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Streptomyces are widely distributed in soil, ocean and plant tissue. Streptomyces and the bioactive
metabolites produced by Streptomyces exhibited antifungal, antibacterial, antivirus, nematicidal,
pesticidal and herbicidal effects. The biocontrol mechanisms of Streptomyces against plant
diseases, including antifungal activity, mycoparasitism, inducing resistance, enhancing plant
growth, producing volatile organic compounds were summarized. The commercialized biocontrol
agents developed based on Streptomyces were introduced. The research on Streptomyces-based
biocontrol agents is limited in China, and the development and promotion of such agents could
decrease the use of chemical fungicides and promote the environmental-friendly sustainable

development of agriculture.

Keywords: Streptomyces; mechanism; biocontrol; application

Bifi 5 % ] A b ) 2 0 T KRR SE & R 1) 1 3k
P 3 B AL 2= AR 25 0 A A R B RN 5 (e
HI SR AT R 2 B A, 2020 4E4 [ A 24 i 4
B 27 7 t, B1990 AE 15 T e M T 11 it
Ay, BERKEK 76.9%M, FoE [ 2015 4k
FRUE R 25 FIAL B SL . X0 BOR™, fall4:
PR A A 25 A AR T IR R SR H £R3E K
AW B 6 2 A AE WA B s P B A AR
ViR OE R I, R SR A 2 0 B AT AL
IR 2 —P, FERIAR R U 0 I P e
KEA A, XA YA 5] Lk
M. BB MY AERMER .
FHOUE ., SRS AR BE G
PAS i IR S E Y, BE R AR T
ISP ARG T, RAEYHREALDBE
rRAESE RN AR R 2 I — B . AR SR
GiiiA TEERE R AT . FEAEYIBT IR TR R
PR IEHLE] . TR e 0B A T AR b
DA% 5t 25 TR AR W B I6 T AEAE 1) ) R A K 1Y
N R S, h B G T A R AR R 2R By
EapplE st S

1 #EENLA

55 FF T (Streptomyces) J2&: —J3 5 > [G BH 4 24
B, ANBRBE A R A KR, T AT
Fifi b VT DA AP N BB AE I . AR B
R L2IR B 0 22 AT 458, R4
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DNA HA & G+C &R RHE, G+C & i
H 65%—85%:
1.1 SEBLEMNEER

TR B A BRI, AR
BEEAR . GHLE A . BARPER . A KA
FUET I B s s AR L o DL A
P ANHRIR) o 3 5 s ), M A5 T i A
e WA P ZE A | il 2R
At - TRl RREPE e R
FEIA 0 X — Rk = R = FE X, )
B A AR AR SR Y T B R R R TR
BRI . DB SE K I F e S AZARER I3 B Y
44 BREERE I, A 22 BRXS Z2 R AN R A
BUVE P, DB TRT 5 - 18 rh 43 B IR B v
BERETE b7 TR R 84.3%, R W K B A
(Streptomyces  hygroscopicus) ~ WLM101  Fl
WLM103 X3 R 58 80 BAT R4 HARE U954t
PEFIY, AP REAR 2 + 3853 85 1Y) 29 R TR
I 6 Bk AT b g8 20 0 4 5 1 Y o R
B FR R O AR R R (LT ), 7
PR e b R o) B B R S A AT A, ARk,
TE TR 1 - 338 v 43 55 3] 1) W TR e 2 T T 47 24
1| 5% 55 i (Streptomyces yeochonensis sp. nov.)™
K fL i #% B B (Streptomyces guanduensis  sp.
nov.). F{HE R 1 (Streptomyces paucisporeus sp.
nov.), MEZL4E%%E # (Streptomyces rubidus sp. nov.),

FHEZ 55251 (Streptomyces yanglinensis sp. nov.)),
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21 + 4% B 1 (Streptomyces rubrisoli sp. nov.)!' 1% |
WG B ATV R T3 (L3 1) Hh 43 B 15 3
600 FRIEFREE TR , 38 A 1y 8 2 0 08 R0 43 25 15 2]
6 MEATBUIE . PrE iR LA B
R, B A b 0 R AR PR B
UG EE A KR EREMEER) 3, ik
TP EEE T AE PR Y B DR 2 K
PHVEAN DS S5 3, BRI b B & T 2k
Wy Bl i F ) L B T ) — BRI

