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Pig manure amendment improves the quality of products during composting of solanaceous vegetable waste :
Insights into the microbial mechanism

LU Xiaolin', YANG Yuxin"?, HONG Chunlai', ZHU Weijing', ZHU Fengxiang', YAO Yanlai', HONG Leidong', WANG Weiping"
(1.Institute of Environment, Resource, Soil and Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 2.College
of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: The structure and metabolic functions of the microbial community during solanaceous vegetable waste composting with the
addition of pig manure were studied. This study aimed to provide new insights into the mechanism of nutritional quality improvement
through the use of animal manure as amendment during composting. Solanaceous vegetable waste was mixed well with the tested straw
compost. An aerobic composting experiment was conducted indoors for 45 days. Test composting piles were treated with pig manure (E-
PM), while untreated piles served as control (E). Compost samples were collected, and their physicochemical parameters, germination
indices, and enzymatic activities were monitored at days 0, 2, 9, 16, 23, 31, 38, and 45 of the composting process. Moreover, fresh compost
samples were collected on the 2nd, 23rd, and 38th day after the start of composting, and the structure and metabolic functions of the
microbial community were analyzed by 16S rRNA and 18S rRNA high—throughput sequencing. The addition of pig manure resulted in a

relatively higher abundance of Proteobacteria and Chloroflexi in the early stage, an increased pile temperature, a longer duration of the
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thermophilic stage, and a higher germination index (82.11%, P<0.05). Compared to the E treatment, E-PM treatment significantly

enhanced total phosphorus and total potassium contents in the piles (P<0.05). The analysis of enzymatic activity demonstrated that E-PM
treatment significantly promoted (P<0.05) the activity of proteases, polyphenol oxidases, and cellulases, as well as the degradation of
organic matter, during the thermophilic stage. Moreover, high—throughput sequencing and Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States revealed that, compared to that of E-treated piles, the abundance of bacterial genes related to
metabolism and cellular processes of E-PM~-treated piles increased by 5.68% and 10.26%, respectively, during the thermophilic stage. The
abundance of genes related to carbohydrate metabolism, amino acid metabolism, energy metabolism, and enzymatic activity related to
organic matter degradation also increased greatly with pig manure addition. Furthermore, correlation analysis showed that the higher
relative abundance of Proteobacteria and Chloroflexi influenced the metabolic characteristics of the thermophilic compost under E-PM
treatment, which accelerated the maturation of the compost product. Altogether, our results indicate that the addition of pig manure led to

increased metabolic functions of the bacterial community in the thermophilic stage, significantly accelerated the rise of pile temperature,

and improved the quality of end products.

Keywords : solanaceous vegetable waste; aerobic composting; microbial community; metabolic function
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Table 1 Properties of the raw materials used in composting

LEE e B ST BB
Material Moisture/%  Total organic carbon/%
FFEFFEAR IR Tomamo straw residues — 47.91 45.99
pr Pig manure 72.04 38.70
EALPEE treatment 4791 45.99
E-PM 43 E-PM treatment 49.18 45.03

A WA 2 Exii
Total nitrogen/% C/N Total phosphorus/%  Total potassium/%
2.68 17.16 0.61 2.41
6.31 6.13 1.41 2.16
2.68 17.16 0.61 2.41
2.79 16.14 0.63 2.38

TE T TR
Note: Based on dry mass.
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Figure 1 Changes of temperature and germination index during composting process
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Figure 2 Dynamic of physicochemical parameters during solanaceous vegetable wastes composting under different treatments

2.2.2 FEFEUS X HENEI A Py 7 45 FA ) 32 )

T2 KM 23 R B EES . EH 38K, MIELE

FH 2% 2 AL, 0 240 TR A T 4 e R R T R U 4
14, E=PM A2t P A1 E 40 FH A% Shannon #8041 Chaol 52X

Ab R, E-PM b BEAS 2 242 #F T Shannon 48 25014 1 i
(P<0.05) , 3 & B A% ZE R0 165 S A A e 0 5

