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Comparative study of ir sifu and ectopic fermentation systems in piggery waste control

LI Luyao', WANG Hanging’, LI Yanling', LIU Xue', GENG Bing'"

(1. Institute of Environment and Sustainable Development in Agriculture, Beijing 100081, China; 2. Feixi Old Hen Farming and Animal
Husbandry Technology Co., Ltd., Hefei 230000, China)

Abstract: This study aimed to compare the application method and pollution reduction capacity-related differences of the in situ and
ectopic microbial fermentation systems. Therefore, we analyzed the treatment effects on pig breeding waste in the two systems under the
same conditions. The results showed lower—level changes in the temperature and pH using the ectopic fermentation system, providing a
more suitable environment for the thermophilic bacteria. The pigs weighed approximately 33 kg more in the ectopic fermentation system

than those in the in situ fermentation system, the former system was thus more conducive to the growth of the animals. At the end of the
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fermentation process, the dominant bacteria in the in situ fermentation system at the different layers were Firmicutes, Proteobacteria,

Chloroflexi, and Bacteroidetes, while those in the ectopic fermentation system were Firmicutes, Proteobacteria, and Actinobacteria. At the

end of the experiment, the pig breeding wastewater absorption capacity of the litter was 1.96 in the ectopic fermentation system,

representing better results than that of the padding in situ fermentation system (1.46). Compared with the in situ fermentation system, the

ectopic fermentation system exhibited more stable temperature and pH values and the relative abundance of Bacillus mainly degrading

bacteria was higher, improving the microbial fermentation process and promoting pig waste and rural straw degradation.

Keywords:in situ fermentation system; ectopic fermentation system; pig; waste; microbial community

Bl 2 N AT A= 195 7T A B 8 RO Jo 2 3 5 oK
AN AN, PR At 2 B T S o i AR 24 K E Y
it AEREIRIEAE & B IR b iR, X PR R R
PR 2 LA EEAE A . BR4eiT, 1996—2017
PR ] A A 7RSS I 8 I A 38 RT3k 3.35% , (3 ]
BN AR R LS AR A — A R EY, RS
THRGERNE R, B 2020 45K, 4 [ AR R AR 4L AT 4.1
¢33k, FE 2019 4538 T 25 1423k W A = ik 8] T
4113 J7 to FRREE A8 SR MBI, FREE K 524
H A AR N . BFRE R, — N ERE L T Sk A
B FRIE S AR AT LA P2 R 24 1.38 0 o 2808, HAT R H %
BRI IE S 25 G R AR T 509% 7, [F] B i T4
W FRHH IR A HE R Sl Ah AN 2245 | R 1) P15 75 Y ] R
MORZ B0z 6, Bk MR A ST
AR 34 2 A A 37 ol B AT B R e Il

RGBT A K BERFRFE R, B I o7 & e R 53
FE AR T DA Sk Al TR 7 85 20 0 T G o) i, SE L &
BIEFYATIG Y, AR, R K BEIR
ARAT B2 DRk DR PR Sk B Al s T R B s i A K
2 B 5 TR T b 200 28 SR TR R AR 30 XSS it A fie
PR — (A7, I TUAR 7 SR A AR 1 kT DR 5 B e
ARILA b & A de 1 S AR ) R BER B A, T LA
FH R R AR B R L B MA5F T XFRAE I 554
PEATAR BRI 58 SR L AL FRAEIE 3790 500 & T
PRAG B AN R AR5 SR B L R 43 B, mT DA b i o
JEAE 2 T DR Rk o Tl AN AR 2 A A e ) B R e
Pem TAbIECRY, A E AR TEA R AT L i
Xo AN 7] 28 U S5 5 I 5400 JF Do DA 0 S o7 2 T R 2 ol
BB IR YRR S o W SR A Y e R
A7 & PR B 30 m? 0] LU 7 20 Sk AR, 5 ELAS H D o7
KT HORMACR, X R KPR F 28 R IX K M 7 1.35 %
705 S o S 6 A T DR AR B AE R SR 7 A 1 2
ERG K, B 1.5 m® A DAL T 5 Sk AR S R0 IR 724
FEAF BT sw HOR AR 5 SR 5E K I 2575 W 40 7 5L
9 2.53 AT XA SRR R K 3 TS AN R A

LA A S5 K e IR S I ol A [ ) 2 85 7R B 7
FEMHA, HR 7 R 75 ey D8 BE I A AE—
SE M2 5o ABIEGE LASSASE RIS R R R X 42, 43 b
T AERH TR 2 AT PRS0 A= 8 % B K 540 1) Ak B
ROR, W] T PRI A AR ROR DL R K W 2 2 2
I WA v 20 BAE A IR 22 5, R PR B AR 2 1
FEAHE SR AL T S AL,

