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HERAT . M. WA, R AR AL g U BB R RUE BRI (10, 15, 20, 25d) WKL,
IR | IR BRSO R R, TR IR G R R AR R LR R AL 5 R R R, [ &R ]
R IE 4 AR RS ARG, 15 d F1 20 d R RBRSURY B H2Z R AR E (P=0.05) ,
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AEYFRHEABRA ), TR ENA G PRCR R, HRRERE | 4 BA A R AH DGR bR 1 ik B e e
FHEB B ERE 68.9 °C, BMIE 75.7 °C(>70 CHZE3d LA E), BEETHREAS (65.7-69.1 °C)
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Abstract [Aim] To investigate the effects of different microbial inoculants on the fermentation of plant materials and
on the breakdown of plant waste by Protaetia brevitarsis larvae, thereby improving the utilization of forest fruit waste
[Methods] Single-, dual-, and triple-strain combinations were formulated. P. brevitarsis larvae were fed with plant material
fermented for different durations (10, 15, 20 and 25 d). Using larval weight gain, feed intake, conversion rate, and other
parameters as indicators, the optimal inoculant combination and fermentation time for a mixed fruit tree branch-cattle manure
substrate were identified. [Results] Plant material that had been fermented for either 15 or 20 days was the most easily
broken down by larvae. Although there was no significant difference between these fermentation durations, a comprehensive
comparison indicated that the 20-day fermentation treatment was slightly better than the 15-day one. Among the 20-day
fermented materials, the triple-strain combination (JD+YM+EM) outperformed all other inoculant treatments, achieving the
highest fermentation temperatures and the best larval growth and development indicators. During the heating phase, the
maximum temperature reached 68.9 °C, whereas during the thermophilic phase it peaked at 75.7 °C (remaining above 70 °C
for more than three days), which was significantly higher than that of the single-strain (65.7-69.1 °C) and dual-strain
combinations (67.3-70.4 °C). All inoculated treatments had better heating performance than the sterile control (58.8 °C).
Larval feed intake ranked as follows: triple-strain combination (149.40 g) > dual-strain combinations (139.10-144.20 g) >
single-strain combinations (129.00-133.70 g) > sterile control (129.50 g). Larval weight gain followed a similar order:
triple-strain combination (14.70 g) > dual-strain combinations (10.10-13.30 g) > single-strain combinations (6.20-10.00 g) >
sterile control (6.40 g). The optimal triple-strain combination achieved a larval biomass conversion rate of 80.06%, a feed
utilization rate of 74.70% and a frass conversion rate of 97.26%. In conclusion, compared with single- and dual-strain
combinations, the triple-strain combination had a significantly higher fermentation temperature, shorter fermentation period,
and faster larval growth and development. [Conclusion] The triple-strain combination (JD+YM+EM) is the optimal
inoculant formulation. Considering both production efficiency and cost, a fermentation period of 15-20 days is the optimal
duration that balances effectiveness and efficiency under this system. This protocol markedly enhances the growth and
development of P. brevitarsis larvae, and thereby provides a scientific basis for both the utilization of agricultural waste and
insect protein production.

Key words Protaetia brevitarsis; compound microbial inoculant; larval conversion; fermentation duration; synergistic effect

AR 53 SR AT ) O U 7 A ) R B AR
A PRI (kSR 55 ) | RSy
R PR T Y S TR IRIR B R SRS
2016) o PRI, DAARARIE 559k A SR} 2 S 3
HFRIEAAF AN EZRE (R ERE, 1996)
I AR P PR TR A B SR, P R R e
e, e s E R BRE A SR YL
( Cickova et al., 2015) . HAl, S¥HELE K
R SRR SE R R AGE (5, 1995;
Rehman et al., 2017) .

