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B OE. AW T AN IR % B (exopolysaccharides, EPS) T 42 ¥t X #2422 Y38 B AR A%, & &~ EPS
HRAMELERR. RHAE KT HEARFOE AT . [B 8] M EEAES T Hik G =50
IS mE, AREAIERRE. RFEEM., JERBRF TR, ARELERRA Y
A AR LA, [FE] RABRABEN T AR S T5, BIBEAFNE. 4
A AR & 16S rRNA A F 5 7] e s 2 Lo Kls, 246 LRBRRBARART LEEAR
W e #rm. [4R]Y KT3I ZHEZERXT 500 mg/L 494, BEF A-5 AR T A
& (Bacillus licheniformis), XI-3 * Z& 4 3 04T # (Bacillus atrophaeus), KW3-10 4 @t 3k 5 047 5
(Bacillus halotolerans). #E#k A-5. XJ-3. KW3-10 &3 /5, +3E K HHEIK(>0.25 mm)2 TR B
SRR ZHT 4.07. 2.14 = 3.16 1&. 3 HEA WAL E F (Sreptomyces scabies). K%k 7T B
(Fusarium oxysporum). 7= 4% 436 (Alternaria solani)#= =2 # 2 4% i (Rhizoctonia solani) % % #F 444
R R E LA B R AR 2R, T pH A 5-9 4= NaCl A& 1%-9%49 3 sk 5L, 1Lt AE K,
P KW3-10 9K =+ T1AA 224 2558 mg/L. (48] B4k A-5. XJ-3. KW3-10 T 2 F 1%
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Abstract: Exopolysaccharides (EPS) produced by microorganisms can promote the formation of
large soil aggregates. EPS-producing strains have good application prospects in improving soil
and promoting crop growth. [Objective] We isolated the bacteria with high yields of
exopolysaccharides from soil samples and studied their soil-improving function, environmental
adaptability, and broad-spectrum disease resistance, aiming to provide candidate strains for the
preparation of soil-improving microbial agents. [Methods] The yield of EPS was determined by
anthrone-sulfuric acid method. The taxonomic status of the strain was determined by
morphological observation, physiological and biochemical tests, and 16S rRNA gene sequencing.
Soil culture experiments were carried out to evaluate the effect of the strain on the formation of
soil aggregates. [Results] Three strains of bacteria with EPS yields greater than 500 mg/L were
obtained. A-5 was identified as Bacillus licheniformis, XJ-3 as B. atrophaeus, and KW3-10 as B.
halotolerans. After treatment with these strains, the content of soil macroaggregates (>0.25 mm)
increased by 4.07, 2.14, and 3.16 times, respectively. The three strains exerted significant
inhibitory effects on plant pathogens such as Streptomyces scabies, Fusarium oxysporum,
Alternaria solani, and Rhizoctonia solani. They could tolerate the saline-alkali environment with
pH 5-9 and NaCl content of 1%-9% and promoted plant growth. The content of indole acetic
acid in the metabolites of KW3-10 was 25.58 mg/L. [Conclusion] Strains A-5, XJ-3, and
KW3-10 can significantly promote the formation of soil aggregates and demonstrate
broad-spectrum disease resistance and remarkable growth-promoting performance, serving as
candidates for the preparation of efficient compound microbial agents.

Keywords: exopolysaccharides; soil aggregate; Bacillus; soil improvement
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AT e S R R A R S L R 4
A, R e e R A 2 pE
(exopolysaccharides, EPS)J&— 264 P14 K AL
R R P 430 3 40 B RE A K 2 B, X
BREEAEE0.25 mm) I YE KR H
FA B2 UEE AP, Chenu 21 Vadakattu
LI FIE &, EPS Al i it i b 4 39 JUkY 1)
RE, WA BBIRM, NS -5
Fa EPEFIHRKAE S1 . EPS ALHESR st My 7
T R RE E L, R RN - LR,
SOEBE A, R TP FR A KRB SRR,
M 38 3% 0 BR ORI AL
T P T SR A e it R AT X i 1)
PIWFIE 45 2B, 5 Y 3 (W K R pE K 1A
RURG R & T SR 5, ke e
A AL I P oRAR KT 2 mm YRR &
WA 1.87 150 2.38 £ RENG A
2 Rl A Z RGN R R R, A RR S T LI
IKEEPE A B AR (>0.25 mm) F ], A HE il 40
AR, BN RS ERE ., AT, s 2 h
AT R L R B e w2 s 18
Yy A EEAEH R BT T SRR
PR FPEEIE A B, iz EPS (TR X Fisg
WL . HE pH AR EE ML A U, sa
VITs Eim e s 2 s . REPOw . it R
B, HIMERE MR AR, HE A IREE
FRRIE 2 R Ml Ak o P B P A 11 0 0

