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Abstract A composting experiment was conducted

to evaluate the effect of a hyperlignocellulolytic

fungal consortium and different nitrogen amendments

on paddy straw composting in terms of changes in

physicochemical and biological parameters. A fungal

consortium comprising four lignocellulolytic meso-

philic fungal cultures was used as inoculum for

bioaugmentation of paddy straw in perforated pits.

The comparative effect of farmyard manure (FYM),

soybean trash, poultry litter and urea on the com-

posting process was evaluated at monthly intervals in

terms of physicochemical (pH, EC, available P, C:N

ratio and humus content) and biological (enzymatic

and microbial activity) parameters. The compost

prepared from bioaugmented paddy straw compost-

ing mixture, with poultry manure as nitrogen

supplement attained desirable C:N ratio in 1 month

and displayed least phytotoxicity levels along with

higher production of b-1,4-Exoglucanase. The com-

bined activity of the autochthonous composting

microbiota as well as the externally applied fungal

inoculum accelerated the composting process of

paddy straw. Supplementation of paddy straw with

poultry manure in 8:1 ratio was identified as the best

treatment to hasten the composting process. This

study highlights the importance of application of

fungal inoculum and an appropriate N-amendment

such as poultry manure for preparation of compost

using a substrate having high C:N ratio, such as

paddy straw.

Keywords Composting � Bioaugmentation �
Farmyard manure � Poultry manure

Introduction

In the current scenario, agricultural waste manage-

ment is an important issue worldwide. Crop residues,

especially cereal straw which are somewhat recalci-

trant, need to be managed tactfully so that the soil

organic matter resulting from their bioconversion

gives maximum possible benefit to soil health. Paddy

straw, one of the most recalcitrant materials among

cereals, is not suitable as animal feed because of its

high silica content (Juliano 1985). Also, it is burnt in

various parts of the globe because of its slow

degradation rate in nature. Such practices lead to

wastage of large chunks of this otherwise valuable

natural resource. Although direct transformation of

crop wastes in fields is an alternative for their cost-

effective utilization, soil application of large doses of
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undecomposed plant residues can lead to unfavorable

effects on successive plant growth and crop yields

due to production of certain phytotoxic allelochem-

icals (Lee et al. 1999; Chung et al. 2001; Inderjit et al.

2004). Therefore, one of the best possible alternatives

to manage this resource is its bioconversion through

the action of several hydrolytic enzymes produced by

lignocellulolytic microorganisms (Garcia et al. 1992,

1993; Kanotra and Mathur 1994; Vuorinen 1999,

2000; Tuomela et al. 2000). The principal require-

ment for a compost to be safely used in soil is its

degree of stability or maturity, which implies a stable

organic matter content and the absence of phytotoxic

compounds. C:N ratio, one of the compost maturity

indices, must be less than 50:1 at the initiation stage

(Madejon et al. 1998; Tuomela et al. 2000) for the

composting process to proceed at a faster pace. As the

C:N ratio (77:1) of paddy straw is very high, it is

essential to bring down the C:N ratio by supplying an

exogenous nitrogen source. In nature the bioconver-

sion rate of paddy straw is slow and natural

microbiota participate in degradation of this ligno-

cellulosic waste. Therefore bioaugmentation with

efficient lignocellulolytic microbes may improve

and/or accelerate the composting process. However,

extensive composting is a non-profitable practice

because of severe losses of carbon and nitrogen.

Therefore, for optimization of composting process of

a specific crop waste, there is a definite need to

understand the progressive changes in the biological

and physicochemical parameters with respect to time

for defining the optimum composting endpoint.

Lignocellulosic crop residues, which contain cel-

lulose, hemicellulose and lignin, are rich sources of

carbon in which the N-content is not sufficient for

obtaining good quality composts. Supplementation of

such residues with nitrogen-rich wastes of plant and

animal origin during composting, has been investi-

gated (Imbeah 1998; Neklyudov et al. 2006).

Keeping in view the above considerations, the

present study involved the use of four highly potent

lignocellulolytic fungal cultures namely Aspergillus

nidulans ITCC 2011, Trichoderma viride ITCC 2211,

Phanerochaete chrysosporium NCIM 1073 and

Aspergillus awamori F18 which were selected on

the basis of hyperlignocellulolytic activity. The

selection was made on the basis of preliminary

studies on the inter-compatibility of these fungi

which can efficiently degrade paddy straw. This

consortium was used for composting of paddy straw

in perforated pits. The experiment was undertaken to

study the effect of nitrogen supplements such as urea,

farmyard manure (FYM), soybean trash and poultry

manure on physicochemical and biochemical param-

eters at different time intervals to adjudge the extent

of substrate degradation and to study their role in

improving the composting process of paddy straw.

