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FRE"L,E ORLE L AERL,BEEMN,HEE

L FHNTTE R ARl 5 TR AT 352100 2. 48 R (2 FUAEY) TR EORIE 7 Fh s
TS 3521005 3 AESTATAEEERIUT MRS 3552000

OB AR SRR R AR TR O R AR KK W2 R, H AT BA IR ANV B G Vs PR SR . AR AUk
SIS B ARAT R AT A3 R LT AR PR 3 R B EEAT O I8 , LA M0 346 R 6H S A = 0 0 1 997 ¥ RCSR 00 2 i BT, 5% 0 i
B A B T 70 SR AT TR ) s C LA i A 937 1 70) S 6 B, CRO) , 20 22 B T 6 e W 25 R 25 A e A b s, i s
993 1A 7 7 5 TR AR o L M ARl P e (R o) o 25 SRR, I 45 3 T RPASE RS 2 B A AR B AR BB R €202201, 45
B AL 25 L i E TR R C202201 SR B 2F # K 1 (Bacillus paranthracis) » 8 BSWF 50 285 A58 0, it FH
C202201 B 7] 1 . 25 PR LG8 093 b P o 17 8 20, 9 s AR A 22 BR 2503k % . JLvb it Al €202201 1 71 BR ZE 003k %
93.33%- M FIR SR E0Y 19.19, 758 T Bk /KT, 5 CK A EL, BRZZIRHOCRIEIN T 8.33 T 43 541, M s S B v R R
N 57.91%;: 5 CK AL, M H €202201 7 /5 L3 Wiige B AUR A4 728 4k, JU T o A TR B0 5 3 22 D e
FAThEEPE C202201 B 7 AT 7 - B0 A= TV 4544, BRAECIoR TR 1 PR AR T = 58, SR T el 5 1R R 2B o AR 07 32 11
AR R C202201 FT AR R A B 1A R L R AR S

SRR AN S S s A BT R s SR s LR R

FE 5% S:5632.3 HERPRESRD: A N EHE:1673-2871(2025)09-199-08

Field application effects of biocontrol agent C202201 against binglang

taro leaf blight in Fuding

DONG Xiaofei'?, YANG Cong', PAN Hong', LIN Zhibin'?, QUE Yulin’, YE Zuyun'?

(1. College of Biological Science and Engineering, Ningde Normal University, Ningde 352100, Fujian, China; 2. The Engineering Tech-
nology Research Center of Characteristic Medicinal Plants of Fujian, Ningde 352100, Fujian, China, 3. Fuding Agricultural Science Re-
search Institute, Fuding 355200, Fujian, China)

Abstract: Binglang taro is a specialty of Fuding city. Its plant has been affected by leaf blight for a long time during their
growth period. At present, chemical control methods are not good and are prone to environmental pollution. Therefore, in
this study, three strains with chitin degrading properties preserved in the laboratory were used to screen for biocontrol
bacteria that have a preventive effect on binglang taro leaf blight. After screening, field tests were conducted to spray bio-
control agents and CK (without spraying), and taro bulb growth indicators, harvest rate, leaf disease control effect and
changes in soil microbial population were measured. The results showed that strain C202201, which had a biological con-
trol effect on leaf blight disease was screened. Combined with the results of whole gene sequencing, strain C202201 was
identified as Bacillus paranthracis. The application of C202201 bacterial agent can significantly reduce the disease index
of taro leaves affected by blight and improve the yield of taro underground corms. The yield of the C202201 group was
93.33% and the leaf disease index was 19.19, reaching a high level of disease resistance. Compared with CK, the corm
harvest rate increased by 8.33 percentage points, and the leaf disease control effect was 57.91%. After the application of
C202201 bacterial agent, the structure of soil microbial community changed, and compared with the CK, the number of
chitin decomposing bacteria increased significantly. This indicates that the application of functional C202201 bacterial
agent can regulate the structure of soil microbial community, reduce the relative abundance of pathogenic bacteria, and

thus reduce the occurrence of diseases. The strain C202201 provides a reference for the research of biological control
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products for the leaf blight disease of binglang taro.