1.2 SEBESFNESE

HEPA L 1.8 J7 km KAV RL, R
HEBAR M, BEMAEDMEELZ, 23K
I3 BT A0 Bl e T B LA ™ 4 1 B B R
Vi Y A B R R EORVR TR VR Sh Y (4 . )
), WEVER YO TE . ZORAREE) . e R
KB W AR . B K A
AR SRR AR R R, VR
PRl EL A VR G A STV S Al 2 R RN b £ R
PE, RE P AR R B R GAR S T g
155 7 & (Streptomyces sp.) MMHS020 A48 7=
Vb s R R R . A EMEERE
L AT VS R I LT M ARAR B 1 4 B 15
2| /Y JE {0 5% 55 18 (Streptomyces sporoverrucosus)
33510 X Z Ry I B B A RN,
X e ) i B 4y g i Ak A5 2] 10 R A i ™
Yy, HoA b &Ym A XA SRS A —
B0 B 6 PRV A A 4 B TR (Streptomyces
lusitanus) SCSIO LR32 & By~ 2 P 88 Ay bt
PR MR IR B 06 1, R ) gad oy B 4k
IS E] 4 BRI A Y, H R 2,4- 25
HR AT 2R 2,6- 2R R CBREE RN H
SRy B,

Bifi 5 0T RV TR VE AR IR A, KR
SRR R W B . B MG . IR IAE
P P IR M 3 O Il Pl 7 1 7 AR AR T
WP HCEY ARG R, (H R e 38 i 2 D 2
FFHEOR . EFTRIZHE . SR EYFEEAR. 7
IR FRIRF AU R I AR ke, HZX

VR T e T e R L, IR PR R AR 3] T
—AZIRFFI
1.3 S EEEYRNBNESE

TP AE TR TR 12 50 A TR AR . 25
DL RS (R . AR LA AR Y A TR
PR E8 Ry AR TR it T RR I A B, A
() Z2 AR R N AR TR I A TR R Bt T 2R R
S, 78 HAiHCE Y N AL E T, 4
B 5 P9 AR B A Y L A U R PN A i
W5 A FEY KRS, BT R
FIILA SRR, RENSAR Gy Hiu il N AT ) i 7E () AR 2R
WG, DAE Y N A T v o B A B 0 A ) TS
Farh, 29 51% M a ., o HIEERE Y
SrEAR BN AEYEEY B, A 38% RET ik
B NS A A 0 AR 43 S A B 1 4 R
(Streptomyces sp.) SSD49, A=W P I 12 3= B HL
Xof Z2 MR Y I LT AT P E T, X R LA
K29 B BT 1A AR ik 88.24%2%, 24 F A 4
51 B A5 B ) B BRCTE B 25 7 (Streptomyces anandii)
SAT1, H: & IORH $2 ) A4 2 1 ) o Xof L
%% (Phytophthora capsici)# 224 A4 B & 400 7
H, FEAPEERR R SAT1 AR 0T $12 = R X
BRAPER BTE, I 3 (e R i A= B
MY =L P B 2R 6 SN A s R T
Xt J& iz i 460 T8 (Fusarium solani) B A 1 HIAE H
X SRR R HL G T B TR =L AR R 9
Mt i R B A5 B A AR N A B R A
(Streptomyces sp.) K15 772 (BT BT 2-MLg H
W XA IR A LA ke FH ),

2 BEWT AR EE R

HEE R A] 7 A 2RO [ AL 25 P RAS [ 4R
FHBLH IR GACHT= ), XL RAPIE R |
PO . PURTE . TR . PUMIE . R
PEPYL 81943 4R IR €4 55 B T (Streptomyces
griseus) T B LlALIS BN BE R R LIk, BEERAE
HBUAR B B AR IR T R BT
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KA 2 P2 70%-80% T THEER R0, M
TSR T R R IR GACI D, B kI
PEHRPUAERWERER . iER. IOER).
WHRREPUERNEFHR . UHR). KA N
KPERWAHR ., ZWHER, LEFR). #%
HWRPAERWZATR). PrR ST
. BEE)E, 20 4 70 £ LIET, 7EHEE

®1 FETHEENRDEEMER

W PR S R BB A s PR B, {H A 1985
EERS, KRB EA 2B E PSR A Pk
Wy B AT A 2R i R A P
K JEXFBR 25 Mg = A2 T IRIE R o AEAY 4
s, AP R R AT I Nz,
U5 T 5% 5 R 1 A= 0 R o LA R 28 5 A o i i
AL C SO AR 2 I B ZOR R (R 1)

