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Chemical and Biological Changes During Early Stage of Composting of Different Animal Wastes

CAO Yun, CHANG Zhi-zhou’, HUANG Hong-ying, XU Yue—ding, WU Hua-shan

(Jiangsu Agricultural Waste Treatment and Recycle Engineering Research Center, Institute of Agricultural Resources and Environment,
Jiangsu Academy of Agricultural Sciences, Nanjing 210014,China )

Abstract: Prolonging the thermophilic phase of composting is an effective measure to increase the efficiency of composting. It is necessary to
elucidate factors determining persistent high temperature during composting. In this study, chemical properties, microbial populations and
enzyme ( dehydrogenase, protease and cellulase ) activities were determined during the early stage of composting of poultry waste, pig ma—
nure, and dairy manure. Temperature in three piles increased to 50 “C within 2 d and remained above that for 5 d when the initial moisture
content was adjusted to ~55%. The products met the national decontamination standard for animal feces. The populations of bacteria, fungi,
actinomycetics and cellulose—decomposing microorganisms showed similar trends among three piles during composting. The mesophilic mi-
crobial population increased at the initial stage, but decreased at the thermophilic phase, while the thermophilic microbial population in—
creased with increasing temperature. The populations of fungi, thermophilic actinomycetes and cellulose —decomposing microorganisms in
the dairy manure compost were significantly greater than those in the poultry waste and pig manure compost( P<0.05). Dehydrogenase ac—
tivity in these three piles increased initially but declined thereafter, while the protease activity increased with increasing compost tempera—
ture. Cellulose activity fluctuated at begining and showed ascendant trend in pig and dairy manure composts, but declined later in the poul-
try wastes. The thermophilic cellulose—decomposing microorganism population was significantly positively correlated with temperature in the
three piles during composting( P<0.05).
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Table 1 Basic characteristics of composting materials

HEAR JERE Raw material KK Moisture H ALK Total organic B Total nitrogen/ S Total S Total potassium/
PR e matena content/% p carbon/g-kg™ g kg phoshorous/g- kg™ g kg
¥5Z€ Poultry manure 724 8.01 302.6 15.2 20.04 33.30
¥3#% Pig manure 75.2 7.82 415.8 21.9 22.30 12.16
223 Dairy manure 83.2 7.88 300.2 9.9 30.32 11.18
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Figure 1 Temperature and moisture variations in different waste piles during early stage of composting
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Figure 2 Dynamics of pH and EC in different waste piles during early stage of composting
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Figure 3 Dynamics of water soluble carbon(DOC) and water soluble nitrogen(DON ) in different waste piles during early stage of composting
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Figure 4 Changes of C/N and organic matter loss rate in different waste piles during early stage of composting
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Table 2 Changes of mesophilic and thermophilic microbiological populations(lg CFU-g™) in different waste piles
during early stage of composting
Bl ViR P BEHE

MF MA MCB MCF TB TF TA TCB TCF

g0 7.38 2.87 3.11 3.48 2.01 4.79 — 2.95 3.54 —
12 7.08 2.45 3.06 3.02 2.11 4.11 — 3.12 341 —

24 8.34 2.39 3.31 3.38 2.56 5.00 — 3.78 332 —

42 8.75 2.36 4.49 4.30 2.32 5.48 — 3.84 3.11 —

66 8.39 2.29 4.1 3.85 2.35 5.08 — 332 3.45 —

92 9.38 2.31 5.32 3.16 2.24 5.05 — 3.27 3.62 —

138 10.15 2.2 4.38 3.23 2.01 5.55 — 2.92 3.75 —

208 7.32 2.25 4.11 3.34 2.11 5.66 — 3.89 3.46 —

256 7.06 2.11 4.06 3.12 2.26 6.05 — 3.12 3.61 —

¥FE 0 8.81 3.62 441 3.65 2.29 4.37 — 3.62 3.33 —
12 8.41 3.40 4.78 3.57 2.21 4.90 — 3.97 3.97 —

24 8.76 4.28 4.63 3.70 2.93 5.96 — 4.28 3.22 —

42 8.96 3.26 5.09 4.63 2.87 4.93 — 4.22 3.97 —

66 9.41 3.12 5.63 3.66 2.67 5.15 — 4.16 4.38 —

92 9.63 3.23 5.15 3.80 2.12 544 — 4.61 4.35 —

138 9.34 3.57 4.76 3.48 2.31 6.43 — 3.94 4.14 —

208 8.41 3.74 4.38 3.67 2.87 6.53 — 3.99 4.82 —

256 8.3 3.38 4.23 353 245 6.69 — 3.48 4.69 —
430 7.23 4.02 4.56 5.89 3.23 5.23 3.64 4.12 4.23 3.85
12 7.12 4.07 4.69 6.05 4.02 5.01 3.83 4.35 4.72 3.06