Key words: Bignlang taro; Leaf blight of taro; Biological control bacterial strain; Bacillus; Soil microorganisms

FEAS = 8 K 7 2 L (Araceae) “F J& (Colocasia)
B AR B AR A, R R AR R A
MU A 0 S, o 4 LR 7 b B AR AR 7= o AR
B BRZEMG Y L Fh MRS s (B IR A
R ERERL, DA K RIEA AR BB 77+ 8 M
B Hh 2 R RSN I SO = BERE S =
Wl AR R K, JE T REATIA 160 emx80 cm, 42/
FIALE 200 d B E (B 5 320 FH R E, Hod i n
CRUTR PRI 35 ) 6 B 4 BT B RS 3, RO RN
20%~30% , ™ B ATk 100%™ 8995 AT 42 55 1y
RN RN R ZE , I b ) A B 4 00 [ B0 A5 55 A I 4
T 7K T L 0 B R e 2 D L AL, P I AN
B B Rk S IR, R BR ZE YW 5 AR A 1, H
FER G J 2 A ELAG G, 7% B 5 M R RS = R 2 S
AP B, TR AR 0 B R DAV it % Mok 24
NE B AR A B N T w4, H
WG it A 245 5 77 AR RIS YL A A il A 245k B 4 I
M FLSE R FE AT & 3% S5 BV T E R AED,
AW BT 6 8 T AR AR W B P AN 18 R S
A, R sk AR ) 2 TR R 4 L 5 4 S A FH LR,
Sk B A, = ROE R AR H AT
By 425 R P s b N R 22 1 AR 7 1R A 2R AT
W (Bacillus) %% 75 14 (Streptomyces) » JE L")
B E T PR S AT R G S R R B R
AR PVFT S e 15 21 B2 B XS54 ANZE AT
P3 38 TS 05 A AR I B4 38R s AT A A
3 398 PR B2 A AT B RN-61 % 22 P AR 47 30 6 5
ARAFARIE o LT 02 A T 40 A BE A B b
FE RS, BRI A BA LT
JAAER, AR LT B i LT k. AR
By, LT SRR A S B R, A LT
SEPE AR DNA % 56 52 B R U IR 18, A L6
AT LAE N S 7], AR AR EEEK K
B IE A (23 B S R I T A
AR AL R, B X e T R A AR P o] A AR B
R PRI VR AR T

H o S 78 A R AR 0 = B R 1 AE YD
PRI FT DR H WL, B0 R AR 2528 55 (1) 995 76 AT 4
Hh P PR B RN 24 70 7 96 S O TS, o0 TR AR S %
T3 A= 0 R 7R E RD 77 9 19 R DL ARG o AR FT A SE
U5 2 ORAF I 3 BRAT LA ) LT J5 11 81 vk v i o
X ST A B 18 S80S 0 TR R AR D AR 7 T A 7 S 90
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R TR ASEARS = - R 0 = 338 ok A7 g it s, 00 I
815 ¥ 2 RS = SRR 2R W A T B 2, LA
BRSO I AEIR 7 S B R SR 2%