FKE A 20 22 40 AEATFOIPE Y H & R
LR SR A S R R I S R A LR (5 B
45, 2010) , HERERUEYIHE ARSI R, HETAH
KW FERE TR F %
(2016) iESE, EAWMSABESIRSA, 7
30 CAMF T &RE 17 d SO AT
PEHCHE I AR R E Sy R BIN IR E & e

FUEF, BT HERE = iR EE AT 20 d (RIEE
GE, 2019 ) 5 MHEREIASE i FE 55 52 10 = 1 TR AL
AW, H IR A 2RO (R
FE, 2009) o MEIESREE (2001) K2 YRR G R
HENH T A G B M NEAL T, SCHUR EE 24 h
WHETHEZE 68 °C. 15 d WAL MR
33.3%, BRI R EREE 18d, R
T EZ A ARG T

PREGR NER 3T =& N N e VLN
FYIMFR RIS T R, Kb R REEe R
Protaetia brevitarsis 4l B F I H o5& AL FY . @40,
AR 4 0 40 U A AR R R T R 1Y e D Gk
27.41 %, ZBIKM: Hermetia illucens W 6 15
CBRITAREE, 2022) o USHN 40%X8 38 5 /N FEFF
HERE S G LR R e e fagh a7 d, Wik
WaEIA 031 g, HLEME 30 d FARHEFER A
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8 HAE R B B AL OR (B R0, 2023 )
CL A ST R FORFEFE | AT BH A de 1F & IR ()
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G T fE R S (] PR AR R AN ] I 5, {3 2R B
KRR YRR - A R R IR L
DGR i . L RBFFT IR SE AL & fa %)
A BRI AL E 5o AR RE T, AR Y HT L Ak
JEAAR A K, 2 T R R, PR —
A 45 S T A B 30T A R T R 28 T e 1 S
oK

PR, s — R A T ae R RR M, 3R
I 2 G TR BOR B, ¥ 3 Fhs R A T
WG, BET R — R FE LA R AL TR & Pk
o S R P B AR A0, 5 DA S R T AR 4

L)) R AR RN A R AL SR D R0 e 1)
IR DA I SRR, RGN AR 5
25 b BN I R I Bl 2 L B R D
Lo I AR THE T, DT I A
RE [ AR 4 A W AL B S (iR 2 508

1 RS

1.1 R

PUALAR S L AR B L BbR s | SR
ReAR ¥R A BT SR 4E 7K YA DRI M X5 A £
SRS BAO BT KA R FER B, A2
SO 0 T M X SR h B R s 3R A, A e T
MR 1 PR

F1 HHARBEAERER

Table 1  Basic information of test decomposing microbial agents
AR T AL HErE
JE& fik T 5 st JLBe A 7 ) FEIRER (100 million-g™ ') (kgt")
Decomposig Brand and Primary functional Number of viable = Recommended
inoculants production company bacteria bacteria dosage
(100 million-g ") (kgt™h

EM* FEATRL, ARINAC s AR, SLIRE . 2RI . DA aNE . 200 0.5

ARATF (hEE ) PERER | T . AR

Straw type, Zhengzhou Lactic acid bacteria (LAB),

Nongfukang Biotechnology Co., bacillus, photosynthetic bacteria,

Ltd. (Henan, China) Saccharomyces cerevisiae,

actinomycetes, acetobacter aceti

YM APV, FEATEL, T A RZEAAT R . HOACEIRAT R 10 1.0

A ACH YRR BRA R SRIREE | MR R | SR LERES

(=R ) Bacillus subtilis, bacillus

Organic material decomposing licheniformis, aspergillus niger,

agent, straw type, Henan Saccharomyces cerevisiae,

Yimiao Biotechnology Co., cellulase activity

Ltd. (Henan, China)
ID* AHRUE RGN, AR, I g9 2RI . BEREE . K 200 0.2

REEEYREARAR (b 5. BAERE. SRS

1Z5) Bacillus subtilis var. natto, bacillus

Organic material decomposing
agent, straw type, Shandong
Junde Biotechnology Co., Ltd.
(Shandong, China)

subtilis, saccharomyces cerevisiae,
trichoderma viride, azotobacter
chroococcum, lactobacillus
acidophilus

* .,

1.2 RIEAbIE

1.2.1

AEEH REBEAETE IO iR
M DX ORI (208 B Bk SRR )

FHHEERTNE T, *: Need to be activated in advance.