WWW.Qes.019.CN




m@g 1102

URETRR Rt Y F 4155 5H

pora (4 Z JL T J& ) 1 A XS T B 12 2 B AR (P<0.05) .
TEHERLZE 23 K, Ur A AL PR Bacillus Fl Aspergillus 1
FEXT = B B I8 B, Acremonium (B TR0 75 7 J& ) A AH
Xt 2 BE RN (17.6%~58.0%) o {EASTE R J43E
WIS A T T BT Oceanobacillus (RVEZFHLFF
W& ) .\ Clostridium_sensu_stricto_1 Fl Aspergillus B FHXF
FRE W EFHELT Microascus (TEEH & ) F Acremo-
nium FAXT = B (P<0.05) . 7EHENE SR 38 K, Oceano-
bacillus . Clostridium_sensu_stricto_1 . Gracilibacillus ( £T
A ZE AT JE ) L Thermomyces (W #AF5 1 J& ) Fl Mela-
nocarpus T E—PM A& (%) AH X =F B B 3 /& T E b 31
(P<0.05) , 1Mi Saccharomonospora (WEPAMTEE ) . Sac-
charopolyspora . Norank_f_JG30—KF—-CM45 . Pelagibac-
tertum (GEVEFF B ) \Microascus F1 Acremonium BIFHXT
FRERFHLT EALIL(P<0.05).

2.3 £-F PICRUSH R 3 il & 0 Th B8 £ 161 X 3 2855

127
. * (a)
,T_: 10_ * « —=
T?” _I_ ‘} —E— _I_
Hip 8
HE(;\ B * *
%E
R gt
@
g
oo
&
0
0 2 9 16 23 31 38
HEAE A ] Composting time/d
40r1
(b)
Ei 321
S5 7
e
£ £ o4t *
25 6l .
=z L
3
B &
=< 08
N 2
\ ol )\
0 0 2 9 16 23 31 38 Hljur]}ﬁ

HENE ] Composting time/d

—_
(=]
1

(c)

oo
T
*

,_|_.

*

ol W

9
HEAE A [A] Composting time/d

YR T
Cellulase activity/(mg-g™"+d™")
N}

OE OE-pPM
B3 HEdEPEORENE . SEHALEEED
THEREEENTL
Figure 3 Changes of protease activity, polyphenol oxidase

activity, and cellulase activity during composting process

) 22 REAEAT {2 2 5], TR G A WD R Ve 45 A 110 F 8 T
PRIE S AR

N T SRR WA JE KT b A& A Z R
Prh i) 22 5, R BAE & 23 27K b AR X 3 R i
15 Rh, W3R 3. AR5 R R FEHENE SR 2 K,
E &b A E—-PM A0 FAH X 5= B2 5 5 5 0 320 1 14
Bacillus (ZEfUFT B )& L 22.7%~23.7%) , LA H N
Aspergillus (5 & , 74.4%~80.7%) . WA, FIH T
EAbH, B B Clostridium_sensu_stricto_1 (F2 15 J& ) i)
AHXT = BEAE E-PM Ab B b i 35 32 55, 1 Saccharopolys-

1% WHART]

A7 A FH A [6) A BT w8 A0 20 1 RV AR W ik
2 A A 72 R0 A0 D A o) BE R R R HENE P kA HL )
o et AR VR e LR (T 4 AR S ) o bl TR da T T, S 2%
VS JI0X I TR0 SR IS S R e ) HENE R G 1 TR
WA A EA B e S ER . S uE e, L
KEGG R 153 547 T30 & B, 4 73 A8 380 4 3 A 4
HEFR A4 PR 90 3 B AE E-PM b B P TR & L AR E
43 S 48 % 5.68% F110.26% ., Ak, 11 & 4b A A1,
TEKEGG 2 R EUK T A0 LT E AR PR, 20 454
I RETE AR 5C 57 41 1 3 BEE E—-PM AL FRAE B 4 e
AR T (R K AL A I R 2 B R A il A O Ty
FIMERE . FEIERE S AL PREE(5 S Ah B A 41 i i
TR B 2 A D) e AR OC 7 51 1 =F B R AR AE E-
PM b3 BE g B, XS BB U A 2 R
ks TR AN A T RE A AR 5 B
AR IIRE , XA B T HAT £F 4 R B A e ) Fa
FERR AU RE 7 0 A o A B i A R TR s A G
ARG 3 5