1 MEETTA

1.1 #H

LR R 9 AR SR ARRE S, B AR S AR AR A
B4t s (A B AR R T I v 2 B AR M R 5 TR
SRR AR S = RAE I B R LT RE R 3
PR PR €202201.C202202.C202203 HIKERE 4 52 5
J93 JiL & (Phytophthora colocasiae) o
1.2 7k
12,1 ABEAKRBEKIBL AL ERAF MR
T FR C202201.C202202.C202203 - J2 975 975 J 15 73
MR T LB kR 734, T 30 °C.220 r- min”
PEIREEFE 8 h, £ o e U FRASERE F K 2E, b5 I
WTJE IECK 3 em*3 emx0.7 cm B4 28, &
75% LIEAN 0.1% AR R HTH 2R 5, FH B K785
G T BONA BRI JE 1R K 7R I, 5 0L
AN —H I, I JE W ) AEE 7 78 4 48 b g gl
1 ecmx1 ecmx0.3 cm B 4% 1, B 45 I 7 A1 9% 95
995 JE T TR A T AR AR EE 121020 pL FAH L 7
e DL R 0 0 S T D BH R (CKD , BA
B R WU A A B R, DTS T K R =S R R
AL 3 RESE, BT 30 °cCHEIE B FF 7 d, Mg HE
M 4 22 5 J e I A R 3%, A R AR N B 2 4
B AR A T A SR A T 2 (P TR R A B v A
122 E#eFE= W LR SRR EY
FRIEAT 20 FIR56 , R A TSINGKE B4 DNA #2Ht
R & (TSP101) 42 HUAE Bl B #& DNA 33k 47 PCR
o, ff A 16S rRNA JE B il ] 5] ¥ 27F
(5"- AGTTTGATCMTGGCTCAG- 3°) #l 1492R
(5-GGTTACCTTGTTACGACTT-3") , ¥ 2 5 A
94 °CTIAZPE 10 min, 94 °CAEM: 455,55 °CiR K 45 s,
72 °CHEAH 90 5,30 MG, 72 °CZEH 10 min, 4 °CLR
15, ZHEAC R AR A A IR 2 w0 )5
MEGA 5 12} #:7% (NJ) (Model : Maximum Compos-
ite Likelihood A1 Bootstrap method: 1000) 4 % & 4t
REW, K EY EHER T LB R iRk d 18
30 °C\220 r-min” %A FREIRIE TR 24 h, N A2
FEAL R E VRN A IR 2 7] 58 il 4 2 R 241
M
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EEESE, S5 «  EAROR A T 7R C202201 () FH A it FH 28R 20 B
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123 @i iRk Wi T 2023 F4—11 H7E
A A8 R o T DT U R VA AR < R M 2R AT, K
FHBENL X L TT, 15 B AW it A 75 1 77 CCKO A i
ik B AE BT A) 2 AN AEEE L3 IRESE . DNIXTH
60 m*, ZB% 1.2 m, 25 25 cm, ZEIHTK 40 cm, £k
PE 30 cm, 17 8E 60 cm, 3£ 7THE 120 Pk, & 20 d X #5
A 2 I FIAR 35 L S W I B2 O 107 CFU -mL™ (1)
175 T B 7 RN AL BRI 5000 mL

RAE < FLHL 3 YRR, 4 53l Dy W it A 711) A1 R A
5 2023 4F 4 H 23 H ) W% i g 75 F A A 3
(2023 4£ 6 H 15 H) ¢ B 751 R i 5 1 (2023 4
10 H 16 H) o A SR 4= 23 X AR AR bR 1= 33047
KRE, o BV 3R JE (P2 0~15 cm) A1+ 3EIE
2 (B 438 30~40 cm) 1 4, /NX N BEAS AL HE 25 BE
HUEEL 2 AN SKFE S GHEE 3~5 m) , SR )5 H 2 A SR
FEE A2 LR G, RS E AR B TIKE R
&M 2023 4E 11 H 9 H USSRBEAE 2= R 25 (B
FRRRLE A KBFERTUA B RN, ARG R
THE BRI 0 S O Bk AR A BR 2R AR K
WG (K EVEHRA R RS AR, IRt
SRR ZEWCIRER R 26 DA o 17 48 BRI 55 B
BRI, AT

WSR2 /Yo=WS SRR B/ Fe P R < 1005

RIZE I Yo=(FITEMEERHEO B Ex< 100

M R0 2 23 5 15« 52 I SR 2 I vk
WS A 2 2N, A 7 Lk SO SR B R A A 2 R e e B O A
BAEWOGRAT AT A R R A, T 2023 29 H
15 HHEAT , B/ XA PR 4 8 8 2, SRR T4 R
FE P IR L 5 R 5 G035 R 3 I BRI 4, 1F 5
AR CEA G P IR EEVE

FIRB o AR UET R 0 20, TBIRBE; 1 24, 030
TR 7 Bk M THAR 1 5% AR 53 2%, BE T AR 8
TR T AR R 5%~10% 55 2%, 93 B THI AR o B sk P T AR
(1) 11%~25%: 7 2%, o DR THI AR o B2 K - T AR Y 26%0~
50%;9 2, I BT AR 5 B gk T AR S1% 5% A b

I 995 175 8 Bl= X (% s 50 oAE X R 3UED/
U A A P 250 s ey AR 28U D ] < 100 5

I3 2 15 968 285 SR Y= Ot HE DX 973 175 8 $ ff — b B
X 95 175 i B /% HE DX 175 i £ (< 100

UK H 9 1 H8 £ (DD PR S K
S W R 6 BE R B 2 Sl R 4y 6 SR DI= 0
%P (D ; 0<DI<20 A& $Hi(HR) ;20<DI<40 A
PL (R) 5 40<DI<60 K+ FT (MR) ; 60<DI<80 A
JEF (S) ; DI>80 N (HS) .

