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Dynamic characteristics of the composition of the fungal community in a novel static composting system of
dairy manure and rice straw

ZHANG Wen—hao, MEN Meng—qi, XU Ben—shu, XU Xiu-hong", CHENG Li—jun, MENG Qing—xin, DENG Li—ting, JIANG Xin, WU Xiao—
tong, SHENG Si—yuan

(College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: In this study, a novel static composting system was designed to deal with the disadvantages of traditional composting, in which
dairy manure and rice straw were mixed to prepare the compost. A high—throughput sequencing technique was used to investigate the dy-
namic changes in the composition of the fungal community during composting. In addition, correlations between the composition of the fun-
gal community and the physicochemical and germination index(GI) indices were explored. Analyses of temperature, pH, C: N ratio and Gl
during composting indicated that the compost reached maturity after 17 days of composting. The results of high—throughput sequencing
showed that the fungal community structure and composition varied significantly at the different stages of the composting process. Wallemia
and Trichosporon were dominant in the initial and mesophilic samples, and the genus Mycothermus was predominant in the thermophilic
stage. Coprinus and Unclassified Ascomycota were most abundant in the maturation stage. Analysis of Spearman correlation coefficients
showed that the relative abundances of Wallemia, Scedosporium, and Trichosporon were positively correlated with the moisture content, TOC,
C:N ratio, and NH;=N(P<0.05), but negatively correlated with TN, NO;=N, and GI(P<0.05). On the contrary, the relative abundances of
Coprinus and Myceliophthora were positively correlated with TN, NO;-N, and GI(P<0.05) and negatively correlated with the moisture con-
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tent, TOC, C: N ratio, and NH;=N (P<0.05). The populations of Mycothermus and Coprinopsis were positively correlated with the tempera-

ture (P<0.001). This study may contribute to a better understanding of the microbial community in composting and lead to the improvement

of composting technology.

Keywords: cow manure; novel static composting system; germination index (GI); high—throughput sequencing; fungal community
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16S rRNA 5 8 SC RS J5 12 3 A 1 HEAE o 72 rh s A
YR IR 25 A 2 Ak (R X S8 03 A W2 ik oy
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Figure 1 Cross section of the composting system
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®1 HIEMHNEERS

Table 1 Properties of raw materials for composting

HENE RSB FIKR % TOC/% TN/% C/N
L 48.26+1.34 33.68+0.96 1.89+0.16 17.82+0.82
F#F 11.93+0.45 43.52+1.07 0.88+0.09 49.45+3.17

1.3 HABEW UK ClIEFRAIMIE

T HE AN TR) R (I 28 R 1 22 17 10 em A1 30
em) B b CH U )2 CHE S HEARIG S 15,80 em AT 145
em) 1 6 DRI B B H 8RR % 1 3 1140 S
TR BN Z (HE B HEAR AN K107 10 em) Kot (IE S
ARSI 30 em) AN [R)J2 T EE (R F-S408L, TRl B 5%
FoR T S 2B . SRR Sk e E
2 CBIR A1 B HE R RE 5L TE 105 CR LT = 4E A,
SRIE AT A A5 B KR BUE . pH A I AE R o
NEAE 42 12 10 (BT i Wk B ) Ll in A 25 88 7K, R 3%
1 8 5 A RO BT pH A R o AR 4 43 IR
JH B R 25 et P AL I R, W 5 1Y LA
BIRBR AL (C/IN) o AR At 25 RIS 285 U T 2
FEHEEAE 2L 2 mol - L S AV Wi iR 48 , R 22
ML (SAN™ SYSTEM, fif 22 )il & Hof . A1
KRR AT 28 (Lepidium sativum L.) 1]
FE o B HENERE S 175 (R ED) He il A
F B KBS mLARBUR A & A IR AR BE SR L,
FEH 20 Rl 5] 3 A AEUE AR |-, 78 25 CRIE AT
TR 48 ho PRI CI=A -3 k& 2 3k
B P AR /O B F 38 % 28 A8 BEOE ARG ) x
100% , TR+ & 2R 4650, DL b BRI R A0 i A 4
b, BEASFE AT IR E D E .
1.4 EREITSEENF