Materials and methods

Microorganisms

Forty-two fungi, collected from different culture

collection centers in India, were screened for produc-

tion of extracellular lignocellulolytic enzymes under

submerged fermentation of paddy straw (1%) in

minimal media. Four promising fungi, A. awamori

F-18, A. nidulans ITCC 2011, T. viride ITCC 2211

and P. chrysosporium NCIM 1073 were selected on

the basis of their production potential of extracellular

enzymes i.e., enzymes of cellulase complex (b-1,4-

Exo-glucanase, b-1,4-Endo-glucanase and b-Glucosi-

dase), xylanase, lignin peroxidase and laccase

(Table 1) during submerged fermentation of paddy

straw in vitro. All the fungi were maintained on potato

dextrose agar (PDA) slants at 4�C and subcultured

regularly at monthly intervals. A consortium of these

fungi was used as inoculum for composting of

nitrogen-amended paddy straw (Table 2).

Inoculum development

Boiled sorghum grains were drained, air-dried for 1 h

and then coated with CaCO3 (2% w/w) and CaSO4

(4% w/w). One hundred grams of these grains were

filled in screw capped bottles (Schott Duran, Ger-

many) of 250 ml capacity and autoclaved for 15 min

at 15 psi. The selected fungi were raised separately

for 15 days at 30�C on sterile swollen sorghum

grains. After growth, all the four individual cultures

were mixed together in equal quantity to make a

consortium.

Composting of paddy straw

Fresh unchopped paddy straw (40 kg) obtained after

harvest of paddy crop variety, PUSA Basmati-1 was
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filled in above-ground perforated cemented pits (1 m3

dimensions) to make a composting pile. Nitrogen

amendment was provided in the form of urea,

soybean trash, farm yard manure and poultry manure.

Soybean trash was collected after harvest of soybean

crop variety ‘PK416’ from the research farm at Indian

Agricultural Research Institute (IARI), New Delhi.

Mature farm yard manure (FYM) was procured from

Division of Agronomy, IARI, New Delhi. Poultry

manure (consisting of poultry droppings and poultry

farm litter) was collected from poultry farms located

in peri-urban areas of New Delhi. All these amend-

ments were used to bring down the C:N ratio of

paddy straw in order to initiate decomposition

(Table 2). Udaipur rock phosphate (32% P2O5)

obtained from Rajasthan, India was incorporated in

the pile as a source of insoluble phosphorous. The

present investigation was carried out at the Division

of Microbiology, Indian Agricultural Research Insti-

tute, New Delhi, India between November and

January. The mean day temperature varied from 21

to 28�C and night temperature ranged from 7 to 13�C

during the experimental period.

The fungal inoculum was added at the rate of 10 g

fungal consortium per kg of substrate in one set of

treatment. All the treatments were replicated thrice

and for every treatment one uninoculated control was

maintained (Table 2). All the substrates were mixed

homogeneously and water was sprinkled at regular

intervals to maintain 60% moisture level throughout

composting. The composting piles were turned at

fortnightly intervals to provide proper aeration.

Temperature was recorded on daily basis from the

middle of the compost piles to monitor different

phases (mesophilic, thermophilic and cooling phases)

of composting.

Sampling and chemical analyses

Samples were collected at monthly intervals from

locations at different depths in the compost pit and

pooled together to make a composite sample. A part

of sample was air-dried for estimation of microbial

activity parameters (dehydrogenase, fluorescein diac-

etate (FDA) hydrolysis and alkaline phosphatase).

Five grams of fresh sub-sample from each pit was

used for extraction of crude enzymes. The remaining

amount of the collected sample was oven-dried at

60�C till constant weight. Each sample was thenT
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finely ground and used further for physicochemical

analysis of compost.

Extracellular enzyme assay

Fresh compost samples were suspended in sodium

phosphate buffer (pH 7.0) in Erlenmeyer flasks and

shaken for 2 h on a rotary shaker for proper

extraction of extracellular enzymes in the compost.

Assay of various extracellular hydrolytic enzymes

were based on the release of product and its

quantitative determination in the reaction mixture.

Saccharifying cellulase was assayed in terms of

b-1,4-exoglucanase (FPase) activity (Ghose 1987).

