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Function of microbial physiological group in carbon and nitrogen
transformation during a swine manure-straw compost

Liu Xueling Huang Yimei' Jiang Jishao Huang Hua
( College of Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract Fresh swine manure and wheat straw were mixed at a 7: 1 ratio and then composted in a self-
built, static forced-air composting box (90 L). During the period of 23 days, temperature was monitored every
day and compost samples were taken at 0, 4, 17, and 23 d after the start of the experiment. The amounts of cel-
lulose-decomposing microorganism, ammonifiers, nitrifiers, denitrifiers, nitrogen-fixing bacteria were determined
with the method of MPN and the concentrations of water-soluble organic carbon, organic carbon, humics, ammo-
nium (NH, -N), nitrate (NO, -N) , organic N (Org-N) and NH,were also measured. The results indicated that
cellulose-decomposing microbes increased significantly at the stable compost stage and played a significant role in
the degradation of carbon and the increase of humics acid. During the period of 23 days, the humics acid con-
centration increased by 2.4% . Ammonifiers had the greatest amount during the period of 23 days and had a sig-
nificant positive correlation with the concentrations of NH, -N and NH,. They all increased at the high tempera-
ture period and decreased at the cooling stage of composting. The ammonifiers amount increasing rate at themo-
philic period was much higher than its reducing rate at the cooling period,while the NH, -N contents showed the
opposite trend and the NH," -N concentration decreased by 74. 1% during the composting. The amount of nitrif-
ying bacteria and denitrifiers all had positive correlation with NO, -N contents during the composting. The deni-
trifiers increased significantly at the cooling composting stage and its amount after cooling stage was 13 times
higher than its at the initial stage. The NO, -N concentration increased by 87.5% after composting. The reason
of NO; -N concentration increase might be partly explained by the relation with nrtirfication of denitrifiers. The a-
zotobacter amounts increased 2. 61 times during the composting, which had a significant increase in the cooling
stage and it played an important role in the forming of org-N.
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Table 1 Properties of composting materials
Hedwlsopt AP (g/ke) 2R (g/kg) HAKE(%) C/N
bR 359.0+0.7 27. 9+£0.7 70.9 12.8
T #F 419.6 £0.5 5.0+0.6 14.5 83.3

S JIES 25 B D 1 A £ i ) e XU 2 I S R A A
BL B, o o P S AR DR TRLZ O AR SR VR
R AR 2 R R L R RS I A A 2L B, B A A
217590 L, 5 8 em J& ) BURHE R PR TLZ (o #4

IRE, A ORISR ) S8 0 1 S A A, R 3 85 L
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Fig.1 Schematic diagram of the automatic

aerobic compost device

1.2 HHE5RERE

B2 SREFT ABET LR 70 1, Bkt 25 kg 72
Hi KM HIE 65% 747, Fe 4y R A5 BT 1 i3
3 T A HE R S A T MERI D R AR
P00 R SR O $ (8 AR 2 K A MR R B4R
T LAZY 60 L/min 1 3 £ MRS 3 07 A i) 32 JIE 34 2]
i X, 30 min, BT F HE A IR B B 40°C LR 45 1kl
Ko MEPEHEIR S LS HE R 23 d,FE40 51T 0 4,17 Fi
23 d Bt Pk 50 5 BURE | BORE AT G AR R0 A T
BE b SR I 7E 500 g Z2 47, Hivh 200 g JH 88 B 4%
TRAFTE 4°C KA o, TR R VR Z A R B w2k
HRBE K2 BRI A R K 98 R 4R BB, 0 B AR AR
EEER, HARXNTH®EE, & 1 mm 57 #
%M.
1.3 WEBmBRAE
T2 L 0.05 mol/L A4 B 2 V5 VR AE Sy W WAL TR
KA RAERE T, 0 AR ) L 6000 5 5 3 JIE 7K 35 42 1
il 25 R EEAE . ZE 08K R 110 (AR FR 4R ¥ 30 min
J5i,12 000 r/min & .0 10 min, ZR 5 A 0. 45 pm J§
551 0, U8 I RN AE 4°C I AE % . pH
Delta320 pH 33 5 , 7K % 1 4% 25 8 H 48 B 3t ) B
300 52 (GB7479-1987) 1) il 245 %01 4 41 43
SRR E S LR AU H,80,-H,0, 1 fif 7 18
i S A 5 S R SR AR B R 492 $2-K, Cr, 0,
R A LR T B R A A i AR
K YEA HLER JH Phoenix8000 TOC {3 &
R N R TR e S I T A o N N T W S RN
L T I B SR T R R AT RE Bk (MPN) I 5
(F2)",
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Table 2 MPN methods of microbe physiological group
(DGRBS AR i R SR (d) FERETTE
A A FAA R IR 5 10°%~107" 7 el BRI St AR s
Vi £k 2 TR i b W AR A 1072 ~107* 14 JAKS B T D)5t R0 60, — 2R el o Bk €
RN Bkt I Bhar 6, v i BR S — %
ERACAE AR TE 107 <10 14 AU RATA A T AL € e e e — A
Jrie 1270 2
A A B AE 2T A R 107" ~10"7 7~14 TR TAT 55 108 A i Al 2 75 A 4 (5 0 R R A
U PR AR A A T B 6 SO TG TR B B R IR AR &
R T AR B b 2P 10-1 ~10-6 " AR R B AR A% A 0 B (0 B o (0 K% U8 4 4