IR RA T R SRR I RAE BT 57 )7 A=
B, BRI T)E H K 4 FRECRIEAS 15%

HBR S (5B THE 60% ) , 558 TH 40%
AR R A FE R IR AT o Fe 2 HEA T B 0 i) TS
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InXt R AL A, UATR IR R (CK) .
FEMRAE, HERS T E 120 kg, H/KEY
60% [ [RI4fETEHEAR , £ H 15:00 IR HEIAR 20 cm
TRANRE , B S5 d BHME 1 IR AARE 10d i,
5 d SR T AUBURE L, A A 20 em TRAE R 5E 3 kg
IBEE, IRAET - 20 CAGITT . LEERIN
25d,

®2 EAA/ERT
Table 2 Design of microbial agent combinations

b RIS W (kgt'!)
Treatment Bacteriological Recommended
group mixture dosage (kg't 1)
T (HIEXT R )
CK Sterility (negative /
control)

T1 D 0.20
T2 YM 1.00
T3 EM 0.50
T4 YM+EM 0.50+0.25
TS JD+EM 0.10+0.25
T6 JD+YM 0.10+0.50
T7 JD+YM+EM 0.07+0.33+0.17

CK: ¥NIARKSy, JTEBATEXE; T1-T7. AbRE 1-4F
H7; ID: ID W], ARSARES, AHEIERGH,
FEAFEY, TR A A AR R W], Al 2 LA iR
5 YM: YM B, ARIARES, AHILEHERAA,
FEAFEY, IZRBTEEMRHCA R A, GRS ; EM:
EM 5], AR, APEDERGN, AT,
I A e E R AT R A |, FLRRE S . R 3 [l
CK: Addition of equal amount of water, sterile control;
T1-T7: Treatment 1 to treatment 7; JD: JD microbial agent
(abbreviation of company name), organic material
decomposing inoculant (straw type), Henan Yimiao
Biotechnology Co., Ltd., containing Bacillus subtilis, etc.;
YM: YM microbial agent (abbreviation of company name),
organic material decomposing inoculant (straw type),
Shandong Junde Biotechnology Co., Ltd., containing
Bacillus subtilis var. natto, etc.; EM: EM microbial agent
(effective microorganisms), organic material decomposing
inoculant (straw type), Zhengzhou Nongfukang Biotechnology

Co., Ltd., containing lactic acid bacteria, etc. The same for
Table 3.

122 BHE#XSRBEUEEBFUHEITEN A
B4 30 15 B O EEURR, FR e
#6K 19.5 cm=24 cmx12 cm, & &A 20 Sk {dHE
ik (PSR 2.1-2.4 g) , SofkEAEE 20 3k

S, BUMBIREE 10, 15, 20, 25 d 99
BHRE S REDY 3 kg, RGBT 3 200 g ),
BAMEEER 5K (n=5) o REHFFEE 11d ([T
—ARb PR SRR AS R ), A 3 d RIS SR EE
TEol. 512 KA 12 H4rEiE (fL42 1.6 mm)
oy b Sk, Bk, Seit A B It
PR, K4 T 2 EE, HE R RS,
BER ., BRI BRPER . AR A
RAEFEAR (LT ETE) , P8 L0 e 5
HR4lE

B =W ar gkl - B 5 R A Wk
HE;

ARG E=E 5 -G R

AR R =3 ) (IR - ) <

100%;
TapRHR R = Pkl - Rk e ) 18
BHEx100%;

BN AL R = b i/ (HCR - HURHE T ) x
100%.

1.3 HiESHT

iz FH SPSS 27.0 FAE X 25 F AT 2240 H7 -
JEFIH Tukey 2 LB BTk (P<0.05) WEAlA
[ Ab B 2 1] () 22 5% o R FH Excel 2021 KA BRER
%, R Graphpad Prism 10.6 (2025 ) , Origin 64
(2025) A

2 #REHH

21 AEHEAEAIEENDE P HEEH R

2.1.1 AEEFNZHEEENZE LEE1d
J&, AR EYPGE T, 9 d JREIKRE
geg TRk H, KT A A AL
PR R B E B3 (P<0.05) {&T JID+YM+EM
HAFEFAEE, HATA REALHYS CK R 2
S EFE (P<0.05) , IDFYM+ EM &4 H 7
A PR MR B 2 RGA 757 °C, HAK AL IMEA
BEEYRET CK. KT ID+YM+EM & & HHlib
B, & ID+YM+EM & A B Al o 5L Tk
KR (K1) .
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=
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Fig. 1 Temperature variation chart of the composite
bacterial agent-bull dung branch combination