Filter paper strips of 1 cm2 size (50 mg) were

incubated in glass vials with compost extract

(0.5 ml) and 0.05 M sodium citrate buffer (pH 4.8)

at 50�C for 1 h.

b-1,4-endoglucanase (carboxymethyl cellulase)

was estimated by incubating compost extract

(0.5 ml) with equal amount of 1% carboxymethyl

cellulose (low-viscosity) solution.

The reaction mixture prepared for assay of these

enzymes was incubated at 50�C for a period of

30 min. The enzyme activity of both these enzymes

was assayed spectrophotometrically at 575 nm on the

basis of quantity of reducing sugar liberated taking

glucose as standard (Ghose 1987). One International

Unit (IU) of enzyme represents 1 lmol of glucose

liberated per minute of reaction.

Xylanase activity (Bailey et al. 1992) of compost

extract was measured by using oat-spelt xylan (1% w/v)

as substrate and the resulting xylose concentration

was quantified by Dinitrosalicylic acid method

(Miller 1959). One IU of xylanase represents one

lmole of xylose liberated per minute of reaction.

b-D-glucosidase (Cellobiase) was determined

spectrophotometrically at 430 nm by the method of

Wood and Bhat (1988) against the standard curve

of p-nitrophenol. The H2O2 dependent oxidation of

Azure-B (MW 305.8) was used for determination of

lignin peroxidase (LiP) activity as described by Kirk

et al. (1990). Laccase activity was determined by

measuring change in absorbance at 436 nm with

5 mM ABTS (2,2-azino-bis-3-ethylbenzothiazoline-

6-sulphonic acid) as the substrate as described by

Munoz et al. (1997). Soluble protein concentration

was estimated in the compost extract by the method

of Lowry et al. (1951).

Analytical methods

Electrical conductivity and pH measurement were

performed with suspension of ground compost in

distilled water (1:5 w/v) by electrometric determina-

tion using hand-held digital EC meter and pH meter,

respectively (Jackson 1967). Organic matter was

quantified by dry combustion method in muffle

furnace at 550�C for 5 h. Carbon content was

calculated by dividing organic matter content by

1.724 based on the assumption that organic matter

contains 58% Carbon (Hesse 1971). Total N content

was analyzed by Kjeldahl’s method (Jackson 1967).

Humus was extracted by shaking 1 g compost sample

with 20 ml of 0.1 M sodium pyrophosphate prepared

in 0.1 N NaOH solutions (pH 13.0) for 1 h. The dark

colored extract was filtered, dialyzed and the humus

content was calculated by the method of Kononova

(1966). Available phosphorous was estimated by the

method of Olsen et al. (1954).

Aqueous extract of finished compost was evalu-

ated for phytotoxicity by means of seed germination

test (Zucconi et al. 1981) using cress seeds (Lepidium

sativum). The germination test was carried out for

24–48 h in dark at 27�C. Seeds were placed in

petridishes on sterile filter paper soaked with 30%

solution of filter sterilized aqueous compost extract

along with a control of distilled water.

Table 2 Treatments used for composting of N-amended

paddy straw in perforated cemented pits

S. no. Primary Amendment Fungi

inoculated

T1 Paddy Straw 100 None No

T2 Paddy Straw 100 None Yes

T3 Paddy Straw 99.5 Urea 0.5 No

T4 Paddy Straw 99.5 Urea 0.5 Yes

T5 Paddy Straw 75 Soybean trash 25 No

T6 Paddy Straw 75 Soybean trash 25 Yes

T7 Paddy Straw 75.5 Urea 0.5 ? FYM 20 No

T8 Paddy Straw 75.5 Urea 0.5 ? FYM 20 Yes

T9 Paddy Straw 89 Poultry manure 11 No

T10 Paddy Straw 89 Poultry manure 11 Yes

Numerical values in columns 1 and 2 are the percentage of the

respective material
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Microbial activity

Microbial activity in fresh compost was estimated in

terms of dehydrogenase activity (Casida et al. 1964),

alkaline phosphatase activity (Tabatabai and Bremner

1969) and FDA hydrolysis rate (Swisher and Carroll

1980).

Dehydrogenase

Dehydrogenase activity was determined by inoculat-

ing compost sample with triphenyl tetrazolium

chloride (3% w/v) in dark for 24 h at 30�C and

subsequently extracting triphenyl formazan (TPF)

with 20 ml methanol. The optical density of filtrate

was read at 485 nm. Values of dehydrogenase are

expressed as mg of TPF released per gram dry

substrate (ds) per hour.