AL

2 HRESN

HREAPERS pH BERNEK

el F 22 7 3 A B (K 2) : m b B
(2~12.d) ,FEHRH B (13 ~17 d) , R E BT B (18 ~
23 d) o MEMJEES 2 Ktk A & IR BB (60.1°C)
TES 4 d IR TR B s (63°C) , i Fr 2k 12 d
LG 3 AR IR B T bR R R R, 55 13 R R R &R
32C , ZJG B SO T It e, B A 16 R, iR EE A
— /AR, Z 05 i BT RO i T AR 8 IR R AR
SEM Bto 7E 23 d Y MR G AR b, M ORI B R
S55CLAEHFLE T 9 d, 368 T 2800 0 H 4k T A5 1fE
(GB79592-1987) """,
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Fig.2 Changes of temperature and pH during composting

HERE I pH (E G E T, B ER 1 7. 48 | JF
24 RN EEE8. 87,7 1 18.6% ,Fif5 pH &
W R, R R RN AR W A BRI T 4. 4% AN
2.8% , B4 23 RIFFEE 8.24,

2.2 HBUPEFEEREVEEENTK

HEA HENE 2o TR v 2 b Al A R B R, BE O

P2 TR | B Ak A0 T I8 SRR R T 4 3R 0 A TR 4 1

JUANBCES (£ 3) . AL b gl | s il 1k 4
[ BB 2T 4E 2R 0 i T T S 50 S Dl 5. 16 x
10" 5. 62 x10° 1. 10 x 10° 7. 66 x 10* f1 3. 18 x 10°
cfu/g,

AL AT LL S & Ak R o HEIE A AL
RALS WA R AR o HENE AL & fk 40 1
KB SR AL T B R B LT e
ik 268.3% S 4 R M K(E 11.6 x 10"
cfu/g. #EAREIRI o W 5 28 TR, 5% 23 K
1) 235 o I B B Ok B d A, Bl HEIE 0 A e > 1 A4S
Bt K.

I A A 240 P - 2 B AR AR AT 92, HETIE )
BB BRI T 2218 Eob i, BRI R b i
R—LIKF] 42% , I 78 B 0 55 17 R B
KAH 7. 74 x 107 efu/ g, B W10 Al 4k 40 B 850 T F%
TR R 35. 7%

B Ak 20 TR Bl HE AL /Y BE AT 2 BT E
(3 3) H2 NI 3 iR 0 B H JLP R, 3 T
o U0 40T R e R 88 I HL RS Ak Al AT B R [ RS
3.61 x10° cfu/g( 3 3) , kAR W HBEIT AT
R H R H e A 0 5 B i & TP IR i, 2405 23
TR HE i 25 A HE R R HE R WA Y 13 4%

lfi] T AR BT -RE R A (R 3) L R
LUV NS R ST i1 NS TR
227.7% . BARFLE WA FEIRIEE R 3. 5% R
Rk M ) 235 A [ 480 TR A 0 2 Ok HE TR )
Wi 2. 61 £, B[ A P A 8 R BRI
T .

