Waste Biomass Valor (2013) 4:95-104
DOI 10.1007/s12649-012-9141-7

ORIGINAL PAPER

Evaluation of Maturity and Stability Parameters of Composts
Prepared from Organic Wastes and Their Response to Wheat

Antil - Dev Raj + R. P. Narwal -

R. S.
J. P. Singh

Received: 30 January 2012/ Accepted: 19 June 2012 /Published online: 29 June 2012

© Springer Science+Business Media B.V. 2012

Abstract The objective of this study was to evaluate
changes in physical, chemical and biological parameters to
assess the maturity and stability of composts prepared from
mixture of different organic wastes over a time period
of 150 days. Six different composts were prepared using
a mixture of different organic wastes with or without
enrichment of rock phosphate (RP), microorganism inoc-
ulation (MO) and agro-industrial wastes (sewage sludge,
pressmud, poultry waste). All the composts attained a
constant temperature with no measurable changes (ambient
level) at 120 days of composting. Compost maturity should
be assessed by measuring two or more compost parameters,
and that parameters of compost maturity need to satisfy the
following threshold values: organic matter loss >42 %,
C:N ratio <15, water soluble organic C (C,,):organic N
(Norg) ratio <0.55, humic acid:fulvic acid ratio >1.9,
humification index >30 %, cation exchange capacity:total
organic carbon ratio >1.7 and germination index >70 %.
Ambient temperature, decrease in bacterial and fungal
counts along with increase in actinomycetes count and
stable at the end of composting could also be used as sta-
bility parameters. Composts enriched with RP, MO and
agro-industrial wastes matured earlier compared to un-
enriched composts. Application of agro-industrial waste
composts significantly increased wheat yield compared
with addition of their raw materials. Agro-industrial waste
composts applied with recommended dose of NK fertilizers
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produced wheat yield comparable to that obtained with
recommended dose of NPK fertilizers, indicating a net
saving of 100 % P fertilizer.
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Introduction

Composting of organic wastes is a bio-oxidative process
involving the mineralization and partial humification of the
organic matter, leading to a stabilized final product, free
from phytotoxicity and pathogens [4, 43]. The variability of
the organic matter undergoing composting makes compost
research challenging. According to an estimate, about
1,688.3 Mt of organic resources are generated yearly in India
and that can be recycled through composting [6]. Com-
posting is one of the most effective means of recycling of
organic wastes that can be used as a source of soil amend-
ment and organic matter in agricultural land. Composts are
considered a valuable product that can be used as a source of
soil amendment and organic matter in agricultural land. The
application of composted manure has increased over the
years. This practice improves the quality of the crops and
preserves the environment [15, 23]. However, non-com-
posted manure may have adverse effects on plant growth
and/or seed germination [14] because of their wide C:N ratio
and production of phytotoxic substances such as phenolic
and volatile fatty acids during organic matter decomposition
[21]. The need to treat and dispose of organic wastes to
reduce potential damage has made compost production
and its agricultural application an attractive solution. The
composting industry is poised for a new era of growth where
the product must be evaluated both for safety and quality
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purposes. Composts prepared from different organic wastes
differ in their quality, which further depends upon the
composition of raw material and composting technology
used for compost production [30]. Compost quality is clo-
sely related to its stability and maturity. Maturity is associ-
ated with plant-growth potential or phytotoxicity [17],
whereas stability is often related with the compost’s
microbial activity. However, both stability and maturity
usually go hand in hand, since phytotoxic compounds are
produces by the microorganisms in unstable composts [44].
Several parameters have been proposed for evaluating
compost maturity and stability [4, 5, 11, 19, 42]. However,
there is no single method that can be universally applied to
all types of compost due to variation of materials and
composting technology [3, 9, 13]. The aims of this study
were two fold. The first was to evaluate changes in physical,
chemical and biological parameters to determine the matu-
rity and stability of composts prepared from organic wastes;
and the second was to study their response to wheat in
comparison to their raw materials and chemical fertilizers.