Alkaline phosphatase

Compost (1 g) was incubated with 4 ml of Modified

Universal Buffer (pH 11.0) and 1 ml of p-nitrophenyl

phosphate disodium salt (0.025 M). This mixture was

incubated at 37�C for 1 h. Reaction was stopped by

addition of 1 ml CaCl2 (0.5 M) and 4 ml NaOH

(0.5 M). The mixture was centrifuged at 4,000g for

5 min and the amount of p-nitrophenol (pNP)

released was determined spectrophotometrically at

400 nm. Enzyme activity was expressed as mg of

pNP g-1 h-1.

Fluorescein diacetate (FDA) hydrolysis

Fresh samples (0.1 g) were suspended in 5 ml of

60 mM sodium phosphate buffer (pH 7.0) and 20 ll

of FDA stock soln. (2 mg ml-1) added in a capped

glass vial and shaken for 2 h at 30�C. The reaction

was terminated by addition of 5% acetone (v/v). The

coarse particles were removed from the solution by

centrifugation at 400 g for 5 min at 15�C. Amount of

fluorescein was recorded spectrophotometrically at

490 nm with reference to standard curve of fluores-

cein. FDA hydrolysis rate was expressed as lg of

fluorescein released g-1 of compost per hour.

Statistical analysis

The triplicate sets of data for the various parameters

evaluated, were subjected to ANOVA (Analysis of

Variance) in accordance with the experimental design

(completely randomized design) using MSTAT-C

statistical package and CD (Critical Difference)

values were calculated at 0.05 P-level (Gomez and

Gomez 1984).

Results and discussion

Changes in physicochemical parameters during

composting

The C:N ratio of plant biomass is a determining

factor for its degradation and a low C:N ratio during

the initial decomposition phase causes manifold

increase in the decomposition rate (Eiland et al.

2001). Paddy straw, the primary substrate, has a high

initial C:N ratio of about 77:1 because of its low

nitrogen content, whereas soybean trash having

higher nitrogen content, shows a lower C:N ratio of

50:1. The initial C:N ratio in the treatments T5 and

T6 was brought down to 65 by soybean trash

amendments. Poultry manure and FYM, having low

C:N ratio is the other two organic substrates used

during composting of paddy straw to bring down the

overall C:N ratio to 42–45 in different treatments

(T7–T10) used during composting (Table 3).

During composting the C:N ratio decreased further

due to microbial activity and overall weight loss of

substrate due to decomposition. Poultry manure

Table 3 Characteristics of substrates used for composting

Raw material Carbon (%) Nitrogen (%) Phosphorus (%) Potassium (%) C:N ratio

Paddy straw 36.8 0.48 0.031 2.49 76.7

FYM 25.6 0.72 0.17 0.69 35.5

Poultry manure 10.0 2.92 0.89 1.23 3.42

Soybean trash 51.0 1.03 0.033 1.54 49.5

Biodegradation (2009) 20:293–306 297
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amended straw (in the ratio of 8:1) had the least C:N

ratio after composting. Such combination of com-

posting substrates has not yet been reported

elsewhere although reports are available where

poultry manure has been used as composting sub-

strate with yard trimmings (Tiquia et al. 2001) and

combined agrowastes (Cuevas et al. 1988). The

carbon content decreased and nitrogen content

increased in most of the composting mixtures due

to a concentration effect caused by degradation of

labile organic carbon compounds and release of CO2

which reduced the overall weight of the composting

mass. Humus content increased in all the treatments

up to the second month indicating stability of the

resulting compost as well as progression of compost-

ing process. Veeken et al. (2000) characterized the

humic acids during composting of biowaste. They

concluded that compost stability is related with

microbial activity and can be measured by respiration

rate/microbial numbers; and the humus content of

compost can be used as index of compost stability.

The pH of a composting mixture plays a major role

in governing its composting efficiency by influencing

the availability of nutrients. The pH values are

closely related to the microbial activity in the

composting environment because most of the micro-

organisms grow well in neutral pH range. In our

experiment the pH values (Table 4) vary from near

neutral to weakly alkaline (7.50–9.10). There was a

declining trend in pH from alkalinity towards

neutrality at the end of composting process which is

in accordance with the observations of Neklyudov

et al. (2006). In another report by Guerra Rodriguez

et al. (2000), co-composting of barley waste and solid

poultry manure resulted in a product with final pH of

8.72 and a C:N ratio of 13. The EC value did not

show any trend during the composting. The lowest

value (0.6 mS cm-1) was recorded in poultry manure

amended straw in conjunction with fungal consortium

after 1 month of composting. The highest value of

4.4 mS cm-1 was recorded in case of soybean trash

supplementation (T6) in the second month of com-

posting. In spite of the mineralization of organic

compounds, soluble salts would have been lost by

leaching, resulting in lower EC value during second

month of composting (Benito et al. 2003). Temper-

ature characteristics of the composting piles at

different stages of composting are shown in Fig. 1.