Table 1  List of bioactive metabolites produced by Streptomyces
el ipENIE PR 4k 27530k
Type Targets Producers Chemical structure References
YU E R G PEY) T Antifungal substances
D3 FEIE9% Rice blast Streptomyces O H, | [28]
Blasticidin S hygroscopicus var. o o Ny Ny e
ji)}}f;ganginsis leN“'J O NH, 7’\;
HZNJ\)
LAEE SBERE KR Streptomyces cacaoi ) 7370% y Z " 0 ) [29]
Polyoxins Black spot disease, var. asoeinsis | AU o
. > L
Gray mold disease (5 ) -
HHER IR Rice blast Streptomyces 3 L [30]
Kasugamycin kasugaensis
G ZUH Sheath blight Streptomyces /1 [31]
Validmycin hygroscopicus var. /:/],
limoneus nov. var. W\(% L
gl
HXEE ZUR Sheath blight Streptomyces ;\ [32]
Jinggangmycin hygroscopicus var. /:/]’
Jjinggangensis ﬂﬁ L
sl
AHL 120 SRR , STAR L T 0 Streptomyces [33]
Agriculture Sheath blight, Damping off, hygrospinosus var. M
antibiotic 120 Rot disease beijingensis ~o o Thy
o~
(52%)

P4 actamicro@im.ac.cn, 7% 010-64807516
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(E1)
FAl DIREIIE PR 2454 275 3CHk
Type Targets Producers Chemical structure References
TSR FEEENG , EREI Streptomyces [34]
Wanlongmycin Downy mildew, griseovariabilis
Phytophthora disease subsp. j\gf
bandungensis g i:jj\ j\CN ) j
subsp. nov. i(
REWE FIR , KRS0 Streptomyces H H [35-36]
Lo . . [CH3-0-0-C-0-0-C-OCHj
Wuyiencin Powdery mildew, ahygroscopicus var. O0-0H O-oH
Gray mold disease wuyiensis
WIRER TREENR KRS Rl Streptomyces [37-38]
Novonestmycin Gray mold diseas, Rice sheath  phytohabitans
blight, Rice false smut
Reveromycin KA AR IR Streptomyces sp. /‘L/.\ [39-40]
Gray mold disease, Clubroot 3-10 s 0 =
Pran G YEY) BT Antibacterial substances
BERER HL K P39 Fire blight Streptomyces i s [41]
Streptomycin griseus ) HZN% N”’Aw,
HAERR A PR BS R0 , W 2500, B Streptomyces CH.OH 4 [42-43]
Zhongshengmycin Bacterial rot, Bacterial wilt, lavendulae var. (‘3' - I
Bacterial canker hainanensis NH,—C—0 . N :< HIES
NH
HO  NEHCH: e
KRR IRAE AR, s AN, Streptomyces sp. NH, [44]
Guvermectin BRIz NEAUG6 NERLN
Rice bacterial leaf blight, % | N>
Tomato bacterial wilt ﬁo OH
Kiwifruit bacterial canker o)
HO
(154E)
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1)
FAY RERIE P ey 2% 3R
Type Targets Producers Chemical structure References
YUK EE G MEYI T Antiviral substances
THER JH B Streptomyces . [45-46]
Ningnanmycin Tobacco mosaic virus disease noursei var. it
xichangensis e L
W KR 2R JREAE R B , ISR, Streptomyces o me=o o O [47-50]
Cytosinpeptidemycin  ERIELEIFHEENR , BN EE  hygroscopicus var. g %HNTC\NH%NWNH
95, T BRI liaoningensis HO i Ho~  OH }'_N/ 1
Tobacco mosaic virus disease, ©
Cucurbit virus diseases, Maize
dwarf mosaic virus, Pepper
virus disease, Tomato virus
disease
AR R JHEAEM R R, BERTEN AN RE,  Streptomyces [51-52]
Xinaomycin IR RN noursei
Tobacco mosaic virus disease,
Cucumber mosaic virus disease, :
Tomato virus disease NN,
ZRER HUIE M) BT Nematocidal substances
e AL LN Streptomyces ij . [53]
Spectinabilin Pine wood nematode spectabilis g \N_S 4
NN N \
RAWER FA SR Streptomyces [54]
Prodigiosin Caenorhabditis elegans griseoviridis
SERTHIIR " THR KEMZELR R, BT REZ R,  Streptomyces [55]
Dibutyl phthalate L7 HR 4Lk B venezuelae
Soybean cyst nematode,
Southern root knot nematode,
Northern root knot nematode
WEER HRZEZE & Streptomyces 10y T [56]
Valinomycin Root knot nematode Sfulvissimu 07y . 0 NY\O
p INH - A0 0 047)\
0¥ ™0 ~ 0 0 H OMNH
HNf\OJﬁfN Aot b
0 A
1,2- 75 T B 1 Streptomyces j/ [57]
benzenedicarboxylic Caenorhabditis elegans cuspidosporus o
acid, bis(2-
0
methylpropyl) R
ester \)\
(GiE9)

