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Research progress on biocontrol bacteria for soybean soil-borne diseases and its application
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of Agricultural Sciences, Shanghai 201106, China; 3. Shanghat Key Laboratory of Agricultural Genetics and Breed-
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Abstract: Soybean [Glycine max (L.) Merr.] is one of the most economically valuable food crops and oil crops
in the world, but various soil-borne diseases cause serious loss of yield and quality. At present, chemical agents
brings problems on soil and water pollution, food safety risks, and also leads to fungicides resistance. It is urgent to
find economical and effective green control methods. The use of biocontrol bacteria to control soybean diseases has
outstanding advantages in terms of safety, effectiveness, and sustainability. Researchers focused on biological pesti-
cides and biocontrol fungi in recent years. In this paper, 4 soil-borne diseases (soybean root rot, sclerotinia, char-
coal rot and cyst nematode) which were extremely difficult to control in soybean production are summarized, and the
biocontrol potential and biocontrol of corresponding biocontrol bacteria are reviewed. The mechanism and applica-
tion status and research directions in the application are prospected, which could provide a reference for the compre-
hensive prevention and control of soybean soil-borne diseases, in order to promote the sustainable development of
the soybean industry.
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Table 1 Summary of Soybean Soil-borne Disease Pathogens and Biocontrol Bacteria
A i 5 ERUTETEL /S A= B AL SCHk
Plant disease Pathogens Biobacterient strains Biodefense mechanisms Ref.
WO 22 R ARS8 i B A AN P B BR AL 0 CWDE # 23
W I IZ H e
Bacillus subtilis HSY21 It destroys the structure of mycelium cells, affects the mechanism of carbon and (2]
nitrogen metabolism and reactive oxygen species, inhibits the secretion of
Fusarium
CWDE, and inhibits the transport function
oxysporum s i ) N o 5
) . e A AP fE R AR
. Bacillus subtilis BS06 a [13]
KA Competitive effect, inducing plant resistance, promoting plant growth.
Soybean root A PSR
Trichoderma harzianum [18]
rot Parasitic and induced resistance genes
) . SRUBUA R TR R A0 JE A K E A
Bacillu svelezensis FZB42 [36]
Secretes the antibiotic bacteriolysin, which inhibits pathogenic growth genes
Phytophthora TR, P EMEE Y
Aquatic pseudomonads [37]
sojae Expression of siderophore, production of bacteriostatic compounds
REHIENER SEAERBRAAR , 7 A 20 A [38]
Soybean nodule endophytes  Compete for siderophore, producing cell lyase
Trichoderma harzianum — af 4= Rl 53U 40 B 24 fift ity 28]
303/02 Parasitic and secreted cellular lyases.
i ] Vh SRPUEIEDN , $ s O R 1, i 2 Py ik
Trichoderma harzianum [39]
Induce resistance genes, increase antioxidant enzyme activity, enhance biomass
ZFAEEROIAENS e - .
- PR A R A AT ORI o 2 N, ) R B E
Regulates the genes of synthetic sclerotia—related components and inhibits the [26]
A variety of fungal strains sec-
o formation of sclerotia
pNGA L3 ondary metabolite kojic acid
Sclerotinia .
Soybean ) o PUERMEEDEH
sclerotiorum Xenorhabdus szentirmaii [20]
sclerotia Antibiotic and enzyme suppression
Bacillus amyloliquefaciens
otiquef IR RS A HIE FH < surfactins fengycins Al iturins [40]
MEP218 /ARP23
7 IR AT P A A 7™ 4 1 T 22 T
Streptomyces
The production of hydrolytic enzymes and active secondary metabolites inhibits [25]
NEAU-S7GS2
the sclerotia of the mycelium
LR A BAT ORI
Streptomyces sp. [41]
Nine compounds have antimicrobial activity
24 B BE AR I S T U A AR W B i 2 SR BRI A S
Bacillus subtilis M—-4 Cell wall degrading enzymes and lipophilic secondary metabolites enhance physi- [23]
ological performance and antioxidant response
‘ ZRUE R FE LS
Bacillu [3]
A wide range of antibiotics and antimicrobial compounds
_ IR AP P R ARV E DRI
R Bacillus [21]
KRG HIER Antimicrobial compounds active, dissolved insoluble phosphates
Macrophomina . .
Soybean Phi fi % SAR Bacillus subtilis 755 ISR
phaseolina Bacillus subtilis [42]
charcoal rot Phi triggers SAR Bacillus subtilis to induce ISR
W B I 2 14 2 A )
Pseudomonas fluorescens [43]
Phenazine is the main metabolite of antifungal activity
PUAAALRIF 3 By S AL )
AMF (26]
Antioxidant and induce defense response mechanisms
' B A R s D T4 4 A
Trichoderma spp [24]

