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Hgeit, SEEEEEHIEMEEIL 40x10° t, MHEZE N o 36.71%M . Ay ik 6% 25 40 BN 4 38 1%
PRI [R) 8 % S Ko NHFARERE , 5 2 M inp 5 Bt xof HC A7 4h ) SENE A Ry RAR A Bfe /N & &
FEME AL 3R Ty XD EHEE AL 5 7 A R ST BR IR a8 B, A e AR b 2 R A G A R AT
WUBLEs P N I

ARG FEHENE o A8 o A 22 A A SR BE 8 A RO P MEIE AL #R . i, Luo 4§
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ARG, SRR A I A, DA R S A R R R SRR R R R G R A B, 3
b X AR T DL BT T KT S R B I T AR A AN TR0 Ak BT S A O R O R AR, R
VA ORGSR B I T I 20056 R o I WFST 45 5 nT R AR A 7= s R R & it A R A 5%
1 MB5RF*®
1.1 EAXYHR

WA A PO RAMB R FE AR S S e S s RIB IS A BRI FE AN T . AR
B HE TR A R U R 4 B 4 60% . BRA L (C/N) £ 35, HEE 0.5kg' Lo & At E
R A V82538 KA AT i AT e, PR E AR 2~3 mm, HRMAH 545 m>g ', BALAEN
0.025 cm>g'; FMWA FIKFE R 0.05%. pH N 9.76, AHLYAEILICE (TKN) &R 0 g-kg o HEAR
JE Ak e 3 1 I DL 1

x 1 HERERMR IR R

Table 1 Physical and chemical properties of compost raw materials

PR FIKERI% pH TKN/(g-kg") (g ke ™) C/N
VB 76.46+0.12  8.26+0.02 28.42+0.34 742.3+1.5 15.15+0.16
KB 10.54+0.08 6.56+0.01 1.86+0.13 852.3+3.2 265.8+1.2
¢ 0.35+0.08 8.42+0.02 1.21£0.03 915.5+8.6 438.9+2.3

WA 0.05 9.76 4 — —

1.2 HERBHIE

S A g S 5 R (O BB R O B (55 27.5 em, AR 17 em), 2 BRI AR A 7 X
Y54 CK., CK+MS. CK+MS+BC., CK+MS+B. CK+MS+BC+B., 43 HI%F N A it AT 4o 7% hin
FIRXT B . AN 2R AL FRA . IR AR A R R AL FR A . AN A A ME FIAL B . AN
WAa . A S IR BRAL . SEAAIAJE S 1IRG, LUBIR A& /KR E 60% £ 4. WA LK
i LIRG Y T8 5% A7 iRt e 2R G, WEWERY 3ke. BARMAFEE 3L, 11ME
R, ATHSKEARS, a2 l, | MHETESRE, 5140 TERENE, &
i FEAE H AR 3 R T BCEYME, FRC SR EREE, A AR ER 3R, RS RS,
AR R 035 mPminT, BN AEH 2, AR 30 min, B [E] [E A 9:00 Al
15:00, HEAESFERFLE 36 do FE55 1. 3. 5. 7. 9. 12, 16, 25 F1 36 d F 12:00 >R 5 M A Y5 KL 24
160~200 g; FFHURE o0 2 584, LI RAEFE 4 C P LAE& T 5 1Ly RT3 i 0.1 mm 9 9 L
BRI FEREE O d FNER 36 d (T SERE S v VAR DL A A
1.3 E#NE