Materials and Methods

The farm wastes [mustard straw, paddy straw, pearl millet
boobla (flower glumes and rachilla)] and cattle dung were
collected from University research farm; agro-industrial
wastes viz. poultry waste (PW), from the University farm;
pressmud (PM), a waste by-product, from Co-operative
Sugar Mill (Meham, Haryana, India); sewage sludge (SS)
from Okhala Sewage Treatment Plant (New Delhi, India);
biofertilizer cultures N, fixing (Azotobacter chroococcum)
and phosphate solubilizing (Bacillus polymixa) microor-
ganisms (MO) from Department of Microbiology, CCS
Haryana Agricultural University, Hisar, India; and rock
phosphate from M/s Pyrites, Phosphates and Chemicals
Ltd. (Dehradun, India). The RP contained total P, 9.2 %;
water-soluble P, 56 mg kgfl; 0.5 M NaHCOs-soluble P,
180 mg kg™'; 2 % citric-acid soluble P, 3.2 g kg™ '; free
CaCOsg;, 11.2 %; and had a pH (H,O) of 7.9. Paddy and
mustard straw were chopped into lengths of about 4-6 cm
before mixing. Mustard straw, pearl millet boobla (flower
glumes and rachilla), paddy straw and cattle dung were
mixed in the ratio of 4:1:1:2 (dry weight basis), respec-
tively, to prepare a mixed farm waste (MFW). The MFW
was mixed with agro-industrial wastes in a ratio of 2:1 (dry
weight basis). The mass of different composting materials
and chemical composition of non-composted (raw materi-
als) and composted materials are presented in Tables 1 and
2. To prepare the different composts, composting materials
of each treatment in triplicates were weighed separately in
polyethylene bags after thorough mixing. After moistening
the material, 1 kg each powdered RP (100 mesh) was
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mixed in all the composting mixtures except composting
mixture C1 (MFW + N). The initial C:N ratio of all the
composting mixtures was adjusted to 30:1 by adding a
solution of urea. Each composting mixture (5 kg) was then
inoculated with 150 mL molasses and 250 mL slurry
containing 5 % each of fertile soil, well-decomposed
compost and fresh cattle dung. Finally, the moisture of all
the composting mixtures was maintained at 70 % (by
weight). After thorough mixing, composting mixture was
put into polyethylene bags and allowed to decompose in
the cemented pits (6 m length x 2 m width x 1 m height)
for 150 days. A plastic pipe with upper cap was installed in
the middle of each bag and temperature was measured
daily by placing the thermometer through the plastic pipe.
At 70 days of composting when the temperature came
down below 45 °C, composting mixtures C3 (Microbial
inoculants compost) was inoculated with N, fixing (Azo-
tobacter chrococcum) and phosphate solubilizing (Bacillus
polymixa) microorganism containing 1 x 10® counts per g
on dry weight basis. During composting, materials were
turned after 8, 15, 30, 60, 90 and 120 days to provide
oxygen and promote homogeneity of the materials. Rep-
resentative compost samples were drawn at 15, 30, 60, 90,
120 and 150 days. Both non-composted (raw materials)
and composted materials were analyzed for organic C
using dry combustion method [28], total N using the
Kjeldahl method [7], total P by developing blue color with
ascorbic acid [20]. The rate of organic matter mineraliza-
tion was measured by determining the loss of organic
matter at each time interval. The loss of organic matter was
calculated according to the following equation:

Organic matter loss(%) = [(X; — X2)/X;] x 100

where X; and X, are the % organic matter at zero (initial)
and sampling day, respectively.

The C,, was estimated in a 1:20 ratio of compost—water
suspension by chromic acid wet digestion method [40]. The
Nore was calculated as the difference between total N and
inorganic-N (sum of NH,"-N and NO; -N). The CEC
was determined with BaCl,-Triethanolamine method of
Lax et al. [24]. HA and FA were determined by extracting
compost with 0.1 N NaOH by using the method described
by Schlichting and Blume [33]. The HI [5] was defined as
humic acid C (Cya) as a percentage of TOC (Cya/
TOC x 100). The effect of compost maturity on seed GI
was determined with tomato (Lycopersicon esculentum L)
seeds, using the method described by Zucconi et al. [45].
Twenty seeds were seeded in triplicate in a petri dish
containing filter paper wetted with 3 ml of 1:10 com-
post:water extract from different composts. A petri dish
containing a filter paper wetted with deionized water
was kept as a control. After incubation at 25 °C for 5 days,
the seed germination percentage and root length of the
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Table 1 Mass (kg) of different composting materials used for the preparation of composts