AT ST N A SR i v ) 43 B8 O 32 5
EPS (20T, HAaHH S0, BFFE RS 1
HEK AR E R RO R EE R, R
¢ H PRSI Iy M RO S el AR, I
X P 4% 75 7 Sreptomyces scabies 55 2 Flii
R RS PIROCR . AR LA T 0
5% 1 1) BB TR R

1 S

1.1 ##
1.1.1 fFEEHSH

SR i B 75 1 (Streptomyces  scabies) . 224k
J) T (Fusarium oxysporum) #l 37 # % #%
(Rhizoctonia solani)y F H R4 B il AL P iiF 5%
R = I S NI = 5
CGMCC4.1765 .CGMCC3.18025 il CGMCC3.2888;
TR EL R 1x10° Pa KT 30 min AR 5 1
LU
1.1.2 il tiEsES

A R TR g I R B R RV T
IR b K S 4 A K AR 3 (46°13'N-46°47'N
131°21'E-131°21'E), pH {H 8.16, L.f% 0.77 g/kg,
2R 0.761 g/kg, 28 2.17%, HHLF 29.7 g/kg.
1.1.3 FEEFESRFA

LB #i375k(g/L): FE M 10, BERHERY) 5,
NaCl 10, HEBF/KERZE 1L, pHHMAER
7.0-7.2, 121°C K} 20 min,

BRI E(g/L): BEWE 10, (NH,),S04 1,
MgSO,4-7H,0 0.5, NaCl 0.1, K,HPO, 2, EFfE{E
By os, HEEFKESZLL, # pHIER 7,
[ A5 IR B0 20 BitAg, 113 °C KT 30 min,

PDA [BE{AR SRR (g/L): DR EHRZE 200 g
YIwg, WK 20 min, LA uERRE, A
ZjHE 20, B 15, HEBTFER2 1L, i pH
% 7.0-7.2, 113 °C K} 20 min.

King Ei%?%%(g/L): HAM 20, K;HPO,
1.725, =P 15 mL, MgSO,-7H,0 1.5, {44
M2 0.1, AEEFKERAZIL, W pHEZE 7.2,
121 °C K& 20 min,

Fo 9 - B 20 mL 0.025 mol/L ) FeCly 254%
JIA 30 mL iR, ks,

B5 E#i(g/L): KNO; 2.5, MgSO,4-7H,0
0.25, NaH,PO,-H,0 0.15, CaCl,-2H,0 0.15,
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(NH,),S040.135, FeSO4-7H,0 0.028, EDTA-Na,
0.037, MnSO,4-4H,0 0.004, ZnSO,4-7H,0 0.000 8,
EEFKERR 1L,

PKO }iF5k(g/L): HZWE 10, (NH4),SO4
0.5, NaCl 0.3, KC1 0.3, MgSO,7H,0 0.1,
MgSO,4-H,0 0.03, FeSO, 0.03, Ca;(PO,), 5, M
REARERY) 0.5, B 20, I EEFRKERZE 1L,
¥ pH {HZ 7.0, 113 °C K 20 min,

B (g/mL): FREL 0.2 g B, E%
100 mL ¥eamfR . Il FHRTEC H
1.1.4 #HiX1EY

A ERE 30 d AR A E
(il ZPEH).