124 XRBAEMABFRAKNE B3 g LM
A 27 mL o K HETE i IR, B8 20, i) ik
10" g mL" B RE TR IR RE R 107107, 107
107 g-mL" 4 Folf FZ (R RE VR, 43 I L 100 pL 3595
WRIRTE T B 7R 3P AR L, R RSB R
3AMEFRIN, T 25 °C {HIRAR F 15 9% 5 d, B R M 52
ARG

ARG AL LA 7 Bl 7R 3805, 5 5l B 1
SE AR IR S AR B L R TR R L A
R AR 4R R B SRR A AL L
TR R S R

(1D SA I o B DU SR B B 7R 2 (NAD
G B DA+ B% I E -

(2) A FUH W B 2 : L Rose Bengal 157755 (RB)
G i DAk I E -

(3) J& 7% 1% 181 15 B4 44 : LA Phosphate-solubilizing
microbes 17 775 (PVK) PR TH AN € . BT - 76
% FE 10.0 g, Ca; (PO, 5.0 g, (NH,),S0, 1.0 g, KCl
0.2 g, MgSO, - 7TH,0 0.1 g,NaCl 0.2 g, MnSO, - 4H,0
0.002 g 1 FeSO,- 7H,0 0.002 g, Fiflg 15.0 g, 2518 /K
1000 mL,pH 6.5+ 0.1,

(4) S0 [H] 0 B % B 4 DA Winograsky’s 6 & 5%
FeESPOTHBOEN E . o - AT RS 10.0 g, CaCos
0.1 g, KH,PO, 0.25 g, MgSO, - 7TH,0 0.125 g, NaCl
0.125 g,Na,Mo0O,-2H,0 0.005 g, FeSO,-7H,0 0.005 g,
MnSO.-4H0 0.005 g, Bifl§ 15.0 g, Z& 17K 1000 mL,
pH7.0+0.1.

(5) A Y 35 7 il S B A ORI R A 4 3%
By ME — Bk J5 1 22 R 3X Mandels- Reese 15 77 2
(CMC-Na) AR VH A E . Bt/ :CMC-Na 10.0 g,
JR % 0.3 g, (NH,),SO, 2.4 g, KH,PO, 2.0 g, CaCl,
0.3 g, MgSO. - 7TH,0 0.3 g, FeSO, - 7H,0 0.005 g,
ZnSO, - 7TH,0 0.014 g, MnSO, - 4H,0 0.016 g,
CoCl, - 6H,0 0.002 g, Bifl 15.0 g, 7&K 1000 mL,
pH7.5+0.1,

(6 Jeh F e 73 Ak B s B 8 USRI Jo g M — Tl
P50 24 K 20 Mandels- Reese 1% 7 3 P AR 11 £ v2: )
JEo BT : B 10.0 g, JREK 0.3 g, (NH,),80,2.4 g,
KH,PO, 2.0 g, CaCl, 0.3 g, MgSO, - 7TH,O 0.3 g,
FeSO, - 7H,0 0.005 g, ZnSO, - 7TH,0 0.014 g, MnSO., -
4H,0 0.016 g, CoCl, - 6H,0 0.002 g, Fi fiF 15.0 g, 7%
187K 1000 mL,pH 7.5 £ 0.1,

(T I LT )53 7 il o s o = DAL T o Dy o —
VR ) 25 K 3 Mandels-Reese 5% 7% 3% P4 11 £
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Eo AL LT 10.0 g, JREK 0.3 g, (NH,S0,2.4 g,
KH,PO, 2.0 g, CaCl, 0.3 g, MgSO. - 7TH,O 0.3 g, Fe-
SO, - 7TH,0 0.005 g, ZnSO, - 7H,0 0.014 g, MnSO; -
4H,0 0.016 g, CoCl, - 6H,0 0.002 g, B flg 15.0 g, 7%
187K 1000 mL,pH 7.0 £ 0.1
1.3 HUELIE