Composting mixture Mustard Pear] millet Paddy Dung Agro-industrial Rock Total

straw boobla* straw waste phosphate

CI1-MFW + N (farm waste compost) 2.50 0.625 0.625 1.25 0.0 0.0 5.0

C2-MFW + N + RP (phospho compost) 2.00 0.500 0.500 1.00 0.0 1.0 5.0

C3-MFW + N + RP 4 MO (microbial 2.00 0.500 0.500 1.00 0.0 1.0 5.0
inoculants compost)

C4-MFW + N + RP + SS (sewage sludge 1.32 0.330 0.330 0.68 1.34 1.0 5.0
compost)

C5-MFW + N + RP 4 PM (pressmud 1.32 0.330 0.330 0.68 1.34 1.0 5.0
compost)

C6-MFW + N + RP + PW (poultry waste 1.32 0.330 0.330 0.68 1.34 1.0 5.0
compost)

*Flower glumes and rachilla

MFW mixed farm waste (mustard straw/pearl millet boobla/paddy straw/cattle dung = 4:1:1:2), RP rock phosphate, MO microorganism, SS

sewage sludge, PM pressmud, PW poultry waste

Table 2 Chemical
characteristics of the non-
composted (raw materials) and
composted materials

Parameter

Carbon (%) Nitrogen (%) Phosphorous (%) C/N ratio
Organic waste before composting
Mustard straw 55.2 0.40 0.20 138.0
Paddy straw 47.2 0.52 0.28 90.7
Pearl millet boobla 54.2 0.90 0.38 60.2
Dung 40.3 1.20 0.75 33.6
Sewage sludge 24.8 2.08 1.96 11.9
Pressmud 423 2.24 2.39 18.9
Poultry waste 33.8 1.23 2.77 27.5
Composted material
Farm waste compost (C1) 30.3 1.51 0.88 19.9
Phospho compost (C2) 22.7 1.53 3.51 14.8
Microbial inoculants compost (C3) 20.6 1.70 3.74 12.4
Sewage sludge compost C4) 18.8 1.51 4.31 11.7
Pressmud compost (C5) 20.9 1.48 4.37 14.1
Poultry waste compost (C6) 20.2 1.40 4.32 14.4

germinated seeds were recorded. The GI was calculated
using the following expression [45]:

GI(%) = (% seed germination x % root growth)/100.

Microbial counts were determined by the serial dilution
plate technique. Bacteria and actinomycetes were allowed
to grow in soil extract agar [1] and fungi on Martin’s rose
Bengal agar [25].

Greenhouse Experiment

A greenhouse experiment was conducted to compare the
effects of different composts, their raw materials and
chemical fertilizer by growing wheat (Triticum aestivum
L.) crop in pots. Soil was collected from a field of CCS

Haryana Agricultural University, Hisar; air-dried, ground,
sieved (2-mm) and analyzed for physico-chemical proper-
ties. The soil was loamy sand with: pH (1:2), 8.3; EC (1:2),
0.14 dS™'; organic C, 0.12 %; CEC, 3.10 (cmol (P
kg™'); available N, 30.3 mg kg™ '; available P, 5.12
mg kg~ and available K, 62.0 mg kg~'. Details of treat-
ments are given in Table 4. Each pot was filled with 4 kg
sieved soil, mixed with half of recommended dose of N and
full dose of K (at the rate of 60 and 60 kg ha™', respec-
tively) as basal dose except in treatment T1 (unfertilized
control). The remaining half-dose of N (60 kg hafl) was
applied 21 days after sowing. Urea and muriate of pot-
ash were used as a source of N and K. All the 150-day-old
composts were applied equivalent to 26 kg P ha .
Farm waste compost (T2) and raw materials of different
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agro-industrial wastes (TS5, T7 and T9) considered as
control, were applied on carbon equivalent to their com-
posts. Recommended dose of NPK (T11) applied at a
rate of 120-26-50 kg ha™"' was used for comparison. After
imposing all the treatments, the soil of each pot was mixed
thoroughly and irrigated with deionized water. Ten seeds of
wheat (T. aestivum L.) of cultivar cv Sonak were sown in
each pot. After germination, five plants were maintained in
each pot. The pots were arranged in the greenhouse in a
completely randomized design with three replications. The
pots were irrigated with measured quantity of deionized
water as and when required. The plants were harvested at
maturity and data of grain and straw (dry matter) yield was
recorded.