1.2 BREHKRNS S

SRAE RIEANTLIX )P TT B P AR 4G AR
FH B it , R PG o Bl v T AR S
SR AR, B g BT S0 mL B0,
fIA 10 mL JCRK 7857 . WHL 100 pL ik
BIFRI SR AT T LB ARG b, 28 °C B
F% 24 hy PRIEAHTE RREE ST ZeAliqb, IR
MR TR LB 8537389, 37 °C ik
T o
1.3 7= EPS HEHI#¥GH

W0 B i A B TR RR U A T A /RS 7 2
Hr, 37 °C }i9F 48 ho FHKTRE A PRIV,
TERE BRI TR -

1.4 ZEEERINE

W 0 0 AR B BRI T 37 °C R
(200 r/min)}% 5 48 h, R L EEIIVETE S UL
W ZHE, IR BRI 0 2 200 ik

ARSI 33 E 50 pug/mL
FIR AW 0. 0.5, 1.0, 1.5, 2.0 F12.5 mL
T 25 mL e Ed, ks F/KE 2.5 mL, 4
FMA S mL AYBEERES W, BT K AR
10 min, KA TTINE ODgy (H . LA

14
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W B R As A, OD B R AR FR 2 il 451 25 B b
HERHZE

FE S 205 O 0 e - fr DU TR PR B AR R
8 000 r/min %[> 10 min, F Sevag %" 42 HL EPS,
3B EPS % 0.1 mL FH @&, MAELEE
7K 2.4 mL, 1B5), SRAIGEER - R TE D E 2 0
o
1.5 EHRESUE

W RFIN R 51 U4 T LB AR R 5 |
37 °C K595 24 h Ja Bk AR VR TE A, 40 BRI
H 23 & SR BT SUS010 A4k w2k
SR B P4 Observer Z1 WIS HATE S .
1.6 EHREZREE

AR RV 28I A, BRI T R 2
U5, B RRESS R | min, FRKMPYE
30 s, AR FIRMEZ 1 min, FUROKEE, FR
KA T K, T 95%IEREBGH , iede shit
e, 20 s JEKBE, WK Ay, T/Er e (4R ()
Ye 2 min, HRAKMEE, TSR,
1.7 HHREBELFFES T

K API 50 CHB G+ i #T 1 % @ik &
I PR PR 5, 44 APT S0CH 2058 25 156 H
P H IR,

A5 I B R 2 A pH (ER 3.0, 5.0,
7.0, 9.0 A1 11.0, NaCl ¥ BE 435110 1% 3% 5%
7%. 9% 11%MHIA LB Rigdkrp, 37 °C,
200 r/min #E¥% 5% 12 h 5 EH ODgyo [E, 77
NGRS EN SR
1.8 NFRAFEH

K 16S tRNA FE[H F B 51491 (27F:

5'-AGAGTTTGATCCTGGCTCAG-3',  1492R:
5-CTACGGCTACCTTGTTACGA-3") i# 47 W J§

bt A A Y TR A BR 2 H]), PCR Y
K& (20 uL): 2xT5 Super PCR Mix 10 uL, Bk
JE[RIZH DNA (200 ng/uL) 2 pL, iE. RIA5|H
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(10 pmol/L)4% 1 pL, ddH,O 6 pL. PCR JZ )i &%
. 95°C 5 min; 95°C30s, 55°C30s, 72°C
2 min, 35 MEH; 72 °C 10 min, MFE5RTE

National Center for Biotechnology Information

(NCBI) F#E47 Hext, SR A MEGA 7.0 {4 i &R
GEREW
1.9 TIEEFRE

FZHC0-15 cm )2+, ARNKT)E, Bk
LA 0.25 mm Wi, 7EA N 1300 mL [
YRS HR R 150 g AN 1 em JE), FREL
500 g oL HAERE A B, AL MG S
APRSERIT, 121 °C KH 45 min, KSR Ek
AT 500 mL LB WA= 4-5d, 23F
TR, BOFE I, R TC KGR 2 1K,
S35EL 107 CFU/mL WA 518 A4, e
K 2 R HEE AT KR 60%, FiRE A 37 °C
BRR 120 d, MEAhIEET B WEEAT S AR
Mt 9% B A BIR 2 ) 0 S TR A% 7K Rk - 458 P 5%
et

