.0 7.0 7.0 6.9 6.9 6.9 6.9 6.8 6.8
45 7.0 7.0 7.0 7.0 7.0 7.0 6.9 6.9 6.9 6.9 6.8 6.8

The substrate pH increased progressively with almost similar trends till 6, 9, 12, and
15 days in the experimental setups having respective initial substrate pH values of 6.9,
6.5, 5.9, and (5.2, 4.8, 4.3). Maximum substrate pH was observed to be 8.2 in the
experiments with initial pH 4.8 and 5.2 while it was 8.3 in their respective controls. The
substrate pH attained a declining trend thereafter and was observed to be neutral after
30 days of vermicomposting. The respective controls, however, showed little acidic pH
(6.8 and 6.9) even after 30 days of aerobic composting. The increasing rate of substrate
pH was observed to be greater than the decreasing rate.

The ash content, an important indicative parameter for decomposition and
mineralization of the substrate [5, 19, 22, 37] was observed to be increasing with time
of vermicomposting in all the experimental runs. The increase in ash content was slower
up to 9 days of vermicomposting in all the above stated runs including the controls.
When compared to other runs, the experimental runs having 4.3 and 4.8 initial substrate
pH showed slower rate of increase even after 9 days. In remaining runs, a faster rate of
increase in ash content was observed after 9 days of vermicomposting. However, a
faster rate of increase was observed after 18 days of vermicomposting in the runs
having 4.3 and 4.8 initial substrate pH. The ash content (the measure of degradation)
beyond 35 days tended to be stabilized in the experimental runs having 5.2, 5.9, 6.5, and
6.9 initial substrate pH. The overall rate of increase in the ash content was observed to
be higher as compared to their respective controls.
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Table 2. Variation of ash content (% dry basis) with different initial substrate pH during
vermicomposting

initial pH
days | 4.3 4.8 5.2 5.9 6.5 6.9 4.3 4.8 5.2 5.9 6.5 6.9
Ash content with earthworms Ash content without earthworms

128 127 125 124 123 122 | 128 127 125 124 123 122
13.1 13 129 129 128 129 | 13.1 13 129 12.8 128 129
138 13.8 141 143 143 144 | 138 138 141 141 142 142
9 149 152 155 157 158 159 | 148 149 15 151 151 152
12 162 16,5 172 173 178 18 16.1 163 166 16.8 17 17.2
15 183 18.7 20 20.1 209 216 | 181 186 195 19.7 197 199
18 205 209 224 236 245 253 | 202 206 22 22,1 223 226
21 227 231 242 267 27.6 282 | 224 228 241 242 245 248
24 253 258 264 302 314 326 25 255 26.8 27 273 279
27 282 289 298 336 349 358 | 27.8 283 299 30.1 302 306
30 31.8 321 339 349 361 38.6 | 31.1 31.7 341 342 343 347
35 356 362 385 385 399 412 | 348 353 384 385 386 392
40 41.1 413 436 436 438 439 | 38.6 392 41.7 417 419 421
45 46.7 47.1 472 472 473 473 | 433 436 439 439 441 443

AN W O

substrate pH

4 T T T T T T T 1
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time (days)

Figure 1. Variation of substrate pH with different initial substrate pH

The ash content, an important indicative parameter for decomposition and
mineralization of the substrate [5, 19, 22, 37] was observed to be increasing with time
of vermicomposting in all the experimental runs. The increase in ash content was slower
up to 9 days of vermicomposting in all the above stated runs including the controls.
When compared to other runs, the experimental runs having 4.3 and 4.8 initial substrate
pH showed slower rate of increase even after 9 days. In remaining runs, a faster rate of
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increase in ash content was observed after 9 days of vermicomposting. However, a
faster rate of increase was observed after 18 days of vermicomposting in the runs
having 4.3 and 4.8 initial substrate pH. The ash content (the measure of degradation)
beyond 35 days tended to be stabilized in the experimental runs having 5.2, 5.9, 6.5, and
6.9 initial substrate pH. The overall rate of increase in the ash content was observed to
be higher as compared to their respective controls.

Analysis

The variations of substrate pH (¢) corresponding to each value of initial substrate pH
(¢i) up to 45 days of vermicomposting (excluding controls) are plotted with respect to
time of vermicomposting (7) in days (Fig. 1).

It may be noted that the ¢ values of controls were left out as they did not reflect
action of earthworms. The data sets corresponding to experimental values of ¢ were
used for modeling purposes, and to establish a possible correlation between ¢ and T.
The lines of best fits (computed on least square error basis) with respect to each ¢; were
obtained using iterative programs are also shown in the above figure (Fig. 1).