B H R FHZK AR IR B F T AR b SO0, () B PR L B . pHL R B S g He K R T
b 10: 1 9237 2 h 5 {8 MP521 pH U 2 {00 5 . TOC (I 72 R 55 3 P K b i (550 °C), FRELS g
FES THIA T, A 500 CE iy h 4 6 hFRE . TN UL IR & A W E . S RE &
1-LTedlar®PLV AR FEAS KAL), N,O, CO, Al CH, iR HE R & % F A {035 % (Agilent 7890A,
US) Il 5E , NH, R AR iAW Pl , 1 mol- L™ HCL IS M 4TI & o i F FastDNA 38 e 5% 3 77
2 MHEARKE 5 rh #2 B DNA (MP Biomedicals LLC, Ohio, USA), %48 455 5K $2 U DNA T°#£ 0.5 g,
A3 5656 B I 5 32 B DNA 19 %4 & 1 B (Thermo Fisher Scientific Inc., Waltham, MA, USA). & B
DNA FH Byt fi 0 58 e v Uk 247 K/N o3 9, FH AR w38 H 5149 515F (5'-GTGCCAGCMGCCG CGGT
AAT-3") Fl1 8061 (5'-GGACTACHVGG TWTCTAA-3") 4" 14 Hi 40 14 & 16StDNA FER, {4 Wik
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236 2 Ll il S 56 = JEAT 16S rtDNA Il 5E .
2 FER51E
2.1 SRMFIXHHEREEEERE

1 R 25 A PRZH IR B A AR A il 2R o TR R R S B A 22 M A sk R RH B0 Y 8 Ly B A
BV AE HE B TT 46 0~8 d B 18] Y 5 20 M AR A9 78 5 ¥ i | TF I A IR (50 «¢), THEMHE R P& F
SAEY A RIE S T A S TR . Ho, B AR A B B A W AR T R R, DT B O
P A5 M AR R st U, 8~15 d M HMEMRAY SR s 15~30 d M RIE ) s 30.d EHEAL 45 R R 5
P, MRk EREE . Hdh, SR 8~12 d BT B, K AIR)EA ARIFRE R, RN E RS
HBLR B, T 45 2R R AE 12~15 d 9 SRR

B bS50 6570 C 2 A % 7 % ) T
812 d 04 4L BEHEAT 400, 45 s, 5% “T DR Vi
WAL RTE A 4 A b 4 g R 9 B T A o i
B 44 75 0590 Ak I 5 % 2% 9 M A e L 8 2 Ak B lao
T R (p<0.05). AW FE, AR LN
S 0 5 L A S5 1A AL 0 R i 5 S A o
[ P B FL IR R S AR SR )
FE 542 047 450 5 0 790 T £ B 35 V3 GO 77 21 O 0 s 20 25 30 35 40
T, LA, EET IR BE 5 4L HE R iR Hn T d
BRI T 55 °C, I HAR M E iR B g it 3 d, B HEREREEENEL
IE‘EEDEJ ZIKQQE”@L% @J T gﬁééﬂﬁz E/‘J fﬁﬂﬂfﬁ E.]% [1310 Fig. 1 Changes in temperature during composting
22 MR AR pH AN 00
2 ok 4% kb B2 pH I A5 4k il 2% L % 40
pH 75 AL ¥ 1E 7.5~9.5 1 Bl P . FL A 34 h 7 e i 3T
I 0~7 d AR I T e i fE (59.0); 0 7~9 d - 90r
P T ) 8.0~8.5 2 [l 3 9~16'd 4 K I 7t £ o)
Plf (A AR 16~25 A2 1 RGROIR B (G5 col «
2R EHE. y A CKAMS+BC
A5 TR R I B, LM gt TEewsTt
7E HE B 01 30 4 M o B LI PR R TR Y 0 5 10 ;ﬁ£5”35“

NH, 5 A% It B B A pH P 1 -0, w46 T 6
AR VR P2 4 Tk i HY, B 9 %t TOC Fi
TN 11 3% 2 B fift 75 0k 2 3 S A HLIR U, X
2R R T 7~9 d N pH I REAR . B 3 A LA RS R o A T Sl e, A A A M A
BAERAE N BT B TR R 2% oh IR 221, Rt pH & R LTI f e . X S 4
pHUEATFL B B Oy 22 0 81, S5 R Wm0 I8 I 35 O & X i IR 2o B2 v pH A2 4k 7= AF 3 M 5
(»>0.05). BLAh, AR KRB, GUA Y AE R T R PR MR AR O S BUR P AR M A, AR
pH SHJER TG B, PR G A5 2 A0 S R R A A ME AR AL e
2.3 RIS HEAR T FE TOC B2

Kl 3 4 A BEZH TOC 17224k th 2. 5 40 TOC A &2 3L AH A Ay 28 fe ka3, RO ZE HENE 9709 0~10 d
N TOC & iVl R [, I DA GRS o i 4k 21 T W S HE AR AL 4%

