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1 MR5AE

1.1 RIERF#

TR AT XS 2 AR A P A RS B ESR
i, BB R R REAR Y 2 em; JHA HH 520 44 FF BH &
FTLIARAO K AT FR A W, SRy AR KA 2 1.5
mm, FIAEYPEHEEAR B L 1,

®1 HEMBYBERER

Table 1 Key physiochemical characteristics of raw composting materials

gz )58 SA KA pH HLS 3 WAL
Item TOC/(g-kg™") TN/ (g-kg™") Moisture content/% pH value EC/(mS-ecm™) C/N
PEES
0 378.9+2.0 25.2+0.0 77.3x1.1 7.9+0.1 7.0+0. 1 15.1
Chicken manure
JHAR
389.3x1.1 30.3+0.2 7.9+0.4 6.0=+0. 1 9.0+0.0 13.0
Tobacco wastes
ke 367.1+1. 1 20.7+0. 1 12.8+£0.9 7.7+£0.0 2.3+0.0 18.3

Spent mushroom substrate

L TOC: BAHL; TN BEGEC 3K, TOC A1 TN #8 T A& &

Note: TOC: The total organic carbon. TN: Total nitrage. EC; Electrical conductivity. The total organic and total nitrogen were dry basis content.

1.2 RIEit

TEARUAE XS MR E 7 3B FL AT R,
LA AR R A TRDRREAE Ay A 701 ok A0 XS 2 A A TR R
RRUERE  lid AN ZE AR XS 2 AR AR A
PIBLR) & ACR A 2 60% , 25 A 60 L(24%2 0.36 m, &
0.6 m) # AR EERED D RS, KERENIE R Z
FLIR AR S FE YR, B2 R IR G5 B0 B, I3 4510 B I
B F s R G IR e s SR, T i & 2
AR S H T RESMFEMS (K 1), gt 3 4
AR 1) AN ERREAL B (CK) 52) BRI 5% 1R Ak B
(5% SMS) ;3) I 10% 40 BREHE(10% SMS) |, BUATR
PN 2 BN, HEE (] R IRCo ) 5E XU TR
J5 AT HE L 8 X5 X [l Bcd X, B 3E XU 30 min/
{5211 30 min, 18 XUH R 0.4 L-kg™ ~min™", 3EAE 5 11

35 do SMAAERE 0 56 3 5 7 5 14 5 21 5 28 5
35 REATBHE JBORE , B BEHLIE R 5 A R HORE , OB
1 200~300 g, B9k 2 6y, — 13 T 4°C 5 T A7 15
55— ARAT K5 0.5 mm Gt
R2 FELEHEEHERME
Table 2 Adding of different amount of composting

materials /kg
19 2+ i
e w 'X'%/JIIEK ‘ i
Chicken manure + Spent mushroom
Treatment
tobacco wastes substrate
CK 35.0 0.0
5% SMS 33.2 1.8
10% SMS 31.5 3.5
B H3hidF C BERsH D)
I LT
HAE NolCH, . C|co, o p
NI > RS
I r BA
H,50,

B1 xEBEE

Fig.1 Schematic diagram of composting reactor
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1.3 MEMBSA*

A TR 38 37 A ) IR A e
HEAE &E AL E pH {H ., HL 5 K (electrical conductivity,
EC) AR (ammonium , NH; -N) & & /NA AT A&
ZEF8 %0 ( germination index, GI) ; <, PR 5 2 E R
(ammonia, NH, ) . H ¢ ( methane, CH, ) . % 1k V. &
(nitrous, N,0) %< (oxygen, O,) 7 i ; HEAE T HE N 2
TOC FITN &, BT fEn 2 BOCHR 10,13-15 ) 4T
W7, GLiHEAR,