fdi Fl OMEGA 9 Soil DNA Isolation Kit (Omega
Bio—Tek, Inc., GA, USA) $2 JUHE I A 5 & DNA, F1]
19% Byt Ji A 058 J¢ FL kG 00 ek 2 1 JE L 41 DNAL R )5
PEAT HE AR EL T S DNA-ITS J# 41 i PCR AN . 1TS J
4 5] "4 ITSIF: 5’ = CTTGGTCATTTAGAGGAAG-
TAA-3";ITS2R:5’ ~GCTGCGTTCTTCATCGATGC-3"
P48 25 A 2 95 CHIUAEME 3 min, 235 547 35 416
L4935 95 CZ5 1 30 5,55 CIiB K 30 s, 72 CHEA 45
s, AL W T 72 CHRAIE 10 min, PCRHIH 2%
BT A O i PR VR N R T ) A b SR A
Yy = 25 B A BR A F] A9 Hlumina Miseq PE300 - 5 i#F
7o JEHA B 4242 2= NCBIL SIS )%, B % 5 h .
SRP121517.

L5 £¥ERLE

FIHT Mothur (V.1.36.1) %} J5UiR DNA J¥ 81 347 52
UEAL B, KBRS K A BV FE 51 5 4% BR 97% AR D
PR LA 7 91 3 43 AT B4 53 25 550 (OTU, Operation-
al Taxonomic Units) ; J& T OTU #4755 BEPE £k 40 B7
JFiH45 Chaol =5 JE 454k, # 55 i (Coverage ) Fll Shan-
non ZAEMEFRECSE o A M3 73 B (PCA) 73 B 4%
8] OTU AHRLPE o XF EE Unite (Release 6.0 http ://unite.
ut.ee/index.php ) i) EL R AU 5 , R 1 RDP 43 2545 (Ver-
sion 2.2 https://rdp.cme.msu.edu/) D1 8y 835 %5 97%
FARLAK - #9 OTU ARR 7 AT 70 227 3 M, IR AE &
I3 IOKF b GETT AR il B RV L5 5 F) ] Spear-
man AH P RR B BIF 58 HENEAE i (9 346 & AR 15
WS R
1.6 GEitorih

K F Microsoft Excel 2016 &% 128 XF 5 4 ok 47 4 3
F53HT . I SPSS 22.0 #AF# #. [H 2 J7 22 53 #r (ANO-
VA) #1725 5 i 2 VER IS (Tukey HSD %) , 22 7 0 3
PEKF-40.05

2 GRS

2.1 R EPEAR CIIEIRMTL

HEAE o3 A8 v, A P o AT BILTE L ) AR CO,
FK, FERE R R A ol 3R A b} IR BT
S A 2ok A v IR R 1 8 A T i A T A 1 R R R
A BT 1 AR A A, S35 T e 2 M 7= i 1) 28 8 A
JRratel ] 2 3o HE R I AR R IR B ARk, IR HRR]
DL, A2 00 1 7 R R T 46 I Yl T
TEE 3 d 43l ik 3 55.8 CCH159.8 °C; SR Jm i P I
TR IFHAES 6 d 35 2 e S i B, 430 56.9 CHI
61.9 C. AMNZFIrFLO AT NS 3 d HEIE 12 d PR
FRAE S5 CLL L FESE 12 d ), 1R S 18 A 3
HEAE A B R AR AL R B T =B B s (1) THEH
(550~2d);(2) BIRI(EE 3~12d,>55 C); (3) [l
SOBE I (55 13~17 d) o M3 [ 2SI F AL TR
{fE (GB 7959—1987) ¥ , HE NE i 4 1) Tt i 4 201 36
50~55 °C, H-HF8E 5~7 do ABFFE SN2 R0 T E
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HEEE9 dREFLE 55 CLL L, BT ATCIE HE AR L 1 412
W HAR IR S hn it