R E 4 MEE, CK G0l L RE+T0H
K. AbER 1 GO RE+A-S) . AbFR 2 GO KR
+XJ-3)FIAb PR 3 (L LA+ KW3-10), BEA-Ab 3
3K,
1.10 EHRBEHRIEERTFES R

PIFRTE PKO [E {5573 I 28 °C K557 7 d,
WL TR PRV BRI o

W H 100 pL PRV H2 R T King PO ARG 37 5L
Hr, 37°C. 200 r/min 5557 48 h, B0 BIF
W, F SalKowski bb 872 e PRI e v AR K
F(AA), S BZEIR RSO g B TAA VR
111 [iSEM RN E

WEH 100 pL HEisE R (S  scabies)ffdF-&
TR SR AT T PDA KRR FRIE, WL iR
IR 6 uL i T b, 28 °C 853% 7 d J5 &
TR AR

TE PDA 3GFRIE AR RINFCAR . A2
WAL T, CELFMIEIRE 1 cm Ab435i
el 6 pL BV BEMIEIRIR, IF LA e o
FIREFEF T BR 28 °C 1557 4 d WS B SCR
1.12 SREEIRZKFIERREIUE

TE7 10 cm. EARH 17 cm BOAE £ 2t i g
AHEFLEAEFE =41, % 2 LBS BEFRR
YISJBe ANAEAE, FoAREESE 30 d MDA ST I i
BN, B 3 bR, B THHREINERSE, 10d
J5 FRR SRR 100 mL 1x107 CFU/mL 1
S scabies fil 72 iF W, [HIFF 15 d R BARiE
VR (30 mL/4%, 1x10° CFU/mL), A$EFMEA]
FPERALFES CK1, {UHEFh S scabies 4 FE
CK2, BN FRER 3 Wk, BEEBEK 1R, BEK
%2 Lo SRR EIGRUIG , KIS 7> Hbr v
Gt RmE . WIEREE TR BIARCR .

o S AR IEN T O GOk R AR, OB ;
1 R BETH AR (5 28 SR TR Y 0-1/652 9K
9 BRE T AR o7 28 BRI AR Y 1/6-1/3 53 A
T AR He 25 R TRRAY 1/3-1/2;4 SN BE TR
AP HEE BRI AN 172 DL E

R (Yo)=R IR ZEE B ZE 5> 1005

I 18 T8 BL=3 (45 3 PR ZEFOAZ IR AR
1EL)/ (PR PR A IR B 2 850 < 1005

HEXT B R0 (Yo )=k E 20 995 175 i i — 4k 2L 24 5
85 45 550)/%F BRZHL 5 1% 45 £50< 100,

% M8 Wanner ZEUS 9%, DAL R0 S0 A
M, HcHiE S scabies [ SCEEEUR AL N TxA FE 41
1514, IEmME4: 5'-CACGTACGCGCAGTTCA
ATG-3'; X154 : 5-AGATGATGTAGGCGGGA
C-3'.>KF ABI 7500Real-Time PCR System {X§"
s A R AEY R, I ER 3 IR
1.13  HUEALE

5% 1 Excel #1 Origin 2021b %144 FAH XE %1
i, 15 MEGA 7.0 SRR RGE R B
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2 BER540

2.1 S7cEPS EikiFik

AR A FIERNTIX . TR T
PO B ARSI, B AR 3 HRER
VR . FREERCR . AN S A,
3R A-5 . XI-3 F KW3-10, 5 FF R - 180l
TVERI AT AR N2, A HE VR AR O 2 22 [
HILRMET TR N Y=0.012 5%+0.0424, R*=0.998 3, ¥x
Y R il 2 oy Btk . e g5 Rl 1y
N, BEFR T2 h i, A5 BEFRCP BPS PR,
ik 1439.23 mg/L, XJ-3 5 KW3-10 #Fk EPS 7=
Hr91k 735.34 mg/L Fl 838.77 mg/L.