T (AP 1) . ID WA T2 (AFE2) : YM B T3
(Ab¥E3) . EMEH; T4 (4bH4) . YM IEFH EM
WA IR A TS (A3 5) « ID A EM Bl — %
BA; Te (AbF6) : ID FHIM YM WH & RA;
T7(KLFE 7). ID BEHIFT YM B HIH EM BH = #1845
CK: %%X‘Tﬂﬁy mﬁu%%7ﬁﬁo Izgl 4 Iﬁjo
T1 (Treatment 1): JD microbial agent; T2 (Treatment 2):
YM microbial agent; T3 (Treatment 3): EM microbial
agent; T4 (Treatment 4): Mixture of YM and EM microbial
agents; TS (Treatment 5): Mixture of JD and EM microbial
agents; T6 (Treatment 6): Mixture of JD and YM microbial
agents; T7 (Treatment 7): Mixture of JD, YM, and EM

microbial agents; CK: Control, with equal amount of water
added. The same for Fig. 4.

2.1.2 ZHAEEX 25 d R e TN
TR A e ) ORL I R Y I B AR AR
JID+YM+EM & & WA B n] i 5 3R E iR A Yk
TR, FOXT N Rk AR AR T R E 1 d B,
YRR A, BURTEIART (Bl 2: A) ; 5d
&, PRVE bR A BB AR ZomE, 1R
B 10 d B, PrktEste s 15 d e, B —
IR, SMAEIR T HER (B 2: B) 5 18 d
BF, YA e, HIIREELER; 25 d B, B
REEMEEO, THESH® (K2 C) .

22 AREEMEMNBEZESRYRELHE
A M

g5 4 A0 IR R B B B AR b A5 R ] g
JD+YM+EM &2 45 B 771 A B X S A TR K 4ok s
fif AR HE SR I 5t DR LIz 4L & A ik
FENG, E—25 BT R & R R R A 4
L WAL RCR A5 . B 3 2R, 78 ID+HYM+EM
AR, AN 6] A B [E) %t 2l dUF AR 3R
3Tk FEAR (HARBGE | ARLR R . R
%) WA fE 225 K15 d B, =it
PRI E (P<0.05) #Ft; 20d A, =HiFEhrgE
FRER K 25 diNF, AIFREE 20 d BEA
mlv%, (E5EF 10 do GEitsrbrRm, 15-20 d
KR G B R T 2R (P>
0.05) , Ui BH T B B o 247 m 45 SRkl &

23 AREFALETEHELERASBELIERE
S HEEEESHT

T I8 R 22 2 B 4 b i S 3] 45 £ I A bR
I, SARAREE SE R G 2, T EW
X AN IR R ) 25 5 g o B 4 JB/R T 8 ANAb 3l
0 (CK Ml T1-T7) 7E 4 WO F8hR EAYFIR .
SRR IR, BEEITAM (1.0) BORBSE
s AFEEE IS S R B TG, 18
PRRIEAT (200, dURE &, L. AUk
Fy W WERIRR, g, bR
hE 4 Af%, T7 (JDHYM+EM ) B8k KE 5
T AR R, H R A 3R A i 6 T I AMEN(1.0)
HAx 3 BEPRAC S g A, LR R
CK 1 4 Tidgtrsg s B 5E ity (0.4-06) , 7

B2 RBEEEZ-LHEDMN 25HETHITE

Fig. 2 Color change process of mixed branches and cow dung materials over 25 d

A1 d RFADRL; B 1S dJERWIEL; C. 25 d IE2WIRL.
A. 1 d immature material; B. 15 d mature material; C. 25 d mature material.
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— MRS E B Insect body weight gain
Fa)Hl A F 3R Feed utilization rate
em AL # Wormcast conversion rate )

120 20 _
. S
100} c b a 0%
- = :-:: | 15
ol 5
= &
~ 60t o
=11} —~
% 40+ X
m p—a
f# 20+ ﬁ

AR
0

. u
ifIE] (d) Time (d)

B3 FARLZEBENEMHNEERESR
4B RE
Fig.3 Effect of substrate fermentation time on
conversion efficiency of Protaetia brevitarsis larvae

M BTN TR R AN R AR B 22 53 B2 (P<0.05,
Tukey ZH LHE T ) -

Different lowercase letters above bars indicate
significant difference among treatments (P < 0.05,
Tukey multiple comparison analysis).

