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Investigation of Communities by Reconstruction of
Unobserved States (PICRUSt) ®'%, .1, FAPROTAX
RERG T 16S M PP o1, VERERR B 55 W WoT R KAEY)
BRI AR A T RE,  CIZMET N ] T HEAT S, T —
U FR R HENE B B A AT S e AR P HE R A D EAL AR o

B, AHTIT B LR EETE O B ORAEAT . AR 54
AT TR = i AL B s Tk AR PR PR S 0 A g i R et B
B3 HE AR R A BT S FE A TR 2 1 5 AR A R B AL
file LI E A BT Sy JE B T S AT IR S R b
WA R R b HEJE JE SR AL R o s 7E b3t B, A
FAPROTAX #1 16S rRNA i@ &I PR, it f i
PR A VIR S5 K 5 ThREIE,  JF s & ik e A 23R
TH IS A B AR HE I JES AL O RS R . AR T 4 SRR R ok
FUE . P e A B A L AR S 7 o o S B PRI 4 5
AR S

1 MR5RE

1.1 REHR

ARG DUBE R b S AR N HERE k), 3% B I AR R 754
T K FEFF A G SRR 3 Fb b 5t X8 IR A R 54 90 1)
VE NSRRI, BEAT U R A S R 7. b MR R 354
T IR T SR AT R A I [ AR BT R R BT AR IR
HE AR S R b B G, BORFERE . mARE
PG JRARE 2 A H B Jb R . R A =]
JHBAR . B AR 28.9% Bi3E. 18.7% /KH . 38.0%
BB 3.0% By 1.4% W AT 10.0% 288k 55 At 3 3
GEriE) Hp. HERERT, ZHBrEk. 408 LBREA
Al PR . FEARRFEYD . KA AT A0 P OB AE 3R 56
KT I R4 2~5 em.  HEREYRL 4] 46 70 AL 4%
MR 1 R,

=1 HERNEREEMHER

Table 1 Physicochemical properties of composting materials

JEOkH BB EOKFEFT EREFY [EJJNGSS
Raw material ~ Kitchen waste Maize stover Green waste Watermelon vine
A~ Zra
S
Moisture 78.83+£2.80 9.00+0.20 16.60+0.40 21.20+1.30
content/%
SR
Total 4440+290 4577+2.11 4878 +2.68 29.78+1.13
carbon/%
S
Total 2.83+0.32 1.04+£0.02 0.48+0.01 2.00+0.11
nitrogen/%
HRAEE®
C/N ratio 1569 +1.17 44.01 £3.24 101.63 +3.27 14.89+1.12
e
Protein/% 12.00£091 7.20+0.71 6.50+0.31 9.70+£0.12
b
HEI:‘E}E 1190 +£2.14 10.90+2.37 9.90+2.32 11.10 £2.47
e
Starch/% 690+1.24 3.50+1.42 0.60+1.23 7.10+1.12
pH "
pH value 429+0.01 556+0.01 6.78+0.14 7.68+£0.22
HE
Bulk dqulty/ 752.63 +8.23 183.0+5.49 431.50+4.72  526.78+9.28
(kg'm ™)
YR
Cellulose/% 26.8+0.42 30.6£0.12 27.0+0.21 16.8£0.14
R
Hemicellulose/% 146052 19.1+£021 14.6+0.42 9.4+0.32
KD
Lignin/% 102+0.41 19.4+045 26.0+0.41 8.0+0.72

v a BETHREE, bAETEE.
Note: a is based on wet weight, b is based on dry weight.