22 EHRESFEUE
WE 2 s, HAEE T WL, 3 HRW
1 600
1400 |
1200 |
1 000 |
800
600 +
400 -
200 -
0

a

Yield of EPS (mg/L)

A-5 XJ-3
1 E#REINE EEPS)2
Figure 1 EPS yield of strain. The presented values
are the means of three determinations, with standard
deviations indicated; Means with different letters are
significantly different at P<0.05.

KW3-10

2 Bk A-5. XJ-3 FA KW3-10 B9 7S 4E

Figure 2 Morphological characteristics of A-5, XJ-3, and KW3-10. A: A-5 colonies. B: XJ-3 colonies. C:
KW3-10 colonies. D: A-5 bacteria. E: XJ-3 bacteria. F: KW3-10 bacteria. G: A-5 Gram staining. H: XJ-3 Gram

staining. I: KW3-10 Gram staining.
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BIRFRIRA B, BWIAW iR, g, &R
Y, B RYL i M, BB 2R 5
Wy, Hh A5 WE A OREE, EEY, JiE
0.60-0.95 um, KJ¥ 1.5-2.4 um; XJ-3 EEFLH
@Y, EW, AR, SEREZ° 0.55-1.00 pm,
KA 1.6-2.4 pm; [FPk KW3-10 [ 7L AR
¥, AEW, 5 0.50-0.95 um, K 1.5-3.5 um.
2.3 HEHREBECEES

2 1 FoR, Btk A-5. XJ-3 Fl KW3-10
WA pD-#%bE . D-#40E . D-2RbE . p-H &R

B OISR | D-BERE . D-ZF4E B, ULEE. K
Wit . D-ZZZE0E . D-MGEENE . JEMAE i — Ak
Ui, AR Y el RS A 1T s ASBEFIH p-Bi
POAARE . REEPERE . L-AHE . D-EORERE . L-1h3Y
B, DoFBE. p-ZLBE. p-Fa =W, RBHEE. 5
EPERREE . APISOCH %@ 45 R, 3 MRfFil
PRI ZE AT TR, Hid A-5 W20 508 b AR
ZF 1 #F 1 (Bacillus licheniformis), %% &k
99.5%; XJ-3 5 KW3-10 ¥ %2 A |
TERY AT I, SEE R0 77.4%H1 89.9%.

x1 BERBEEELSSY
Table 1 Physiological and biochemical characters of strains
Test items Results Test items Results

A-5  XJ3 KW3-10 A-5 XJ-3 KW3-10
Negative control - - - Esculin ferric citrate + + +
Glycerol + + + Salicin + + +
Erythritol - - Cellobiose + + +
D-arabinose - - - D-maltose + + +
L-arabinose + + D-lactose - - -
D-ribose + + + D-disaccharide - +
D-xylose + - + D-sucrose + + +
L-xylose - - - D-trehalose dihydrate + +
D -ribitol - Synanthrin + - +
D-galactose + - - D-raffinose + - +
D-glucose + + + Amylum + +
D-fructose + + + Glycogen + +
D-mannose + + + Xylitol - - -
L-sorbose - - - D-gentiobiose + - -
L-rhamnose + Melezitose - - -
Dulcitpl - - - D-lyxose - - -
Inositol + + + D-tagatose + + +
D-mannitol + + + D-fucose - - -
Sorbitol + + + L-fucose - - -
Methyl - - - D-arabinitol - - -
Alpha-D-mannopyranoside
Methyl-a-D-glucopyranoside  + + + L-arabitol - - -
N-acetyl glucosamine Potassium gluconate - - -
Nitrilosides + + + 2-keto-potassium gluconate  — - -

Hydroquinone
O-B-D-glucopyranoside

5-keto-potassium gluconate

+: Positive; —: Negative.
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2.4 EHT 16S rRNA EEH D FEMFETE