SRR b i v B3 UL BE A 1 L A A i 2 R o
Wil 2 HENE A AR, pH AR B R AR a4, SHEL )
R B 8. 7T AR L HENEZE S , pH i 2 R % 8.32
(P<0.05) , 328 FHEN A A 2k 0 0 A QA P 2 B
AR R B, AT B FR, 2 HE AL Y pH
FEl7E 7.0~8.5""%, AN S fie 2K R 7= 4 ) pH A8 I 75
A, CHS pH AR B 2 AL B A o 5 34 B 3l R v 5 7k o
TREEREAR A RS HERE K 53 F B W) 1Y 72.0% 5 2 A
% 51.0%(P<0.05) , {HJ2&— R B HENE 77 b 5 7K ot
N 40% FEAT" 3K g AR B 5 A B R A
SHENE , ZEHENE 2 B v JC T UEA T RRME K B b
AL bt 5 2 HENE 7 ) 5 K A R 57 o

Bl ST P R e S R A I T S R
Ha . 7555 0~2 d, B AR & M 864.8 mg kg™ i
# FIF%932.2 mg-kg ' (P<0.05) , W55 4 d T 1, e 25

I BE Temperature/°C

Ao P (P<0.05) , IF7EHEAE 45 o i
AL, M 311.3 mg-ke ' XJ& i FAEHEAE AT, i
A= @A FH R A RN T &R o3, JIr A
BSRGEAW EF . ARS8 B TR e, 54
SRS R, INZ &S R AL S 80 S
REGE TR, fERSREPHEERGER BT
B W B 55.8 mg ke WIS A S HEE
TF 2 HENE 45 5 19 95.5 mg kg (P<0.05) . A fE & i
Fak v TR T RS A SR P I T i A
R A BRI B T 1

B L (C/N ) S22 ¢ 3 A JE 2 11 J 2248 bR, I
AT DL e 3 AT 2o i rh il A A s R A Y A
FEHRRIER C/N R 35.0, HEAE 5 o i 2 2 F#AIK 2 20.0(P
<0.05) , MK A Xiao S H 1 HENEJE 20 C/N BRHE, 1L
HERE 7 43k 2] 65 A NE () Bl &L L AR i o Bl 7 R 2F
T8 (GL) 248 7 HE N i 2R B 1 B AR AR —
K, GLIKF] 80.0% M A5 1 400 25 14k 1) 12 2k FIENE 119

ISNREE S O O FRERE

o 1 2 3 4 5 6 1
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HEAL BT[] Time/d
E2 #EEERERENTL

Figure 2 Changes of temperature during composting process

F2 MR FE PR R GIIEHRIIZ L

Table 2 Changes of physicochemical and GI indices during composting process

Hifal/d pH KR % NH;-N/mg-kg™! NO;=N/mg-kg™ C/N Gl/%
0 8.77+0.09% 72.0+1.6a 864.8+11.4b 55.8+1.4f 35.0+0.5a 37.63+1.78f
2 8.70+0.03a 71.0£0.9a 932.2+12.7a 57.9+1.0f 32.2+1.3a 40.25+1.98f
4 8.68+0.07a 69.5+0.7ab 881.0+8.5h 62.6+1.0e 28.9+1.2b 50.74=1.78e
6 8.67+0.05ab 67.0+0.7b 774.1+2.4¢ 71.9+1.3d 25.7+0.8¢ 54.68+2.05¢
8 8.62+0.09ab 63.4+2.2¢ 658.1+5.6d 81.30.5¢ 24.5+1.1cd 77.14+2.444
10 8.59+0.02abc 59.0+1.0d 553.0+15.3¢ 85.1x1.4hc 23.520.6cd 85.85+1.22¢
12 8.48+0.01bcd 55.0+0.6e 466.2+4.5¢ 88.7+1.5b 23.1+0.9cde 89.04+1.93bc
14 8.42+0.06cd 52.0+1.0ef 388.4+4.8g 89.7+0.6b 21.7+1.0de 92.84+1.33ab
17 8.32+0.01d 51.0£0.5f 311.322.5h 95.5+1.2a 20.0+0.4e 97.70+1.95a

T - P75 T REA R #2553 .35 (P<0.05)