Parasitic and degrading pathogenic mycelium
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gik
E i) A TR Rk A= B HL ik
Plant disease Pathogens Biobacterient strains Biodefense mechanisms Ref.
Burkholderia gladioli W 22 a5 Wi AR K [44]
MB39 Disruption of hyphae structure inhibits growth.
) , C ERZERBIR(SA) FIZEFIRR (JA )R 5l B B B AR SCE K A 2K
Microbacterium maritypi-
Induces the expression of defense-related genes involved in the salicylic acid [37]
. ‘ cum Sneb159
KL Heterodera (SA) and jasmonic acid (JA) signaling pathways.
Soybean cyst  glycines Ichi-  Microbacterium maritypi- 53 1SR H- 008 5 3 0 M 2 0 7S ML B 9 [38]
nematodes nohe cum Sneb545 Induce ISR and determine the determinants of induction as six active compounds.
5 R A 3 R AR R ) B AR5 1 S g
AMF [25]
Eliciting responses to host root cells and plant defense signals.
A B B2 B A T RE S I AN R AR ) 7 A 1 BE R R
B A A BT Biocontrol combination control may increase toxins, enzymes, or metabolites [45]
produced by bacteria and plants.
) . ) 1 ) AT MEPELR HU0 R B T T MR IR AR, BELAS 32 AN B 5E
Klebsiella pneumoniae
Slow larval development into adult female nematodes and reduce the number of [24]
SnebYK
females and eggs, hindering mating and reproduction.
Bacillus megaterium Sn-  3ER R T JIFELE 1% & G B 1317
eb207 Prolongation of the developmental stage of soybean cystic nematodes.
KRG IRE
Botrytis cine- St i PURE R REFF A 2 (Mycosubtilin)
Soybean gray Bacillus SubtilisBBG125 [46]
rea Excessive secretion of anti-mycobacterium subtilisin
mold
. Gy AR T P 3R (surfactin) FIZEHHA HLZR (turin—like ) 415 B IR
Bacillus BNM 122 [16]
Secretion of surfactin and iturin—like combination control
Trichoderma longibrachia- 7= £ 5 EFAL T 0BG LA S ELA ¥ i 1Y) B (471
KIS Rhizoctonia tum S12 Pectinase and chitinase are produced and have the ability to dissolve phosphorus
Soybean blight solani Trichoderma asperellum 7= kARG 2,12 (TAA) 2 AE1EH
S11 Produces siderophores and indoleacetic acid (IAA), which promote growth
Trichoderma troviride PHY -
TAT7
REHIHR  Colletotri- ‘ _ T 3 [ RVE TR BT L K= AR AR e R AR 3
Paecilomyces maximus . )
Soybean an-  chum Brevis- NJCO1 Competition for space and nutrients and the production of secondary metabolites ~ [48]
thracnose porum genistein.
pNEAS IR A A ST SR I FLBEIBT o R HE AR A RS
P. syringae Pseudomonas syringae
Soybean white Compete for nutrients and block pathogenic bacteria from entering the point of [49]
pv. glycinea Pss22d
leaf blight entry.