Wk A-5.XJ-3 Fil KW3-10 ) 16S rRNA
JPHI#E NCBI AT EL X, A3 =& 751 5 i
KZE MW . FE A M A (Bacillus
atrophaeus) 5 it £k % 4 #F (Bacillus
halotolerans) 1 [a] Y 4 5 2] 99.9%L) |, iz H
MEGA 7.0 I ERGELBEW ., 455K 3
fii 7, A-5 5 Bacillus paralicheniformis QT391"
1E[A—43 3%, XJ-3 5 Bacillus atrophaeus B-1"
TE[R]—43r 37, KW3-10 5 Bacillus halotolerans
NOKS83" TE[Rl—/r 3¢, Z5A LA mMA AL
Rk as 1, ¥ A-5. XJ-3 FI KW3-10 4341
% 5E R A ZE R 1 (Bacil lus licheniformis) |
FEY5 2F /AT 1 (Bacillus atrophaeus) . it £h 25
¥ (Bacillus halotolerans).,
2.5 TIEEFIRE

P RAL R R AL 120 d 5, ANFERIRR
R RS AT AR 4A s, R A5 XT-3
1 KW3-10 PYALZH, K2 KT 2 mm (4 1%
PSR AA LU 5] 43 31 %5 CK 4255 T 1.97% . 0.53%.

—

52

5 { Bacillus halotolerans NOK83" (ON287159)
86

—
0.001 0

1.60%, 225 ¥k 2R & K- (P<0.01); Hife
KT 0.25 mm 1 38 B R 150 518 CRR
T 4.07. 2.14 #1316 4%, Hrp XI-3 Fl KW3-10
AE BB R 25 7K F-(P<0.05); i KT 0.053 mm
) - S A SR A LG 1% CK B AT 3, o XT-3
ZFRF B EKFE. 5 CK ML, &AbHRAE/)N
T 0.053 mm 1)+ IR IR L FISA T T RE, H
o XJ-3 A KW3-10 22553k 8 @ K. 4Rk
W, Mo 20 B B s e 71, v LK /N
RIRRALTE ife e R ETR K

T IS e A R A E 4B Pk, 3 4ikb
P IS RIE g, B CK $E
28.87%. 21.09%#11 12.93%, HARRk A-5 AbFH K
22K BEK, XT-3 PR 22 5 A i K

A5 A BN -3 pH AR AL A5 4N & 4C FR .
5 CK ML, # A-5. XJ-3 F1 KW3-10 Y 135
pH i 5 T I 0.49. 0.84 1 0.85, 25511k %
e 52 7K o A I S N 1 Rl A R = AR A AL
MR, BT B AR - g (Y B 7, AT R
IR 42 pH.

Bacillus subtilis yangyue K5T (KU977124)
Bacillus mojavensis M" (OP482166)

KW3-10 (0Q848041)

Bacillus subtilis isolate S331" (ON287159)
10 L Bacittus subritis yangyue K57 (ON287159)

Brevibacterium sp. WHQ-18" (ON287159)

96 Bacillus atrophaeus B-17 (ON287159)
60 :
88
90

XJ-3 (0Q848040)
Bacillus paralicheniformis QT391" (ON287159)
A-5(0Q848039)

3 ET 16S rRNA EEFHHMEERM R R LB
Figure 3 Phylogenetic tree of strains constructed based on the 16S rRNA gene sequences. Numbers in
parentheses are GenBank accession numbers; The bootstrap values are shown at the node; The scale bar

indicates 0.050 substitutions per nucleotide position.
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A

. >2 mm
75 ’> mm 0.25-0.053 mm
S N T
o
e
=
<
(=9
3
wn
CK A-S
B
% 6.00
an

5.00 |
4.00 |
3.00 |
2.00 |
1.00 |
0.00

Polysaccharide content (m

CK A5

XJ-3 KW3-10

4 TEBEFRELER

2-0.25 mm
—1 <0.053 mm

XJ-3 KW3-10

x 0 00
S B~
T T 1

7.6

S
N
T

6.4

The variation of pH value

IS
o

CK A5

XJ-3 KW3-10

Figure 4 Soil culture test results. A: Effects of different strains on soil aggregates distribution in the soil
culture experiment. B: The Effect of Strains on the content of soil polysaccharides. C: The effect of strains on
soil pH. The presented values are the means of three determinations, with standard deviations indicated; *:

P<0.05; **: P<0.01.
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Figure 5 Salt-alkali tolerance range of A-5, XJ-3 and KW3-10. The presented values are the means of three

determinations, with standard deviations indicated.
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Figure 6 Determination of auxin in metabolites of strains A-5, XJ-3, KW3-10 and their ability to phosphate

solubilizing. A: Auxin assay in strain A-5, XJ-3, KW3-

10 metabolites. B: Phosphate solubilizing ability of

strains. The presented values are the means of three determinations, with standard deviations indicated; Means

with different letters are significantly different at P<0.05.
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Figure 7 Analysis of growth-promoting ability of strains. A: Water treatment. B—D: The order of pouring A-5,
XJ-3, and KW3-10 bacterial liquid. E: Plant height after 60 d. F: SPAD after 60 d. G: Stem diameter after 60 d.

The presented values are the means of three determinations, with standard deviations indicated; *: P<0.05, **:
P<0.01.
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Figure 8 Broad-spectrum resistance of A-5, XJ-3 and KW3-10. A: Blank control of Sreptomyces scabiae.
B-D: A-5, XJ-3 and KW3-10 antagonize Sreptomyces scabies. E: Blank control of Fusarium oxysporum. F-H:
A-5, XJ-3 and KW3-10 antagonize Fusarium oxysporum. I: Blank control of Alternaria solani. J-L: A-5, XJ-3
and KW3-10 antagonize Alternaria solani. M: Blank control of Rhizoctonia solani. N-P: A-5, XJ-3 and
KW3-10 antagonize Rhizoctonia solani.
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KW3-10 19 72 h 55352 W0 4% 25 74 (S. scabies)
0 TR VB AR A 29k 20, 49 I 56 mm; A-5
XFA a4k 7] B (Fusarium oxysporum) ., fifi g A% 78
i (Alternaria solani) 137 #j 22 # 1 (Rhizoctonia
solan) 4 EL I E R 529 50.97% . 25.66%
H12.44% , XJ-3 FHI TR 253 511298 37.65% . 46.9%
M 63.41%, KW3-10 BN H5 508 48.05% .
64.91%F1 60.98%, M 3 PRZFFAT R HA R
GE ) s
2.10 ZFRBFHHIRE

h T BRI A R R, AR

*2 SRERRHBERIT
Table 2  Statistics of potato scab

FH R0 B A4 R i it P B A A S S AR

Wt AL, AR Rl SRS R S
scabies, B HEEE S scabiest)” i/ Z B4
gERNEE 2 fE 9 B, JKALHAL(CK) A f R
BRI WRIEH S scabies AbFHZH (CK2) &R
FH100%, RTETEECH 55.88; S scabies 5 A-5
A HRL KA H R 50%, FRIEFEEL 17.5, HHXTBi
ik 68.68%; S scabies il XJ-3 HLAbFRL KR
H55.56%, JEliE A5 ECN 20.83, AR BT R
62.72%; S. scabies Fll KW3-10 JLab B &% H
61.11%, FETEHEECN 22.22, FXTBIRGE 60.24%.

Treatment Number of grains  Sickness Occurrence rate (%) Disease index  Relative control effects (%)
0O 1 2 3 4

CK1 16 160 0 0 0 O 0 -

CK2 17 0 6 4 4 3 100.00 55.88 -

A-5 20 107 2 1 0 50.00 17.50 68.68

XJ-3 18 8 0 1 1 5556 20.83 62.72

KW3-10 18 8§ 2 0 1 61.11 22.22 60.24

—: Indicates no numerical value.

CK1 CK2 A-5

9 ZERMHABLER

XJ-3 KW3-10

Figure 9 Pot disease inhibition test results. A: Control. B: Pathogen treatment. C, D and E: Pathogen-+target
bacteria treatment. F: Detection of pathogenic gene TxtA. The presented values are the means of three
determinations, with standard deviations indicated; *: P<0.05; **: P<0.01; ***: P<0.001.
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