2 HEAEEFE pH KL
Fig. 2 Changes in pH during composting
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TOC 1 2% 3= B 3 A= W AL A AL AE R fig
UE, eSS, TOC f:Rl i A=
TG Bl AN W T RS, M IE A 09 4 A A 3 B 8K
g, JE W T A ALY R T SO Y B
BAK, BULRTHAR FRESESER . CK. CK+MS,
CK+MS+BC. CK+MS+B., CK+MS+BC+B (¥ [%
W 23 91 M 21.88% . 22.22%. 22.94%. 26.46%.
29.84%, K+MS+B Fil CK+MS+BC+B i) [ i B
SR, 3R I A SRR R A T A ML
F14) R fift R S B SR RR BE o IRl Ao mT LAARE F
A HUBR G AL I 0 R TOC Ay J5,  [R) I 34 Jin
THEREIE LB, HEmiEE e T RE R R
B, CK+MS+BC 1 CK+MS+BC+B 2H A #% T
Xof HE 2 359 2 B0+ B 1 R A R T
2.4 RINFI 3T HEAD I A2 TKN A9 520

4 Sk 45 A P4 TKN (9 28 fb i 2k . 5 41
TKN {E7E 0~5 d N il T %5 78 5~16 d WK
W LA Rl RARRE R
FRES R . Ak /s il Ak VR F A2 BRI B2 A pHL 4%
PREOPRLI d E A L E R  pH A T HEAE
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S T A ML A 0 BT R A | A Rk
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Fig. 3 Changes in total organic carbon during composting
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Sk 232 gkg'. 249 gkg™!, B BAK T CK B 1H 28.1 gokg™', X AT HESE i T B ) O 4 A
BEK T TKN B AR AR RE o B2 9 B M AR 38 A AIG S B U ol 5 0, (45 348 T 5 1) TRON B JE AR f
FfaE -

2.5 SRMFIXTHEREIZEARES K (NH, N,0, CO,. CH,) HE AV &2 M

1) [ 5(a)y M4 AbHRZH NH, HER AR L2k . & 4UB3IEmL, BIFE 0~9 d PR s b T I AH 4k ik 2]
e, WRME R, 80 RIS PR . X AL 518 A LA —
}, RRE R EZRWAEE, RS AP R e T NH, HE .

Xof i TR S5 SRR AT PR R O 22 0T, A5 ORI VR nR E R N, A RO A T
FRC (p<0.05),4 A VS N 770 52 50 21 Y NH, S = HEBCE 20 31k 28.7, 48.8, 55.7. 48.5mg'L', KK
T HRAL A HE A 58.7 mg- Lo X B, WA RPT A 0 ER N R A ] NH, A HERC, X OR R
BWA T A KE Ca 5 M7 B 1, 5/ B IFAE B NHA-N 45 4 ffi Fo8 2k 7] NH-N #5461, it
G, WRISEWRA . RIEZHEIER R b R BNFEHE R, RN B 770 vT LA 2F NH; 59 HERL .

2) &1 5(b) M4 AL FRAL N,O HE M AR A £ . FEMENETT 4R 7 d W, S ALEY/INIEBE R R 7~16d
WHEIRZ I 1 IRFH; 58 16 d IR Z W - H 2RSS R

AR Jey 3 A SRS T UK SRR S, AR A Wk e S A AL AL A S RS AR VE T, 2 A%
TRIWIN,O B F R THEWIAS L BT SR B8N A LY F &, I N0 HEUmsR, (H &R

Fig. 4 Changes in t total Kjeldahl nitrogen during composting



57 BRSBTS BSGRAS [R5 O S AL i e ) i 2421

(>40 C) SIS L RS ALE R, I N,O & FREP, fEARSCE W, & iR N 45 4 S 7F 7E AR
19 NLO HEIC, XA 5 HEAR W) B A 28 MR BEAT OG0 W i J2 M A v 7 8 At 420 Ak T 8 08 76 1 L 2%
PR SEEEE  AR P, HlEEE IR 0 SRS AR B B 6T 7 AR NLO Bk R B R ARSI B HE R
Je WA W R AR RN S B A HE RO A B TF, HAR TS IR AR, X R AR 2 DR T
DL B4R N,O HEik -