Temperature recorded during composting process T
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ranged from 21 to 50�C. In all the treatments,

temperature of the composting piles peaked after

10 days of composting which declined to the ambient

level (30–35�C) afterwards and remained stable till

day 60. Cuevas et al. (1988) also observed high

temperature of composting piles till 11th day of

composting of combined plant wastes with chicken

manure which decreased to 37�C and remained stable

till end of composting.

The C:N ratio of all the composting mixtures

decreased with the progress in incubation. After the

second month of composting the values were less

than 15 in all treatments except T1 which contained

neither any of the N-supplements nor the fungal

consortium. Inoculation with fungal strains lowered

C:N ratio in a pronounced manner in all the substrates

used in the study (Table 4). However, the lowest C:N

ratio of 8.15 was recorded in the bioaugmented,

poultry manure amended compost (T10) followed by

the bioaugmented composts having soybean trash

(T6) and FYM (T8) as the respective supplements

(Table 4).

Humus content increased in all the treatments up

to the second month. Poultry manure treated paddy

straw with bioaugmentation had substantially high

humus content (2.38%) at the end of first month of

composting. However, the highest value of the humus

content (6.76%) was observed at the end of second

month of composting in bioaugmented paddy straw

compost with urea as N-supplement (treatment T4).

Available phosphorous values in most of the

treatments (except T5 and T6) were higher in second

month of composting (Table 4) which is contrary to

the belief that during later stages of composting most

of the phosphorous is immobilized in microbial cells

(Coyne 1999). This trend may be due to the increased

microbial activity causing release of phosphorous

from rock phosphate in the available form since one

of the inoculated fungi, A. awamori is an efficient

P-solubilizer (Bardiya and Gaur 1974).

Enzymes produced during composting

The production of extracellular hydrolytic enzymes in

the composting environment is the initial step for

paddy straw degradation. Several hydrolytic enzymes

are believed to control the rate at which various

substrates are degraded. The hydrolysis of high

molecular weight cellulose of plant residues into

glucose by exoglucanases, endoglucanases and b-glu-

cosidases is an important reaction making degradable

substrates available to microorganisms. In all treat-

ments (except the one containing poultry manure and

inoculated with fungal consortium) the production of

exoglucanase and b-glucosidase enzymes increased

till the end of the composting. Highest activity of

exoglucanase was observed after second month in the

treatment T6 where paddy straw was supplemented

with soybean trash containing the fungal inoculum.

Soybean trash contains more lignin (40%) which might

have delayed the action of cellulases (Figs. 2–5 ).

Endoglucanase is the first of the three cellulolytic

enzymes to act on the lignocellulosic substrate for

random cleavage of b-1,4-glucosidic bonds and

hence its production in the first half of the compost-

ing process is higher as compared to the later phase of

composting. Endoglucanase production showed a

declining trend in most treatments from first month

to second month, except for the treatments T9 and

T10, which have poultry manure as supplement.

Similarly, b-glucosidase activity increased in most of

the treatments during second month of composting as

this enzyme cleaves cellobiose moieties generated in

abundance due to action of exoglucanase. T5 showed

an unexpected decreasing trend of cellobiase activity.

0

10

20

30

40

50

60

0 Day

Sampling Interval 

T
em

p
er

at
u

re
 (

°C
)

5 days 10 Days 20 Days 30 Days 40 Days 50 Days 60 Days

Fig. 1 Temperature characteristics of compost piles during

composting of nitrogen amended paddy straw. T1: (r) Paddy

Straw [PS] ? Rock Phosphate [RP] (Uninoculated), T2: (j)

PS ? RP (Inoculated), T3: (m) PS ? RP ? Urea (Uninocu-

lated), T4: ( ) PS ? RP ? Urea (Inoculated), T5: ( ) PS ? RP

? Soybean trash (Uninoculated), T6: (d) PS ? RP ? Soybean

trash (Inoculated), T7: (e) PS ? RP ? Urea ? Farm yard

manure [FYM] (Uninoculated), T8: (D) PS ? RP ? Urea ?