FREs R B A PO TR BRI 8 IR ZORE R 5 T

TEAE W) 2R T 8 FE 55 R A © A AR W B va U 5 R A
KA B LR N ARV S AR E I 2 E A
B #L I, R 5 ZE 9 FT B BS06 (Bacillus subtilis
BS06) [ Pk i) 5a VR H 5 AR P A AR )
RSN R RTEIRTT (F. oxysporum) = A B
SR . 22 BSO6 B Ak AL BE Y Y A iR L 22 TR R HLAT
B AR AR bR R AR S i, H BS06 ¥
W RE A At A7, fil AR B 20O BT AT e 2 M, A
W ZEHUFF B HSY21(B. subtilis HSY21) X KB 431
e T B INH R R 81. 30% , 3t — 2 143 T HLEE I 5%
T WL AR BRI T 54, 38 3 1 TR TR 22 Ak 4

JHL 235 44 | 5 me) Al &0 A AT IS P 4 (reactive oxygen
species, ROS) T B AIL il | 00 ] 20 it B At i (18] 3 00
i 5 s A 1 S e T A0 A S F B D R Y A A
B B A 235, DT A %4 i S 760 3 0 1 5 1Y)
KEAZ Y I AF , W K R % (Trichoderma harzia-
num ) W REIN I JABHR T B A, BITIA K AR
I SR K- 43 2R ) G A= B AL ) 55 e 1 1 K
- 55 5 B2 A 5% (pathogenesis—related , PR) 25 FH 4%
TR RO ARV I TG P A R sl 2 D TR A A T
AR,

KEGIETGTR (P. sojae) 1Ry HI TR 51 (AR I
ARXERTF , EATE S R4k LA 5 IR A TR 57 3 st
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resistance SAR N Y
VEPIERGUPIIEISR

Induced systemic
resistance ISR

Bl1 XEAEREERE

Fig.1 Biocontrol mechanism of soybean biocontrol bacteria

FEPUPER, DU 2E AT PR Ak FZB42(B. velezen-
sis FZBA2) 1 AURBLAE AT B R A 30 K R
(P. sojae) BA PTG, E— 0 L skl 27 3R
W Ik FZB42 3 I R e s A K AR 1
BB PR FNAZME A AR DG PR 1 R 3K, Ik AR
PRI B (Aquatic pseudomonads ) FH T R ER AN
I3 U Z2 M AL G W) REGE AT S5 I B TR, 1 TR I K AR B
52 RE 0l FL 7 AR B BL S e Ak & W L 19 o BT AR Y R
06C 126 FYFE PTG PEWA et f7 T LSRR Buoh,
AL TR TR AR P 8 A R HLS O R e 4
A B LA, I AR R T Iz W 5T T AR e R BT
1H o TER AR P4 B0 8 ) 11, 2% B9 LR N A=
20 RN R 2 2 e ELAT 3 A e, R A 1 P
A TR B 3 4 £ B LR 2 A B T i i R T Bk
BTN A AN LT o i LA e J2 RS 1 A e LA 2
ik L TR 200 L, VR ok L TR D T 7 A 1 R A T TR
(fusaric acid )",
2.2 KREEZFBEDE

Hi T A% 8L (S, sclerotiorum ) T #% BE % 7F 1- 1
T AR I B AR 0 4R R g il i s <Ak
T L DM B TR ) A 4 1 s S T AR i
I IS T BEAT RO /D T A B, de 2t/ e
B R FE . Hh ARE R (Trichoderma spp. )
JE A AP S W AR . A REA
PO YR R A I B AL 2 — I b 2
FRALEN PR RIAE o H 25 A 48— A5 A AR )
HEaFEEmHF NG, B B R R
22 U Bl gELE oA A — RN ES DR
S R, FEA B AL b e I A R 2
I3 —LeAb G, RS AT LIRS 5 YT

I 25 F2 AR K, 2 AR B TR 22 A D T i L R R
I 22 13 i T T 22 SRR G SR A 1, I 7 A B 3
AR A W B T D TR T 22 BB R K KRR 303/02
(T. harzianum 303/02) BEAE A 4 TEAZ BL TR B TR 2244 |
WA e 5e b B R A B R R, O B AR A
-2 11 3 T K it B0, P U0 1Y TR 22 AR 2 3 4
R, oy Eg A PR ROR TR TE S AR T 22T AT
B A SV G B TP RE 7 AR SR B Al s, o 7
AAEHI™Y S A A Az i A b AR g A By A R L
ARG WA S TR AR I LA M 22 R AR 1 T A 2 5 A
i 235 A8 P ) A L R i A0 B Y 5 R e i
REWBBEET . PEIE 2R RGP
FRR YT A PR A& IR IL S m P A M (i Ak
Yy 1 POD B A AL Py 1B AL i SOD il it 4 Ak 0 i
CAT) FY TG 1 |2 oy 2 32 R 19 35 A2 B IR ROS 75
e I U g i T PN A X R S R 4 R 48 £ 4
AL 2 S T A B R AR