P4 actamicro@im.ac.cn, 7% 010-64807516



A

BB G| MUY, 2025, 65(9) 3875
(B 1)
FAl VINEPOES PR 2454 275 3CHk
Type Targets Producers Chemical structure References
N-acetyltyramine 75 il BRFT2E H Streptomyces 04 [58]
Caenorhabditis elegans avidinii Pl
ol
N
H
4-methyl-1- 75 TN B T2 AL Streptomyces . [58]
phenylpentane- Caenorhabditis elegans avidinii /@/\, \f
2,3-diol HO
2R BTG Pesticidal substances
FrT i i i3 H o Streptomyces OCH, [59-60]
Avermectin Lepidoptera pests avermitilis “O‘J-"!\} —_—
CHY 07 ™0 .,_/,J\ '
CHY 07 ™o, LLH: Yo r;:\ s
ey o \gZ“ RH
g Lo
\0 ';[‘T-’ll Cl,
B,, R=CH,CH of
B,, R=CH,
PN el R T Wik Streptomyces aureus ) [61-62]
Tetranactin Mite and spider mite Streptomyces -
griseus
B w54 4 i Herbeidal substances
PAOSERY; E|Suzeacd /el Streptomyces St [63-64]
Bialaphos Non-selective herbicide hygroscopicus
o} N, OH
HeN g N
O  CHs o}
R TP BRI Streptomyces [65-66]
Glufosinate Sterilant herbicide viridochromogenes o o)
: P
ammonium - (.) F/\NijONH"
21 ETHESEEMNMEYMREEEMN  molkAommpy i eaml, HATH

CYIJ5A

TEAOAE =, B AR . W EE L A
HIRES A, Horh B AR
E A R ERGE, b e R BT R, M

20 {22 60 - 80 4 A% WL M) A K KR R
(blasticidin S)**, 2% % (polyoxins)™ . #HH
7% % (kasugamycin)P” | A %% X (validmycin) "
EhiE R, HTPARER . 8. AR

http://journals.im.ac.cn/actamicrocn
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SGAEYRE . FRENEE W R TP R T
— FRYPUREIEMEY BT, JFIE R T A R B i
5o WK A% B B X AS F (S, hygroscopicus var.
Jjinggangensis)y” £ ) I X 8 2 (jinggangmycin) /&
—REEE T IR, XK SO B A 3
IR B IRRCR , R4 5 A R R P
A HFEP, | 20 tH22 70 AR, HFXER
TEFREAE Ry w2l bt A R 2 T TR
LR, IFUTHEAP R K s R B AL
AZFh(S. hygrospinosus var. beijingensis) ;=4 B 4%
PT 120 (agriculture antibiotic 120) X 2 ALK . 7
R« B I R A 2 AR e BA R
GF AR AR, TS M A T R R
(anisomycin) 310 o 7 S e (Streptomyces
griseovariabilis subsp. bandungensis subsp. nov.)r=
A 1Y J7 B R (wanlongmycin)PL IS8T, X £
e o RN BF T A R AR, H 3
SR VE 4> A quinomycin CPY, R /K 5% F T
B A B (Streptomyces ahygroscopicus var.
wuyiensis) = A 1) 1 R B 2 (wuyiencin) , XFRAK
$t Bo-10, s —FZHEPUER, X ENE KR
1 22 4 0 85 9 EL AT 80 14 B 3 A D00
¥ A B 25 W (Streptomyces phytohabitans)y™ = Wit
K %F % (novonestmycin) & — M K I N B ASHT R TG
PEVIST, X B KR . K RRSCHE . R
FE R 22 B B A B 3R SORE TN R T
(Streptomyces sp.) 3-10 7= A= WIHTE I ) B0 2
) s it L T B HO T LR R ) A A
T FH (B0 R4 K 250 BA — € MIBIARCR , 7
B Al Ak R A5 0 S e ke I H P B Y iR
reveromycin 5L AW, K4ERE 3-10 BYET
W R TR B O TSR G i AR, AT
BRI SEAR IR 10 & AR KO 1 e AR RN B
PR 3-10 1 A& TR B HoR Y TE it . PRI 15
ZAF T RERFF R A Y TE T, TEE AT
WA Re A I R B e AR TG A, H SR AP 2k iR
SR PR 358 2 BT L R A0 e A T 7