Statistical analyses were accomplished using the pro-
gram STATISTCA 6.0. StatSoft, Inc. (2001). All deter-
minations were carried out in triplicate and LSD values at
P = 0.05 were used to determine the significant differ-
ences between treatment means. Linear correlations
between compost maturity parameters were determined.

Results and Discussion
Temperature

Temperature evolution is an indicator of microbial activity
during the composting process. Changes in temperature at
various stages of decomposition of different composts are
shown in Fig. 1. Temperature of all the composts reached
maximum (52-63 °C) within 4-6 days of composting, and
reflected rapid initiation of composting process. After
6 days, it decreased gradually but remained in thermophilic
range (>45°C) up to 61-68 days. Later, it further
decreased and reached ambient level on 101st day of

[——C1 —=— C2 & C3 %~ C4 % C5——C6 —— AT |

Temperature (°C)

20

0 30 60 90 120
Days of composting

Fig. 1 Changes in temperature during composting of different com-
posting mixtures. C/-Farm waste compost; C2-Phospho compost; C3-
Microbial inoculants compost; C4-Sewage sludge compost; C5-Press-
mud compost; C6-Poultry waste compost; AT ambient temperature
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composting except farm waste (C1) and phospho (C2)
composts. The composts enriched with agro-industrial
wastes showed more rapid increase in temperature than
non-enriched composts. In general, temperature decreased
after each turning indicating decrease in easily decom-
posable organic matter. Therefore, the turning of pile,
maintenance of moisture at optimum level and addition of
easily available carbon sources are necessary to enhance
the microbial activity [35, 38]. The compost indicates a
good degree of stability when temperature during com-
posting approaches the ambient level [32]. All the com-
posts attained ambient temperature at 120 days indicating
compost stability. As per the criteria established for
maturity of compost, the rise in temperature is confirmed
by high rate of organic matter decomposition, whereas
gradual decrease in temperature indicates the slowdown in
microbial activity due to decrease in oxygen, moisture and
easily decomposable organic matter.

Organic Matter Loss

The cumulative loss of organic matter increased with
composting time in all the composts due to greater avail-
ability of easily biodegradable substances to microbes
(Fig. 2) [3]. Highest losses of organic matter were observed
during first 30 days of composting in all the composts, and
slowed thereafter. Maximum losses of organic matter were
observed in microbial inoculants (C3) compost followed by
pressmud (C5), sewage sludge (C4), phospho (C2), poultry
(C6) and farm waste (C1) composts. It indicates that the
addition of RP, agro-industrial wastes and inoculation of
microorganisms enhanced the rate of organic matter
decomposition. The organic matter loss >42 % may be
accepted as an index value for mature compost. As per this
limit, the microbial inoculants (C3), sewage sludge (C4)

’+C1 —8— C2 —-— C3 —— C4 —x— C5 +C6‘

0 LSD (P=0.05): composts 1.11; days 1.11; composts x days 2.70

40 1
30 4
20 |

10 4

Organic matter loss (%)

0 T T T T |
0 30 60 90 120 150

Days of composting

Fig. 2 Cumulative loss of organic matter (%) during composting of
different composting mixtures. C/-Farm waste compost; C2-Phospho
compost; C3-Microbial inoculants compost; C4-Sewage sludge
compost; C5-Pressmud compost; C6-Poultry waste compost. Error
bars represent the standard deviation
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|+C1+CQ+CS+C4+CS+CB

6 LSD (P=0.05): composts 0.38; days 0.41; composts x days 1.01

C:N ratio

0 30 60 90 120 150
Days of composting

Fig. 3 Changes in C:N ratio during composting of different com-
posting mixtures. C/-Farm waste compost; C2-Phospho compost;
C3-Microbial inoculants compost; C4-Sewage sludge compost;
C5-Pressmud compost; C6-Poultry waste compost. Error bars
represent the standard deviation

and pressmud (C5) composts matured at 120 days and
poultry waste (C6) and phosho (C2) composts at 150 days.
The farm waste (Cl) compost did not mature even at
150 days.