1.2 RERE

TR0 W 2% K S0 = 2 I HE IR R B, A U BUR
120 L. KEGER &I, HrwEmANLR, HT
SR EEFIRANFERIR AL R8s . RIFRER R ES —
AN DRI — AN R T TS e O . R OSSR,
YeRF AT LR, B R REGE G 5 om AbIC B 2 FLANR
(FLAZ 3 mm), [F]H B SCHEP R GRAIE 38 518 K
1.3 Rt

AR ILEE 4 DM, DURTRINERE A X 18 4 7
GEA CKD, Hofth 3 AN b2 DB R B AE A R, 4051
TINGE AR B 250, 78RR R R FEFTAE A fkh it 47 HE e
BRI, 298N GW. WS H1 CS. BT 0T 0 45 1D,
J&T x b S RARRH S I e B B BN 17:3 (TR,
i XGE RN 0.36 L/(kg - min), FER A ESE K. AHF
FOHEAEE I E N 16 d, 32 BRI S N 28 HE AT 52 B TRE
BAT I — IR R B, B P2 iR L. Rt
g R K HEARIREE, Al fEHEREE 0. 4. 8. 12
16 d #EAT N T8IME, R 2 5 BURREAE YRR A )5 BLZ)
500 g [EAAFES . FEGIY N 3 4y, Forh— R b AL A
16105 C 4F N, MEmrl&KE; — Mg E
=20 C vk, T YRl AR HAL R bR AN A W R
brs B ERRT, SmwEEnEmiE. AR, K
JRE. BB (TC). BRELL (C/N) IR R 8hr .
1.4 MEFFE
1.4.1 PS4

HE AR R R R K AR B TE, B d e SR e
3R IR B R AR 45 A R4 X (Biogas 5000,
Geotech, FE[E) JlE. S/KRMHEHBFETT 105 C K4 T
Mt FE FRE W E. C/N A TC H 7T & 45 #1AX
(vario MACRO cube, fE[E) #ETIE .

pH{E. M 5% (electrical conductivity , EC) . #f
FREZFFEE (germination index, GI) {EIME: K HEEFE
AT ZE AR L 1:10 CRERRIEL) (5 & AR R Ll it 4T
RA, THIRRERIR 30 min 5, JHERIE40EE, B L
TR S EE AR RE S AR R AR . o pH
LA EC f 43 5% FH PHSI-4F BIs2ib s pH i+ (FHEL, T
) 1 DDSJ-318T & v 24 CE ML, +HE) WE.
GIIES I CHHLIERL: NY/T 525—2021) brdE, 7E#H
AUEARE IR NN 5 mL 3238, BI5TON 10 R g
NRpF, 3 bMg. SR EE 4ANEE, XRNE
WK 7E 25 C MBS R A B e R 77 48 h, I EAR KA
guitkR#EEE, @I LI ARIHE:
ﬁ%ﬁﬁﬁﬁ;ﬁﬁﬁﬁ%ﬁﬁﬁﬁﬂﬁmwi

FB T IR R IR x100%

1.4.2 HAHJgas

YR, LA R. KT EAEH A% A
(ANKOM220, ZE[E) i yuef-4El kN e, FRE
(5+0.01 ) gtfah, MIABRMEBEEFT 1 000 mL f5 & W
1 h, HE S 300 mL 90 'C #uK¥ExkZ ik, FHANR
e 2~3 IREBIEMTG s T 105 °C A ML 5 h, ¥
HEMHREIFTE.



%13 3 W EA

AR FES T A 33 NS AL BRI 520 5 A P 3R sl L ) 193

AR K 2B R BB &, B (2+0.01) g
REVERAE, AN A TR L) 20 g, TibKi BT,
FAE (100+5 ) C T4 30 min, J5 & EBFE NJELRTE N .
IR AR T TN 2 QB2 28 I dh 42 120 PN AN I (Rl i e 32 7K
BT YOG B TR, B, EEL EEESNE
eIk GRZE<2mg).

FEE PR YL e ZEI e, FREL (2£0.01) g mor
TR AR, IIABRERET 0.4 g TRFRHH 6 ¢ MR
20 mL TyHAY AT VAR IR S 420 °C 5, 4k
ZLVHAL 1T h, BEEFTEAGE R 2 AR 0E B S
AH, FHIMAKS0mL, THIFPIKEEI (Kjeltec 8400,
Hd) RZETE. EBIINE. T A S s A .