TP A0 R S B P R e, 2=

P4 actamicro@im.ac.cn, 7% 010-64807516

B WMEtE . IKEOSERE N (S, griseus)™
Y5 %5 2 (streptomycin) - 7E 20 tH:40 70 4FAR L #E
T B iR AL o wte i B o BE R
(Streptomyces  turgidiscabies) Fl ¥ i % BE 5 4
(Streptomyces scabiei)| 2 [ Ey £ BEHE i ik 7E
B B T o dE MU OR MK, T BE R
(Streptomyces sp.) WoRs-501 i B $2 Fh 21| 1= 3¢
R LA 235 e AR ot o o TR RO AR VR &R, H™ AR Y
TL A ) I U, B 410 0 0 A ) TR 22 2R K
IR 55 (0 5 B TR T 7 78 1 (Streptomyces lavendulae
var. hainanensis)r= £ W5k 22 W R bt 2P AR
# (zhongshengmycin), MFK&HL 7517, XTHEHY)
A TE PR S . AR . B0z e B IR AR
WS #2023 4F 5 A, hAERRERIAR
FFARAR 24546 7€ B e 9 A= P Al A 20 28, K
EFRE 49 AL,
22 FETHSENEDRSEEIR
AL 0 TE AR A= 7 T 3 A 45 2R ALK
TAHY B E . SR L A AN R
GER7/E ARk I st STRu k(!N HIE a0l =27 SN =i
LG5, BRI TESE M, 805 SAY ™ EvitE
K BFEAE o T H % &R (ningnanmycin) F1E JIK &
Z (cytosinpeptidemycin) & H A |12 b FH A I8 F
WUEM R BTR PR TP AE 3R o W R TR R T Y
& AL Bl (Streptomyces noursei var. xichangensis) 1
A PR Y R A Y IR AR W AR 2 T R B R RS
AR R e Bk IR, BRI Bk T 2544
I ALY P AR R AR DGR 1, AT A 284 1l
YRR ERE, TREERCEKR.
B, K AR B SE e, HOR A
S EALHE AR RN AT R RO R WK i A A
il T AR B (Streptomyces achygroscopicus var.
liaoningensis);™ A i W Ik B 2= FH UL FHA L K270
K, IET 2001 ESAFR A M EIC, MEIKEER
AR AT 808 70 Ay T W A YRR A, X
FEMRRE . NN TR . EOKBEAE MR 70
BB BE A T BE N B R U R BT R A
SUTS) ] s o G R R 20 B s B s EL A T
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JRITVE M0y 5 K (xinaomycin) J2: 77 /K
Bl B T (S, noursei) ;= A 14 R W8 WEAZ AT K21 &
Yy, X A 5 LA A A 4 A R
4% 3 Y% 2 KR ] T By 36 7 ki 1 A
fenRT R,
2.3 RTHEENREHEEIR
TEREY R P, 2Rl G 2 R i 2R
LUTEY . WEGE R I, SR T S A ok
R R A R KA AT, HLAE H ) al A3 29736
FH W) 2 B o o U BE &R (Streptomyces
spectabilis)F” W HT A 3 spectinabilin (X R4
7z %, neoaureothin) ¥ 1 JK 4% 5 B
(Streptomyces griseoviridis) 7= = ) R W 41 &
(prodigiosin) >4 4 11 57 ELAT A5 A AR 28 L RIS
O wE PR . &N Im B BE & B (Streptomyces
venezuelae) Snea253 jH AT K G HE 2k
Mo TR A2 AL MRS A g 4
HA W& BMEIER, 2B alifl K 540 4 5E 1
IAH IR 2 HOiE MW BT o 4B R W R TR
(dibutyl phthalate, DBP), [F]f} % DBP X} 9 Ff
L5 Do B T 0 B — s A TS s
T 5 B 1 (Streptomyces fulvissimus) GAC-66 Y %
PR Y T[] 0T s 2850 AR &5 2 ORI — AR 45 2k e
HATH A PG RO, IWH R I 73 B 24k
1o 2 5 A N 05 R/ BE RN 07 7 20 B R TR E ) K
KOWR, JFRI S BA R R/ dUE
P 1) 45 24 55 3 (valinomycin) %, 2R 0] 55 5 14
(Streptomyces cuspidosporus) SA4 %} 2 i At ¥ Ik
JR LR A s EA AR AT, AR 1,2-98
FH R X (2- FR S P 5 i LA AR SR TR BT, B
T HERE T (Streptomyces avidinii) ) & TR 75 T
B2 de B BOm i A4 KAOCR , 73 B alifets 3
By 7 FOE Y BEh o, N- & T BRI e (N-
acetyltyramine) I 4-methyl-1-phenylpentane-2,3-
diol LI 5 1y AR LR T HEPY . Ol B T
(Streptomyces albospinus) CT205 1 & B I 15 W
o= A ) 5 A L AR B W) (volatile organic
compounds, VOCs) X454k HLU A — 1% 4)1 AR HL By