All the stated curves follow exponential relationships as shown in Eq. 1 manifesting
high R? values.

G=AT* "+ (¢ — ) ¥ + ¢y (Eq. 1)

In Eq. 1, A, r and g are model parameters whereas ¢;, ¢y and T represent initial
substrate pH, final substrate pH and time of vermicomposting in days respectively. The
values of the model parameters 4, r, and ¢ for all the experimental runs are presented in
Table 3.

Table 3: Model parameters A, r and q variation with different initial substrate pH (¢;)

ol model parameter

initial substrate pH (¢;) 4 - q R
43 0.13885 0.19113 0.06635 0.9902
4.8 0.1339 0.19455 0.0852 0.9611
52 0.1232 0.18242 0.05993 0.9622
59 0.11703 0.19043 0.04605 0.9787
6.5 0.14586 0.2237 0.04379 0.971
6.9 0.21176 0.2848 0.21 0.9636

Further, weighted mean of the model parameter q was calculated by the formula
Gweighted = 2 [(br — &) % q] / Y. (& — ¢:) which comes out to be 0.06762. The values of
model parameters A and », when regressed (using least square regression technique) with
respect to the initial substrate pH (¢;) followed parabolic trends as shown in Figs. 2 and 3.

The respective expressions are shown in Egs. 2 and 3:

A=0.0343 ¢ —0.3643 ¢, + 1.0819 (Eq. 2)
r=0.0312 ¢ —0.3212 ¢; + 1.0035 (Eq. 3)
Substituting the value of model parameter ¢ in Eq. , following expression is obtained:
O=AT? "+ (gi— ¢ 7" + ¢ (Eq. 4)
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Figures 2 and 3. Variation of model parameters (A) with initial substrate pH.
2: parameter A; 3: parameter r

Eqs. 2—4 together gives a generalized predictive model for predicting the substrate
pH (¢) at various stages of vermicomposting. The proposed models (Eg. 4 together with
Egs. 2 and 3) for predicting ¢ at the various ¢; values can be used in predicting the
substrate pH (0).

On the basis of the above stated generalized and predictive model, the ¢ values were
computed for comparison with the observed experimental values. ¢ (experimental) and
¢ (computed) values were plotted as a scatter diagram (Fig. 4) and a correlation
Ocomputed = 1.0071 dexperimental — 0.0125 was obtained by linear fitting using the least
square regression technique. The maximum and average absolute errors of the
computed values of ¢ are 5.6341% and 1.3877% respectively. The negligible error
values manifest the robustness of the proposed models.

The variations of ash content (o) with each value of the initial substrate pH (¢;) are

plotted as a function of time (T) representing the duration of vermicomposting (Fig. 5).
As stated earlier, the control data was excluded as it did not reflect effect of the
earthworms.
The nature of each plot for the variation of the ash content () is similar to phase Bode
plot of a single zero system [23]. Phase Bode plot of a single zero system plots tan™ (w/w.)
against log @ (where w = angular frequency and w. = corner angular frequency). The plot
starts at 0 with w = 0, i.e. log @ = -00 and monotonically increases to a final value 7/2 with
o=, ie log w = o. At @ = w,, the tan (w/w.) value becomes 7/4 and the slope is
maximum. The slope decreases on either side of this point. The nature of the slope and
monotone increase is similar to the observed experimented data of a. The experimental a
is expected to reach a final constant value although it was increasing (slowly) till the last
day of observation. Therefore, this curve form was tested for deriving the trend lines. The
X axis in Bode plot is logarithmic (log w) but in the presented case it is linear (7). So,
instead of tan™(w/w,), antilog to an arbitrary base a was taken to obtain tan”(a’ / ™) =
tan” "7 which will attain a value of 7/4 at 7= Tc. The initial ash content at a” = 0 (for
T = -0) 1s obviously not zero in the present case and therefore a finite presumed value of
ash content (a;) was taken for it.
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Figure 4. Comparison of computed and experimental value of substrate pH

Similarly, increase in ash content from a’ = 0 to oo (for T = -0 to +0) is also not /2.
Therefore, the increase in ash content for the entire period of 7 = -co to +oo was assumed
to be a,. A generalized trend line relationship was obtained as shown in Egq. 5:

a=a;+ 2 ag/ ) tan™ a7 (Eq. 5)

In Eq. 5, a = ash content at anytime 7, a; = presumed ash content at time 7 = -co (this
can not however, be verified physically); o, = increase in ash content for the entire
period of 7'= -0 to +o0; and 7c= time at which half increase in ash content is achieved.