_ A= A B AR BT T AR x FhAR K

MK R 7 R ZF 3 x MR K

Gl

x 100% .
1.4 HEHH

K H SPSS 16. 0 XF &l #1741 4, 2K H Origin
8.5 il

2 GRE5SH

2.1 HEREERBEMRIRETLISE

P 2 AT B M T A TR 2 R M S 3R
ThE, BT I Ve s AR Ak, I BRI Rt Horp
CK MMENE IR EAESE 5 Kk ®] 50°C LA b, %6 9 X BTt
FAR R (64.9°C) |, B A HENE J5 45 N & iR 40 (55C
DLy SRR 13 dg W o pR B Ak B ME 44 I 3 3 HE A
81 RETHE 50°C LA a5 9 R T2 f i T
435R 65. 4°C F1 66. 2°C (5% SMS 1 10% SMS) , H il
B EFUHIIK 15 £ 16 d, E 35 d HEAESS SRR, HERIR
JERAIT T IR IR | Ira AP AY R TR B S GB
7959-2012"" i HLE R 8 d DL b, A B ] 25 R R
FE(P>0.05), WINFEMERENSHE R HEALIR | 2E K HE e
PR TR, 3 = R PR SRy AN TR OBE A TR 2 - AR R IR
B PRk KR TR 35 T 0B A 38 ek T

AR, BU I E T £, 455 AU
WIWN O, WAL R E  MENERTI (0~4 d) ,l T
A EIEFER R O, , TSI AR AL BT O, Wk BE A
21% I FER 2 14% , Wi 7] A DL A= 9
Xt 0, TR B WAL, 0, W IR T, EHEAE
35 d,0, WE FFFEE 0, HIEF(21%)
2.2 HERBEHRESH

H I 3 AT, HENE PR 46 pH (HTE 7.1~7.4 Z
6], 1711 J A HEAC Pk vh R A HLAFES  NH, RF2E
R, EHERRZE R (35 d) I, HEAE 7= 5 pH (H T+ &
9.1~9. 4, EC W2 T INRZAL ) Lb A %) 5% A7 BT A TA]
WILEYIRE EC 7£ 7.6 ~8.0 mS-em ™' Z 8], ZHEAR 35 d
W, EC FREZE 7.0~7.7 mS-em™ , B 10% 24 kb
EC 423k CK, MEIN 5% WAL EC B & T CK, {2
KA (8] 25 YR B3 (P>0.05) |, B RSk 33k
A—F, AL RS NH,"-N & A5 pH (4
FEC TR HERERT A, B R AL B A9 NH, "N % &
M S FEES 3 RIRBIE(E, 5% SMS il 10% SMS
B NH,"-N &0 505k 9.4 f1 8.1 g-kg ™' ; b & HEAL A
E] B ZE | A5 AR BRI NH,*-N 75 3 5 N Rt %, Horp
ZEHEAE 35 d I 5% SMS F1 10% SMS 4 NH,*-N &7
BB 2.1 g-kg™, SUIRYRHH I, 2 BIREACT
69. 85% 1 46. 10% , A U, , TEXGZE — M A 20 FIOR: Py eIk
A AL Ao R v S 0 TR AR A I A R B 5 A RARE
NH,"-N 1954k, G1 7, AEHERE AT (0~7 d) , #5 4b
BEHEAE ™= 5 G AREE /N, ¥4k FHARK -, v R R
HENE AT MLRR AN & itk iy, 0] T AP 2R 2 i
NEHI (7~21 d) , BEE YR A 3 58 D R
AHENEAL IR GL Y2 EFHEaH i mEAR L HL Gl
IO S T CKGHERAR S 3] (21 ~ 35 d) |, B0 B A Ak 3
1) GIL BI85 40% LA L il HERE ™= o EY A K o8
EVEFIRYER , H 10% SMS JI7 55 Hi AE b B s a] 55 %5

— R —— CK —A— 5% SMS —O— 10% SMS

80

>
<
T

b}
Temperature/ C

.

[=)

[
<

HE AL 18]

Composting time/d

&2

O,
Oxygen content/%

HEALHT Tl

Composting time/d

R EPREMESIRENTNH

Fig.2 Changes of temperature and oxygen concentration during composting
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—0—CK —A—5%SMS —O— 10% SMS

pH/E pH value

AR SE NH, N content/(g-kg™")

0 7 14 21 28 35
HERL AT IR

Composting time/d

2% EC/(mS-cm™)

RIEHRE GU%

0 7 4 21 28 35
HERL A [R]

Composting time/d

B3 HIELFERFEAREEREL

Fig.3 Change of chemical characteristics and germination index during composting

FEU TR TN GR B 1T LA B S o X 2 — R K HE AT 1 i 2
JE (A AT AL E GT (MK T 80% , = B & K N AR
B/, Gy G2 Y iR IR S A BT, 52 0 A LR
L IEEAE