KEGG i& 240 AT & B (K 5a) , 5 E AL BRAH LE , fr
TEREIY 7 Tl 55 A L) J5T e i A DG ) ) RE I 5] 3 B2
FE E-PM AL FRZH B 0w 4 o DRI, E-PM AR BT HE AR
EHITTIN 7 A IR 22 L X R TR NI ) o A v K
Wik, DT 7 A B 225 50 TG P 5 (1 T B2 O v
A . A, X g R 7 IR & AR T e (CHL) 7
FIRe AT IPAL , 45 R R W] (& 5b) |, 4 420-0 E Ak
i 1) 5 41) 32 B AE E-PM AL BRZH I T E AL 38, 1 55 46 3



I , 48 3 SR RE i 2B S S W ML i I B L 1103
2 HEARAR R BTRME M OTU MR MBS 1) o SRR S

Table 2 Observed OTU number and Alpha diversity indices in three sampling stages with different treatments

IR i b Yl BT V5 251 Bacterial community structure B RV 25 Fungal community structure
Composting time/d  Treatment OTU %k Shannon 4541 Chaol 4544 OTU %k Shannon 45%¢ Chaol 541
2 E 371+33a 3.40+0.11a 528.42+26.56a 126+6a 1.37+0.06a 139.05+12.75a
E-PM 427+142a 3.57+0.51a 573.26+181.02a 120+17a 1.52+0.22a 129.23+19.74a
23 E 506+25a 3.96+0.10a 684.84+35.27a 104+10b 1.52+0.10a 131.15+19.51a
E-PM 495+149a 3.94+0.54a 651.73+142.02a 127+3a 1.56+0.18a 160.16+16.28a
38 E 561+13a 4.11+0.04b 726.90+28.10a 99+13a 1.18+0.09h 117.27+£9.15a
E-PM 587+17a 4.32+0.03a 724.96+7.39a 112+9a 1.50+0.09a 133.59+18.46a

T R B A bR UE D22 (n=3) , RIS 5 AN [R)/NE SRR R AR RN R P~ b 0] 22 5 . 3% (P<0.05) . Al
Note: The data in the table are presented as mean+ SD(n=3) and values followed by different lowercase letters in a column are statistically different for
the same period between E and E-PM treatments (P<0.05). The same below.

R3 HEITRAABAFERKFHETFEE(%)

Table 3 The relative abundance of dominant bacterial community at the genus level during composting process (%)