C:N Ratio

The C:N ratio is traditionally used to establish the compost
maturity [5]. The relevance of C:N ratio relies on the fact
that a decrease in the ratio implies in the degree of humi-
fication of organic matter. The C:N ratio of all the compost
mixtures decreased substantially up to 120 days, and sta-
bilized thereafter (Fig. 3). The decrease in C:N ratio of all
the composts coincides with the increase in loss of organic
matter. As the decomposition progressed due to losses of
carbon mainly as carbon dioxide, the carbon content of the
compostable material decreased with time and N content
per unit material increased which resulted in the decrease
of C:N ratio. The phospho (C2), microbial inoculants (C3)
and agro-industrial waste (C4, C5, C6) composts showed
more rapid decrease in C:N ratio than the farm waste (C1)
compost. Previous researchers reported that a C:N ratio
below 20 was assumed to be indicative of compost matu-
rity [12], and a ratio of 15 or less is preferable [4, 26]. By
considering this criterion, microbial inoculants (C3), sew-
age sludge (C4) and pressmud (C5) composts showed their
maturity at 120 days; poultry waste (C6) and phospho (C2)
composts at 150 days and farm waste (C1) compost did not
mature even at 150 days. At 150 days of composting,
highest C:N ratio was recorded in farm waste compost (C1)
followed by phospho (C2), microbial inoculants (C3),
poultry waste (C6), pressmud (C5) and sewage sludge (C4)
compost. The agro-industrial waste composts showed more
rapid decrease in C:N ratio as compared to other composts.
Addition of agro-industrial wastes as organic additives

l+c1 —— C2 —4— C3 —— C4 —x— C5 +Cel

LSD(P=0.05) composts 0.18; days 0.20; composts x days 0.41

0 30 60 90 120 150
Days of composting

Fig. 4 Changes in C,:Ny, ratio during composting of different
composting mixtures. C/-Farm waste compost; C2-Phospho compost;
C3-Microbial inoculants compost; C4-Sewage sludge compost; C5-
Pressmud compost; C6-Poultry waste compost. Error bars represent
the standard deviation

might have helped in increasing biological activity. On the
other hand, some researchers reported that C:N ratio was
not a good indicative of mature compost due to large
variability in raw materials and often gives a misleading
indication of maturity; also, it may not reflect a material
which is sufficiently decomposed [34].

C,,:No,g Ratio

The C,,:N, ratio of all the composts decreased signifi-
cantly during composting (Fig. 4). The initial ratio varied
from 2.67 to 3.48 and decreased to 0.32-0.62 at 150 days
of composting. The C,;:N,, ratio <0.70 was considered
indicative of mature compost [16]. However, Bernal et al.
[5] proposed the C,:Ngy ratio <0.55 to describe well
matured and stabilized compost. As per this criterion,
microbial inoculants (C3), sewage sludge (C4) and press-
mud (C5) composts were matured at 120 days, poultry
waste (C6) and phospho (C2) composts at 150 days and
farm waste (C1) compost did not mature even at 150 days.

HA:FA Ratio

The HA:FA ratio of all the composts increased signifi-
cantly with composting time mainly due to decrease in FA
production (Fig. 5). The values of HA:FA ratio in the
composts at 150 days ranged from 1.78 to 2.95. Generally,
fresh and raw composts contain low levels of HA and
higher levels of FA compared to mature compost [10], and
a similar trend occurred in this study. Iglesias- Jimenez and
Perez-Garcia [19] proposed a value of HA:FA ratio >1.9 as
a maturity index of city-refuse and sewage-sludge com-
posts. In our study, microbial inoculants (C3), sewage
sludge (C4) and pressmud (C5) composts attained values
>1.9 at 120 days, poultry waste (C6) and phospho (C2)