Note : Different small letters within the same column denote significant differences (P<0.05).
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JiE e K S GI N 37.63% W E F &
97.70% (P<0.05) , W e A HENE 77 ) © 62 R AE W) 85
PE IR A RGN Y GLERIE

R A 5 2 PR B pH R A HE (C/N) Fifh 1
REFFEE (G S8 hn2r G HEWT , 48 S5 R R A
AN HE AT AR A B A S+ R RS AT ZEHENE 17 d P LA
fifi 2R 2 HERE R B0 A . AR R s AR 1 [ 4
A R HE AR AR, AT LB IR 25 S0 PN A0 19 A 2 1 E
A HEAR, 7842 1 e (R 2 1 RT3 T (60 em) , fRIE T
HE R AR ALY o TR R o 3R R R B IR Rk A
THERRRMGIRZ M B Xk, S AIE T3
Ab F v R R SR AR A, AT DI S AR A R . R
Ab B HER (23 0 B AR B 250 3.62 m?, 7E 52 PR
A a3 A A A B e 3G i B AR i Ak
FRRE S D B A = S e h AT —E il
#riE.
22 BSHEEETERHENFEEERSHNE

323 0 5AHEREAE S R DAk 3 51 L OTU % &
BR R SASHENLFE S % 38 D 2R 15 191 499
s, H,C0.02.C6.C12FIC17RES H 5
41 43 B4 35 854 .40 426,39 689 .41 227 4 Fil
34303 4%, LL97% AHMIEER 43, 4551 301 4~ OTUs,, L
o, C2FE SR 9 OTU £ltit i =i (216) , Hk Sl CO(168)
C12(126)F1C6(120),C17(44)Feflk . DL F&da 2 BE
FHHENE B HERL AN E] OTU A8k iE 52 51 s s i
R A SO R 55 % (Coverage ) B 11 99.9%,
Tt BH R AE A it b R 2 RS 1 A R AR v, AR vl
J7 45 T RE % 10 FHENE v BB TS 1 LS 0

R EEFRPEEFEESSHEMN

Table 3 Fungal richness and diversity in composting samples

B J7%1| Reads OTUs % ( Coverage )
(o0) 35 854 168 0.999 3
2 40 426 216 0.999 9
C6 39 689 120 0.999 2

CI12 41227 121 0.999 8

C17 34303 44 0.999 5

a8 191 499 301

HEHE 5 A HEAEAE St OTU B 4H AT FE AR B2
S3HT (B 3)  HERE M IR R AR (CO) 5 FHRIIFEA (C2) 2
V1) P9 P 5 5 T, 22 B 5 OTU 4 UM 5 s Tl R A
(C6) FEn iR IR IAEA (C12) B OTU 4 it AT , 2
SEPERE R T CO 5 €2;C0.C2 5 €6, C12 FEAS 6] 22 545

C17

C2

CO

C6

C12

0.30 0.25 0.20 0.15 0.10 0.05 0
B3 AR EARE R P E AR H A R R K E
Figure 3 Hierarchical clustering figure of fungal communities in

different compost samples

R AEZE SR /N T HENEJE BURAE A (C17) 5 HoAt Y
A . BERRBBEAC YR FEAS (CO) 5 THETREA
(C2) OTU AKFARML, JERIWFEAS (C17) 5 HoplAEA
T B AR AP AL

2.3 FSHIET RN EERFANNNEE

AWRITAFATT 17943 H 2R 118 )& . 7E[]
DRI BB T 4N IERE (4N, R TR
I"J(Ascomycota) .$HF [ [ ] (Basidiomycota) &S]
(Zygomycota) Fl & 43 25 H. B A (Unclassified Fungi) o
Forb, 72T E T A REAS AR X 2 8 N 6.259%~
90.83%. MHEAL K90 4h B B (CO) R FHRI (C2),
PET 1A ARRT B 1 6.25% 1N 5 47.42% , LR ReAR:
PR e IR (CO) B 35w (90.83%) , I FLEE
N R AR B A E , ORI R B — ELARFFAE 75.00%
VAL BEEHENDIERS , TRER T B F IR
HF SRR T R IL R RE S 7 M Z R T 4E R P27 4
2R A, AR = O R R NE b ) B SR OT R,
TR BOA X R B AR A TR TR B, AR AL
B U6 B B (CO) A X B2 4 v (83.13% ) , >4 HE JE Bk 72
ik B R Y] (CO B, % 52 7.97% . M\ s il W1 AR )
(C12)TFhf , HARXT F AT B BT IR ORARTE 22.00% A2
o BEERR] TR B RS2 R B R HBOR, B
AR TR AT BTN F R a7
AAETHE Y (C2) Al AR (C12) gloAd: Il 21, HAH
Xt BS54 0.06% #10.04%