LT 5 4 7 A B A Y DL A B S
Xop i SR A VR P S R T R T
2 (kojic acid , KA ) J&— 7l nT 1L py 22l 500 3 ™
A LR ), 2 5 ARG R 1 1 SR
£ pks 12 BOHE R AE KA A0 BEE T R 2638, KA il i
M LT BT A R 6 R Y G R, JE A A Y B
R wE 2k L BUR AT 1 (Xenorhabdus szentirmaii) HY
T AH L VX A 2 T TR 2 AR T A ) A A A
>98% , T A M- ¥ A 400 1 S B E AR AR )
(PrA=ZFNSEG ) I FR SR T4 2 i 25 AT T
IH Bk MEP218 /ARP23 (B. amyloliquefaciens MEP218
TARP23 )W i IE B RE % 7 Az = Fp BRAR N K - 2 1 7%
P2 (surfactins ) , FJREK (fengycins) AL FEE (itu-
rins ) X} A% 19 2R W) BTG A R0

I LR A0 T b, TR T b Rk B A S A
A A B o 6 R R NEAU-S7GS2
(Streptomyces sp. NEAU-STGS2) Wk H A — 2 54
[ A B8 T R 0 e R A K R B TR S Yk A, 4
T ACC Mt 2 ) SR RN oc— T A9 T 114 5 P L B 17
TTER B AL L B o T AR 7 AR K
ik TR AR T 0 A AR 7 0 A o A 2 R Y T 22 7 K
FIBAZ T &1, Liu SE9 RS e 1 A 2% 1T 2K
AR o B 3 70 BRI AR R L Y TR T 148
Horb 4 BRBE R T B ORI RS HUIS M HAm A
54.1% ~ 87. 6%, K E L% 6 N RIFNBREAL S
) (macrolides) .2 1> . Hi LR R AL &4 (diketopi-
perazines) Fl 1 4~ 2— 4 4% ¥4 i 28 fk & W (2-ox-
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onanonoids ) # X A% £ 7 ¥ 3R I B W pY P H A
.
2.3 AERBHREDHE

KGR G 3R G A58 Bk (M. phaseolina)
SR MR F 2 ARG 7 E A &R H H R
TEFR R AN EEA G o 5K 35 W S5 A S 41 Y
J PR AT BB R AR R R s BB F
Je A A SR B AE , DRI a5 LA Ry o A B A
WA H A BERE B8 A, EEMN 8 0 R %
W B BT IE ST o B R 0% DR S R Y A By TR
T FAH R R R R AR A0 R
TR R Js T P T R L 7 55

ZFFFT T AE B R P AR B AE R (BE R LA R
fifp T, A LT TG AN B—1, 3 SO E A5, B8 I T
TR 200 I RE DT 400 ) D R A A A e 2 AT TR
M-4(B. subtilis M—4) e~ /E T HE R Mg LT ot g A
B, 13 PAUI) ) SROME Tt 55 40 JHL B % At ity , R 6% (S 0
HFEERTE (M. phaseolina) FO AN ML BEfRAR . FEILRE 77
FAF T TR M=4 7SR NR AU AR AR 1 A R
T 38 B A S BRI (M. phaseolina ) 1 Bl 1 AL &
Py, Kriti SR IE 1 5PN TR AN 2 AT TR
H: Z R RACE Y, AT A R SR AR e kAL
£h FHAR B 23 185 1 B 25 A 1 PV A AN TR IR £
FEAR LR E IPTR AL B Y, N  S EAE Se Bk
6L FE BTG A 2 A K B BEAY 2 MR o A 2 AT
B (B. subtilis) 5 £ W) A% 25 15 & (0 s 2 — 3T 5K
W o i S N RS B A S AT 1R 54 (B subuil-
is54 ) DA% 5 0 I il (Phi ) AE WS 5 35 (100G 15 ™
FEEE, Horh 3 K gL AT G5 Phi fil & 19 R G835
YU (systemic acquired resistance , SAR) F1 H 42 4 fie
H: 4 (plant growth promoting bacteria, PGPB) 75 5 fY
75 5 M &R 40Pt (induced systemic resistance , ISR)
#,