BARKAEM, B 88 B s AT A 8 Ak
B TR 252k i A 0
24 FRTHEENIMREEIIR

BT 4 B 2% (avermectin) S& 1 BF H &% 5
(Streptomyces avermitilis) MA4860 7=/ 1 —2 K
WNBESEIE Y BT, H R m . R R
B4 & Bla (80%)MIFT4ETE % B1b (20%)1°6%,
2 [ ¥R 5E (Merck) A Al F 20 22 80 4RI & If
AT, A 1984 4 g i 25 0F 58 P70 15 1
BT AE R 2= AR R AR DOR . FRIEC B 2Bk R
(B2 T 28 A 1, AR i 3500 ¢V 5
Bi] 24 T 2R 45 A0 LAY A IN BRSSO PR ) o
i A 45 £ $I 1 % (doramectin), K /K N 5 %
(milbemycin) FlI 5 P4 2 & (moxidectin), EAITEA
AL A P LD A ORI ROR . IR R
HH 22 I 4% 55 1] (Streptomyces ginlingensis sp. nov.)
FAERNPUER, HIEERS R 2 5 —F
SrRbT4ERE R, BARERIENE; 55— AN
BemehiE %, HAMEENET. k4 e
B (S. aureus)FKAOBERE TR (S. griseus)r=H= 1A A0
K (tetranactin) HAT B AR TH M, Xl A R3S
A Rglero,
25 ETHEENMREEMYIR

W 7K B 55 TR (S. hygroscopicus) = Hz B XN 2,
W (bialaphos) &t —Ff B A R B35 1 A R AR ™
Y, o T A R i BT R A O A B
gy b5 B OIE (Streptomyces
viridochromogenes) DSM40736 11 7K 5 %5 14 (S.
hygroscopicus) ATCC 21705 7= = B9 & & ¥
(glufosinate ammonium); 2 H Fij A& I 14 It — 1)) —Ff
UK R S KR 7= Lo 00)  el deg Jg S A L 3%
A KR . PUPEIRAE R S T . R
] A R A R P e IR (R 0 AR ], A
Ot P A BRAE P AR B 1 v 4y 8
B — Bk 5% B 18 (Streptomyces sp.) YI-81, 8 i X
R o s il B AT = A BRFF R A
WFoE R, BERH YI-81 PR T R A TR
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FORM X DT, L B R N M
F )RR T A B B E A EIE T, B K
244 B B B B i (Streptomyces anulatus) 329
1) % TRV T 410 ) 5 R A v SR R T &, IEXT
& H il A R IRSE BT, i Ay B Al Ak AR
F iy 2 PR ROEPEYI T 329-C1 A1 329-C3, £
5 R B 329-C3 ] S SUHEL 490 20 MM I 4 3R FARAR
H fife JoT A A Bk A, PR SR T 329 A
AT &R HEDIRRER s 7
2.6 HEERSTENEEZIEMYIR

5 B T AN ALBE P A2 /N or IR AR
WA P Z FOK B 2= MAh, LT Bl . &
FIlE . SF4E R . A5G R S Horp,
JUTT 5 it 1R SR T T L T 200 B i Tl 2
HER T AL T B AR [RIRLEE # pH 25 T
FI R AR TS R AR O, BN, HE
555 18 (Streptomyces albus) = £/ JLT it B AE %
i R 2 9k & (F. graminearum) . R 5 A
(Magnaporthe oryzae). JK i % 1 (Botrytis
cinerea) F 1. Wi 22 ¥ T8 (Rhizoctonia solani) W) 4
KU A fE (Streptomyces alfalfa)
ACCC 40021, i RS BEAS 2 A Rl LT T
fiti 7 55 °CHI pH 4.0-11.0 19 5 4F T A A5 4 i 16
P, JFX5 Z2 R W I B T 5 AT s A 0 1
VR, P ML4% B T (Streptomyces alboniger) T22
XoF 6 At I B 0 T 2 IR L R A AR, AR
P Y AT v O LT B A O P R T 4 R T T
PEPL T IR IEERE R (Streptomyces chilikensis)
RCI830 &AL i LT A/ il . Bl A
G JE B T R AP R E RO, eAh, B
z 41 %E B W (Streptomyces phaeopurpureus)
ExPro138 j* A& 1 4 [ il ] LU ) ¢ I 1 19 48
Wi . B DA S AR G B T ™, IR I 21 %
%?%(Streptomyces griseorubens) E44G i 4l Ak Y
8 2 1 T X ST R 22 A% TR B B ) 3 AR
FBA, BTN RE TR o B-1,3-H R, AT
7 A V18 A SRR b T O3 A R 1) 4 L E 22,
1t £% B T (Streptomyces lydicus) E12 [ & WX}
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ST 22 4% T R A e £ BT R,
SDS-PAGE 43-#i15 5| —%% 3 kDa (4541, %5k
HAMBEIEN, oA —Fr B-1,3- 4 R,
N[5 58 L 4 B B (Streptomyces torulosus) PCPOK-
0324 thalifbir) B-1,3- 7] SN STk 22 A% P FER
HES L EAT IR VE Y, BE B 1R (Streptomyces
sp.) S27 ;=AY NI B-1,3- % SR it T L 00 i) S
B Fl Paecilomyces variotii WA, FFHH] H
PHRE 2 77 A