R VERE R (volatile solids, VS) I %E K #1463,
BRI RE R AE D B4 (550 ) CHHIREERE, 8
PE kB H (VR B
1.4.3 JERFAFATIEY

Z: 2 HE O S AL AT AH DGR 78, e G0 T S B
Jo R SR s g iU 22 W R A AR b g e e,
B2 0.5 mL il % 47 1) LB P T 50 mL A=,
A 9.5 mL &K, BAEIA 0.5 mL 48T, #A
Ja AN 20% 1) Na,CO, ¥ 1.5 mL, A7 RE G ES,
7E 30 C BG4 FCE 0.5h, 25RO R BN
TR HE L 58 OGRS FH R A0 T W43 e FEAX
(B, JED, 7760 nm FlE, &AFE S -F47 0
5E 3 R

IR R B = b kI e, SEE 1 mL A A
W, BN 1 mL pHH N 5.4, 2 mol/L i BR 2% i i F1
I mL Bi=F R AW, BAET 100 C K Fm# 15 min,
JE FHERAKAH ., JHE 5min J5, A 3 mL 60% 2B H
B, REAIE . WOGAE N E R KA WL et A, 1
570 nm RE CERAIEELE 60 min PNFRE) » ZIEER
B bR E R IR S e . B JEREE 3, 5- M SE K
¥R (dinitrosalicylic acid, DNS) Ebaidii g™, mHx
5.0 mL B P 8 A5 R 4 HE VR 5.0 mL B T A ER AR 2V
BT 150 mL #ERES, /K 10 mL, ONBEFSER, MIE
SE T N HG TR AA AR D 1 mL (KR RE A TR E R
£ 2 min WINAREENE, OREFIEIE k2L DL 2 o/1 1) 38 B2
S, APNTEENIGRRZE:, LR RERER AR

W JEWES AR AR 2 iH S5 . AIVE 2 R
FARAMAT W e BEA, I8 BEORR Lh vk T, HERF AR
U (24£0.01) g #F 5 FH SBREVTUE Z 08, SR )5 H#OK 3 I
EARTTTE MR E A 4 250 mL, P JEidug, 5304500,
H & I PEAR T 28, 7E 620 nm YR KR, W EWROGRE,
PR HERT LR, 500 AR RO ERE . AT SRAGFE i
A S R
1.4. 4 RIS,

JEHE)R (humus, HS). JEFEER (humic acid, HA).
B BB (fulvic acid, FA) A# & . Chumic acid/fulvic
acid, HA/FA): HU 1 g XCFHE & T 20 mL $2 U
(0.1 mol/L AE A5 0.1 molV/L MR 4N (KA L
1:1)), T=EEZM TR 30 min 520 (4000 r/min,

15 min), A 0.45 pm P8BS UE BIGW (RIE BIERIE
). WEEL IR EREE (RREBETLE),
TRE 4 WIERUE 3 2 BD S HS ¥ . WEL 20 mL HS %
W, FH 6 mol/L hFRIAWIRILZ pH (N 1, o ditt)E
#E 12 h, XHAE 4000 r/min 247 F &0 10 min, FA N
Frfs BiEwW, HA RULGE. Frf3U03E A 0.1 mol/L NaOH
Wi 51538 HA VA7, HS. FAFI HA S EBHRH LA
#HlH% (total organic carbon, TOC) 4r#1iX (SHIMADZU,
HA B E AT W5E TOC #E47 R, HA/FA A5
' HA &85 FA SR .
1.4.5 AN ZE