FYM (Inoculated), T9: (h) PS ? RP ? Poultry Manure

(Uninoculated), T10: (s) PS ? RP ? Poultry Manure

(Inoculated)
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Fig. 2 b-1,4-Exoglucanase (FPase) activity during composting

of nitrogen amended paddy straw. T1: ( ) Paddy Straw

[PS] ? Rock Phosphate [RP] (Uninoculated), T2: ( )

PS ? RP (Inoculated), T3: ( ) PS ? RP ? Urea (Uninocu-

lated), T4: ( ) PS ? RP ? Urea (Inoculated), T5: ( )

PS ? RP ? Soybean trash (Uninoculated), T6: ( ) PS ?

RP ? Soybean trash (Inoculated), T7: ( ) PS ? RP ?

Urea ? Farm yard manure [FYM] (Uninoculated), T8: ( )

PS ? RP ? Urea ? FYM (Inoculated), T9: ( ) PS ? RP ?

Poultry Manure (Uninoculated), T10: ( ) PS ? RP ? Poultry

Manure (Inoculated)
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Fig. 3 b-1,4-Endoglucanase (CMCase) activity during com-

posting of nitrogen amended paddy straw. T1: ( ) Paddy

Straw [PS] ? Rock Phosphate [RP] (Uninoculated), T2: ( )

PS ? RP (Inoculated), T3: ( ) PS ? RP ? Urea (Uninocu-

lated), T4: ( ) PS ? RP ? Urea (Inoculated), T5: ( )

PS ? RP ? Soybean trash (Uninoculated), T6: ( ) PS ?

RP ? Soybean trash (Inoculated), T7: ( ) PS ? RP ?

Urea ? Farm yard manure [FYM] (Uninoculated), T8: ( )

PS ? RP ? Urea ? FYM (Inoculated), T9: ( ) PS ? RP ?

Poultry Manure (Uninoculated), T10: ( ) PS ? RP ? Poultry

Manure (Inoculated)
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Fig. 4 b-Glucosidase (cellobiase) activity during composting

of nitrogen amended paddy straw. T1: ( ) Paddy Straw

[PS] ? Rock Phosphate [RP] (Uninoculated), T2: ( )

PS ? RP (Inoculated), T3: ( ) PS ? RP ? Urea (Uninocu-

lated), T4: ( ) PS ? RP ? Urea (Inoculated), T5: ( )

PS ? RP ? Soybean trash (Uninoculated), T6: ( ) PS ?

RP ? Soybean trash (Inoculated), T7: ( ) PS ? RP ? Ur-

ea ? Farm yard manure [FYM] (Uninoculated), T8: ( )

PS ? RP ? Urea ? FYM (Inoculated), T9: ( ) PS ? RP ?

Poultry Manure (Uninoculated), T10: ( ) PS ? RP ? Poultry

Manure (Inoculated)
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Fig. 5 Xylanase activity during composting of nitrogen

amended paddy straw. T1: ( ) Paddy Straw [PS] ? Rock

Phosphate [RP] (Uninoculated), T2: ( ) PS ? RP (Inocu-

lated), T3: ( ) PS ? RP ? Urea (Uninoculated), T4: ( )

PS ? RP ? Urea (Inoculated), T5: ( ) PS ? RP ? Soybean

trash (Uninoculated), T6: ( ) PS ? RP ? Soybean trash

(Inoculated), T7: ( ) PS ? RP ? Urea ? Farm yard manure

[FYM] (Uninoculated), T8: ( ) PS ? RP ? Urea ? FYM

(Inoculated), T9: ( ) PS ? RP ? Poultry Manure (Uninocu-

lated), T10: ( ) PS ? RP ? Poultry Manure (Inoculated)
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Cunha Queda (1999) and Gaind et al. (2005) reported

very high level of cellulase throughout the active

phase of the composting process with the total

cellulase activity still intense at the end stage of

composting. In our experiment exoglucanase and b-

glucosidase activity increased in second month of

composting but endoglucanase production was more

in first month of composting. Endoglucanase is the

first enzyme to act upon native cellulose which

provide reactive sites for the action of exoglucanase,

therefore action was more pronounced in the begin-

ning of composting. It was noted that inoculation had

a more pronounced effect in increasing exoglucanase

activity during second month of composting though

the treatment with poultry manure and inoculated

fungal consortium had higher exoglucanase produc-

tion after 1 month of composting. It may be because

of the activity of resident lignocellulolytic microbiota

present in poultry manure resulting in higher cellu-

lase production. A microbial population count of

poultry manure samples obtained from a poultry farm

at New Delhi, India, was performed on Reese’s

minimal medium containing carboxymethyl cellulose

(CMC) as sole source of carbon. The resident

microbiota capable of growth on CMC as sole carbon

source were found to be in the tune of, 3.25 9 105

colony forming units (cfu) of bacteria per gram,

2.35 9 103 spore forming units of fungi (sfu) per

gram and 3.45 9 103 cfu of actinomycetes g-1

(unpublished data).