3 BBEWAEEARET BT W
BRI 77 X

3.1 FEmiEA

FEE T Al P 2R AE YIS TR BT, X )
o B EEAR A AR A o 5 | AR 908 35 R s St A )
(DRGNS NE SIS ok o sl N 3 O N i)
IR, R AR AR S ) B B A
il 2 M RE 5 B PR AR B B R B . IR
MR LR S 2 A E R . LT BOAn B-1,3-4
R T B AR ) EEE 8, BRI AR
% %A % % (polyoxin D) ¢ Jg W[ #H R Z
(nikkomycin Z)"* 1B 7% 2 7 2 (allosamidin)** il
TP LT BTG B O e D BT BT
it £& T i (actidione/cycloheximide) ¥, 5% % &
(streptomycin) PV il K Ji K (blasticidin S) P i
MHEARG R AEEMN . LW HR D
(actinomycin D)A] 5 DNA JE i &4, | K
B SEPA, SP RS 2 (platensimycin) 3 2 417 il 40
B R i R A B & 45 7R Y, 4% AR B SN-593
(Streptomyces sp. SN-593)F4E 55 7 (Streptomyces
sp.) 3-10 ;== 1Y reveromycin ZSHT W) i3 1o 41
il 5 2 MR tRNA 5 S, FHE I 25 ) S
IR FEH (RNA 454, MR B BT 1 1%
PR3 I i B B (Streptomyces sp.) NEAUG6
PRACI 4 h 43 B A5 21 1 45 4E TR 28 (guvermectin)
3 2091 T 4 R T S MRS O B T GMPs 3R
AT TS YE, X KA A L B A
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BRIz A5 AT — 5 BB IR AR,
3.2 EFLEEH

ﬂi%?(Trichoderma Spp-)+ %iﬁ@%(Pythium
oligandrum) . J&5¢85(Coniothyrium minitans). ¥}
21K B (Gliocladium roseum)55 B 2 4= . [# TEAH
Vg F LB G T R T — BN, JFE PR
Wi DA T | = O S e s A S e A )
FEVEYI & 19 AL B R 9% h ol & BT F -
ML B EE L I, AR TR (S, albus) i 22
AJTESE SRR B (Nectria inventa) 2 TETE 2
WS AL, ELAE TR 22 N A BB 5 T T 22
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SEFHAESER: . KA. AR LA A R 223k
1P, 4% %5 T (Streptomyces sp.) MBCN152-1
PR 1Y TR 22 1E £ 1k M 9 28 01 8 ¥ A 7E BE A% 1
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3.3 {RHEMEKIER

e Al 2RO e A K,
TR Y B, YR A, .
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72 A A ) HE K R 15|k £ TR (indole-3-acetic acid,
IAA)FIEREAR, JFHEA B AREEEEN, e
PR AN AU, BB 4 P9 A B
e 3 MR T AR TAA FIRB R R N ERE TR, i
HALF AR nT A KO, BT b g
AVEH, SEEWAEEY S RGE H vl e
Y5 i A B AR B R AR BRI OG &R i
T (S. Iydicus) WYEC108 0] 5 5 10 A1 ) H 983 114
RIZMMIrr, AL SR I B DL SN g rh
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B, T S 9% 2R T (Armillariella obscura) Fl 5
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AERICL RS, Y N AR

# (Streptomyces sp.) GMKU 336 281 7K & 5 v fig
KRR, MEARRPESRE ST, A
Roa., M. S roeERIt, Bk
AP RO 23 i T 2R LA (R E Y AR K A
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WEERS, KRR | fEE . TE DL S
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T 2021 AFFRAFH AL ECUE ), i T R
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TES AR BT, A ) 265 2 TR
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POD)., X N 4% MR fi# & 1 (L-phenylalanine
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oI AL SR (CAT) | o 8 AL ¥y 1 (POD) 7 1k
P, A A0 & TR, R
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3.5 ERMMRAIER 2P T AN AEBE ORI . 45 Rl BREE R

