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Abstract: In order to accelerate the decomposition of vegetable and melon straws, improve the quality
of composting, and enhance its comprehensive utilization level, efficient degradation strains of vegetable
and melon straw was screened and a composite microbial group YC-M including Bacillus aerius, Bacillus
subtilis, and Bacillus velezensis was constructed. YC-M exhibited a strong ability to produce cellulase, and
its carboxymethyl cellulase (CMCase), filter paper enzyme (FPAase), and B-glucosidase (B-Gase) activity
reached 21.71 U/mL, 17.98 U/mL and 12.56 U/mL, respectively. The filter paper could be completely
disintegrated within 42 hours, and the weight loss rate of the straw within 30 days of maturity reached
49.21%. The inoculation of YC-M increased the temperature and TOC decrease rate during vegetable and

melon straw composting, promoted the synthesis of humic acids, and increased the content of total humic

[ELTH] WA EHHE AP IS LAFHRARAZERA:, M2 ERAYAVEHMEHE ZLLe A (R B %HF
2023TSGCO171) 5 LA HAHE A F b2 Frak AR TR E . EAFREAF LIE R R A £~ Fo A AHF
K5 (B %HF 2022TSGC1008) ; WAL FHTRESAHERGFHAD . HRZEREELD ALK
Bk FEARFRE F e R (PR A %5 CX202213)

[Wrks HEA] 2023-09-27

[MEBEN] TRA, &, 199 54, MEARAE, TEANFHREYREAGAE TS B AF KRB K, E-madil: bianrongchao
2023@163.com, * iBiRAEE: FhPFE, B, I, E-mdil: zhtsun@sdau.edu.cn,

31



L)

R

2024 55 3 HA

acids, free humic acids, and fulvic acids in mature compost, which all was beneficial for accelerating the

composting process and improving fertility. The comprehensive application effect of the YC-M was better

than that of traditional composting methods such as the inoculation of commercial decomposition agent and

mature compost. Its promotion and application contributed to improving the comprehensive utilization level

of vegetable and melon straws.

Key words: vegetable and melon straw; decomposition agent; compound microbial communities;

composting; comprehensive utilization
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=1 VIFFEHKAE OMC-Na 1557 & /=41 D/d
Tab.1 D/d of primary screening strains on the CMC-Na medium

B RS EYE B (D, cm) WY& EAE (d, cm) D/d
YCl1 3.45 0.51 6.67
YC2 1.12 0.22 5.09
YC3 2.23 0.45 4.96
YC5 2.40 0.50 4.80
YC8 2.25 0.40 5.63
YC23 3.22 0.35 9.20
YC29 2.10 0.25 8.40
YCBI1 1.52 0.15 10.13
YCB2 0.91 0.35 2.60
YCB3 2.21 0.55 4.02

YR BEG (U/mL)
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Fig.1 Disintegration condition of filter paper by primary screening strains
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Fig.2 Cellulase production ability of primary screening strains
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Tab.2 Weight loss rate of straw caused by different strains K F 16S rRNA 34 %6 H 0 4 Bk 85 32 I 3L /%
R R () R (o) RICEC%) - FF e BARET IO, AU 165 tRNA JUIF45
CK 10.01 .07 9.39 SRR T 4 bR SIS R G e
vCB3 9.98 781 21.74 GRER (HE3) o HIEZE BT 4 PRk
ves 10.01 7.8 2727 i FF 85 0 AR B 04T %5, TS YOS, Y8,
YCS8 10.01 7.43 25.77 YC23 Fll YCB1 4 3% 8 e SR MM (Bacillus
YC23 10.11 6.34 37.29 aerius ) . WS ZEMME (Bacillus subtilis ) . V13
YC29 10.12 8.39 17.09 Wi ZE fAF A ( Bacillus velezensis ) /N A IF
YCBI 10.12 7.23 28.56 ( Bacillus pumilus )
YCS

08 NR 042338.1 Bacillus aenius strain 24K

80 — NR 118996.1 Bacillus licheniformis strain DSM 13

78 |: NR 157609.1 Bacillus haynesii strain NRRL B-41327
NR 113993.1 Bacillus sonorensis strain NBRC 101234

43

NR 024689.1 Bacillus atrophaeus strain JCM 9070

NR 151897.1 Bacillus nakamurai strain NRRL B-41091

61 NR 112685.1 Bacillus amyloliquefaciens strain NBRC 15535
100 NR 112686.1 Bacillus spizizenii strain NBRC 101239
NR 102783.2 Bacillus subtilis strain 168
48
47 NR 027552.1 Bacillus subtilis strain DSM 10
A
0.0020
b [ NR 041455.1 Bacillus amyloliquefaciens strain NBRC 15535
99