3) CO, X i 28 R4 5T Bk % A K, HHE A O KT H AR == SRR, 1 5(c) R4 b AL CO, HE
R AL . SR A EA L, CO, AR Ak A T A b R AE T AR A 0 TR SRR . A
0 VEL 3 S v HE BB #E CK+MSHBC 2 CK+MS+BC+B H i 3, Gnpiik, 502 B AT et i T Ak
/LS REI

4) CH, B4R W32 CO, 1 56 £509, 7R FE IR E M. BS5(d) b #il CH, HEik ih A8 1k
M. 76 0~5d N, CH,HERRE H B 1 P FHRE ;. A 7 d FFIRZZME FIERE 0 224 I e R izoKF
BHENEZE A . CH, HEiL 2 E M AETFHR A SR AT, X 5808 e ior o a5 R AL .

M 5(d) HE X RRAHECGE I TR, X R RAE5E T CH, MR, X 5ikEme™
IS5 RAH S I EA BN, e S0 AN T8 19 0 1 P BE 25 PRI e i) I AT 44 i ), AR szl vp 22
WA 54T BARER R Z AL M, BERASEYAME, BT 5 S A3 . A,
CK+MS+BC HE 44 6 I H 5z s HE i {E , 11 CK+MS+BC+B i CK+MS+B 14 5 25 HE B (8 S 4% T 1 4 -
SRR A, AR S0 A i IR AR ) 5 7 e R A A S AR A, CETER T e R R, M
ST BARM CH, HEBCY,

70r 900 -
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Fig. 5 Effects of additives on the emissions of different gases during composting
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32 AFEA Alpha ZREVEMTES R, & 6 R HERE AT G 45 76 11K b6 Ad: W0 V& AR =F 4008
. & 2 1 Chaol 45 0 FH ok fe W 4y Fh =F & BE 19 48 b1, Shannon 45 %50 S A & b 02E W 22 R
Coverage BU(E L =, W0 25 SR AR AR R AR AR U E D B L SE 0 . BR CK+MS+BC ,  CK+MS+BC
Gh, HAYYH) Chaol 5% R, HZE Shannon $§%km, (VA CK+MS+BC+B., CKAMS+B 2414 /i1,

2 HEAZHEMTH (Alpha Z 1)
Table 2 Sample diversity analysis (Alpha diversity)

- CK CK+MS CK+MS+BC CK+MS+BC+B CK+MS+B
2 1 2 1 2 1 2 1 2
Chao 1 478 413 539 338 407 566 403 409 458 435
Coverage 0.9969 0.9984 0.9979 0.9984 0.9978 0.9975 0.9974 0.9982 0.9974 0.9970
Shannon 3.26 2.71 3.16 2.78 3.17 3.56 3.16 3.51 3.48 3.26

e 1, 2FRTER AREE36 CREE,

E2

Verrucomicrobia
B Tenericutes

B Spirochactae

BEE Saccharibacteria
RsaHf231

B2 Proteobacteria
lanctomycetes
EEE] Gemmatimonadetes
EX¥] Fusobacteria

BBl Firmicutes

El

D2

D1

C2
ol
B2

Bl

2 Bacteria Unclassified

A2 EZ3 Actinobacteria

PrRDAR RS 2
6 MEREHITKFE EMMENEE
Fig. 6 Relative abundance of species at phylum level