21 YE Oy i R AR B BN (HER R 2 B T
I HAEHEICHE A BRI LS R R R, &
ik 456% ,FFEAERRE A 17 K B KAE 0. 95 x
10° cfu/g,
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Table 3 Changes of microbes related to nitrogen and carbon at different stages during composting

(2 ~12 d)

Rl (13 ~17 d) R e (18 ~23 d)

e N TGRS (1 d)
Fht(gke) BRE(R) EE(gks) BHE(R) T (g/kg) BALEE (%)
AL ( x 10" cfu/g) 3.15 11.60 268.3 4.15 -64.2 1.73 -85.1
A Ak A B ( x 10° cfu/g) 4.29 5.45 27.0 7.74 42.0 4.98 -35.7
S RAL AN ( x 10* cfu/g) 5.72 5.72 0 361 6211 74.50 -79.4
[ 20 1 ( x 10* cfu/g) 4.29 3.54 -17.5 11.6 227.7 11.20 -3.5
Y F B (%10 cfu/g) 2.50 4.50 80 25 456 95 280

2.3 HEREPHRBEATHIEN
2.3.1 Ry KR ALB K AR A0 A ALK B
E AL

HERE TR B, A7 LR 7 i B 16 R ok i P PLB
W 5 0 il B R AT KT VA DILBR S (A 1 B e 4%
(BRIE ™ o A% 200 A ) 11 7K o A BILBR 1Y 2
N T1.9 g/kg, BE A Rl U HG RO BE R (%
4)  FAE il A B e R 167. 5 g/ ke, B il ) LU
T #5215 T B, S o) 45 AN HL 5 R R 50. 2 g/kg,
5P AE LR R 35. 6%

ST A0 309, B8 B IR R 180 g/ kg, i i ST AT P
T PRI 2 RS A R R TERE TR
W ETHRBERR (32 4) 55 17 KIB# e R {H 191.3
g/ ke, SRR ELHG N T 24.2% o i T A€ WA
R LA RS E] AR B3N T 2.4%

SERE A0 ], HE kL AP 9 A LK & O 370. 80 g/
kg, S ] o i v BEE A BL) B AY RE A , A PLBR %
W B, 7 T 00 e AR R R R — 88, (R 4) AL

*4

SEUC A LB % B 334.40 g/kg, 5 HE ) BT AH L
BT 9.82%

RS HT 22 BH, K A BLRK A HLBR 24 5 R
Ji pH S IEAH DG G & T 5 5 ) 5 0 B2 L pH & iy
HES T
2.3.2 fEfeP s R (NH,-N ) # & &(NO, -N)
Fo A HLE (Org-N) 49 T 4L

HENE T I0T, R p e S A IS S = B R
A 16.9% 1.5% . #F AR, 825 A & w3 m
(%4),% 4 RiBF R KME4.56 g/kg, ZJ5 T .
TEREIR I, B S AT B RS A A B, I s
R BT B8 5K 79 5% o MENE &5 T, HEAK P
B2 AU HE R R IAIR D T4, 1% 5 25 A R HE
KGN 87.5% o HENE P AT HLA & = K B RS
HEAE B R] 7 38 i 52 - - 1 A A R A
PLA & REEE TR (R 4), 58 4 RBFIRMME 1.4
g/kg, EARRRMAILA S 1 BT (R 4) . ML
A, HE A A LA S R R R 4. 1%

HIEFARMAEMBRESENTHERL

Table 4 Changes of carbon and nitrogen at different stages during composting

BB (1 d) & & R (2 ~12 d)

Feihi gl (13 ~ 17 d) Fa e (18 ~23 d)

REHAG
(g/ks) F(gke)  BE(%) & it (g/kg) AL A (% ) T (g/kg) BHE(%)
TR LK 77.9+7.5 167 =12 115 136 + 15 -18.9 50.2 2.9 -63.1
i 5 180 5 154 3 -14.4 191 =3 24.2 184 +2 -3.60
H LR 370 £2 366 +2 -1.35 337 4 -7.40 334 +2 -1.20
RS 3.55+0.21 4.56 £0.38 28.5 1.70 £0.23 -62.9 0.92 +0.15 -45.9
il 25 %0 0.32 +0.02 0.39 +0.02 21.9 0.7 £0.0 79.5 0.6 0.1 -14.3
HHLA 17.1 0.4 11.4 0.2 -33.6 17.6 0.6 55.0 16.4 £0.5 -6.60
2.3.3 Sfefef RABHREG T HAER E IR IR R R (R 4)  HENE 45 T %2 0. 86

TR T R 7 M A ) 00 TR ([ 3) L 4
4 RKFN K (17.0 mg/m”) | B 5 I TR 5 K
TG A BE B TR, B T R S B — N (7. 97
mg/m’) , B S5 2618 T I I 75 I b S 0 e TR E

mg/m’, HEAE 23 d IEREHA R 1013 mg/m’, R
WIRB R BB AR 81.0% ., B SR VR BT
W S pH BIEMSC JFHME N SRE R R
FHIEAK
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Fig.3 Changes of ammonia concentration during composting

