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Abstract To investigate the effect of the aeration rate on the maturity and humification during co-composting
of food waste and garden waste, three treatments were set up. The aeration rates were 0.2, 0.4, and 0.6 L/
(kg-min), respectively, denoted as ARO. 2, ARO. 4, and ARO. 6. A total of 15 days of aerobic composting were
conducted. The maturity of compost was characterized using electrical conductivity (EC) and germination index
(GD, and its humification was assessed through indicators such as humic acid (HA) and the ratio of humic acid
to fulvic acid. High-throughput sequencing technology was employed to investigate the succession patterns of
bacterial communities during composting. Furthermore, correlation analyses were performed to determine the
relationships between bacterial communities and humic acid precursors, humification indicators, and maturity
parameters. The results indicate that: 1) The aeration rate of 0. 4 L/(kg-min)was beneficial for the decrease of
EC and the increase of Gl, and thereby was beneficial for the maturation of compost. At the end of composting,
the Gl of ARO. 4 was 85.31%, which was 10. 20 and 4. 49 percentage higher than those of AR0. 2 (75. 11%)
and ARO. 6 (80.82%),

of reducing sugars, amino acids, and polyphenols to HA, and also for the humification of compost. At the end

respectively. 2) The aeration rate of 0. 4 L/(kg-min) was beneficial for the convertion

of composting, the HA values of the three treatments were 10. 57, 17.04, and 13. 96 mg/g, respectively, and
the ratios of humic acid to fulvic acid were 0.88, 1.52, and 1. 06, respectively. 3) The results of correlation
analysis showed that the aeration rate of 0. 4 L/(Ckg-min)inhibited the growth of Weissella and Lactobacillus, while
promoted the growth of Saccharomonosora, Thermoactinomyces, Aerococcus, Aeribacillus, Bacillus, and
Geobacillus. It was beneficial for the maturation and humification of compost. In summary, it is recommended
to use the aeration rate of 0. 4 L/(Ckg-min)during co-composting food and garden waste can facilitate the maturity
and humification of compost.

Keywords maturity; humic acid; humic acid precursor; carbon nitrogen conversion; dominant microorganisms
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JkE TAKFEC/ % 12 T © BA /% BR®/Y% B AL
Raw material ~ Moisture content pH Total organic carbon Total nitrogen Carbon nitrogen ratio
S 5 2
R 550 78.521+2.56 4.62=+0.25 42.02+0.42 3.2840.12 12.81+0.51
Food waste
g
P 5 13.79+1.27 6.3240.17 45.46+0. 67 0.25+0.03 181.84+19.83

Garden waste

TE QDRI O LT 347

Note: @ is calculated on a wet basis, and @ is calculated on a dry basis.
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Fig. 2 Changes in temperature (a), and oxygen (b) of composting during different aeration rates
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Changes in pH (a), electric conductivity (b), carbon nitrogen ratio (¢), and germination index (d) of composting during

different aeration rates
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[T (Proteobacteria) . J: H Firmicutes # Xf 2 Jif #
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Ak 3 Firmicutes A1 X =F BEA B B F, 4000 A=
83.10% .83.80% .75.30% ; HE B 28 10—15 K, 34>
b B Firmicutes A %5 3= B4 r N F  HER S5 T
2 61.70% . 66.50% .63.70% . Actinobacteria .
Proteobacteria B AR XS 4= R Z , H A A 2 B 1Y
G HEAR S 1K, 3 Ab B Y Actinobacteria A1 Xt 3=
JE 4301 R 13.30%6,10. 602 . 10. 10% , 7E 45 15 K |
JF % 33.40% .23.50% .26. 70 % s HENB 26 1 K, 34>
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Weissella . Lactobacillus WA 3= B an itk 2z v, 11
TR EFEMAF s m R & TIRAS .
e M55 5—10 KX, Thermobifida . Bacillus . Thermo-
actinomyces (1’ AHXF F B &, FE TP T 3 A4
T H AT T 7 il R . HME R S5 SR T, Saccharo-
monospora W R X 4= BE B, AT RE 2 5 R IE 1
B K

i & 7Ceon] W, 34 Ab PR Chaol 2 3 1 T 4R
Ja RS i 7D UL, 34 4b B %) Shannon
S EFHRE REE R A R e, R 25 AT,
ARO. 4 iy Chaol . Shannon M & F H 4y 2 4~ A B, i3
W B S 0. 4 L/ (kg -min) BF, 45 1 41 3 4500 A
F 8 B RG n.
2.6 HEMNEEMIOAESE A BEMLIBRIEK

v i

ARG =F BE AT 10 20 7 55 1 2% TR B A 4 A G BB 43
Br L3R 2, MEAC b2 rh , G ) 25 5% e w44 1) e 4k
Tie 253 W) ME AT 00 T8 A S B B AR . Weissella  Lacto-
bacillus 5 & J7 ¥F (2 5L R & 8L W 2 IF A OC (P<
0.05), 5 GI & Bl . 3 i # ¢ (P<C0.05) , % W]
Weissella . Lactobacillus (%) F WA B T i [ b 2 5
iz 1) 5 RO 1) B A, A A T I ) B s o I
B, 344k BRI Weissella A0 XF = FE 4 5 b 5. 43% .
3.00% .3.04% , 34~ Ab B[ Lactobacillus #1 X%+ F
SrE0 R 2.21% . 1.78%.0. 59 % , B WIS i R 0. 4

F2 HENFEEWI0NAEHSAIE.