B Ab 5 Y AR 5 M TR (Pseudomonas fluorescens)
A7 AR T AR BT M R AT X SR K2 A e Bk A
(M. phaseolina) F .2 W HI1E ™ G F 1l
B 9(P. fluorescens 9)7E IR iR I X438 G A 72 BR7E
A IR B T 829%™, IR AR HL I (Arbuscular
mycorrhizal fungi, AMF)VE Ry Bk [ 5ty =& F150 10 i
Jz WA TR T 5 D SR A3 A 5 B A
T DA T 98 /53¢ £ 7 BR ARG AR 14 J8% % I L AE 0% Ik
B FEAREIRPY, AR 3 A ST KL (M. phaseoli-
na) B 32 B0 2k b3 4 3 i) AT A= R A s i
W 22 AR 2. ZI0FE R WS PR bR R R Bt

I P 0 T R 0 R A O, T e P Y T PR EL A TR IR
T MSCA [m] Atk 58 A KR R 2 ME SR T R I RE
1o Fi NREI G B T — R4 ve 8 /R P G & MB39
(Burkholderia gladioli MB39 )" X} A 4195 J5 bl i 7= )
T HUIE , X 5 AR 58 BR AL TR 22 1Y 3 4 T %
Hh 7 TR MB39 B GI/E FIR | T8 22 2540 F 20 i 2
AR AR WA R MBS T
2.4 KRERELBLENE

KRG MR AW B I6 =& KRG HF REEE PR
10 B S AH R o3 o H R T 0 AR B AL R
BELIE AP LA AW S A K R F O
TEGE AR BT 7 T8, A= By T i i S i 26 B B =
B BF . —FhJE B NS 5 T KSR (salicylic
acid, SA) /131 SAR, 73 S —Fi I i i A 4 R 5K
#i /2 (jasmonic acid, JA) Fl Z 4 (ethylene, ET) 4 5
F49 ISR, 1 Aol A ) B0 1 5 1% 5 i AR 1) SCHRAT 52
SUAEFIALH . SAR 5 ISR S A8 4 6 17 s I ) 1= e 1)
FE AR TEMW IR M E kR T A
H o &5 AT B Sneb159 (Microbacterium maritypi-
cum Sneb159) BEAZ ) 25 PR AR 2 s A 25 )32, AR
B R W H A5 T Jm AN R GG, i e He 4R Y A
EB IBERS HKBIE (SA) FESEFIR (JA) 558
H BT SCSE B PR2 . PR3b FI JAZ T (363559, ]
PAZELFT Sneb545 (B. simplex Sneb545) LA 1) K 5
7 BEE AT 5 P R G HiPE (ISR) , A% g AL PR Y
A GBI e T IS SR g R
ANAEHEAE Y, 530 FAR Ol 2R - B R ) 3
RS- AR ) IR (&R - =R ) IR W
WE RN Z IR AR A, AR B R B E
WA 0 W - e 5 | RS 1 o A AR 200 e A A 4 )
5 B RN AR AR

TEA B B0 2 U & 5 T, 6 TR G 2
HORd, MEH P T R B R /INR AR B, i
DATE AR 7 45 4 Jy TG 2 o g B I PR 2 e . il
AR GFF, il & 58 B A 7 SnebYK (Klebsiella pneu-
moniae SnebY K) AW/ T K AR K G I 2k it
AR, T EL A A 1 A A A R . Bl R
B, Bk Sneb YK AT LUAT 250 A 22 )y H (o] B 45 e 44
L R E I T AR B, BELAS AS T
FNEHE , NIRRT 2R A0~ B 5 A AL
AEARL B S, BK ZFE H0AF & Sneb207 (B. megaterium
Sneb207) T Fk Sneb207 AL LTIt IE K TR
ML R R B BB, BTG 3EZ KIS
YRI5 , Deepak 2 46 Hi 20 1~73 ) 1 SCN €2
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B A A= 7 BR AR L HC A B AL 2 R 1 o 2k e o
b A 2 Bk B BOLAE J2 B BT A A =05
TEHT
2.5 HEXEXRRELEDEA