2.4 HEUHPETERENEERERASERS
. pH ERHEXXF

HIE 5 AL, 21 48 3R 00 ik S OK IS PR A LK A
PUBK (il B2 52 A 5 5 S A8 it pH B IEAIOG . & fk
20 T R A ORI R B A R R IR A O
SR A PLR R A M 1l 4 e
AR IEH S SESR A PLA R R A
Ko A E B E SHER LR FHEMKL; 58
BREAME. BARSESE A LA pH &
TR 56 5 5 U R A 2 U TR O

RS HEIBRPTIEWMEVEERSEARREMERANEXRY

Table 5 Correlation coefficient of nitrogen carbon transformation and influencing factors during composting

M & Al i P 20 S At A A A 1] 9L T TR IR A
IKIE A HLIK (g/kg) 0.5160 0.1193 0.4021 0.5545 -0.6489
ALK (g/kg) 0.4545 0.4255 0.0901 0.4407 -0.7856
J85 48 5t (g/kg) 0.4591 -0.0584 0.7824 -0.8815 0.3551
ABA S (g/kg) 0.8254 " -0.1986 -0.7415 0.4900 -0.0807
ARG (gke) -0.3558 0.5745 0.8694 " -0.6838 0.2651
HHLAE S (g/kg) -0.2524 -0.2243 0.5810 0.6647 0.2441
R (mg/m’) 0.8676 " -0.2779 -0.4348 -0.0844 -0.0709
W (C) -0.3060 -0.2003 -0.7947 -0.2732 -0.9064 "
pH 0.4839 0.6637 0.2258 0.3796 0.0644

Fd T AT IR IR B3 (p <0.05) AR B KK (p <0.01),

303 i
31 GRESREERBBERL D HER

HERE A R P 2T 2 20 R T 2R 2 0 A S
A S 2T 2 25 S A 4 0 1 2T 4 2R o
AT WA, ARSZI b, 27 4 2540 0 T I B30I — LA
S TG 7 A T30 A v L O 8 S e PR OE A L
B O R W e 22 (0 B, L o 240 i B S A
PLBR 2 i BRI 6 R BT LT 4 ] ORI S5 ik
FALA W (028 15 S P i U 00 L 0
CF 4 AR N GE T o B A AR R E M B %
S DR A R 1T B A 4 ) A A 110 T 4
R TR TR 3 2 5 I e 1 [ I
B W BT 5500 S 5 BN L R S 52 2
I8 L T2 0 IR, M T8 5 R 4 BN L X 5 B
RO —3" . ASm b R W4 4 40

F10 K A7y % A iy o R 09 76 U W TE e B B T 2
2RO TN TR BRI W o (9 B AT FE A .
3.2 AEREVEEREHERITRUPIER

HENE rb 2 Al AN g A KR d AR TR
ALY R ™ o ARSI R HE
IES v Al 20 T R i K, 4 T R A 2R A PR R
AU B G Hob Z A 20 R R AL TR R
JE TR A5 28 28 S BN ORI A
o e S 2k B R A, AR B Be 3 T 5 O HLZ A 4
BB R CE RS B R IR AR , i i
Y 50 v 114 8T 200 T A o A e A A B S R R R
1, IRt PR T A AR S, DT (A5 HENE 7E
W R PR S R 49% o BeAh, AL
PR A A e T ) DR R e M I A A A
R AT AR

A ACAE T AT LA 23 2 A4S X ik S T SLHK AR K



1718 7

-
i

T

o 4R

%6 5

MR B 55 1 BB NH, -N %4k NO, -N, % . fi§
AN B 56 185 55 2 B B g NO, -N S fk ol NO, =N,
TERIAR e ey A N o SN R R (N ok g
IHERE ) 0 21 B2 3R 0 Ak F 28 1% b T R g, B I 0T 1
I T A A T S s R S S R, e A
ee L 300 1 0 R B K, R Ak 79, 5% 5 I FLI il 4k 4
SRR IE A SE R R, UL IE & i T R T 0 4
ZHCR R fE 40 AT UK NH, BRNH, #5 4R
NO, ik 4l i 4k 2246 NO, %4kl NOJ , Xl & &
5 T 0T 1) A e R hn R T AR DG B R