TEJ& 732K b (BT 4B) LR 2 s (=
DAE— SRR S AR XS FE B >1.0%) < W8 BiE BK R R
(Mycothermus) A4r 2B FEH# [ ] (Unclassified Asco-
mycota) | 19 5 J& (Wallemia) . & J& (Trichospo-
ron) | A& (Coprinus) . A 53 25 ) 1 (Unclassified
Fungi) . 1 % 4 J& (Coprinopsis) . 22 % J& (Myriococ-
cum) %L & (Scedosporium ) . H 2% J& (Aspergillus )
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Figure 4 Dynamic changes of community composition of fungi

during composting process at the level of

phylum(A) and genus(B)

Remersonia (ZE5C R NP A R ENE) B4 E)R
(Mycelwphthora) AR 2K B A 1 # FF (Unelassified
Ceratobasidiaceae ) 5 T 1 J& (Acremonium ) Fl1 A 43 2%
i) & R 7E B (Unclassified Lasiosphaeriaceae) . JHH1 |
I AR 35K TR JaR 100 R 0 =2 32 7 S S A ) 7 00 7
(49 Tt s T RGN, 7E = iR IR 3 T 83.15% , Bl fE AR X
F B EAR, B B 7 2.39% ., WEEEBR T R
S —FhERILTA , B8 AR BAT A E PERY AR 4T 4E R
TR0 R T A P e o8 R S S ) e T A o5 4 4 %)
P, IFE B PR A BRLT AR E T . R 2 —
M ZAFAE T A B A RITH , 7T RE BN R
A BT R WA R A EBURE R, 7EHENE
BRI R AL A (CO) b, T TR & 5 B A 18 i A X

FEAY 95 57.41% F122.29%; TR (C2) B, 35 A &
J& T K% 2 16.08% , BT & JL-F- A A8 4k 5 S HENE i
FEUEAT 2] & IR (C6) , 1 HH 1 & A1 B A& A 53 5
A 0.17% .0.63% ; 76 HE L E AR 25 AT, X A4~ & L
PRI N B YR A JE A HE R A R (C6) T R
B, AT AN 0.62% , 2 IR A I (C12) 2w b
& 12.39%, W J5 76 8 218 (C17) ik 2] 19.50%
Klamer F1 Baath 75 53¢ SRE G HENE A J5 B A 90 T <=
TS24 Novinscak 55t 4% 18 #4576 HEE 1) )5 1
RIT RAJEY ARG A7 45 J 55 1 S i B 4
HERE S5 R 3R 40 pH FIUK 2> S5 HiAL B 80E &
PEMAERK . K5 ;‘éﬂﬁ%%rﬂﬂfﬁ*?ﬂﬂ;%ﬁﬂ$r“
WK UL HAE SRR SRR Y 5 I R R . R
43 25 0 EL A AE HE R SRR (9 2 B I 40 A, R B HE
NE BB TR KR pH S SRS AR K O
FIXTFHEAE B 2k 2] E X HEWER . 25 Bk,
T JE A B AT R AR AR S A A
PERR B A o R A 8 P BR TR R B I SR
B 5 T O A, R A0 AR A0 S5 TR B T 1M IS
24 WESEPEFRHEARSENLE CIIEIRHE
KXRFT

15 L& (2D AE—ASFE 5 A X = >
1.0%) 5 P4k S G145 #5 2 [8] 1) Spearman A 3¢ 1 $4 4]
WES PR, 25 R LITTHEE R 0Z0 EH AT
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