K H Microsoft Excel 3% F 247 5 ¥a % 2 s R H
SAS 9.1 B AFHE4T 204 73 7 s K F Duncan’s 15 #E4T
Z BB T

2 RS0

2.1 EREMREIBEATFIE

7d JEHRHR G E 1B, KRR
JE B AR 3 4 2 (CKD) 52 T 12 3 Rk, 1
R 7K 2 A B s, IR 4P AR DU B AR €202201
€202202.C202203 [ 2H 233550 HH B 2 5 e ol
Ry DU B A DR B TR A R R A S R 5
C202201 B ¥k I8 & W 241 2 B 3% A5 1 L, B2 b
202202 1 kR & UF1 C202203 B A& TR A W 241
U b2 0 IR A LK, C202201 TR R X ASE AR 4
PE 95 (1) A 7 AR, wT AT R — e
22 E#MSTFEE

S AR B RO I €202201 AR HREL DNA #E47
P38, 1520 1 ZKEMT IS AR, S Tl E S 1500 bp,

5515 81 BOR/N A — 2 (B 2-A) . Xt
C202201 B ¥k DNA 347 2 FE PRI 7, 90 7 45
EIRF IR/ 1466 bp. #4741 4% % NCBI, i
1T DNAMAN J¥ 1| 43 # #1 BLAST *f Lt , JF H
MEGA 5 M RS K E W (K 2-B), 4 R IR
C202201 B Pk 5 @l 7k JH % #+F B (Bacillus paran-
thracis) I FH LM A5 100% , £ ££ F 16S rRNA F&
GRKENE WERTE L. dia5eiHA
P45 5L, % C202201 B AR N @I % I 2F 70 4T B
(B. paranthracis) , W [ 20 %¢ J5 15 2 1 5 K 41 K
/N5 501 503 bp, GC F f N 35.21% , 4 i 2% (A
MK N 4 682 508 bp, 4 it 5 K P ¥ KA
826 bp, F i X = K BE 7 A LRI AL 85.11% , 3k
T 5667 A A, b A B E 5 g 6 5
5569 />, rRNA Z&[A 12 4>, (RNA ZE A 85 />, tm-
RNA J£[H 1 4~(GenBank: JBHOQF000000000.1) .
2.3 HEFGFRIR LR

H e 1 a0, CK RE AR 60 # , I3k 51 #k
fi BE Bk 25, Bk 22U 3R ZOh 85.00% , K N
15.00% ; ¢ jits C202201 B 771 4b #E A A 60 #% , i 3Rk
56 PRAEFERE R ER ZE , BREZE IR 2R 93.33%, K
N 6.67%, 8 CK WIRZER N T 8.33 A4 sl CK
BEMPEERZE K CEH A& R 2 5N 23.60 cm .
11.07 cm. 1.38 kg, Wi jifi C202201 B 71 b BEER 25 K

7E:A. CK';B. C202201;C. C202202;D. C202203;E. JLH /K ; F. C202201 J# A4 ; G. C202202 R &3 s H. C202203 IR &R -
Note: A. CK"; B. C202201; C. C202202; D. C202203; E. Sterile water; F. C202201 mixed solution; G. C202202 mixed solution; H. C202203

mixed solution.

1 EREKE AT

Fig. 1 In vitro screening of biocontrol strains
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e v e A iy = N ijA_ B
ER EEIGR AR , 45 ¢ AR AR 0 A2 BT B 7 €202201 4 B IR FH CR 73 X BT R 5T
202201 Marker B “ 100 202201
i NR 157728.1 Bacillus paranthracis strain MCCC 1A00395
1
9(3) + NR 133704.2 Bacillus tianshenii strain YIM M13235
NR 181616.1 Jeotgalibacillus aurantiacus strain T12
NR 133974.1 Peribacillus huizhouensis strain GSS03
NR 115933.1 Bacillus coahuilensis m4-4
5000 bp . . .
3000 bp NR 179406.1 Bacillus salis strain ES3
2000 bp NR 112723.1 Bacillus atrophaeus strain NBRC 15539
1000 bp 39
o — 750 bp " ER 025240.1 Rossellomorea marisflavi strain TF-11
500 bp 93 NR 148273.1 Bacillus haikouensis strain C-89
250 bp
100 bp

| —
0.005

2 C202201 E#k DNA PCR B E (A FMRL L ER (B)
Fig. 2 DNA PCR electrophoretogram(A)and phylogenetic tree of strain C202201(B)