1 R 5 7%

1.1 REEE

AT 58 78 A 5T SL X B A SR B A AT
S AN R AT e RS [ A 12, X e i el 1 N 2
FIim o SR BEIR 9 HAS 2 3 000 mmx1 000 mm X
900 mm, JF & IR FLAS b 4 480 mmx3 000 mmx900
mm, JEN KBRS S & B A FR i A 0 3 3k, 3t
163k, {EM 201943 A 10 HFF- 4Rz T, 55 H 23
HZ5 8, L3297 73 do PO BER 5950 X (5 R
5°) Z [8]  HETS FL % 42, 58 BA 3 IR A gk 15 K th HE TS
FLIE A SO R TEIR
1.2 5e#r

T AT i PR DR R S A8 e RS ) i VB vk — 3. H
T K AHFE AN B RS T B2 2.0 em, R A B R
DK FE FIRR 50 493 e BE T 62 oA 55035010 1 TIR A
e B LS I A P R R IR IR A 35T o IR SRR
IR B KR AE 50%~60% 2 7], K HRHME] AR N 351 7
RIERHIE , BRI 4 dJ5 TR Bk E ok
Rl FFFIBIR 5 E A 357 FR AU A 2 RS At T % JE DR A
SN K TR DR I R 245K 320 ko BRI RN
TERIBHSEA w7 (R ) R BRI 5 G 145, &
R 3 m’ 500 g, 1% DA ZEHA 1R (Bacillus) i A
% W E>10°> - g7t PRI R T R 2416 5 40 kg 22
ARG, BATRE A K AR R R 4T
1.3 RIWHE

T AN e PR DA 308 2o P B 1 6 A 2 B
(AR RRE A 58 28 RIS 43 A , 1 A 2 i HE i > 1

WWW.QEs.0r9.CN




m@g 2210

VBRI R Rt Y F40EF 1058

73 do BU—TRIT AR AL AT pH 5K SRR YKL
SRR BR AN E 5 AR b A BH Ak X P A
A7, I E B R A LB AR

H 9:00 75 A7 AR T AR 32 P A 38 -0
JE 20,3040 cm FREEAL A HORHE EE , 3SR EZ AL 9 F
PE R OB R EE o[RBT M I ) 07

SR Y 43 O & ¥ 21 B9 8T BEAE 5 5 ¢ F 100

2880 240 2880 240
f 1000,
[ s
N = N
2 KiE z
oo-_ Cement machine S (gé 4 *Eﬁim\ufé
Breeding area vl . 7
SR R B e
In=situ fermentation _HH\]:“‘; S
ol olo bed - Ve ’g
SR HES AL =
|| Sewerage |L|
e LSO—O PRI A PR AR
Pig p;n i | | 1.4.2 @*’LPH&EEEFﬁ
3 000 ! 3120 {

6120

1 AR EEARAALE (mm)

Figure 1 Planform of microbial fermentation system (mm)

i 5 600 |
soo0 g [T T2
ST o o o —1[[g
2| 8| uon b | || < o|

soo]

740

B2 RAREY L BRI EE(mm)
Figure 2 Profile of ectopic microbial fermentation

system (mm)

XPARORHRIHE T rpKE RE . SR R IR U H R A
TR 5 SO o AR R 5 3% B R BRI 3R 1T
FEUEAT AT BEATLAR B HE | 1T P ok ok P 258 L R IR 1 75
KRG HES FLIE A SO R IR o A ik B & T R
AR K g, 0 I AR R R X FH K
290510 d 20 kgo MRHECEH— A 15 Ll & &
BRI HES REFI RS H A R AR
) 2 A6 R DR VB, TR A Ah B ) A 4 ) 5 SR A T ) )
SRR K, ARG o S5 A5 K T A R s 7 2 T A i Ak
PN IREE S5 58 4 — 30

K /N EAHEAL (2.2 kW HLHL, 220 V LK) , X%
AT 5 5 A6 2 TR I ) Bt A7 R B B HE (IR M 60
em) o FERE L AURFELRAE IR A 5 A0 R R | )2
(0~20 cm) \H1JZ2(20~30 em) FII T )2 (30~50 em) Hukhft:
i, IR 3 ZRE RS R 2 A A B4 . BURERT A]
55 ORI IR T 524 K ) .8.16.,24 32,40 .48 .56 .64 ,

1% WHART]

mLAETEI A, IIA 50 mL 258 F/K , f#R % 4% (150 r-
min~") #z3% 12 $2& 30 min, 75 pH T H1 - S 2R 4L 435510
FE TR pH A S 2%
1.4.3 R KE R ZET5 W AN F AL

K DU 4 L BOR A ¥ S W8T A L 50 ¢ F4R T
N, BRJE AR T 146 105 CHET 8 h, U A 4130
min 5 R BT AR, W0 L KR 4 BRCEE — IR A [ s
J5E 1y & B SRR HE S R IIH R A E
SO A N PRI A T B TS I A 2605 o i OB )
I BT AR B, FE LU AR R Ry A e 4 ol R RO B 2675 R 2
RE
1.4.4 AR BETE 2R