SRR/, SiE R HARA LA R
W FWHZ A, A8 bR 0 35 4 5 BUE KT
YRR T7, H T7 76 AP EAL R E A3t R
= (K4) .,

T1
1.0,
CK 05 v
¥ 0.6 (
\ 0.4 /
0.2 ;
T7 AN T3
P
5 N
T6 i T4
TS5

HAFFEHE (g) Insect body mass gain (g)
WAL ZE (%) Insect body conversion rate (%)
FRFIFHZ (%) Feed utilization rate (%)
HRbEELLER (g) Insect grass conversion rate (g)

B4 AREFTYURNBERESRYRELHZN
Fig. 4 Effects of substrates treated with different
microbial agents on the bioconversion by
Protaetia brevitarsis larvae

24 BERESARUCZHASTRERE-S

Ryt — 2 B E =R A A R PR AR, X
IR RS- 25 R i AR W e A R R A 7 3 280
g, ERIE S (A-E) o A3 3 Ref, &4k
FRYPRII A FRIRIR AR A, AL BRIA] TG B i 22
5t 5 6 REF, Wkt B> D, w4
BERIEM; 5 9 Kif, Mibmp L, 5f
12 RICESS AT, BRI EaiRE, 4im
KRR EE o LIRZE R MR, & ID+YM+EM
SR A K EER SRR G- 2R T B R A
Ll HUE R AL, SRR 35 1) b TG
b 5%

25 EEHEATEFFEZRGUNBERER
HRERKE BRI

R W TR ) T O A SR RS R R T £ A R
Fffa, T4 AR K SRk ik fg,
524 BRI DM R A5 T BRI R . 2R BR 10 d
CK 41 HURIE F W =5 41, £5 B AL 3 He b ™ o
B & . GRS R b e fb 38 8 2% (P<
0.05) = TMW CK, Hri YM+EM+ID =4
AT AL, 10 d B AP REA 93.70 g,
CK 5 EE (P<0.05) ; 20 d B H{ABFIA
14.70 g, MURFALR | FRFIHZR . Rbi R
ik 80.06% . 74.70%. 97.26%, ¥ N4niRE:
e (E, 32 A CK 434 T 129.69% .124.70%
15.37%. 7.37%. H.EEHIT ID B MaES,
EM G bR tase, YM BRRg s ; M
824 A HREARPL T X N B, JD+EM Al YM+EM
HEAVSCRT L, IDVYM &y dEfh A i, &
Qb B B 459 i JE foge b [ S G 2 R TH IR B R
20 d R ac I R0, b DR AT R 5 43T A
PrRkiE DT B BRIl

3 #w5ifie

N =R R iBUN S E AL Bl PSS e S Y
DIMRIZSONE , 7 Rk L B i N I BC 7 o 4 SR
B ID+YM+EM & & B I AL B AT D) & 3 40 & BEiE
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ETPN
The sixth day

EXPN
The third day

ELPS
The ninth day

EAVSS
The twelfth day

| ‘

s

RBARKZ-SEMRENELTE

Fig.5 Bioconversion process of mixed branches and cow dung materials

A B Bk R ERBRER B RSB CANFIY) B BN ) BRI 5
D. fiiisrjapiduk; E. o5 i mib.

A. Accumulation of peach, walnut, jujube, and apple branches; B. Crushing of mixed branches; C. Material
status during different larval treatment periods; D. The screened insect bodies; E. Sieved insect sand.

=3

Table 3 Effect of compound microbial agent-branch and cattle manure mixture on the