2.3 HEARIERE hiT S SARHE T

2.3.1 CH, BN CH, HE R mE 4
JiR £ A0 B CH, HE E B P AESEAL 0~3 d 1 21~
26 d, X FESER R HEMTTH(0~3 d) £ Zb HHEAR R
JFEE T 5, A AL B R I, FE AR BTG K, 3 3L
HER IR AR EE , CH, HECHCR TR, 565 3 K
TGS T HE A KU B, O, R BE 3% i 8] T, HE 1
CH, HFBCHERFEAR, 55 4~ 55 20 RHUE(A CH, HEilH
B BRI R BIHE IS A BT g hn . HEAE
21~26 d B HER CH, HEBCHE F8 0l T 5, 38 I AE 4741

e REUHERCR

R e HETEOH %
Daily emission rate of CH,/(mg-kg'-d")

LI ]

Composting time/d

B4 HRMARLLGIEHROIEER CH, HERE

Fig.4 Methane emissions during composting with different additions of SMS

HeRE R, CH, HEA R WA BRAEHE I R, 24
TR T NS Wit 25 th i CH, HE s g, HENE
27~35 d B, Bl T R fR A DL RUE I 0, 1Y
e R IR D | IS B i T R, CH, HER 2 e
%, HEAE 35 d J5,CK.5%SMS i1 10%SMS 3 S AbFiL Y
CH, ZRUERE /%M 38.19 34.36.43. 85 mg-kg™' .
5 CK AHLEE,5% SMS [ ik i HERCR fe 4, CH, R AR
HCEERFEAR T 10. 03%, 1 10% SMS i) CH, RFHHET =
WA THET . PO, OB A kX 2 — A A IR G HE AT 1 B
FAT, 7038 FL AU N T 2 FL AR PR T, BERS R (IR HE N Ao 2
i CH, SBHEE .

2.3.2 N,0 HEMERE AR N,O HERIE AL an &l 5
FiR, FrA AR AL BE N, O HEfL 2 B4 AERT 10 d,CK
B N, O HERCIEME H BLESE 1 K (119.61 mg-kg™ -d™"),

—@—CK —A—5%SMS —>—10% SMS

60 r

0 7 14 21 28 35
HERE S 7]

Composting time/d

Cumulative emissions of CH,/(mg-kg™")
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5% SMS 1 10% SMS [ N,O HEjl i {E ¥t B 1E 5 4
K WEAE 3N 86.51 F191.09 mg-kg™'-d™' . ki)
Je , Bl AR YRR B A, N0 SUH B 1~ 2 YR/ HE
TR, R I 3 R v S 0 TRDBE A B 1 N, O HE T
HORMEA AN (HI5 5 CK 225 8.3 (P<0.05) 11 5%
SMS 5 10% SMS 534K 3% (P>0.05) , X Al fE 5%
IR AA TR BEAR T HEAL PR NH, " -N B A (NO, -

N)WREEA G, HEME 35 d Ja , S I DRDAE X2 B R AR X 2 -
HHAIE A HEAE i F2 b N,0 I HERK, 5% SMS F1 10%
SMS ) N,0 2 FUHE K &t 43 %l o 307.22 F1 313. 83
mg-kg™', B CK 73 HIFEAK 44. 20% 1 43.00% , ] AL,
PRUBRAE SR 2 — R A I 5 M TS 79 B 391, B % I {1
JERE R N,O 774, Hib DL 5% SMS HENE i 78
N, O W HERCER 4T

—@—CK —A—5%SMS —O— 10% SMS

120

80

40

SR %
Daily emission rate of N,O/(mg-kg'-d")

AL (]

