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Mechanisms of bacterial community response to hypothermia—enhanced compost start—up process

XIE Xinyu, ZHAO Yue, ZHANG Shubo, YANG Hongyu, WEI Zimin', ZHANG Xu, ZHAO Li

(College of Life Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: The response mechanisms of psychrophiles to enhance the bacterial community in northern winter organic waste composting and
ensure rapid start—up of organic waste composting in cold environments was explored. This study conducted a rapid start—up experiment of
livestock manure compost enhanced by psychrophiles. Moreover, combined with 16S rRNA amplicon sequencing technology and
bioinformatics analysis methods, changes in piles temperature, microhabitat factors, and microbial characteristics were determined to

explore the role of bio—enhanced psychrophiles in the start—up process of livestock manure compost and to investigate the microbial

RS B #A:2021-09-26 A HHA:2021-10-08

YEE B DT (1991—) 2o, BIRITAER A BIZE WML AE YIFSY . E-mail : xiexinyu@neau.edu.cn

HEEEE LAR  E-mail : weizimin@neau.edu.cn

EEWA : [F AT A ITISTE (2019YFC1906400) 5 [ 5 A #4822 Ak4: 00 H (32000083, 51978131,51878132)

Project supported: The National Key Research and Development Program of China (2019YFC1906400); The National Natural Science Foundation of
China (32000083, 51978131, 51878132)



m@g 2396

RARERZ2E - EEFESHNEET

F40EF 115

response mechanism of the composting process. The results showed that the temperature of the piles inoculated with the inoculation

treatment (CT) rose rapidly to 20.0 °C at 18 h and quickly crossed the start—up period when the temperature of the uninoculated control

(CK) group was only 15.8 °C. The temperature in the CT group exceeded 50.0 °C at 36 h. The treatment group that was not inoculated with

psychrophiles could not complete the rapid start—up of the composting. Moreover, the rapid decomposition of organic fractions in the CT

group provided sufficient thermal energy for the increase in composting temperature. It was clear from the changes in community

abundance that psychrophiles were biomarkers that promote changes in bacterial communities and that inoculation with psychrophiles

activated the evolution of bacterial community structure during compost start—up. In addition, the results of the variance partitioning

analysis showed that the interaction of psychrophiles, physicochemical indicators, and bacterial communities were the dominant factors in

the temperature variation of the compost and that the temperature variation of the compost start—up process could be regulated by

increasing the abundance of psychrophiles.

Keywords : psychrophile; composting start—up; microbial community; winter composting
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Table 1 Physical and chemical characteristics of raw materials

Jk PR B Z TR R R J5¥ =N B L
Raw material pH Moisture content/% Total carbon content/(g-kg™)  Total nitrogen content/(g-kg™) C/N
X143 Chicken manure 7.45+0.02 66.42+0.32 281.22+1.34 19.71+0.07 14.27+0.10
FH5% Rice husk 7.10+0.04 3.68+0.12 384.71+1.93 5.64+0.09 69.51+0.12
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Figure 1 Diagram of composting set—up
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Figure 3 Dynamics of microhabitat factors in psychrophiles—enhanced winter compost start—up

1o X 45 b 22 ) B 1 R AT 3 AT R i S AR e 22 T 1Y)
AAAPERS [ Sa M 45 R I A EHENE R 4R .36 h 2 48 h
B 41 B B 745 NMDS 20 M 235 2R o i 2o Fe 345 21 45 A1 4B
BURE B (1) 55 22 ) f9 BF 5 A8 fL AT 0, CT 415 CK 4148
Lo, A e S R e T IR AR AL HE IR %
P IER P e L CT 4L 20 TR R E Y 55 C K 4 0 %) 200 R
EACTEM B 22 5% . CT AL, 53 B ) 0 32 v U 1)
TELERY AR EL , 36 h K2 48 h I A HE AT e V% 45 1) 2 S 4
Ko &5 R AR R RIS T iR S5
FAITEE AR .

SIMPER J2& 3t F 43+ fff A [R) 0 A= W e v =2 1) 1) 22

SPGB B SRS Y Bl RE AR ) 22 5 Tk R 0
TR R LA B RS A e A o 3 AR T R A
YIkREY) . WK Sb T 7R, Enterococcus 7E CT 2 & CK
2 H R R v TR AT e TR o (AR R,
CT H Pseudomonas . Psychrobacter X} B V% 1) 8 £ B AT
i DUARBEE L B WITE CT 20 Hh IR 8 0T TR % 2 A 1Y
U I HEAE F , J T AR P i RS UL T s
) AR S
25 REFE BN HIEERHEEFHAEHESEER
FHm Bz i 5%
Ry ik — 25 R AR Tk T 5 A M N AR i P AN [