0.6 L/(kg+-min) 2 I il Weissella. Lactobacillus 1
AR HE AR SEHENE B 2 . Saccharomonospora .
Thermoactinomyces 5 & JF B (2 H 8 .HA . FA.m
(HAD :m(FAY BB E T R (P<<0.05), 5 GI £
BB O M 5& (P<<0.05) , ¥ Bl Saccharomonos-
pora, Thermoactinomyces 1 I F+ 7] G814 38 J5 4l | &
FEWRAE A e 5 W) BT HEAT I FE N R T HE I S A 1R 1Y
JE B, AB A F T HEAE 0 J8 2 HENE 45 i, 3> b B
# Saccharomonospora # X = B 43 il J 17. 70% |
10.50% . 12.80% , 3 4~ 4k # %) Thermoactinomyces
AHXT=EBE 5051 R 9. 74 % 5. 73% (4. 11% , S o
0.4.0.6 L/(kg-min) 2 FEAIL =35 (9 A0 XT3 3, 7] B
VLA R T HENE W 58 4 . Aerococcus . Aeribacil-
lus 5 Z B \HA .m (HA) : m(TOC) 5 B i 2 1F AH
XL B Aerococcus \Aeribacillus W) E T 28 oF £ Wy
BB B, A Al F TOC [ HA B9 5 4k 5 e AR 45 it
3A AL BB Aerococcus R B 4350 A 0.20%
0.50% .0.29% , 3B Aeribacillus #XF F= B 43
Bk 0.39% .0.75% .0.46 % , bt MRSt 0.4 L/
(kg min) A F|F Aerococcus Aeribacillus &K , A
T HENE A9 6 58 1R BB B . Bacillus 5 m(HA)D :m
(TOC) . m (HA) : m (FA) & B & % IF # %
(P<<0.05), ¥t M Bacillus ) EF+HA FIF TOC [ HA
M AL AR T HA 58 10 2 Ak MENE 45 o), 34>
Ib B Bacillus A% BE 43 5 R 1.5% .2.79% .

BB .GI Z |8 Pearson 18 3 |4 2 #7

Table 2 Pearson correlation analysis between bacteria (top 10 genera in relative abundance) and precursors, humic acid and GI

o Rii*i BER em mwm wRR a(REED: oD

Genus sugar acid Polyphenol Humic acid Fulvic acid mCEA PLE) mC&E HR) dex
Weissella 0. 90 0. 84xx 0.27 0.33 0. 79%x* 0.30 —0.35 —0.65%
Saccharomonospora —0.65%  —0.72%*x —0.58% — 0. 8 — 0. 81** — 0. 77* —0.11 0.62%
Thermobifida —0.53 —0.41 —0.27 —0.43 —0.42 —0.43 —0.19 0.48
Lactobacillus 0. 83%* 0. 78%* 0.26 0.31 0. 72%* 0.28 —0.30 —0.65%
Ureibacillus —0.55 —0.62x —0.37 —0.45 —0.63* —0.42 0.15 0.49
Thermoactinomyces —0.58% —0.66%  —0.56 —0.81**  —0.78%x — 0. 8%* —0.17 0. 59%
Aerococcus —0.05 0.07 0. 62%* 0. 58%* 0.15 0. 59%* 0.45 —0.21
Bacillus —0.31 —0.17 0.44 0. 54 0.01 0. 55% 0. 54 0.01
Aeribacillus —0.07 0.08 0.67%* 0.65% 0.25 0. 64* 0.39 —0.32
Geobacillus —0.59%  —0.74*  —0.71*% —0.56 — 0. 77%* —0.51 0.25 0.67*

TE < S 3 R R A BE R 10 0% 40 T S AT SRR G T2 I A A A 3 2 S (P<<0. 05) RN i 3% 2 5 (P<<0. 01D
Note: * and ** represent significant differences (P<C0.05) and extremely significant differences (P<C0.01) between the top 10 bacteria in

relative abundance and their precursors, humic acid, and GI, respectively.
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3.63% , UL BB S 4N 0.4.,0. 6 L/(kg* min) A #] F
HERE B S HE AL o Geobacillus 5 0 JF B H 3R . £
Wy FA 76 (P<0.05), 5 GI 2 B %
1E A 26 (P<C0. 05) , Bt W Geobacillus #1 % 4= B (1) |
Fh, AT RE S8 0 JROME R LR | 2 B A Sk g R ) 0
F7THFE , E 2 ) HE T 00 1 28 5 e IR &5 s, 34>
b B Geobacillus #1 Xt 3 B 4» 5 o~ 3.59% .
2.80%.3.39%, Ut W] B¢ A& 4 0.4.0.6 L/(kg:

min) A 1) HEAE BT SHAE
3 #

YN A IR o g R S T R
KA DU AR MEBE AR W 53 i R O e 3 AR
P A E TR O W O IR MR IR AR G B
o BEEM AL REDRF Bk 5%
F ) HE NS B M AE L R O = R E R T 2 30 d DU
U AR YGRS R e AR 15 R E &gk
L 3K AT AR SR AR R SR R T K A i 22
KB K RIBARE R YA TR IRCAR S, O B 4k
SOy ALY S SO R R R UL, HE R
T = T RE TN RBARR B TR i A DL o8 4k
A B 43 i R, TR) B S 8 3R AE HE A 3K 3 JE 24 AR
HE o FRATTEE AR T e o AR 3 56 Ry 91 2 T 9 HE A IS
BVRRAED B, AT DAAE M A 422 30 = U B FE OIS K 4
0 5 HE A 4k 22 TR L A O LK B BGhR i . Y
SR, A S R v T I Y R R Bk RO R BR A LR S
T K A AN & 8 205 75 09 IR, AR Y 30 JR 3
B, PRI R 25 4. REECERENA
B B gt A6 4096 LA b, 91 G 222 4% 88 55 E g 197 40 d
A A2 S SR R S IE A ME A & B, A ML A A SR A
5500 iAo AEAE S SLER T, QR S B E) A, T
VLR Jot IR 53 400 M S 422 0 = 0RO oK 43 9
B W, 02 HE A ALY Bk — 2D a3 i, DT 3K 3 42
T NE R Y H Y o

DI B SE v, 3 & 250 A0 15 08 RIEYFS
FF B o 0 S R ML A HA B 28 BT
BT AS YR 5 HE T Y 6 A R A S LR I A R
X2 R R S B HA DL S 2 4y o L, &
HBHEHBEL WM AEY S A B HA S &)
AE TN BB R AE HE T (Y )5 58 16, 7T AR T m(HAD 2 m
(FAYEH 2tk CR 40 =458t B k2058 53
BT HA R FRAEHE N 0 8 5k o B A T2 5 A 7 1 T

B, 3 H SR AT PR R S ECH R R i
A YK By, HE T 45 Rt 3 A 4 B EC O 3. 86~
4.17 mS/cm, ] fE 24 B P2 590 & A R 3R 70 S 5L
(), B A HLY o0 i, R o B M e A, S SO IR 45 R
i EC 428, 3% 5 X9 A8 S I i ot 45 SR — 3K

T A= Wy 2 5 i A AR 0 TR G, i 45 i) S
W2 T B o 8 T I 3 0 0 8 1 KR AE ARG I8 i
iof B 2 2 I IR AE K W, T BUH Lactobacillus .
Weissella & 5t 35, 23400 ) HE JIE 79 J65 28 % Jig 1 1R 1Y)
L. AR YW 5T % B s B R 2 3 Lactobacil-
lus , Weissella W £ &, B F| F Saccharomonospora .
Thermoactinomyces . Aerococcus . Aeribacillus . Bacil-
lus . Geobacillus W K, A7 R F HE AE 1) 55 24 K J65
BRI TE W o Yu SR BF 9T v & B Aerococcus \Aeri-
bacillus A F| T K Bt 3= 09 B, A R T HE L 09 )& 78
ko BRAE G FERESE 2 B0, R et ME T = T R T
Bacillus WA A R T A DLW 0 B i HENE A9 )6 24 o
X E ZSHE 9T T R I, Lactobacillus . Weissella 2>
0 HE A A 2, SR BE A R — B, Ik, AT LA
8 3 L R R T B Lactobacillus . Weissella 1)
AR AR HE A . G I A T A VS i R
WA Lactobacillus . Weissella B A, ik B4 it
BRSO HENL B B . APPSR L, Lacto-
bacillus . Weissella J2& il 2945 Jf 1% 5740 He NE I8 320 2 )5
B Ak ) 2 s AT DL 2ok 22 T B ] Lac-
tobacillus . Weissella W £ 1, T 35 2142 F HEAE 5
B T A EH Y o

4 & i

AT LA T I 5 400 R Bl bR 5 0 Sy I D
BE TR GEA ] 05 A= 0 HE AT 2 e R AL B R
N FEHTAAR AR AL Al TR R T R Y S O R AR X R
JE R 10 /Y 40 B R 5 8 2 S AL AR AR 2 AT O IR O3
Bro FEZWBWMT DR EN 0.4 L/(kg-min)
10 S 7S 5 R W 1 N o < 51 Wi 0 3 £ DO ]
TEECGIR ETE A AT HEE R 2 2) B R
0.4 L/Ckg-min) i, A F T 36 IR 2 BE TR L2 M 1]
HA WAk, BA F T HEAE 04 18 36 16 5 3) A8 1% 43 Bt
FH L, BERENO0.4 L/(kg-min) B}, £ 400 ] Weis-
sella . Lactobacillus &= ¥ , f& ¥f Saccharomonospora .

Thermoactinomyces . Aerococcus . Aeribacillus . Bacil-

lus . Geobacillus W) 4 K, 5 F) F HE B B9 65 2L K
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