Composting time/d

E 5

Fig.5 Nitrous oxide emission during composting with different additions of SMS

2.3.3 NH, Z5&K2 K6 %, HEALHT 2 d AR
FERAR, NH, P2 Azt /0N, Bl 5 HE AR IR B2 T 55, NH, HEjik
AL BE 30, AR HE R R b A AR B NH, HE
R 5 HE PR T 2 2 IEAH E (P<0.05,R*=0.93)
FEREANHENE SRR, CKO A NH, HE B 6 5 (i
PRAESS 30 K (0.67 g-kg™' -d™") ;5% SMS F1 10% SMS
(1) NH, HEBCHE 5 5 R 53 M i FS 2255 9 At 6 KX,
I3k 0. 85 F1°0.48 g-kg™' -d™" AT UL AR AL B
() NH, # & F2AE TP A HENE = iR, CK () NH, HEK

600

2400 |

G

A S e
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200

SRR BRHSE
Cumulative emissions of N,O/(mg-kg™)

0 7 14 21 28 35
HERERS ]

Composting time/d

RN [ B B B AR AL B HERE N, O HER

I B R S TS IR AL 2], HEAE 35 d )5, CK
5% SMS F110% SMS [ NH, RFEHEE 3514 8. 86
10. 05 F16.43 g-kg™' ,CK 5 5% SMS % %A W2 (P>
0.05) ,{H¥ B & T 10%SMS(P<0.05), 5 CK #
F,5% SMS 7 HERE i 2 i) NH, SRBHERC S T
13.48%, 1fi 10% SMS fy NH, 2 FEHE & MK T
27.41% , W] L, RUREAE S 8 28 — 0 SR 36 45 S 1) M
FRI 38 A SN T A R T NH, 1980HE

—@—CK —A—5%SMS ——10% SMS
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Fig.6 Ammonia emissions during composting with different additions of SMS

2.4 HEEIERYER BRESN
I3 3 AL 1, A5 2% — A I HE AL i 78 b g R 45
REZLL CO,-C IR, b7 HEAL IR AL B A LK

18. 63% ~32.26% , {4 0. 01% % % L CH,-C &
%K, REBEKFEN 32.62% ~44.51% , Hh LU NH,-
N JERHE 5 18.61% ~26.37%, Lk N,0-N JE 45 2%
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17 0.66% ~1.09% , 73 A1, WS i G R 114 4 3R A5 28008
B N,0-N #i,10% SMS kb A 7] A 28 /> NH,-N
e BRI, WS N TRVBE AL BT TN 512K F AR ER CK
W/ T 8.92~11.89 ANA 43 i, X AT g S B B A
RS T HEARGE S, A R TR TR A R AR
b AL/ RAEAL RN AT DLV I R RREAE A A 37 A%
MR R R AN, B 5% SMS MILe A RCR T
10% SMS,
#3 HIERESEHMBES

Table 3 Analysis of total greenhouse gas emissions

during composting / %
BR3P A SR
b3 Carbon balance Nitrogen balance
Treatments TOC $i2: TN $ie
CH,-C  CO,-C P N,0-N  NH;-N o
TOC loss X TN loss
CK 0.01 32.26  38.27 1.09 21.06 44.51

5% SMS 0.01 18.63  35.88 0. 66 26.37 35.59
10% SMS 0.01 22.89  38.54 0.77 18. 61 32.62

3 g

AR IS IR AR 20 /I () R 288 R AR Sy & T DR,
TRAR R I BRRAE I AR, 4 35 d 4 R AE
A b B R (55°C A ) BEREE 10 d L E L HL
SIS s TG AL PR HE SR RN 4 R, BT Ak
FIMENEAR RN O, HRJE i PR e SR I (21%) , X
5 Guo %5 G &5 R — 3, FEHEALWIHR B BE (0~ 4
d) MK O, HeE N 21% ~ 12% , 73 P HEARHGHE A 2
o R ZUE B i A ARERE PR R . X5 Magalhaes
AU THERR O, W N 10% ~ 18% I}, 4kt
THAE DI MR AR, A ML B R A | 6 S SR T3 K
W45 — 3, Guo "7 Il Jiang 25" 758 T M
] BRI 45 5

HEAE P 5B pH {H . EC NH,"-N & GI EPEM
S A R M A A A LR AR HE A ke
U pHEAE 7.1~7. 4 Z 0], ZHEAE 35 d 45 5}, 3 A
FEah pHH EFFE 9.1~9.4, 5 T NY 525-2012" 45
THEXT HEAE 7 i R B B i A (pH {HL 5.5~8.5) , L1
F Maso 25V BFSE 8 A HERAR = 5 pH (B A ERAR T
FEl (pH {EL 7. 0~ 8.5, Ji A Rl 2 3 AT 2ok % vl sk U
AR, Bk Zs BRE /N, T 7™ Az (7 NH, K o W Bt
TEHEMR IS, FEOEI = & pH AT, EC JEIEMN 3
JIE 7 St R AR ) A A A I A s A Y s 1 ) F AR