SRR GPIRE PN R (37K )
HBRFE B A BT AT FEE B D o R K B Y
Az B A USRI 28 A T CMRP 4490 Fl A 51 25 £
T B BBG125"%, ZF i #T i BNM 122 (Bacillus
BNM 122) LA K AR ELAE ) vh 0 85 1 A B AR A
%% S12(Trichoderma longibrachiatum S12) | F] # G A
% S11 (Trichoderma asperellum S11) | B $& 5 K &
PHYTAT7 (Trichoderma troviride PHYTAT7 BEWEH 3K
B 16 TRl AT A4 22 7% % (Rhizoctonia solani) S 3L H) K &
SEARIRNAT WA X IR T A I 9 ) 9 I T R A A
JH & ( Colletotrichum Brevisporum )3t E. 1 HL il # A4
HENJCO1 (Paecilomyces maximus NJCOD)™!: VI A
R R S AR 5 R TR (P, syringae pv. Gly-
cinea) [ T 75 {5 A ffd B Pss—22d (Pseudomonas syrin-
gae Pss22d )%

3 AR RO A A

SA4b2E 6 BUR A L, A= B ROk BT A AR 3R
Be, B @3 AREE AT YA MR 5 i AR B 2
SEPE L FA B 0 BT RG 5 BB 0 A By T
BB FRIC AT (F£2) . EBimkER ZHE,
e F 77 ¥ D7 T8, AR TR) Az B T 0t 1 O A ], A=
B R A BT 25 57 o 95 BRI AR e 25 SUAT TR
(B. subtilis) b P8 - 3¢ [ A PR 7 X0F QSR 1 35 T
T (F. oxysporum)*ﬁﬁ%ﬁﬁ"]@i(ﬁ%l%&iiﬁ},ﬁﬁfﬁﬁ
s R s 40 R - R A B TR R IE AR B
VAN I SRR SOF TR R S i NI U )
AT L TR 20 T =2 ) RE A0 54 ™™

ERIPNGCIRR (AR RIS PN M)
I HGE B 5 S %= B PR BORA L,

VEZ A8 S50 % v B R AR AT A B2 1 A ) Bl T 16 32
BRI A BEE H () SR B 298 A Tk, TR e TR sk
A B 23 52 BIPRS00 v BESE W o R T BRBE 1Y
SR RS | S W R R S B D R - R AL
PR A RS, a0+ BER B R pHAA VB IR
S M) S5 A0 X A 97 TR R 1040 7 M R Sk I ) B 4
B P HE AR R S A, A R ZE AR R HS Y21 (B
subtilis HSY21) 7€ H 8] S5 A4 % K 7 AR JE o 1 42 il
BRI E AT R T 24.23%, fEA S
1) 5 BE R ) 2% , A0 AR, AR B IOR AN B 46 n) R
2 FH 0] [ 20 B4 S B () fE . 3840 2% B S A 5 i 24 Bt
[E1] 751 760 35 2% 17%) DG R 3 O b it FH O =X 5 R 2
AT DA i F ] B 880 5 5, FL 23 sk I3 Bl Ay H ]
A 5 K T 1) 2 A2 B0 3IE A R E A By 45 SR  B
SEPE, AN 8 BT LA a4 R (51 n 72 3
SEEE NN D I R s B & A R[]
5 v R A A W 7 6 AR A A G A R A S
Wi DA K Xof FH () PR BE A 52 0 . Murphy S48 4L T — %
TEAN B M & 3 B 8 TF 22 P AR TR R R ) O 8
b AT 3 B R S (1 P A T o 3 DA T
T — 0 AT AR S R B B AR SR 530K Ry
H i 34 58 FH 8] B 20 W 5808 228 00 Il F ik — 25
i ey S AR AR BBk