BEA-HFFERGYMAERSREUIRMZME

conversion efficiency of Protaetia brevitarsis

X HiE
2 Rk F My (Effoﬁ) WECH KGR RRRTE ek (%)
- (gbox ') 8 (gbox™") (% ) Insect (% ) Feed Dung-sand
Factor and Larvae . . o .
Dung-sand . . Food intake transformation utilization conversion
level . r weight gain T o
weight (g-box ') 2 (g'box ") rate (%) rate (%) rate (%)
(g'box )
10d
JD 83.704+2.49 b 3.80+0.45 b 98.20+£3.77b  26.18+1.14d 41.85+1.24b 49.10+1.88 b
YM 68.70+1.48 ¢ 2.00+0.35 d 77.10£2.61d  24.2244.16d 34.35+0.74 ¢ 38.55+1.30 d
EM 59.40+2.30 f 2.50+1.00cd  71.00+5.96e  21.47+4.03d  29.70+1.15f 35.504+2.98 ¢
YM+EM 78.50£1.22 ¢ 3.40+1.08 bc  88.70+4.35 ¢ 33.39+2.53 ¢ 39.25+0.61 ¢ 4435+2.18 ¢
JD+EM 80.90+0.89 ¢ 2.00+0.00 d 85.90£0.65¢c  40.44+4.55b  40.45+£0.45 ¢ 42.95+0.33 ¢
JD+YM 73.90+0.89 d 1.80+0.45 d 77.90+£1.75d  44.89+£5.01b  36.95+0.45d 38.95+0.87 d
YM+EM+JD 93.70+2.28 a 5.90+0.74a  105.00+£3.94a  52.50+£2.55a 46.85+1.14a 52.50+1.97 a
CK 42.90+2.70 g 4.20+£1.04 b 70.40+3.65 ¢ 15.2443.49¢ 21.45+135¢g 35.20+1.82 ¢
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£3% 3 (Table 3 continued)
P2 17K T E@% i_{fflj) Hl@% BRRAER FRAAR R (%)
Factor and (gbox ') Larvac ( g-b(?x ) (%) Insect ( %') Eeed Dung-sand
level Pung-sand § weight gain Food mt.atlke transformation utilization converslon
weight (g-box ") (g-box ) (g'box ") rate (%) rate (%) rate (%)
15d
JD 117.00+£2.12 b 8.00+£0.61d  131.40+3.36¢c  55.89+5.01c  65.70£1.68 ¢ 94.83+1.03 a
YM 101.50+1.58 ¢ 4.10£0.22 e  126.50+2.18d  16.45+1.16 f 63.25+1.09d 82.93+1.19d
EM 110.30+1.57d 2.30+0.45f  129.10£2.97 cd 12.17+1.54 g 64.55+1.48 cd 87.00+0.64 ¢
YM+EM 113.90+0.89 ¢ 8.10+0.22d 128.50+1.12cd 55.69+4.20c  64.25+0.56 cd 94.61+£0.81 a
ID+EM 121.50+1.41 a 10.20+0.45 ¢  137.80+2.02b  62.70+3.92b  68.90+1.01 b 95.22+0.66 a
ID+YM 109.90+5.55 d 12.20+£0.27b  135.50+5.32b  47.65£0.54d  67.75+2.66 b 89.11£0.59 b
YM+EM+ID 123.90+0.89 a 14.00+£0.35a 143.50+1.41a 71.47+2.02a 71.75+0.71 a 95.68+0.39 a
CK 53.10+£1.43 f 4.10+£0.22 ¢ 68.70£2.99 ¢  26.49+2.43 ¢  34.35+1.50 ¢ 82.26+1.94 d
20d
D 112.10£2.30 cd  6.50+0.87d  129.00+£2.76 ¢  38.49+4.99d 64.50+1.38 ¢ 91.51+0.89 ¢
Y™M 111.90+2.07 cd 6.20+£0.27d  133.70+2.28d 28.44+1.05e¢ 66.85+1.14d 87.76+0.28 d
EM 113.00£1.97 cd  10.00+£0.35¢  133.10+3.40d  50.38+6.03 ¢  66.55+1.70 d 91.82+1.85 ¢
YM+EM 121.80+1.52 b 10.10£0.22 ¢ 139.10£1.60 ¢ 58.81£5.58 b  69.55+0.80 c 94.43+1.24 b
JD+EM 122.10+3.09 b 13.30£0.97b  144.20+1.79b  60.49+542b  72.10+0.89 b 93.27+1.57 b
ID+YM 114.70+0.84 ¢ 10.10£0.22 ¢ 141.40+2.04bc  37.88+1.45d 70.70+1.02 be 87.37+0.69 d
YM+EM+ID 131.00+2.24 a 14.70+0.57a 149.40+3.05a 80.06t4.35a  74.70+1.52 a 97.26+0.74 a
CK 111.50+1.22 d 6.40+0.65d  129.50+2.18e¢  35.63+3.67d 64.75£1.09 ¢ 90.58+0.90 ¢
25d
JD 108.30+1.48 ¢ 12.10£1.43b  131.00£3.67 ¢  53.38+3.36b  65.50+1.84 c 91.10+1.23 b
YM 102.50+2.00 ¢ 8.20+0.27d 121.20+3.35de 43.9842.26 ¢  60.60+1.67 de 90.72+0.80 b
EM 106.30+1.10 cd 6.40+0.42e¢  117.20+2.86 ¢  59.88+7.52b  58.60+1.43 ¢ 95.96+1.46 a
YM+EM 108.60+1.14 ¢ 6.50+0.61 ¢  128.40+2.68 ¢  32.86+t1.81d 64.20+1.34 ¢ 89.10+0.93 ¢
ID+EM 111.60+1.56 b 6.10+0.42 ¢  122.60+4.04d 57.78+12.47b 61.30+2.02d 95.84+1.81 a
ID+YM 120.90+1.60 a 10.10+£0.22 ¢ 148.61+£3.20a  36.52+1.57d  74.31+1.60 a 87.30+0.76 d
YM+EM+ID 123.20+2.39 a 13.80+0.84a  143.40+4.10b  68.46+2.40a 71.70£2.05b 95.07+0.67 a
CK 104.40+3.29 de 8.00+0.35d  122.10+3.44d 45.25+2.61c 61.05+1.72d 91.49+0.73 b