PRz —" BRI R BT, Y HEAL S5 EC =T 4 mS -
em” ISP AR AR AR R 45
A PRAEHERE S5 R EC 38T 4 mS-em™ | HF A 2
SEHEAE SRR XY FE (7.0 mS - em™ ) FIAHKR (9.0 mS -
em ™) [ EC Y%, HAAR AN/, i B IR 45 4 HL
HOE REOEAE 5 EC R BN A R T 22 R
X2 MHASEHEAL R EC B a8, pe Ak, HE AR FY
W, S INEREAL FEAY NH,"-N SR T S 2 3 K
IR B , 3 T BB 2 HE 1A PN R ek B VA B NH, T -N 41D
il i AT A 2 3 s S P, R A D55 T I A
TEAE RG22 75 A NO,-N I AE 2 HEAE 35 d 5,
AU NH, N SR T EEE SR EHEL,
IR B HERC = 5 NH, TN S5 IR T 69. 9%
Fl 46.1% (5% SMS F1 10% SMS), iX 45 Sanchez-
Monedero 2512’ RIS s R —3, R MR AR
B GL 45 F TGS WAL FE Y GI 4B
W CK, UEBIA B R nT L B G oA 0 3 — R R
NE R B (E R B3k GI>80% WIS VESR, B F
FFE 45 T 0, AR C/N HE AR 7= i I8 $2 90 v o8 vk B8 1)
NH," HHUER FNEESE 0 7 mif] T R R 2577 4%
b BN RR BRSO ML, A U E R
PP | DA T 44 v M N S | 0 A X 21 — R R 55 D e
NH," \EC & &Rl & 2R 2 (B2 HE e
JFRIAGZE MRS NH,™ 55 EC RS20, e AL ™ ok
IR B JE AR UE , BOR XG2S - MR IR A HE N i) 75 22 3
— PRI RGZE MR A R, DA i M R
AL N, CH, HEJ 3 2 4R T ZE HE AL I
MG, X 5 Jiang 42 HF 5T 45 R — 5, ALEHEAE S
WI(4~20 d), AR CH, HECHE % — B RFERATK
L BERRHHE IS A BT RS N, X E R ORI C/N Pkt
HERE AR T 2= e KR A A(NH, T -N)  HIR i
T T 7 R o TR A T Y R M T AR A A IR B 7
FH o DRI P38 5 1T 3 i — a2 it CH, HER; M HE A kA 7
FI55 21 ~ 55 26 KB, HEtR CH, HE B E S T+ 5
TLIE O (B 5 0k — 2 SR W1, S R T 0, o A g e
CH,, 2 P o R 22 )23 B ot 41k 11 kA 4804k R i BHL
W, 20 CH,, HERCEE 3 8 R K 2 2, i Y 55
R R PR CH, HEicR:, AR R N0 &
B AL AN S RS L Rl e e A Y ARG R B
A HEAE AL H N,O HEk FEAE P ERT 10 d, X FhHEL
P R A AT 45 AL TR S | B A
YRR, N,O S IR 1 ~2 U/ HET AT, 5
MG El Kader 25 BURFFE 45 FARML, 52K B
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HETE S T HER R A i HEIA N NO,™/NO,~
AL AN 5 4 R AL SO AE 7= N,O, NH, FHEROR
5 CH, N,0 A A, e 8 HEAE L R v 45 A B
NH, HEBGE R 5 AR 2 83 A6 (P<0. 05, R?
=0.092) ,iX 5 Pagans DY TR A R —E, BN
BREAL Y NH, 4% & £ 2 P AE ML & iR, CK /Y
NH,, HEC s W5 5 BH S 5 08 n s RR Ak B, X 5 4%
WL B BIF 5T 45 A L, El Kader %' I Pagans
SRR A UE S, T8 05 23 6 HE R ARE NHL, ™A T
R AL RS R TR R AR AR R NH, A HE
Vb, S I BRBEAE S 2 2 — M A 106 & MEE A REZ A 70, B2
WO pH (B B W B R RE 7, DT 28 UK 3 AL 3
o NH, AYHERL,