NR 117946.1 Bacillus amyloliquefaciens strain MPA 1034

41 “—NR 118950.1 Bacillus amyloliquefaciens DSM 7 = ATCC 23350
39

NR 024689.1 Bacillus atrophaeus strain JCM 9070
- NR 157609.1 Bacillus haynesii strain NRRL B- 41327

100 L NR 074923.1 Bacillus licheniformis strain ATCC 14580

l NR 104919.1 Bacillus tequilensis strain 10b
99 NR 118972.1 Bacillus subtilis strain NCDO 1769

66 NR 118290.1 Bacillus mojavensis strain IFO 15718
93

,7YC8
87

NR 118383.1 Bacillus subtilis strain SBMP4

0.002
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NR 116240.1 Bacillus velezensis strain CBMB205

1 NR 118383.1 Bacillus subtilis strain SBMP4

60
4 |:
20 . - .
NR 118972.1 Bacillus subtilis strain NCDO 1769
34
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NR 113994.1 Bacillus vallismortis strain NBRC 101236
NR 075005.2 Bacillus velezensis strain FZB42
NR 041455.1 Bacillus amyloliquefaciens strain NBRC 15535

‘ 100
8

1 NR 116022.1 Bacillus amyloliquefaciens strain BCRC 11601

:]R 113588.1 Bacillus licheniformis strain NBRC 12200
100 R 025130.1 Bacillus sonorensis strain NRRL B-23154

NR 149175.1 Bacillus mesophilus strain SA4
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: |;
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88 NR 112629.1 Bacillus subtilis strain NBRC 13719

NR 104919.1 Bacillus tequilensis strain 10b

— YCBI

98 NR 118381.1 Bacillus pumilus strain SBMP2

|;NR 148786.1 Bacillus zhangzhouensis strain MCCC 1A08372
99

NR 148787.1 Bacillus australimaris strain MCCC 1A05787
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Fig.3 Phylogenetic tree of efficient degradation strains of vegetable and melon straws
1:: a, YC5; b, YC8; ¢, YC23; d, YCBIL,
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Tab.3 Disintegration time of filter paper by different compound microbial communities h
REALA JTUfy 5 igp i ] SEA iR [i]
YCS5. YC8. YC23. YCBI 30 50
YCS5. YC8. YC23 27 42
YC8. YC23. YCBI 30 51
YCS5. YC8. YCBI 32 52
YC5. YC23. YCBI 27 45
YCS5. YC23 29 55
YC5. YC8 30 53
YCS5. YCBI 32 55
YC8. YC23 30 47
YC8. YCBI 34 59
YC23. YCBI 28 51
25 7
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N :
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Fig.4 Cellulase production ability of different compound microbial communities
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Tab.4 Weight loss rate of straw caused by different compound microbial communities
PRHEALAR sl (g) JERJE R (g) KER (%)

CK 10.02 9.06 9.58
YC5. YC8. YC23. YCBI 10.11 5.86 42.04
YC5. YC8, YC23 10.10 5.13 49.21
YC8. YC23., YCBI 10.00 6.01 39.90
YC5. YC8. YCBI 10.00 5.95 40.50
YC5. YC23. YCBI 10.02 5.48 4531
YCS5. YC23 10.03 5.84 41.77
YC5. YC8 10.01 6.18 38.26
YC5. YCBI 10.01 6.32 36.86
YC8. YC23 10.11 6.86 32.15
YC8. YCBI 10.08 6.71 33.43
YC23. YCBI 10.01 6.22 37.86

©

%(
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e (d)
5 HRZEHRERNEL

Fig.5 Change of temperature during composting
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Fig.6 Change of total organic carbon content during Bl (d)
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P F A R R U0 25 SRS A R 5 AR 5 BT E (I
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BEHERR S R m T AR (P < 0.05) , X
Wi B2 RN A A& BT YC-M W] AR 28 i M 4 A5
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BHENR AT, 3% 5 Zhao 25 " BRIFSRSE 3K,
TEAZEFN FORREFT IR A HE DL e it AT 4 R 1 Ao
WEEEE I (Streptomyces sp.) HI1. G1. G2 FljiZk
W T9, WRELTAEREME, M 4E R SR
AR SRR 8%, I A h R A T 1
5 T1ACBEAHEG, T2 AbFRAY SR A R RN 25 AT R
SRATERE, BERIFARE (P> 0.05), X
Wt IH TR i B S i X S AR 1 B A — RE Y
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Fig.7 Change of total humic acids (a) and
free humic acids (b) content during composting
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Fig.8 Change of fulvic acid content during composting
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