T2 Al 2 i 1 A IV g 1R R 2 g b 40 T A
B N,O 3N, (5 A 40 B R SRy 4 A
B EI.NO; —>NO, >NO—N,0—>N,, 43K % fi
e A T 50 R S 2R i i KA B A R U 1
5517 R, I HLRA Ak 200 TR 1) 5t 7 o TS 10 1 g
JEAR R R, MR A S 4 S A E AR,
S MARREFEHEER, X 5D m ok
FERAI . AR5 HENE o A7 e B Wk B Y NH,
A — S SR T R S T AR O A PR R AU &
i IR 6 L Ak A R A G, B )y ) el i EL A £k 2
Fit§ A R 9 52 T T 4T 5 8 G S PR B TR RE S A7 AE
T 0 A A i 2 R R A AR R TR Y
AR TTHREL D o T L, 76 AR 52 56 v i 16 40 B 14
AR AE FH R HE L0 Ak 30 B 1) i Ak 240 BT 1) i Ak 1 AL
Tei) 1 T4 S S m i 245 R 2 L D I i T 87.5%
i A 2 T R0 S A A A T RS A A T U O R 4
A1 75 i 245 280 A I L 300 s R e KL, 38 79 5%,
XK R JE R, AR WA A HRE

[ 260 T 1) R AR 0 T AN BE 8 T R FE 1
AL A AT A R R T R AR S
RO 5 A LA R RS R B T AE R TR
SO, 8 o R e K5 O LR A S S A
AHLE R IEAHIE KR o Uk B R 0 4 = 14 61 L B
XTHERE A HL A R R TR KAEH, X 5 B
21 IR B, (R B [ G R B S R % B
VF2 R 11 2805 5 23 A0 i N T AR B A A, A
17, 35k 0 T R RE E IR A TR AR, X S
W R — B
3.3 EMMEYEESEERKNBERZRSH

LT YR Sy i o R R A A B Y TR R
AH G, T B 2ok e A R 2 400 o) O P P o AR S
HAT S8 Ak 40 T 7E v IR W 50 d 22 e TR) A 3R 3 S
FELZE 39 ~63°C 22 [, LAt 0 o B 450 o d5e K {45 7 A2

SE U0 B A SR 00 Eh B, o 0 ) A 3 D Y BB AE 26 ~
48°C , X 5 v BE Y AR XY 2 K BE P & B AL A0 T O
SRR N 45 ~55°C, HL 65°C I 35— 5 0 5K
KT T AL 20 T L R A 20 T I Al 2 S
KB R 35 ~45C B e 45 AR, IF H O m ik
T A A AR 5 IR R U O e R RIS AL
240 T AT 7 L ST 20 T e D B AR R
PRI A A A & b, A, A 250 rh i AR
WA ES S pH 2 IEME X LR,
a2 PR G T T B AR K B pH S — R AE T ~ 9
ZME L, EE R OR AL b pH & a4 7.5 ~9
Z 0], DR 3 A% B 0 A K

(1) 7EHERI Y 23 d B HEEAE 50°C DL b R4k
T1Ld,55C UL BHp2 17 9 d, ik 3 1 m i RS 19 T2
K,

(2) HENE b 2 v &1 2 3R 43 fifk v 00 B8 a — TR 3
i, % T HENE JE B ME R AR AP R ORI R E AL
e Ak 5 0 43 ik LA S8 B S P OB B8 T AR KA . HE
JIES 25 S st 7K 5 P A LB R BILRK 4 i R 1K 35. 6%
F19.82% | JE5 A BN 2. 4% .

(3) e B 2o 5 vh 20 A 40 B A e e 0 K
i, g 5 A RO B RS AR A G, HAE
FHAEHE RS i B W R R B 49% K AEAE R
ST A P 4 T RS2 £ 2 TR R 0 A A O o s
K, AR5 A A R IE AH 26 5 0 H= R Ak 40 T 4
et HE ) 25 S e SR D 0 13 A, S A R W AT
HR] BB AE — SE [R] i) e EL A Ak B S A T BB Y il
AR AT, 5 0 1 20 T — S A O A S A )
BRI T 87.5% o ML 25 A, [ 2 TA B ik HE
WA 2. 61 £5, HAEHER 72 b 5 8 S A A HLA
i I OE A G X HEAE o LA T R AR AR H

(4) S AL T8 75 = i B B 2, o 4 Fhoi
B e KA P TE AR e 0T s R

& % x ot
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