J I 1 A BT TR A S — T R s 1) Bl L L
AL I 37 M, 7E HL A R R BE s AR
T A FE SR T AEAF Tk, [ AR & FOR F 45 v
BETES 0 ZERRT PR JE s A A T ) £ B
BRI i, PR R L A 1 P9 A 0 M AR T A
P20 B8 7E Tolb i T2 B FAE PR B8 o A% 4 I 19 55
S AT AT RSB B R AR 3 AR R
B BT il 5 1) A 0 BT I 7 A R T R 2T
BYERAY 1961, 1 S 1 Ml 17 FH 6% 2B B 3 790 G FF %
WRAFAE— S H T BRI A AR B, 51 an P15 A= 4
B ¥ 79 0 i, LA RG] e R AR P ) T A

R2 BEAFHRKEEBEFER
Table 2 Published patents for soybean bacteriocides

" R8RS B v
75 ESEYS . ) i LR £k LR
Preservation Prevention and control of dis-
Number Strains Patent name Patent number
number eases
KRR (FERH) o
treptomyces CGMCC HE B T 2k A B
1 Soybean root rot ( Phytophthora CN201910577009
Louchet NO.17115 Biocontrol actinomycetes and applications
phytopa)
, ] TR ) R SLAER G A D B b R S
Streptomyces CGMCC-
2 Soybean root rot (Phytophthora A biocontrol actinomycete strain for the control of CN201611185978
graminis NO.8961

phytopa)

soybean blight and its application
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. PR 2R = By i
F s LS , , . LA R LR
Preservation  Prevention and control of dis-
Number Strains Patent name Patent number
number eases
_ — AR AR 5 £ B T B FC N H
Pythium oligospo- ~ CGMCC  RIGARJEHK
A kind of plant root rot biocontrol bacteria and its ap- CN202010994829
rum Pyo343 NO0.20224  Soybean root rot
plication
— P AW 796 B Bacillus siamensis HT1 3 FHAE
_ A
Bacillus siamensis  CCTCC NO: KGRI ALEBTRA RN
A biological control bacterium Bacillus siamensis CN202210261346
HT1 M20211539 Soybean root rot - . L. . .
HT1 and its application in the preparation of biocon-
trol agents
_ o (R B T A A B T ) B LA 1
REHUEIR (FERE )
Pseudomonas cGMcC S
5 Soybean root rot ( Phytophthora CN202011580500
viridis Pe32 NO.21150 A kind of Pseudomonas aeruginosa strain, biocontrol
phytopa)
agent and preparation method and application thereof
, ‘ . — BRI B AZ I A A B AR BA20 B v
Bacillus amylolyti-  CGMCC K5 B0
Biocontrol bacteria BA20 for the control of soybean ~ CN201911367150
cusBA20 No.19052  Soybean sclerotinia
sclerotinia and its application
M R 2 s AT A 9 TR Al i B
Paecilomyces li- CGMCC  KEAMRZEL R g JT1
7 CN201510808455
lacinusYTO8 No0.10026  Soybean root—knot nematodes  Preparation method and application of agricultural
root—knot nematode composite biofungicide
Methyl nutritive COMCC RGAREERGTE R LR — b 87 16 8 20 200 TR 3 1 52 5 T
8 bacillus WSW - No.11541 Soybean root rot bacteria, soy- A compound bacteriological agent used to prevent CN201510762018
o
GH-10 bean sclerotinia and control tobacco bacterial diseases
Rhizobium sinen- CGMCC R o . - I .
, R T B 2 e AR TR T — o SR FRUARUIRA B 97 9 K AR P 3 (I vk
sis L396 and No.1851 Fll
9 Soybean cystic nematodes and A new method for controlling root diseases of soybean CN200610137800
Bacillus subtilis cGMcC
soybean root rot bacteria using rhizobia
Snb2 No.1850
B Y WNISE I PNISN 1 22 N U f R e S
Simple bacillus CGMCC  Kffsesk K i
10 CN201210414207
Sneb545 No0.6650  Soybean cyst nematodes A simple bacillus strain with inducing resistance of soy-
bean to soybean cyst nematodes and its application
R LA (R AR AT
Bacillus COGMCC  HRJIHTTH — bRy 2 AT B B
11 BT " CN202011532143
altitudinis 181-7 No0.20132  Soybean root rot ( Phytophthora A strain of Bacillus altitudinis and its application
and Fusarium graminear)
Trichoderma o o — BRI A R S L
_ ' GDMCC NO: KEMJER K G LA . , , . .
12 echinosporium A strain of Trichoderma echinococcus and its applica- CN202111668840
62007 Soybean root rot, soybean blight
YN4 tion
) . REE e A A 7 T
Hanseniaspora  CCTCCNO:M MP1861 K . H
13 Soybean root rot (Phytophthora . . . CN202110663876
uvarum MP1861 2021613 A grape must, which has bacteriostatic effects, has the
phytopa) sporum hansonian yeast MP1861 and its application
- . L FEREAS 2y A2 5 B Gloeotinia F
N ' S e e T ML BE AL I T 09 A B ELTA Gloeotinia 1Ml 4%
Gloeotinia nemati- ~ CGMCC T
14 Soybean cyst nematode, soy- . . . CN201110049246
cida Snef5 No.4549 Preparation method of biocontrol fungus Gloeotinia
bean root—knot nematode . . -
with toxic plant nematode viability
. B8 /N AT B (Bacillus pumilus ) NMCC46 Kz Ho 7
Bacillus pumilus CGMCC  REMREmH !
15 Bacillus breve (Bacillus pumilus) NMCC46 and its ~ CN200910223358
NMCC46 No0.3378  Soybean root rot