24 8.83 4.70 5.52 6.34 4.48 5.90 3.92 4.53 4.16 3.70

42 8.79 4.75 5.21 6.42 451 6.15 4.14 5.39 5.14 3.74

66 8.65 4.15 5.18 6.81 4.70 6.57 4.08 5.11 5.64 4.02

92 8.01 5.65 5.75 6.00 4.08 6.51 4.83 5.41 5.05 4.63

138 8.32 4.95 5.79 5.72 4.43 6.56 4.36 5.32 5.72 4.30

208 8.23 4.76 5.29 5.94 431 6.68 4.58 5.19 5.63 4.12

256 8.45 4.87 5.67 6.03 4.14 6.83 4.28 5.67 5.23 4.23

T - MB g IR A B 5 MF S RE IR A FURRT s MA D9 IR Bk 8 s MCB g IR 27 4 38 0 20 1 s MC g IR 27 48 3090 J0T1 5 TB g Atk
AR 5 TF N REPETCIA s TA SRR B TCB g AR LT 4k 3R 0% A0 175 TCF S EREETAER MR I . “—"FmoAk 5. T

Note: MB —mesophilic bacteria ; MF —mesophilic fungi ; MA —mesophilic actionmytes ; MCB —mesophilic cellulose bacteria ; MCF —mesophilic cellulose

fungi; TB—thermophilic bacteria; TF—thermophilic fungi ; TA-thermophilic actionmytes ; TCB—thermophilic cellulose bacteria ; TCF-thermophilic cellulose fun—

¢

gi; “—"— not detected. The same below.
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K(P<0.05) . A il S PE AL 415 B AR N
SN0 T RS CTHIE — B (S P e B A, FLEU AT
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2.5.2 HENE RV ARG A1

HE AN E S AL R R A S S A
BV R, RS SN P R R L B

L, S(B) AT L, A R 2 T e
AR AR A B AR T S B o b T, A2

36 AR (B P E THE A T 24 h 1
REe K. X JE RN TEHERE IR (U 5 2, A HL
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Table 3 Correlationship between microbial population and temperature(r?)

i H MB MF MA MCB MCF TB TF TA TCB TCF

¥92% Poulty manure 0.228 -0.641 0.740%* 0.289 0.587 0.581 — 0.403 0.003 —
¥3% Pig manure 0.324 -0.759 0.179 0.028 0.189 0.726* — 0.762* 0.379 —
223 Dairy manure 0.793* 0.64 0.823%* 0.278 0.899%#* 0.915%* 0.746* 0.901%#* 0.765* 0.40

e F x4 RIFRR A E] P<0.01 F1 P<0.05 (4 5 Z MK T,

Note : ** Indicates significant correlation between two variables at P<0.01;* significant correlation between two variables at P<0.05.
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Figure 5 Dynamics of dehydrogenase(A ), protease(B) and cellulase(C ) activities in different waste piles during composting
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Table 4 Correlation between microbial population and activities of dehydrogenase, protease and cellulose

i H MB MF MA MCB MCF TB TF TA TCB TCF
XA A 0.111 -0.237 0.613 0.771% 0.424 -0.589 — 0.454 -0.474 —
il 0.122  -0.932% 0499 -0.171 0.208 0.588 — -0.485 0.270 —
S 0867 -0.458 0.621 -0.042 0.210 0.372 — -0.176 0.538 —
ISR AN 0.469 -0.686*  0.717% 0.702% 0.409 -0.045 — 0.493 0.34 —
HEAM 0.808%F  -0.766%  0.841%* 0.532 0.191 -0.186 — 0.708% 0.003 —
SR 0.226 -0.284 0.396 0.375 0.130 0.887: — -0.31 0.782% —
AR AR 0.446 0.715% 0.581 0.228 0.664 0.719%  0.847%%  (.824% 0.595 0.580
B il 0.718%* 0.359 0.470 0.597 0.579 0.662 0.528 0.668* 0.678* 0.141
S 0.59% 0.615 0.794 0.148 0.841%%  (.785% 0.680%  0.869%*  0.771% 0.559

e i * AR A E] P<0.01 F1 P<0.05 (14 5 Z MK T,

Note : ** and * Indicate significant correlation between two variables at P<0.01 and 0.05,respectively.
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