#2d #23d #38d
J& % Genus
E E-PM E E-PM E E-PM
il Bacillus 23.73+1.56a 22.65+9.46a 10.26+1.95a 15.50+9.03a 9.27+1.58a 10.05+1.09a
fig Saccharomonospora 1.98+0.32a 7.40+10.30a 23.47+1.95a 12.27+£9.83a 19.88+1.15a 16.35+1.35b
Staphylococcus 21.14+0.73a 11.81£10.10a 0.43+0.08a 5.53+9.16a 0.23+0.02a 0.26+0.03a
Oceanobacillus 6.40+0.37a 5.54+1.00a 4.03+0.65b 6.28+1.22a 3.46+0.39b 4.87+0.23a
Saccharopolyspora 9.57+0.87a 4.72+1.31b 5.09+0.08a 4.40+1.53a 4.58+0.13a 2.07+0.40b
Norank_f_JG30-KF-CM45 0.08+0.06a 1.28+2.09a 6.91+1.48a 2.94+2.50a 7.39+0.96a 4.68+0.73b
Pelagibacterium 0.03+0.02a 0.96+1.51a 5.05+0.09a 1.76+1.50b 8.32+1.12a 5.82+0.65b
Thermobifida 1.27+0.14a 1.91+2.36a 5.03+0.19a 3.74+3.05a 2.78+0.12a 4.18+1.00a
Norank_Fodinicurvataceae 0.05+0.04a 091+1.41a 3.81+0.42a 1.89+1.63a 4.35+0.49a 3.61+0.18a
Corynebacterium_1 5.09+0.69a 3.84+3.52a 0.13+0.06a 3.68+6.15a 0.12+0.03a 0.09+0.03a
Weissella 5.41x1.17a 5.50+5.03a 0.02+0.01a 1.87+3.14a 0.01+<0.01a 0.02+0.01a
Gracilibacillus 0.82+0.62a 1.40+£1.97a 2.64+0.43a 2.15+1.74a 2.27+0.26b 3.26+0.19a
Georgenia 0.12+0.05a 0.52+0.79a 3.02+1.06a 1.91£1.62a 3.88+1.00a 3.03+0.23a
Norank_f_Pseudonocardiaceae 3.32+0.07a 1.60+0.56b 1.70+0.07a 1.42+0.53a 1.50+0.02a 0.61+0.07b
Clostridium_sensu_stricto_1 0.19+0.08b 4.36+0.18a 0.03+0.01b 3.73+0.99a 0.06+<0.01b 1.14+0.30a
=R Aspergillus 80.72+1.14a 74.39+16.71a 19.72+0.88b  66.12+19.02a 7.36+2.62a 14.00+3.54a
ﬁng Acremonium 1.17+0.96a 9.55+14.22a 57.96+3.21a  17.62+16.84b 76.26+3.48a 56.89+4.97b
Thermomyces 0.28+0.11a 5.29+7.73a 19.44+1.68a 9.80+7.77a 13.86+1.75b 25.42+1.51a
Pichia 4.70+2.62a 3.32+2.32a 0.24+0.19a 1.52+1.70a 0.11+0.01a 0.28+0.18a
Melanocarpus 0.02+0.01a 0.32+0.39a 0.27+0.16a 0.58+0.51a 1.02+0.36b 2.19+0.09a
Candida 2.25+0.60a 0.94+0.85a 0.09+0.09a 0.57+0.64a 0.03+0.02a 0.05+0.04a
Unclassified_p_Ascomycota 2.62+2.95a 0.60+0.12a 0.04+0.03a 0.24+0.13a 0.01+<0.01a 0.05+0.02a
Cladosporium 1.47£0.18a 0.96+0.68a 0.13+0.06a 0.45+0.60a 0.05+0.03a 0.06+0.03a
Unclassified_f_Dipodascaceae 2.34+2.61a 0.34+0.14a 0.03+0.03a 0.11+0.05a 0.01+£0.01a 0.05+0.03a
Microascus 0.01+0.01a 0.19+0.25a 1.29+0.32a 0.43+0.32b 0.49+0.12a 0.22+0.08b
Plectosphaerella 0.67+0.26a 0.42+0.34a 0.02+0.01a 0.42+0.69a <0.01+<0.01b 0.01+0.01a
Unclassified_f_Microascaceae 0.03+0.02a 0.28+0.39a 0.27+0.09a 0.45+0.39a 0.11+0.03a 0.04+<0.01b
Cystobasidium 0.55+0.39a 0.25+0.21a 0.02+0.01a 0.17+0.24a <0.01+<0.01a 0.01+0.01a
Stemphylium 0.39+0.34a 0.25+0.18a 0.01+0.01a 0.20+0.33a <0.01+<0.01a 0.01+0.01a
Unclassified_k_Fungi 0.23+0.05a 0.23+0.11a 0.06+0.04a 0.11+0.06a 0.08+0.05a 0.06+0.01a
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Figure 6 Analysis of distribution characteristics of dominant phylum and their correlation with environmental factors

and metabolic function
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