PRI - BB E2Z , IR EUE AR A AN R /ING 7 RE 7R AN R JE8 A 50 T 45 S8R AFAE 1835 22 57 P<0.05, Tukey
ZHEEMT) -

Data in the table are mean+ SD, and followed by different lowercase letters in the same column indicate significant difference
(P < 0.05) among parameters under different decomposing inoculants based on Tukey multiple comparison analysis.

i, mEp—EAE, BEic AR EH EM
B e B I ERMEAE TR, 465 & B2, fs
R EE R 68 °CAAtT (EEZE, 2006; &l

&5, 2017; FPAIEE, 2025) . YM B Al A U0
BETHE I K TR Rt A] ( 2R R4, 2018 ),
TAHAIRE S TD A B R e AR A
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G, BT IWTHE i iR R B R S i 1 WS
1, RZ M, ERWMK, IDFYM+EM E4&
Rl 7] Ah 3, P —fifT 11 R K 4 f 4 A b R
B 3 T O FE A L 2 R AR A TR R E T o 7 &
BERFR] D7 16 . JD+HYMAEM 524 1 71 Ak 34 % e
1] 15 F1 20 d PR R BERE . 4 BUARASCR
e AT B EES . SRR &, ik
AL TRDRLR S UL R I AR (ke 3R
i i — B, B IR — TR AL B 1 = 2R
et bRiE & [FD R s AL, Hd ID+YM+EM
A2 A TR R A B AT A5 TR R ] A D RE AR, 7F R A K
Y AL E TR HE A K T T e B s 1 P [
ROV, LT C141+1>37 B PESCR, LAk
FERCE S AT E 15-20 d %tk R FRUR 55
RN AE R B . XFPIIRE L) 5 H AR,
AR AR U A 1 0 i TR DX S
AR PRI AR £ 5 2% 0, O A TR ]
EH 15-20 d B RS ST sk, A
R IEVE ) B AT T B & 3L ID+YMHEM &
G E A B AL RTE 97.26%, BE = TR
BHFIHR (74.70% ) o X —FHRFIEIFIE R,
A A 2 X B AT A ) EDIE S SR AL 1%
G (2024) T LK WA (hfest Bt
RARAT) PR FIHR SR 45.91%, R
WHALFN 87.51%, TR E LAY w7 Ak
PR W TR IR LR, SR K
7 o ARTIFFE 2 5 MR [RIIE S T TR B g i 2
1o HURD B AR IR I 25 R AR A TR R A AR — A 6
= A . A ST IR S S A JD+YM+ EM
TR AL, AT ol AR 5 1 ) B4 R
(Fibgify ) HEFRRI (R4 R M)
I P TS 22 R AL S G T AR R 5
BUEAL, AR s R AL S R R
A= o (B — SR, AR oY R BT
4y H A 2 R R ke R BE Sh AR PR T JD+
YM+EM &SR AL, B3 AR & RSP
BHOLAEER | PARER . KRR HEKL ON I
HEATIE o X HASHI T S51e T 58k, R4
R AL REA B O 0 0 UE B T kL A ek
o RS ATAEAR TAESERE b, fh i sefb g

FEVR AT, LS e T 48 75 1R B RD AL A P
TENLEL, O “RUEYr-BA” SORIESEE e
AR .
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