@ Springer



100

Waste Biomass Valor (2013) 4:95-104

—— C1 —-&8— C2 —=-— C3 —»— C4 —*— C5 —+— C6

5 LSD(P=0.05) composts 0.13; days 0.14; composts x days 0.33

HA:FA ratio

0.0 + T T T T )
0 30 60 90 120 150

Days of composting

Fig. 5 Changes in HA:FA ratio during composting of different
composting mixtures. C/-Farm waste compost; C2-Phospho compost;
C3-Microbial inoculants compost; C4-Sewage sludge compost; C5-
Pressmud compost; C6-Poultry waste compost. Error bars represent
the standard deviation

|+C1 —e— C2 —=-a— C3 —>=— C4 —x— C5 +C6‘

40 - LSD(P=0.05) composts 0.44; days 0.48; composts x days 1.16

30 -

20 -

HI

10 A

0 T T T T |
0 30 60 90 120 150

Days of composting

Fig. 6 Changes in HI during composting of different composting
mixtures. C/-Farm waste compost; C2-Phospho compost; C3-Micro-
bial inoculants compost; C4-Sewage sludge compost; C5-Pressmud
compost; C6-Poultry waste compost. Error bars represent the
standard deviation

composts at 150 days, and farm waste (C1) compost did
not attain this value even at 150 days. However, Bernal
et al. [5] and Veeken et al. [39] reported that HA:FA ratio
was not a good indicative of mature compost because of
wide variation in composition of raw materials used for
composting. The use of composts having a HA:FA ratio
more than 1.9 may be more effective and sustainable for
the environment and agriculture.

HI

The HI increased during composting showing the humifi-
cation of organic matter (Fig. 6). Initial HI values of dif-
ferent composts ranged from 4.3 to 6.0 and increased from
13.2 to 36.6 at 150 days. Increase in HI with maturation of
compost was also observed by Bernal et al. [5]. In the
present study, HI > 30 % may be proposed to assess the

@ Springer

l+C1 —-— C2 —=a— C3 —>— C4 —x— Cb5 +CG]

o5 LSD(P=0.05) composts 0.06 days 0.05; composts x days 0.13

CEC:TOC ratio

0.0 + T T T T "
0 30 60 90 120 150

Days of composting

Fig. 7 Changes in CEC:TOC ratio during composting of different
composting mixtures. C/-Farm waste compost; C2-Phospho compost;
C3-Microbial inoculants compost; C4-Sewage sludge compost; C5-
Pressmud compost; C6-Poultry waste compost. Error bars represent
the standard deviation

maturity of composts prepared using a mixture of different
organic wastes. As per this limit, microbial inoculants (C3),
sewage sludge (C4), pressmud (C5) and poultry waste (C6)
composts matured at 120 days; farm waste (Cl) and
phospho (C2) composts did not mature even at 150 days.

CEC:TOC Ratio

The CEC:TOC ratio of all the composts increased with
composting time (Fig. 7). Initial CEC:TOC ratio varied
from 0.38 to 0.71 which increased to 1.25-2.20 at 150 days
of composting. Highest ratio (2.20) was observed in sew-
age sludge (C4) compost and lowest (1.25) in farm waste
(C1) compost, indicating their highest and lowest degree of
humification. Roig et al. [31] proposed CEC:TOC ratio of
1.7 as the lowest limit for describing compost well humi-
fied composts prepared from cattle, sheep, chicken and
rabbit manure and this value can be considered as lowest
acceptable value prior to their application to the soil. As
per this limit microbial inoculants (C3), sewage sludge
(C4), pressmud (C5) and poultry waste (C6) composts
matured at 120 days, phospho (C2) compost at 150 days,
and farm waste (Cl) compost did not mature even at
150 days.

GI

GI is a sensitive parameter to evaluate phytotoxicity of
composts because phytotoxicity ia s problem associated
with immature composts [37, 45]. Such composts may
contain various heavy metals; ammonia and/or low molec-
ular weight organic compounds that may reduce seed ger-
mination and also inhibit root development [8]. Up to
60 days of composting, the GI of all the composts fluctuated
and increased significantly thereafter (Fig. 8). The decrease
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Fig. 8 Changes in GI (%) during composting of different composting
mixtures. C/-Farm waste compost; C2-Phospho compost; C3-Micro-
bial inoculants compost; C4-Sewage sludge compost; C5-Pressmud
compost; C6-Poultry waste compost. Error bars represent the
standard deviation