Zhou %PV IFGE R W, A HE AR i AR P, KR4k
L CO, \CH, FFUARIE AL, A HLBA 2K 3455 31%
~68% , ABFFTH, 45 35 d By EHERE , W9 2 - MR
BeAHEAE S A P L O, -C B B IR IR R B A
HLBR Y 18. 63% ~32. 26% , iX— 51 R /K P T Wolter
ZEDOVRN Jiang S BORFITAE L, AT R 22 HENE P RHY
Wi, XS KRR A B C/N AR 8, MNP AR
FZLL NH, N0 N, 08 gt AAFgE R0,
HERE PR R R 2@ A HLER R i RS AR AE
H L VL NH, #2 E CHEBCRI RS h, #1883k 13%
~T78% T ARBFIE R, AR M KK N 32.62% ~
44.51% ,fI& T Nakhshiniev 257 F1 % 7] 45 2% (l pIF5¢
S5O VT RESE OB IR G T HER S S AR T
PFHAEYEE, RA A A RS RN A,
FAHERE T AR LA N,O-N JE 2B R i A0 5 R B A
I 0. 66% ~ 1. 09% , X 5 Wolter 25 i if 5 45 5
FHLCO. 1% ~1.9%) , PRI, ¥4 0 BB A S A 2o 2, 1)
A RO HFE IS T RE = T [R] e R
A MY 55 Y SR HE R B ZE L,

4 it

238 35 d A EHEAR AT CK, WS I 5% H Bk
AEFE R (TOC) FRA (TN) BRI, s N 10% i
BEALFE L SR TOC 45 fof 55 388 im0 , {HL TN 35 2% 22 &g i
KRS, RN AT LA E 7E 5% ~ 10% 2 [6] , 4778 e KR
JELRER TOC F1TN AR I LR, B CK HEAE ™ i
GI<50% 4k , HAALHHENE ™ 5 GI 38 509% ~70% , W &
HERE = SRR A TORE SR, £ HE A 2
JE R R AR R B 15 G AR RO AT, S IS B A T

AT M) 7 A5 X0 21 — R A TR 3 S 8 200 B8 il o S
‘bﬁgio
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Effects of Spent Mushroom Substrate on the Maturity and Gaseous
Emissions in Co-Composting of Chicken Manure and Tobacco Wastes

ZHANG Bangxi'> LUO Wenhai’ YANG Rende' LIU Lingling'
WEI Quanquan' LI Guoxue™ "

(" Institute of Agricultural Resources and Environment , Guizhou Academy of Agricultural Sciences, Guiyang,

Guizhou 5500063 > College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193)

Abstract ; This study investigated the performance of spent mushroom substrate (SMS) as a bulking agent to alleviate
gaseous emissions and optimize product maturity in co-composting of chicken manure and tobacco wastes. SMS were
mixed completely into composting piles for 35 days at three addition ratios (i.e. 0%, 5%, and 10% of total wet weight
of raw composting materials). Results showed that the composting temperature for all treatments could maintain at above
55%C for more than 8 days, which conforms to the Chinese Hygienic Standards for Non-hazardous Disposal of Night Soil.
Although adding 5% or 10% SMS to composting piles could effectively improve the compost maturity and exert no toxic
effects on crop growth, all treatments failed to meet the maturity standard. Moreover, compared with the control
treatment, treatments with 5% SMS addition reduced the TOC and TN losses by 2. 39 and 8. 9 percent, respectively. By
contrast, TOC loss was enhanced by 0. 27 percent while TN loss was reduced by 11. 89 percent when the SMS addition
was increased by 10%. Results obtained from this study suggested that SMS as a bulking agent at a suitable addition
proportion could efficiently improve composting performance in terms of gaseous emissions and maturity in chicken
manure and tobacco wastes co-composting. It provides important reference value for the utilization of agricultural organic
wastes in composting and the reduction of agricultural pollution gas emission.

Keywords : chicken manure and tobacco wastes, composting, maturity, emission characteristics