Xylanase activity showed a marked increase in all

treatments from first to second month of composting

except T10. It increased substantially as the decom-

position progressed and was recorded maximum in

the end phase of composting. Xylanase activity in the

finished compost was highest in T2 and lowest in

uninoculated urea-supplemented straw (T3). The

same trend was reported by Gaind et al. (2005) and

Goyal et al. (2005) although the starting material was

different in both of these studies. Goyal et al. (2005)

had also recorded high activity of cellulase at 30 day

while xylanase was found to be highest at 60 day in

composting mixture of sugarcane trash, cattle dung,

pressmud and poultry droppings. Since all the

extracellular enzymes are proteinaceous in nature,

soluble protein concentration of the composting

treatments was also estimated (Fig. 6). The soluble

protein concentration was found to be similar in all

treatments at both the sampling intervals except for

treatment T2 in the second month. Inoculation of
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Fig. 6 Total soluble protein content during composting of

nitrogen amended paddy straw. T1: ( ) Paddy Straw

[PS] ? Rock Phosphate [RP] (Uninoculated), T2: ( )

PS ? RP (Inoculated), T3: ( ) PS ? RP ? Urea (Uninocu-

lated), T4: ( ) PS ? RP ? Urea (Inoculated), T5: ( )

PS ? RP ? Soybean trash (Uninoculated), T6: ( )

PS ? RP ? Soybean trash (Inoculated), T7: ( )

PS ? RP ? Urea ? Farm yard manure [FYM] (Uninocu-

lated), T8: ( ) PS ? RP ? Urea ? FYM (Inoculated), T9:

( ) PS ? RP ? Poultry Manure (Uninoculated), T10: ( )

PS ? RP ? Poultry Manure (Inoculated)
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lignocellulolytic fungi in paddy straw might have

secreted more extracellular lignocellulolytic enzymes

under nitrogen-starved condition (Tiquia 2002).

Microbial activity during composting

The level of dehydrogenase activity provides infor-

mation about microbial growth and development as

well as an indicator for monitoring compost matura-

tion (Barrena et al. 2008). Dehydrogenase activity

was chosen as an index of microbiological activity as

it refers to a group of mostly intracellular enzymes in

living microbial cells and linked with the biological

respiratory process (Forster et al. 1993; Barrena et al.

2008). There was a marked increase in dehydroge-

nase activity in the second month of composting, in

all the treatments (Fig. 7). The highest dehydroge-

nase activity was recorded in FYM ? Urea treated

paddy straw compost, inoculated with the fungal

consortium (T8). High dehydrogenase activity during

second month of composting may be because of high

respiratory activity due to proliferation of both

inoculated and autochthonous microbiota along with

increase in nitrogen percentage which is in

accordance with the observations of Benito et al.

(2003). Phosphatase activity plays an essential role in

the mineralization of organic phosphorous and this

enzyme is generally activated when P-availability is

low (Nannipieri et al. 1979). In accordance with the

above report alkaline phosphatase activity in all

treatments increased during second month of com-

posting in our experimental setup. Values of alkaline

phosphatase were much higher in the bioaugmented

paddy straw treatments (Fig. 8) and the highest

activity was recorded in soybean trash supplemented

straw (T6). During co-composting of poultry manure

and yard trimmings, Tiquia et al. (2001) observed a

similar trend of alkaline phosphatase activity, using

API-ZYM kit for enzyme assay.