in GI indicates the presence of phytotoxins in wastes mix-
tures during composting while an increase reflects the dis-
appearance of phytotoxic substances [44]. The lowest GI
values (34.2 %) at 60 days of composting in sewage sludge
(C4) compost might be due to release of heavy metals from
sewage sludge, which affects root elongation in particular.
The lower value (38.9 %) of GI in farm waste (C1) compost
at 150 days of composting indicated the presence of phy-
totoxic substances released during organic matter decom-
position. Zucconi et al. [45] reported that the compost with
GI values >80 % was phytotoxin-free and considered as
having completed maturity [34, 37]. Ko et al. [23] reported
that the compost having GI value >110 % was considered
mature compost because the GI values reported by previous
researchers were not a suitable threshold value for deter-
mining the maturity of composted animal manure. However,
results obtained using GI should be interpreted with caution,
because the GI was affected by the type of seed used and
applied extraction rates [5, 36]. In the present study, a GI
value >80 % was not seen in any of the compost, but a value
>70 % was observed in microbial inoculants (C3), press-
mud (C5) and poultry waste (C6) composts at 120 days.
Hence, a GI value >70 % may be accepted as an indication
for maturity of composts.

Bacterial Counts

Total bacterial counts decreased significantly with com-
posting time in all the composts except microbial inoculants
compost (C3) where an increase was observed after 90 days
due to inoculation with N, fixing (A. chrococcum) and
phosphate solubilizing (B. polymixa) microorganisms at
70 days of composting (Fig. 9a). The decrease in bacterial
count with time might be due to decrease in water soluble
carbon. Highest bacterial counts were observed in microbial
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Fig. 9 Changes in a bacterial, b fungal and ¢ actinomycetes counts
during composting of different composting mixtures. C/-Farm waste
compost; C2-Phospho compost; C3-Microbial inoculants compost;
C4- Sewage sludge compost; C5-Pressmud compost; C6-Poultry
waste compost. Error bars represent the standard deviation

inoculants (C3) compost as compared to other composts.
Among agro-industrial waste composts, highest counts were
observed in pressmud (C5) compost followed by poultry
waste (C6) compost and sewage sludge (C4) compost at
150 days of composting. The inhibition at initial days of
composting might be due to presence of toxic compounds
(caramels and melanoidins) which on later stage became
inactive [22, 41]. Bacterial counts were decreased signifi-
cantly up to 120 days and become stable at 150 days in
sewage sludge (C4), pressmud (CS5) and poultry waste (C6)
composts indicating their maturity at 120 days.
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Table 3 Correlation matrix between maturity and stability parameters (n = 42)

OM loss C:N ratio Cw:Norg HA/FA HI CEC/TOC GI
OM loss I —0.94%* —0.89%* 0.927%:* 0.91 % 0.91 % NS
C:N I 0.86%* —0.74* —0.76%* —0.76%* —0.56*
Cyw:Norg I —0.84%* —0.95%* —0.95%* NS
HA:FA I 0.94%* 0.94%* 0.46*
HI I 0.98%#* 0.58%*
CEC/TOC 1 0.49%*
GI 1

OM organic matter, NS not significant

* ** significant at P < 0.05 and 0.01, respectively

Fungal Counts

Total fungal counts increased significantly up to 60 days in
sewage sludge (C4), pressmud (C5) and poultry waste (C6)
composts, up to 90 days in farm waste (C1) and phospho
(C2) composts and up to 120 days in microbial inoculants
(C3) compost and decreased thereafter with composting
time (Fig. 9b). At 150 days of composting, highest num-
bers of fungal counts were recorded in microbial inoculants
(C3) compost and lowest in poultry waste (C6) compost. At
the initial stages of composting, higher fungal counts were
noticed especially in sewage sludge (C4) and pressmud
(C5) composts as compared to other composts but at latter
stages of composting counts were decreased.

Actinomycetes Count

The initial actinomycetes count of different composts
ranged between 5 x 10° and 10 x 10° g~' and increased
to 30 x 10° to 45 x 10° g~ ' at 150 days of composting
(Fig. 9¢). At 150 days of composting, highest counts were
found in phospho (C2) compost and lowest in microbial
inoculants (C3) compost. At 150 days, gummy whitish
appearance was observed in almost all the composts indi-
cating the presence of actinomycetes.