AT IR YNGR B RS 5 A BR A 7137 168
RNA =@ 2 W7 . 5%, {8 H FastDNA SPIN Kit for
Soil DNA ##i7£ (MP Biomedicals, USA) MEES 12
IR ZH DNA. $2HU DNA (1) )57 5 R0 94 FE 5 FH B i 4 e
Jiz B ¥k FH Nanodrop-2000 Y 1% 4% (NanoDrop technology,
Wilmington, USA) #fi i€ . i FH 4H B 38 FH 58 & Bl B e B
(PCR) 5| # 515F (5'-GTGYCAGCMGCCGCGGTAA-
3") M1 806R (5-GGACTACNVGGGTWTCTAAT-3") *f
YU 16S rRNA FE[K 47 PCR ¥ 3%, 4R J5 7F Tllumina
MiSeq - & LI FF . 48 F QIIME2 % i X} R 46 I /5 % 4%
HAT A BEFN A3 BT, SRS 7P 5 Rk (ASV) 1)
FRAERPY, SR 5 7% )1 25 1) GREENGENES 13_8
BHEEXT 5, PAIRISIE T 99% AHALIE KT (1 4 28 £ Y,
SR 5 8 QIIMER ReAiE 3R 40 11 3o I8 4 75 Yo 1 2 bk 4k A 1
SHRIE A BE G AR QUIME2 H (4% O 2 BE M SRR 1T 5
LR AR BEAh, Al FAPROTAX 0¥ 1 5t 4 A= 9
FEVEIHRE AT TN, K5 C IR A1 HLTE B A AH 2% 1)
Y B8 T REEAT SIS AT -
1.4.6 ISV Ik

WX 4% 3 B K] Cytoscape (3.9.1) H1[f] “CoNet” |
FARR T, 4 65 B A 5 0 35 v 2 R PRI AR G, AN
R Z 1A Spearman A % R W BN 0.7 (P<0.05),
RENF AR W %, FIF Gephi 0.9.2 BEAT 45347
HARHHREHH Origin 2022 £,

2 GER55H

2.1 HWREEREEARELHFETL

EHERE AR, WAk CS. GW A1 WS 4b#E A
HAPIREEA S, BWELTAHER. &R, %
BB AY (F 1. Mtk F, giE &% CK
AFREHERE L FE R R ML B ETHE, FERHTE AR
PR SRR ABUEE, T ECE A LLIEHE R N 2K
PG IF BRI A BB m IR E AR A L4y, M
T e DA A2 3 B W AR AR Bh AR ), Bl
BUST AN T B A 8 ARk f A B HE R S 3 R B IA )
55 CULE, #EAN®IER, HEE 9 KRB EHIERE
(>75°C), MJEZEHEC. EEERMZE, BDInge
ACERAESS 4 A6 8 RIIRE BB B, wlRE&Z i
TRIMESE MR 7 HER R O, JEEBTRS T hReEY,
MR HE T A WU — 5 R R 10d 5, iR
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BT, HEMEHARE BENERE LT, RS ®
AN FEA AR C 4, HEAR O HE NP IR 2 . A
T AR R FE A ANTE AR, N KRS AT AR B A S e
BEMERTHE, 9 RAA 78 C ML E, HEZTEK
A TR) iR I o 3 AT RE 2 T KRS AT U (R FE /K PR AL
BREEM, o T OB XA, AL T iR E ) A B
TN T B A= 5 A5 LA B B A A P4 . i i T el
R RRRERE R, T GW AbETHE SR AR
BE. AT, BT rNCE &8 A S S A L
Y, 18 WS ALEEYERT 4 d FHE L (HEEE 5 R EA
SYTEHEREHT 8 d M PRI B AR, (E15 WS Ab 3 (15 FE 3
T HADAEE . O, 5 A M ARSI 5,
THERE S FEA N VIR AR T EERIH O, fE N & 752
e, RIHEAAEET) O, & SRR RIS (- 1b).
ET GW Al WS 4bHE, CSAbFEEHEAERI S 12~16d
O, & BAN AR, HE—BUEsL 7 T KRR NG Bh T2
BEHERE I AR AU AR, AT A HE A iR