WWW.Qes.019.CN




m@SMW RAUFBRZZR - BEFESHEET] LEPNEL-BEE:
1 0
(a) (b) [
0 0 2
36 |cr % |cr H2
48 i/as]
48 I Z
0 0 ‘J;%U%
36 i g
CK 36 | cK [H &
48 48 =
S . . - S
4@@@& @é&& S &S \ée%@"% o’@%o%&" @ \“\o“o ‘W o& o (\w‘“ o \““\\;é\ \\“ *0*‘ \0\@ oo*s o \000 & \@\\0
& P o @b& & \S @)-(0‘ A 07 AR o 00 0 A O xo \\ 6 PO
NGERISISIOER, W S e e o 5\ S Ao
I FHAEES ¢ e @ T @ SO
& & ﬁ ¢ S &
& & R 3
&
Q
[17K>FPhylum level M
c
(©) (d) W Weissella
" Kurthia

W Firmicutes

[0 Proteobacteria
Bacteroidetes
Actinobacteria

0 unidentified_Bacteria
Cyanobacteria
Verrucomicrobia
Fibrobacteres
Deinococcus-Thermus

FEX 2 F Relative abundance

FHX & Relative abundance

Lactobacillus
Carnobacterium
Enterococcus
Jeotgalibaca
Sphingobacterium
unidentified_Corynebacteriaceae
Psychrobacter
Faecalibaculum
Romboutsia
Lysinibacillus
Desulfovibrio
unidentified_Clostridiales
Staphylococcus

48

(=}

36 480 36
HE AT IR 7]
Composting start-up time/h

J& /K F-Genus level

KFHBERHEEPARIETU

Figure 4 Changes in bacterial communities during compost start—up at the phylum and genus level

Tenericutes
[0 Others
0 36 480 36 48
TR AN 1)
Composting start-up time/h
[17K*FPhylum level
4 INMERE
(a) Ob
36a
0.05
Oa 482
0
N
92)
a
=
Z
-0.05 48b
-0.10
I 36b 1 1 1
-0.40 -0.20 0 0.20 0.40
NMDS 1

[ Psychrobacter

W unidentified Corynebacteriaceae
[ unidentified Xanthomonadaceae
W Weissella

W Enterococcus
B Jeotgalibaca
B Kurthia

B Pseudomonas

(b)

SIMPER/%

NMDS 1

5 EEEEEUREMIRED DT

Figure 5 Bacterial community changes and biomarkers analysis

DR 20 3 B2 728 A B S AR B2 DA R A A DAy R Al ¢
FEAS AL A 0 21 LAt ol A 356 TR 1~ CA LA o022
At (ECFI pH) HE R T s = 8 722 1 % 240 T A v X il
JEARAR I UK SR FHPY . VPA 45 SR antEl 6 i . CT

1% WHART]

g, DAERAS DRl i R et AT, 2 o R A AR I A
TR i BB 17.3%(P<0.05) , A= 355 I8 7 K 440 1 1
T A X L I R AR A 1) A B AN 0.2% 12 6.6%
(P<0.05) , 3 AR T4 Fh B 6 IR R (R 5 o Xo iR R AR

wr



T 55« R TS N RS0 T o 0 R 0 B 2401

(a)CTH

PR
17.3%

A5 M A R 1) R PR 28 R Bl S5 TR 7 4 P el S A
TV WSS AR AR DGR B o 27.1% (P<0.05) o T
CK AL, AR BRI A i A7 7E , H = B A BAIC, X
CK 4B EVE A B . I, CT v e iR
B AR Ak L 7 B AL B = 2 5 ), 398 0 AP ek o
B4 = B AR A AL A AR IR R 5 ) e S

3 iFig

3. RiRHEREERAEPFRERNEREETHN
=AU

IR E ATy XA Z S TE S TR B T, A
BIL7 I HENE IR AR SR AR, HENE i A2 . 2 A8 Sl 2
155 1k, 38 3 N T B 5 vk e Rk Y I B T T
20.0 CLA_F, W2 AU B sl AR | 38 mT Bk B iK%
e ONFFHEMR B AR A )20 b, ARBF 5T B I
T TEMCIR IR BT o = 06 P A L34, SR AR i AL 42
(A7 =X, A e ) T PN R Re AT AL I Ak 2 BB b N
AR, A HE I T ) TR RO SR A AR KA R
PR A K B R AR A S B R R U W B BT RRAR
G, S S P B DL R ) BT AR R,

AWFSE R, BRI AE 5.0~10.0 °C,CKZH1E 72 h
IR E) 20.0 CA AT, HYERFEZ IR LT 2R
TRIRZE A, U8 BH 78 AR BRI IRTRL B (A I 0T, e A N
TR B2 R T 280 A W 0 E AR . BRI
B CT G20, HHE (AR B vl R s T 3 2 20.0 CLA I,
IR EN K Z B0 TR B Y RE A K A TR, RS HE A R
R 2 B0 DTG S i Ao B 43 I A T B

(b)CK

[D@RISES

AR
&

o

1.2%

(CESTISER

& &
P R
3.2% & 1 24 45 1
R e
SEH MRS
15.4%
PR T I
2.1% AR

11.2%

T A HRE T 11.0%
6 HEREXHLRREHEZEEEZmNE

Figure 6 Values for the response of compost temperature to factors in the compost start—up process
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