Correlation Between Maturity and Stability Parameters

The correlation coefficients were determined between
maturity and stability parameters by using values of dif-
ferent characteristics at different days of composting. It is
noted that organic matter loss, C:N ratio, HA:FA ratio, HI,
CEC:TOC ratio were highly correlated with 6-7 parame-
ters, therefore these parameters can be used to assess the
maturity of the composts prepared by mixing of different
types of organic wastes (Table 3). The C,,:Ny,, ratio was
best correlated with 5 parameters, GI with 3 parameters
and can also be considered as maturity assessment
parameter.
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Yield of Wheat

Application of agro-industrial waste composts, their raw
materials and chemical fertilizer significantly increased the
grain and straw yield of wheat over unfertilized control
(Table 4). The maximum increase (118 % over unfertilized
control) in grain yield was recorded by the application of
poultry waste compost (T10) followed by pressmud com-
post (T8) microbial inoculants compost (T4) and recom-
mended dose of NPK fertilizer (T11). Application of
phospho compost (T3), microbial inoculants compost (T4),
sewage sludge compost (T6) and pressmud compost (T8)
showed non-significant differences in yield with recom-
mended dose of NPK fertilizer (T11). The yields were
significantly higher with agro-industrial waste composts
(T6, T8 and T10) as compared to their raw materials (T3,
T7 and T9). Agro-industrial waste composts applied with
NK (recommended dose) fertilizers produced wheat grain

Table 4 Effect of different composts, organic amendments and
chemical fertilizer on grain and straw (dry matter) yield of wheat

Treatment Yield (g pot™")
Grain  Straw
T1 = Unfertilized control 3.63b*  4.86b
T2 = Farm waste compost (C1) 5.12d 6.24c
T3 = Phospho compost (C2) 6.89g 8.46e
T4 = Microbial inoculants compost (C3) 7.18g  10.14g
TS5 = Sewage sludge 4.26¢ 6.48¢
T6 = Sewage sludge compost (C4) 7.05g 9.28f
T7 = Pressmud 5.73e 7.02d
T8 = Pressmud compost (C6) 721g  10.05g
T9 = Poultry waste 6.45f 9.05f
T10 = Poultry waste compost (C7) 7.92h  10.86h
T11 = Chemical fertilizer (120 kg N + 26 kg 7.14g  10.24g

P+ 50 kg K ha™')

* Different small letters within columns indicate significance at
P <0.05



Waste Biomass Valor (2013) 4:95-104

103

yield comparable to that obtained with NPK (recom-
mended dose) fertilizers, indicating a net saving of 100 %
of P fertilizer. The higher yield in poultry waste compost
(T10) was mainly due to the presence of high amount of
water soluble P (900 mg P kg™') as compared to other
composts (155-378 mg P kg™'). These findings support
previous findings of Bajpai et. al. [2] and Ibrahim et al. [18]
who concluded that application of compost prepared from
fruit and vegetable wastes improved the yield of maize and
wheat crops. Increase in wheat yield in our study could be
attributed to enhanced nutrient use efficiency in the pres-
ence of composts. Previous studies have also shown that
composted organic materials enhance fertilizer use effi-
ciency by releasing nutrients slowly and thus reducing the
losses, particularly that of N [27, 29].

Conclusions

Compost maturity is a complex characteristic and cannot
be determined by a single parameter. Our findings suggest
that compost maturity should be assessed by measuring two
or more parameters. Correlation analysis showed that the
optimal values of the selected parameters for our experi-
mental conditions, are as follows: organic matter loss
>42 %, C:N ratio <15, C,,:Ng,, ratio <0.55, HA:FA ratio
>1.9, HI > 30 %, CEC:TOC ratio >1.7 and GI > 70 %.
Ambient temperature, decrease in bacterial and fungal
counts, and increase in actinomycetes counts and stable at
the end of composting are the best indicators for estab-
lishing compost stability. As per the above maturity and
stability parameters, composts enriched either with RP or
inoculation of microorganisms or agro-industrial wastes
matured earlier as compared to compost prepared without
any enrichment. Application of agro-industrial waste
composts could be more effective to increase the yield
compared to their raw materials. Combined use of com-
posts and NK fertilizer (recommended dose) produced
wheat grain yield comparable to that obtained with NPK
(recommended dose) fertilizer, indicating a saving of P
fertilizer. Hence, instead of using NPK fertilizer alone, the
integrated use of compost and NK fertilizer could be more
effective and sustainable for environment and agriculture.
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