applications
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B — TR 1 A= B R A2 B PR 04 1 2 DL KA
B A e 4 S LR 52 R, B TR O A DL
T o A g AR A R R WA ST, I FH A B
TR A ol B — TR R A B IR S A RO K
AH BE T 50— 2 7 TR Pk, A= B R 24 500 26 7 A AR
20T (R B IR ) B A R S T A R 2
{5 an A B 5N 2 R B TR AR B R BR FMMO
FMM35 4 & B7 1 & 72 i CHZ1 204 B C1 & 5 2
A7, X K AR AR B 206K 3 269, F TME
SO T A 7 R R R 5 B e SR Y i R T B A By
FEREB AL B 22 A B T AR, A2 B
) A T B A AT S iR 470 2 AL 1) 92

4 RAELERZ

REAERERE L S AT, 1%
o B R AR A A TR AR A L2 3 S ) TR AT, 2 o 24 K
RN EENRZ— ARICEEER T HETE NS
IR SZ AR R SR B 3 1) I o A o R R LR
TR AL, IS 2 T X8 10 A= B B A A= B AL A B 5
JB o XA P RRIRZ R, T EUEAR PR E Y R
AT A B T SR R L A R MR e =R
Az B TR ML A 3 AT B AR O A A ] R AR R
PR YA B IBLE] , LSO AR
T I BT B4 T2 A PP , sk LE AL P13 [+) ds A2
T B BARTARS o JE = AEE

RO R AR TR S T AR 2 Pl Y
SRELR . FRT, A2 Bl B 1 o A2 90 B 3 70 B B K
T E N IGEA RS AT R R
JE BER TR R A E R AR By Rk = T R) S R A K
W0 ) A ML AR el FG R oMl AR B D) AR Mt
itk — A T AE BT A BT 6 R S R, AR A
KMFFEE fb T LA JLAS 7 AT

(D25 AWe A 2 B R 1
B T EAR I 2R B OCH B R AL B T
AN LIRS B 160 5 A B0, N — 24
PEXTR AR Z T8I T g o i — PR S> 105 Y
A= 7 AL A 5, S ST A= B BIL R A ARG I 5 2 A
R, BEE TR

(2) T B 5 21 2 R 7% 5 DR 241 2 T 5 0 T s 3ok
A= B AR BT R, RN g AR B R A B R 3 A
PR 0 SR B AR IR, IR ATT IR Z R U E Y
BRI PO [0 28 D RE AP S5 R A BIL A 2 O A2 v
R FERE DI RERR I o

(3) DRI A= B T A B ) 2% 1) A 23
P S G — BYTTH b v, o 2 S B A 780 )i 3K
SRS LA PR A B RCR B A B, 20 Bh
A, X A By T RE Y IR0 0 3 PR 2SN ST
PR AR

(4) 38 o 25 A T X A By R AT 2 RA 4
Rl B E BT B o AR R AR Z AT 5 B — 2P
HEA B B A2 T2 T Rl 2 BT R AR
77 1 1) 4 o) R AR R A 7 AR T 92 3 it
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