The trend lines (variation plots) for ash content with different initial substrate pH
(excluding control) were computed on least square error basis from Egq. 5 using an
iterative program are also presented (Fig. 5). Resulting values of model parameters (a;,
a4, a, and Tc) and R* for the various initial substrate pH are presented in Table 4. The R’
values were obtained by linearly correlating the computed and experimental o values for
each initial substrate pH.
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Figure 5. Variation of ash content with different initial substrate pH

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 4(1): 85-97.
http://www.ecology. kee.hu ® ISSN 1589 1623
© 2005, Penkala Bt., Budapest, Hungary



Singh et al.: Effect of initial substrate pH on vermicomposting using P. excavatus
92 -

The model parameters o; and 7c as presented in Table 4 were expected to be functions
of initial substrate pH (¢;). Therefore, a; and Tc were fitted with initial substrate pH using
least square regression technique. The equations obtained thereby are as follows:

;= -1.1049 ¢; + 16.051 (Eq. 6)
Te=-3.63 ¢; +45.929 (Eq. 7)

The corresponding R” values are 0.9177 and 0.9618 respectively. The resulting trend
lines along with a; and Tc values given in Table 4 are presented in following figures
(Figs. 6 and 7).

Table 4: Model parameters a;, a4 a and Tc variation with different initial pH (¢;)

oo model parameter 2
initial pH (¢;) o o u Te R
43 11.26003 39.69997 1.09445 29.51283 0.9954
4.8 10.31496 42.49997 1.08531 29.49997 0.9964
52 10.90003 40.49997 1.09446 27.57043 0.9964
59 9.5675 39.29997 1.096072 23.67348 0.9944
6.5 8.78478 40.09997 1.09617 22.26143 0.9963
6.9 8.35441 40.5025 1.1 21.08998 0.998
Mean — 40.43372 1.09441 — —

The corresponding R values are 0.9177 and 0.9618 respectively. The resulting trend
lines along with o; and Tc values given in Table 4 are presented in Figs. 6 and 7.

As model parameters o, and a did not show significant correlation with initial
substrate pH (¢;), mean values for both these parameters were considered for evolving a
generalized predictive model. Substituting mean values of a; and a in Egq. 5, an
expression for predicting « is obtained as follows:

o =0;+25.74345 tan” 1.09441 7 (Eq. 8)

Eqgs. 5-8 together gives a generalized model for o as a function of ¢; and 7. It is
important to mention that sub periodic (day and night) variations of ash content were
not studied although earthworms being nocturnal [12, 20] become more active in night.

The validity of the proposed model was verified by computing values of
a accordingly and linearly correlating them to the experimental results as shown in the
scatter diagram (Fig. 8). The resulting equation gives dcomputed = 0.9889 dlexperimental +
0.2713 with R* = 0.9953.

The maximum and average absolute errors of computed values of o with respect to
experimental values are 7.14% and 2.29% respectively, justifying robustness of the
predictive model. The decreasing nature of half processing time (7¢) as shown in Fig. 7
indicates lower processing time for substrate having initial pH values nearer to neutral.

Discussion

The observations carried out for 45 days of vermicomposting revealed that
earthworms play a significant role in the processing of substrates having different initial
pH, as almost complete decomposition was observed in the experiments with
earthworms, while decomposition process was continued in the respective controls.
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The initial increase in the substrate pH can be attributed to the fact that initially
microbes participate in the degradation representing aerobic metabolism. As a result,
basic hydroxides are formed in the presence of sufficient moisture which increases the
substrate pH in the initial phase of decomposition [32]. Subsequently, the conversion of
complex compounds into simpler forms during the log and stabilization phases of
microbial action causes formation of weak acids, which become predominant in
comparison to formation of basic compounds and/or hydroxides. The net effect of more
acid and lesser basic formations was manifested as a decrease in the substrate pH at a
slower rate up to 30 days after which the substrate pH was almost constant as the
substrate tended to be stabilized. Initial increase in first week and subsequent decrease
till fourth week without earthworm and sixth week with earthworm was also observed
during the study of changes in biochemical properties of cow manure by earthworms
(Eisenia andrei Bouche) [5]. The substrate (coffee pulp) having an initial pH 4.1 was
analyzed during vermicomposting using E. fetida, P. excavatus and E. andrei and
reported that substrate pH became neutral (6.5-7.4) on 15" day and then it turned into
basic (8-9) for 15 weeks. At the end of the decomposition process, it was found that the
substrate in all the treatments was neutral while slightly acidic in control [33]. In
contrast to this, very slight changes in pH values of substrate (cow manure) with and
without earthworms (E. andrei) were reported [5]. The substrate pH values with
earthworms decreased slightly after 4 weeks, whereas without earthworms, the pH value
of the manure increased and moved towards neutrality.