5FMMEAAR P OB TEA 4 Bl R AR SRR LA SR SRR ] 2 M
HE o 5 B = BOL SR 1], X AT RE R O 7R SR IR S RS S R BRI R, XA H| T )5 BE
) R RS AE AR S MBEEALRE, RBRD K C. NAFIAEFRITRIHFEHRS, Haal
R ARG, AT DR R O SR BEAR A BT Y AL AL B B SR BE TR ] 3 A Rl AHE TR IR, &
Ab PR JRERE T T A AR A X TR A, X SR T M RO R A R RE R SR TR T B9 T B RE
Jo HRIMEITELR NS & #E Bl BT, toh, BRI EREE A R B
FEAL, HHEAEAR I CK ARER B B0 T H AR AL B, 33X AT BRI 22 Ay B I I R A Pl R kst 1
VAEAF G . BN, FARRSERT L, AETS VR HENL Th s AT e T LA R A RS b, Blifl
RORBHS o M T CK+MS+BC+B Al CK+MS+B X 2 2 ik, 1 A] GE 2 AN B0 19 51 A5 HENE 5 A
WAEYIE GE R KR, 8 TR HEAAAEShRE S, X W T Shannon F8EY 21k WA HiE
W, e 2L B S EYMERROR, Il gAY 5t 17 A B Y, X d g T
Chaol #5522 1K
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Fig. 7 Redundancy analysis of species, physical and chemical properties and gas emissions
Hi Pl 7 AT, R 2 Jih o R A W R v A A B A REE T 97.26% 55 4R — HE 1Y Tl A S e v 9 TR
T, BGRB8 E R T AR . pH, CO,. TKN K& NH,(p<0.05). Ht, pH %N
F (p<0.01), HAHA: W REE AL BRI 79.4%, Bl pH 2 E AR PR FBAIR SN 2, 1% 55K a7 AR
AR FE LS RN Ak, TKN, pH, N,O 2L SR . CO, SRR R RS . 5 R T il )
5T W O R 1 03 9 R — HE B A P, BRI AR T W AR, JERRERR R HENE
AR R RS ORI, S pH MZRME R OHOC, TS CH, AR LR IEASC, SiREE . CO, Al
NH, #7254k 52 1 3 IE A OC (p<0.05), AT LLIAA CO,. CH,. NH; AYHE i B 2 Ak 1 5 A 722 Ak e 3 3 2 iy
JELBE TR T BTG Shat il oAb, AR RTT R HEAL R I & B BT OE R, HAE =R o R
5 N0 By Adr/ly, BIVAT UK HE 3 5 5 1 NLO BYHRRC E A G .
3 i
1) Z& WA A4 B — 75 o 5 A 8 m 590 T8 FH R 2 S RE AL i R 9 3 ORI AN WL, R W e o
MEE A, (HAEA FARHEIY TR, JFRE AR 22 2R00E M™Y. BN 5 47T e S 2 W ik I AE
RAHRIO MR B S PUOC R, IR T
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2) ZHENEAL i AR CO,. CH,. NH, M BEAL VB A A8 Al ke 35 32 55 5 JREBE R T I AT O, I UL AT
15 N,O BRI LJHA ¢ . pHORizod B A9 E 2R S) [N 3R, & 2558 A % pH, DI fbHENE AL
3) SEHR AN L AR R AR Bl A 1 PR TN T B O AR BAR B R K, AT S GRS B it
NSLE
2 F XM
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Regulation of the pig manure composting process based on the different
combined methods of medical stone and additives

HE Shilei'?, ZHOU Qiangian®, GONG Yafang?, ZHOU Lina?, MAO Hui'?*"

1. Key Laboratory of Plant Nutrition and the Agri-Environment in Northwest China, Ministry of Agriculture, Yangling 712100,
China
2. College of Resources and Environmental Science, Northwest A&F University, Yangling 712100, China

*Corresponding author, E-mail: maohui@nwsuaf.edu.cn

Abstract In view of the limited effect of a single additive in composting in practical applications, and the
combined effects of multiple additives are unknown. Medical stone was added to pig manure compost, as well as
its combination with bamboo charcoal and high-temperature aerobic bacteria. Through the determination of the
physical and chemical properties and the microbial community at the phylum level, the improvement effect of
each additive treatment on the composting process was recognized, and then redundant analysis was used to
explore the multi-relationship between the change of the microbial community and environmental factors. The
results showed that the addition of medical stone and its combination agent did not significantly optimize the
physical and chemical properties, especially the composting rate was not significantly accelerated. The number
of four dominant colonies at the phylum level changed during the composting process, pH was the main driving
factor for microbial changes in the composting process, and the CO,, CH,, NH; and N,O emissions during the
composting process were mainly related to the activities of Firmicutes and Bacteroidetes. This result can provide
a reference for the combined use of additives in compost production.

Keywords medical stone; composting; greenhouse gas; Firmicutes
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