-o0-CS -a-GW —=<-WS

i /% Temperature/°C

F5F ] Time/d
b. 0,5 it

b. O, content

I ] Time/d
a. R
a. Temperature

10 T~ s
= E
z 8 g2 4
Z 6 2E 3
.___-/l‘.———l m >
= ¢ #E 2
g i
e B!
. . . E . . .
0 5 10 15 ° 0 5 10 15
5[] Time/d I 1] Time/d
c. pHfE d HFE
c. pH value d. Electrical conductivity
= X
E 50 E
o 40 ®E
=}
gy =2
W3 0 & 2
ES M g
T‘: 10 &g
< . . . z 0 - -
& o 5 10 15 A 0 5 10 15
5] 1] Time/d 5[] Time/d

£ FhF R 4R R
f. Seed germination index
iE: CK. CS. GW. WS 7 A9 AT SRS R kR 4
VG R AR A HERL AR B, R 7.
Note: CK, CS, GW and WS represent treatments without composting auxiliary

materials and with maize straw, garden waste and watermelon seedling as
bulking agents, respectively, the same below.

B 1 Aotz R AR AL

Fig.1 Changes of basic physiochemical characteristics during

e. MK
e. Total carbon

composting

Br CK ALFRAL, HAd AEFE A HER pH (EAEHENLEE —
HEIRZFE FIHEY, HRZdaTRe (B lo. ¥
AT pH AR AT e T B T R R T,

S HURRIZ N & Bk R P2 2B 1) NH; FPRIRsl, (75
EEMAZ, WS AR pH AE/EMEAT 4 d IWIE T2 8.0
PLE, T CS A1 GW AbEEfY pH B1b AN 3, WREEH
THRBH S HEEZ G BEMANE (K D, B
NH; =4, M 7 AR AT, BC {H 2 mEY)
AKMEBERZEZ P, 5 pH EARF, FraaInie
AEHR LR EC SRS R o sh TR (B 1d), E
BZ T NH, S TR T LA o LA NLIR . &
JEHE S /N o T OB A N R PR R BT R
KAEFF RIUF B A5 0, R i A K B PR 4
T RIS, FRERE TN YR E R, BT A
CS AbFRF) EC {Hf HoAth AL B 5 s, B HE I 2 o
I, PR INAR R B 4% pH AT EC BB &4 FUIERFR
HE (NY 525-2021) 6

EMENELFE T, BEE AV AR, I naEiY b
HTCHEamETHFES (K le). SR, CKAH
1) TC T EMABNHRS T HFARE, FELHT
ali B R BRI R, MERSEMIEUE, A YIHE DAAE
W, AT BR ST A VLR PR . A2 R, CS b3
(1) TC & EAEHEALHT 4 d W35 TR, TIREZ BT B KFEFF
B FLBR 25 M RN R I LE R T AR, A % o 1 1 HE i
P E 7S, AL AT A A K,
Hesh A LR A R SR, BB HEAEREAT, CS ALFEM
TC S EZH &, HEHEARLE R & T H AR . X AT
A2 R R N KRS AT 58 A R T ot A S e AR ot 72 2 b
SN TR ST R, W e A 2 [ R0

WINHE & AL PR GUE Y AW BT (B 1D, fE
HE B &5 SR IAE) 80% LA &, 3K BH HE AR 2 0E 2 8 BobR v
(NY 525-2021) . #LLZF, BT CK &b hH ML %
fRoENe, HAFAE KEANIER, M PR & 7 Fe 75 &Y,
SEGIHEHIGAART 5% BT HABGR I EHEEE, CS
AEPEAE MENE S5 R BB GLE (139%), 7l #e 2
5[ e o N R e =W D e /N bredy ) R = T
T HE PR SRR
2.2 BHNASSETK