® 1 HERBAE S
Table 1 Analysis of field efficacy test

TR WO R YR RFAF BRERKE HREEAR - MR TR R B A RCR
JOBL . . . Pig=:A .
Treatment Planting  Harvest Harvest Incidence Corm length/  Corm diameter/ Mass/k Leaf disease ~ Control effect
reatmen ass
quantity ~ quantity rate/% rate/% cm cm g index of leaf diseases/%
CK 60 51 85.00 15.00 23.60+1.35 11.07+0.22 1.38+0.09 45.59+0.83*
C202201 60 56 93.33 6.67 23.92+0.62 10.88+0.21 1.38+0.05 19.19+1.22 5791

R F SR TE 0.05 KF B2 3.

Note: *represents the data in the same column indicate significant difference at 0.05 level.

JEE AR R RSN 23.92 cm+ 10.88 cm. 1.38 kg,
HCK LREER. CK M HRERECN 45.59, 1%
Jiti C202201 B 77 Ak BE A i 0 175 48 20 19.19, 1)
LK R A B U KE, B CK 23 FE
K7 57.91%. LA 855Ul 81, i A C202201 B 57
SRR EERZE A KB b (K E VHA R B LR #
SN {H A 25 PR A P 0 17 48 2, PR AR BR 25 K
R, PR BRIk .

2.4 TIEWEMREREONE

241 B1IREIEMEMEBEBHENLE RN
- St B R AT AT 1 R IR A Y R B
Bk, 45 a3 2 Pros, Wit C202201 B 57 &b
H 5 CK 2 T HERT & 10 805 52 2 H B
S VRS O R R A R O A TR A SRR
BRI A A 0BRSS LT A R R ORI 2k
WHH LR ZEZR, K2 LEMEWIRERHZ
MR EEZR. Kb, WK ZEMRZ L
33 b R TL TR 0 AR TR P TR T B e A T
HPIRZ,

242 H2k EEM A A BE KA N LR 5T
FE Tl AE b T HE AT 5F 2 vk S A AR i R T AR
Wy, &5 R a3k 3 Fron, RE LA, B C202201

B 77 A T R AR KT CK HE B A 8
TR B S LT BT O M T A TR T )
EmET CK, & LT 2 M BB CK B E RS
T 43.03%. RJE L, Wi C202201 B 57 Ab 3
SOELBE L R LT B O R R TR R R
EZETCK BT R MER CK BEFRES T
45.81% . i Wit F C€202201 B 77 v 2 7 1 3% o
SOLT R i e .

243 BF3IRLEMAEMABHERAKENEE S
A CEFRRRE S RT3 IR IERAE MR AR
W, SRk 4 Fros, 27 B3 B C202201 5§
FARELS LT B iR W EOR S T W B R = T
CK, LT i/ i B AU CK B & 325 1 86.02%
TR 2 % Wi C202201 T8 771 Ak B 2 1 T 4L
JUT B3 R O SR & i H0s 2 T CKL &L
TIRAEEE CK R T 51.05%.

ZE 2 RANER 3 IR S AR A R B, TS
Jiti C202201 B 71 Ab B () JL T 5 43 A o B2 3
Fm T CK, ¥ 8] €202201 B N L35 LT
JOR o3 T T AR R A TE R . KT A 202201
PR G AR T I AR IR S A, T ek 9 B T
KA.
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Table 2  First soil microbial population detection (10’CFU -mL™")
e T MEgERS BRI i A LT R
o RIEREEA . BEREE o SRR
KOS R R T 2 fifb 1 £ I R
e n SEWH Total number Total number Total
+ 225 Total number Total number  Total number . Total number
. . Total number of phosphorus- . of nitrogen- . number of
Soil layer category ~ of viable . of cellulose-  of pectin- . of chitin- .
. of fungal solubilizing . . fixing . actinomy-
becteria . degrading degrading . degrading
becteria . . becteria . cetes
becteria becteria becteria