Finally, a constant pattern with neutral values of pH in vermicomposting and 6.8—6.9

in control were observed. The slightly higher and neutral value of substrate pH with
earthworms can be ascribed to conversion of substrate into earthworm castings which is
reported to be neutral [7, 12, 24, 40].
The ash content increased till last day of observation in all the experiments with almost
similar trend. The slower increase in ash content up to 9 days of vermicomposting in all
the above stated runs is probably due to the acclimatizing effect and initial weathering
(softening) of the substrate. This can also be ascribed to the initial phase of
decomposition, which takes place due to action of micro flora, fungi and actinomycetes
in the presence of simple forms of available nutrients in the substrate [12, 37]. The
earthworms start consuming the substrate after initial decomposition (weathering),
when substrate becomes palatable to them [12]. Further, fastest rate of increase in ash
content was observed between 15" to 30™ days of vermicomposting, which can be
attributed to log phase of microbial activity [25], and increased palatability of substrate
to earthworms due to its softening after initial decomposition. After lag phase of
microbial growth, complex compounds like carbohydrates, fats, proteins, vitamins and
minerals present in the substrate are converted into simpler forms such as sugars, starch,
glycerol, fatty acids, amino acids, calcium, iron and potassium. These simpler forms of
nutrients and compounds enhance the microbial action [37]. The faster rate of increase
in ash content can also be attributed to the conversion of substrate into finer particles
due to breakdown and fragmentation of substrate in the intestine as well as grinding
action in the gut of earthworms [8, 10]. The consumed substrate is excreted by
earthworms as vermicastings having very fine particles due to which volume of
substrate ultimately decreases and have a higher surface to volume ratio [16]. The
higher surface to volume ratio also enhances the microbial activity [12]. Faster rate of
increase in ash content indicated the higher rate of volatilization, which is a good
measure of degradation of the organic waste.
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The experimental runs having 4.3 and 4.8 initial substrate pH showed more slower
decomposition initially (as depicted from the values of ash content at different periods).
The lesser increase in ash content and decomposition can be attributed to lesser
assimilation by microbial population and lesser palatability of the substrate to
earthworms due to acidic nature of the substrate in the initial phase of vermicomposting.

The substrates having 5.2, 5.9, 6.5 and 6.9 initial substrate pH showed faster increase
in ash content and depicted the higher rate of volatilization/degradation. However,
substrate having 6.9 initial substrate pH showed fastest rate of volatilization and
simultaneous four fold (approximately) increase in ash content from 12.2% to 47.3%
was observed. Six folds increase [19] three and half folds increase [37] two folds
increase [22] and two folds increase [5] have already been reported during
vermicomposting. It is thus depicted that near neutral initial substrate pH is optimum for
quicker stabilization of the organic solid wastes using P. excavatus. Similar
recommendations have been given by different workers using different epigeic
earthworm species in waste management [3, 7, 11, 12, 20, 37]. Further, almost complete
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degradation was observed in 40-45 days of vermicomposting resulting in 46.7% to
47.3% ash content in all above stated runs with earthworms. The study reveals that the
ash content is significantly influenced by the initial substrate pH and varies with time in
the initial phase of vermicomposting. As stated earlier, the increase in ash content was
observed till last day of observation. Practically it is obvious that ash content can not
reach an infinite value, and will settle down to a finite upper bound. Since, the objective
of the investigation was to predict minimum processing time; the observation period
was hence limited till the complete decomposition of substrate was achieved.

The results of substrate pH and ash content variation depicts that initial substrate pH
have lesser significant effect on the vermicomposting and Perionyx excavatus can
perform excellently in a wide range of pH (4.3 to 8.2). However, stabilization of organic
wastes having near neutral pH initially is seems to be optimum for vermicomposting as
depicted from increase in ash content.

The proposed model for predicting ¢ as a function of initial substrate pH and time of
vermicomposting gives faster rising pattern initially due to double interaction between
first and second terms of Eg. 4 as both these exponential terms gives rising pattern.
Further, it attains a slower decreasing trend as first term gives faster falling pattern
whereas second term gives rising pattern which compensates the faster falling trend.
The ¢ values becomes near constant after 30 days of vermicomposting due to the reason
that when 7—oo, the first and second terms become zero and as a result only ¢, reflects
its magnitude.

The predictive model expressing the ash content as a function of the initial substrate
pH and the time of vermicomposting can be used for determining the ash content to
achieve the desired level of decomposition (approximately 45% ash content on dry basis
showed complete decomposition) at specific initial substrate pH.

The lower values of absolute maximum and average errors of the ash content and
substrate pH computed from generalized predictive models fully justifies their
robustness.
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