T2l BE R b3, NI R ) 38 s (e it 6 ik 4
WA AR A HUR PRl b . R MEE 2, €S,
GW il WS b M A WilE. FafERMAgHER S
AR RPN S, FHAHEIERT 8 d R e NI E
(] 2a ~2d). XATReZ2FAMER. WG, 4R
T2 Z B A 5 B itk TR L 7 A JE 308 1R s 1L 3
REMs B E ML e R B AR, MIELZ R, BFARRE
i, AR TR, SHHEMEERIE
IR A BRIE ] (55 4~16 KD (KB 2e). Hd, WS
WAEHERERT 8 d, HEA S & THEER CS. GW &
HEEE, AREE RO B AR AR 2 5 B R i (n
TEAFRGER ), BEHE TG A AE PR B IR A
T A L T P AR X bR, SR T, AR T WS 4k
FH, CSFl GW 4B AR 474 =& B N R E &,
FEGIE CS ABEIU R B35, AIREAE i TR B AR i 2F
fR o Epm R, $&m 17 F ]
ek, B RT Ja S 6 b A i FED,
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x
R
g X
= 3
T ke
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= N
£ 6 232
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FF 7] Time/d Hf 1) Time/d
e. KRR £ RN [
e. Lignin f. Volatile solids

B2 EaRmBCEledEA IS EF R
Fig.2 Changes in organic components content during kitchen
waste composting

TEHEREEFE A, BEER AN WA AR 44 = 11
B fde, MEACYDREID) VS Bk 2R RS (K20 . M
BT H A AP AL B, GW 4B (1) VS FEIRFE R BN, &
ERFEAEMKE RS ERE SRR ESARE,
AT A YR, M2 F, INEKFEF G CS
AEHR R RIE T %, S HEARIEFE VS R R
2.3 HEREEFEEELTK

AR I, HE R IE AR oG WL I B = A |
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Effects of agricultural and forestry wastes on humification and its microbially
driven mechanisms in kitchen waste composting

SHI Tong'?, CHEN Jie!, QI Chuanren’?, LI Guoxue!, LUO Wenhai'?, XU Zhicheng'**

(1. School of Resources and Environment, China Agricultural University, Beijing Key Laboratory for Prevention, Control and Remediation of
Farmland Soil Pollution, Beijing 100193, China; 2. Key Laboratory of Technology and Models for Cyclic Utilization from Agricultural
Resources, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: Carbon-rich agroforestry auxiliary materials can be regulated to improve the humification and quality in aerobic
composting of food wastes. However, it is still unclear on the effects of different auxiliary materials on the humification in food
waste composting and their corresponding microbially driven mechanisms, thus limiting the effective selection and utilization
of auxiliary materials. Herein, three typical carbon-rich agroforestry auxiliary materials were selected fromdifferent sources,
including garden waste, corn straw, and watermelon vine. A systematic investigation was then implemented on their effects and
mechanisms on the organic humification in food waste composting. Some parameters were then measured, such as the organic
matter fraction, humic substances, and their precursors. Moreover, the high-throughput sequencing and Functional Annotation
of Prokaryotic Taxa (FAPROTAX) database were also used to analyze the succession and function of the microbial community
during composting. Results showed that the addition of 15% corn straw (wet weight) effectively adjusted the matrix structure to
enrich the functional bacteria and thus enhance the compost maturity. Specifically, the watermelon vine with the high protein
content was promoted the rapid temperature increase at the beginning of composting, but unfavorable to maintain the
thermophilic stage for better product humification. In contrast, the garden waste and corn straw addition were enriching more
bacteria (such as Ureibacillus, Bacillus, Oceanobacillus, and Flavobacterium) for the xylan and cellulose degradation at the
thermophilic, cooling, and mature stages. Such enrichment in turn promoted the conversion of organic matter into humus
precursors (i.e., polyphenols and amino acids) for stable humic acid production. Especially, the corn straw as an auxiliary
material promoted the humification by 75%, indicating the accelerated degradation of organic matter. Anyway, the corn straw
can be expected to effectively increase the bacteria with the lignocellulosic degradation function.

Keywords: composting; microorganism; kitchen waste; carbon-rich agricultural and forestry wastes; bacteial community
structure and function; humification;
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