CK %)z 51.60+1.40a 1.62+0.30 a 8.10£0.90a  16.80+1.80a 25.10+2.70a 4.90+1.00 a 0.12+0.03 a 0.77+0.16 a
CK surface layer
202201 #JZ 49.20+2.70 a  0.83+0.18 a 9.80£0.70 a  17.40£2.10a 25.60+5.10a 7.60+1.70 a 0.11+0.03 a 0.29+0.05 a
C202201 surface layer
CK XZ 50.70+2.60 A 1.06+0.22 A 17.70+1.60 A 18.80+0.10 A 26.70+3.10A 5.80£1.40A  0.12£0.03A  0.12+0.03 A
CK deep layer
C202201 2 47.40£1.90A 1.18+0.16 A 16.70£3.20 A 17.90£1.30 A 27.90+4.10 A 7.10+0.80 A  0.08+0.03 A  0.21+£0.07 A

C202201 deep layer

W RSN FVING FREROR R Z 72 5 1 35 (P<0.05) , R BIA A RS 7 BER IR 2 22 7 i 3 (P<0.05) . Rl

Note: Different lowercase letters in the same column indicate significant difference (P<0.05) in the surface soil, while different uppercase

letters in the same column indicate significant difference (P<0.05) in the deep soil. The same below.

®3 B 2R DEMEMRERRIGN

Table 3 Second soil microbial population detection

(10°CFU -mL™"

N wmmn o AR BREI . SR
RSSEE U fift 1 2 fife i 5 oy Lk
en JSE Total number Total number Total
+E3591 Total number Total number  Total number . Total number
. . Total number  of phosphorus- . of nitrogen- . number of
Soil layer category of viable . of cellulose-  of pectin- . of chitin- .
. of fungal solubilizing . . fixing . actinomy-
becteria . degrading degrading . degrading
becteria . . becteria . cetes
becteria becteria becteria
CK ()2 50.20£0.70 a  0.29+0.07 b 5.30+£0.20b  24.00+1.40 a 6.50+1.00a 10.70£1.90a 16.50=1.20b 0.65+0.13 b
CK surface layer
C202201 &)= 4420+2.70b  0.79+£0.13 a 9.20+0.50 a  20.10+4.60 a 9.10+2.60 a 13.10+0.40 a 23.60+1.40a 9.71+1.06 a
C202201 surface layer
CK RXE 47.50+4.00 A 0.23+0.08 B 21.70+240A  17.10£2.10 A 19.20+6.30 A 18.80+4.70 A 15.50+0.60 B 3.98+0.45 B
CK deep layer
C202201 IR 47.70£1.10 A 1.95+0.59 A  18.10+1.10 A  14.90+1.30 A 15.20+3.20 A 18.40+4.80 A 22.60+2.40 A 9.61+0.77 A
C202201 deep layer
FT4 B3I RTIEWMEMEREELEN

Table 4 Third soil microbial population detection

(10’CFU -mL™"

ey AMETYER ISP vty e LT e
. wmmn SOERT BRRG e S s
" B Ly i v B i v A 1
LR S E Total number Total number Total
. Total number Total number  Total number . Total number
Soil layer . Total number of phosphorus- . of nitrogen- . number of
of viable . of cellulose- of pectin- . of chitin- .
category . of fungal solubilizing . . fixing . actinomy-
becteria . degrading degrading . degrading
becteria . . becteria . cetes
becteria becteria becteria
CK %2 53.60+0.90a 2.27+091a 19.50+£3.80a 15.80+2.30a 19.10+1.90a  12.00£2.50a  9.30+1.60b  0.98+0.34 b
CK surface layer
C202201 & JZ 48.40+530a 1.35£0.25a 21.60+1.70a 17.00£0.60a  21.40+4.70a  14.10+2.20a 17.30+0.40a  3.70+0.88 a
C202201
surface layer
CK &2 54.00£1.00 A 1.76+0.46 A 17.30+0.40 B 22.10+3.50 A 17.60+0.40 A 19.50£3.90 A 14.30+£2.10 B 1.00+0.14 B
CK deep layer
C202201 /)2 52.80+0.30 A 1.36+0.18 B 19.90£0.30 A 22.00+1.40 A 20.30+3.50 A  16.20+1.30 A 21.60+1.40 A  4.52+0.93 A

C202201 deep layer
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