Fi¢ I8 TIANamp Stool DNA Kit 32 71 25 A9 32 B A 3
HEATFE i DNA A H2 B, 48 552 5% DNA F-20 CfR
17, LAas 5 S2 i Wy 2 REpE I 2 1 A . SR A 168
rRNA Jt [ V3~V4 X 35 (1) 38 FH 20 1 51 4 338F (5° -
ACT CCT ACG GGA GGC AGC AG-3" ) 1 806R (5 -
GGA CTA CHV GGG TWT CTA AT-3" ) %f#¢ §h &
DNA #E47 PCR Y3 , H 1 4571 /N IE A W 2R u-
mina MiSeq PE300 il 7~ 5 4 7 &yl 2 0 1, ) s 45
S At ot B ZR I R A R Rl 4L

NALEHE 25 QIIMEL (v1.8.0) # /442 4 Barcode
FE AR S REAS ] Pear (v0.9.6) B4 %o il 14 12k
e BFE. BFESH A Vsearch (v2.7.1) 34 £ B &
/T 230 bp B 781, AR # Gold Database %4 & F
uchime J5 ¥ Ho XF 25 BR ik &5 K 77 91 o f# ] Vsearch
(v2.7.1) 3K A4 uparse B35 X B 7 A 17 OTU SR 28
(Operational Taxonomic Units) , ¥ 1) A 2L V£ B9 {5 Ky
97%. 5 Silva128 Z#s PE{#i ] RDP Classifier 554 7
U X, 152 70% 1 A7 B B AE, 75 30 854> OTU X 0L 1)
PIFp A5 B . FERT QIIMEL (v1.8.0) 34X AE A i
& Shannon ZAEVEFR . T YRR BE RO A XS 32 B 2



EIEIE S < SRS 00K AR P ) A B TR B SR 5 Yt 1 2211

J B R(v3.6.0) SR AEA TR AL A IR B3 #

AH L s BT SRA (Sequence Read Archive)
BAEIE 905 PRINAT728848
1.4.5 HRHRFRI

KPR (NY 525—2012) FRIE 5 120k
TPAHCHEPRITINE . AR IR - F b E I & -2
PR R A2 5 A HLTUR FH B A TR 25 il o .
1.5 #iES

K H Excel # A4 x Bis HE A T 0 e g it o0 b, R A
SPSS 22.0 H A%t B 47 A0 &M 43 #r , 3 H Origin
9.0 FRAAEE 43 HT

2 GHRESH

2.1 EERBEMNBETH

P & 3 AT D, 7E A 0 ) 5 P s AR R S B
WA 78 11~23 CIE RN AL . i R 30 Br oz
KRR L R TR N TR EE T i T . KR
W 2 d Do 2 TR DR R S5 J T AR PNk 2 DA 2k 2 e
260 CAAT, SR G IR K7 7E 50.0~65.0 C [l 4 42
1k, 256 d )i , KRR T2 B , kPN I B 72
I, 25573 d, BN BRI 2 5 S i 0, RS
Ho X H AT T UL, 5467 & T DR T i e U V) R (AR ek
W i T IR R TR (R 22 SN . A0 A I S5
N 2% TR R R AT 4378 53 C A2 AT, T A % TR R IR
PRI LERFTE 49 SCAAT  YIREREHE L U M TE 2K
22 KRERERNpH TN

P Pl 4 T R, B 0 o RS R T DR RN S8 &
P2 DR 1) pH B R S BT 30 T B 1 I8 s AR b i 34, HL 3%
A pH 7£ 7.2~8.6 6 Bl N 22 4k, I B 9 s =% 8% K
pH B3 R AR Fa I AR — 50, R & BE R Y pH

JK The in—situ fermentation system
JK The ectopic fermentation system
mbient temperature

<Pk
RERE
EEE

A
80 o f
RVAY

& Temperature/C

0 8 16 24 32 40 48 56 64 73
KPR AL Days of fermentation/d
B3 ARAEBARABTEFELEENETL
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Table 1 Weight of pigs before and after fermentation (kg)

W A PR

b ZEe
A Initial ‘nﬁkbﬁg Change Average
Treatment . Final weight .
weight value weight
JERERER 1 39.86 11274 7288  112.96=
Thein=siw 5 4029 10768 6739 3%
fermentation system
3 41.66 118.46 76.80
SAERER 1 38.23 14522 106.99  145.36=
Theectopic 5 3915 14136 10221  408a
fermentation system
3 42.56 149.51 106.95

TE AA/NG PR 22 R (P<0.01) .

Note: Different letters indicate significant differences (P<0.01).
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Figure 4 Changes of the pH value of padding in different

fermentation systems during test period
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Figure 5 Changes of the moisture content of padding in different

fermentation systems during test period
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R2 RURBLREPHEFEXHAKE (k)

Table 2 Water amount to flush the culture area during fermentation period (kg)

HH(A-H )Date(Month-Day)  03-14  03-24 04-04 04-14 04-24 05-04 05-13 05-23 4l Total

7K i Water amount 19.36 19.56 19.96 20.15 20.37 19.16 20.48 20.61 159.65

1% WHART]
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