Fluorescein diacetate is a non-fluorescent substrate

that is hydrolyzed by various enzymes (esterase,

protease and lipase) found in a living cell. The

hydrolyzed product, fluorescein, is a fluorescent

compound which is quantified spectrophotometrically

(Schnurer and Roswall 1982). Higher FDA hydrolysis

rate was observed during first month of composting

after thermophilic phase (Fig. 9) and then decreased

in second month except for the treatments T4, T6 and
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Fig. 7 Dehydrogenase activity during composting of nitrogen

amended paddy straw. T1: ( ) Paddy Straw [PS] ? Rock

Phosphate [RP] (Uninoculated), T2: ( ) PS ? RP (Inocu-

lated), T3: ( ) PS ? RP ? Urea (Uninoculated), T4: ( )

PS ? RP ? Urea (Inoculated), T5: ( ) PS ? RP ? Soybean

trash (Uninoculated), T6: ( ) PS ? RP ? Soybean trash

(Inoculated), T7: ( ) PS ? RP ? Urea ? Farm yard manure

[FYM] (Uninoculated), T8: ( ) PS ? RP ? Urea ? FYM

(Inoculated), T9: ( ) PS ? RP ? Poultry Manure (Uninocu-

lated), T10: ( ) PS ? RP ? Poultry Manure (Inoculated)

Biodegradation (2009) 20:293–306 303

123



0

1

2

3

4

5

6

1st Month 2nd Month

Sampling Interval in months

A
lk

al
in

e 
p

h
o

sp
h

at
as

e 
A

ct
iv

it
y 

   
   

   
 (

m
g

 P
N

P
 g

-1
 d

s 
h

-1
)

Fig. 8 Alkaline phosphatase activity during composting of

nitrogen amended paddy straw. T1: ( ) Paddy Straw

[PS] ? Rock Phosphate [RP] (Uninoculated), T2: ( )

PS ? RP (Inoculated), T3: ( ) PS ? RP ? Urea (Uninocu-

lated), T4: ( ) PS ? RP ? Urea (Inoculated), T5: ( )

PS ? RP ? Soybean trash (Uninoculated), T6: ( )

PS ? RP ? Soybean trash (Inoculated), T7: ( ) PS ?

RP ? Urea ? Farm yard manure [FYM] (Uninoculated), T8:

( ) PS ? RP ? Urea ? FYM (Inoculated), T9: ( )

PS ? RP ? Poultry Manure (Uninoculated), T10: ( )

PS ? RP ? Poultry Manure (Inoculated)
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Fig. 9 Microbial activity during composting of nitrogen

amended paddy straw (in terms of fluorescein diacetate

hydrolysis). T1: ( ) Paddy Straw [PS] ? Rock Phosphate

[RP] (Uninoculated), T2: ( ) PS ? RP (Inoculated), T3:

( ) PS ? RP ? Urea (Uninoculated), T4: ( ) PS ? RP ?

Urea (Inoculated), T5: ( ) PS ? RP ? Soybean trash

(Uninoculated), T6: ( ) PS ? RP ? Soybean trash (Inocu-

lated), T7: ( ) PS ? RP ? Urea ? Farm yard manure

[FYM] (Uninoculated), T8: ( ) PS ? RP ? Urea ? FYM

(Inoculated), T9: ( ) PS ? RP ? Poultry Manure (Uninoc-

ulated), T10: ( ) PS ? RP ? Poultry Manure (Inoculated)
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T8. This indicates that bioaugmentation in N-supple-

mented treatment encourages microbial activity even

in second month. Ryckeboer et al. (2003) also

observed the same pattern of FDA hydrolysis during

composting of biowaste.

Highest microbial activity was recorded in T3 at the

end of first month of composting (Fig. 9). The slight

decrease in microbial activity at the end of second

month of composting is indicative of decline in

extracellular enzyme production as well as depletion

of easily available substrates (Garcia et al. 1994; Gaind

et al. 2005). Thus the composting process represented

the combined activity of a wide succession of

environments, as one enzyme/microbial group over-

lapped the other and each emerged gradually due to the

continual changes in temperature and progressive

breakdown of complex compounds to simpler ones

(Fig. 9).

The general trend of dehydrogenase production

and FDA hydrolysis is different although both are

microbial activity indicators. This trend may be due

to participation of many intracellular microbial

dehydrogenases even in the second month of com-

posting while FDA can be hydrolyzed by various

enzymes excreted out in the compost environment

during active phase of microbial growth (Tiquia

2002). Germination indices of all the treatments were

[60% showing maturity of finished compost at the

end of second month of composting.

Conclusions

Based on the results obtained in the present investi-

gation (changes in C:N ratio and available

phosphorous in particular) it can be inferred that

poultry manure is the best suited N-supplement out of

the four N-amendments for rapid composting of paddy

straw. For evaluating the stability and maturity of

compost, C:N ratio, humus content, microbial biomass

and phytotoxicity level are important parameters.

Fungal inoculation improved the decomposition rate

by causing increase in the cellulolytic and xylanolytic

enzyme activities and thereby accelerating the decom-

position process.
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