R R A IR Z Y AR R YR,
SRR 1 By a T AR AR . AT
5 75 1 (Streptomyces alboflavus) TD-1 7= 4 (Y #4
A 5T R A E R T (B, moniliforme) |
FFH%?(ASpergillus niger). ;ﬁﬁﬂ%?(A.ﬂavus)\ Al
% (A. ochraceus) M M & H % (Penicillium
citrinum) %5 B B 22 1 A KON TR o B R R (S
griseus) W ¥ K& M) X 7 BOH & W (P
chrysogenum) F K A 7 #7224 < AT I8 2 n
HER, 8 GC-MS i & I HAE & P o
A BA YU E Y B I R (dimethyl
sulfoxide)!"'", 4% % i (Streptomyces sp.) 3-10 7=
A B e VR ) 5T A A A A I R 4 ) it
MAF A MR Ts g g R 0y, A
WLEE K B, %A% R AR T ] 0 o) Bt A A
A il B Ay AR T P R B R ORI 22 g R R
F) it 5% 5 T (S. Ivdicus) K2 77 A2 Y% & VE W) R
X R 5 B A —E A E , Hrh ag R T
I (benzothiazole) Fll B- 7 4 (B-pinene) X A1 471 94 J
H A MRERRL Bar, xHEsE R R
VI R G FAN A FritE— 2P IR A . Bl Bk

=2 e RS EEN R

Table 2 Commercialized streptomyces related products

PN A R EE R R L, 7 A I R P 5
MUK H 45 F 5

4 T ALEEEE W N

FAT, RS b A ) o 2 T A B 7 i E S
AN TIF K I Ad (36 2), Mycostop® K 43 i 55 B
K61 (S. griseoviridis) & 55—~ T i A6 19 A= B T
7, Mycostop FI RPN AT FH T B i B AL Y00
JR B Ceratocystis radicicola 5|7 A4 HB ] 2 (4
- R R U VAR E ORI N TR A}
(Verticillium dahliae)5 ;W mikh 2506, 0]
T W7 16 W) IR B . RE I R ST A o SO
Actinovate® | it 5% 2 i (S. Iydicus) WYEC108,
Actinovate 7K /3 HCRIFEAR 5 0T FHF B 6 4890
171 Rhizovit%ﬁ%%(Streptomyces sp.) DSMZ
12424, Rhizovit /K73 B 7T F T B ia i Sz A
22 K% VA RS B R S A 9 A 9 E D). Thateh
Control®™ 45 ML 4% %5 1 (S. violaceusniger) YCEDO,
Thatch Control {if I 71l 9% H] T 1E F 5 E By if iR
A% 35 18 (Sclerotinia homeocarpa) . AN 221 |
KN G T (Pythium ultimum) . 22 71 8 11 5 (F.

[T iREIOE FHET 275 3CHik
Commercial products Targets Producers References
Mycostop® MR R RN KRR Streptomyces griseoviridis [114-116]
Black scorch disease, Wilt disease, Gray mold disease K61
Actinovate® +1%95 9 Soil borne diseases Streptomyces lydicus [117]
WYECI108
Rhizovit® +1%95 9 Soil borne diseases Streptomyces sp. DSMZ [118]
12424
Thatch Control® 1895 Soil borne diseases Streptomyces violaceusniger [119]
YCED9
Mykocide® TN EL A Streptomyces colombiensis [120]
Gray mold disease, Powdery mildew, Sheath blight
Safegrow"” JRAENR VR (SO Streptomyces kasugaensis [120]
Gray mold disease, Powdery mildew, Sheath blight
5406 B AE + 15557 Soil borne diseases Streptomyces jingyangensis ~ [121-122]

5406 antibiotic fertilizer

5406
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oxysporum) Fl 4 D W5 & (Gaeumannomyces
graminis)% 5 R EIE L5 E Mykocide®™
HHE L 4% TS TR (S. colombiensis) Fl Safegrow™
H H-4% 55 5 (S. kasugaensis) 2 H [ KIBC A R
8 FEVIE R W T BA KB R e A SUA
()4 B TR AR B e a0 R TR, VR PHAE R
(S. jingyangensis) 5406 V£ —F A Yy NE#HE) 12
i, WFFE R A 5406 HUA EAEXT K. K
. 3. &N FABUREEE Y HoA 1
PERCR, H 5406 X 22 A2 I B I A
., IR A WA P AP A
PUIEE RN

5 REHRE

VeV B B i ANAE A5 SR AL 4 32 2
WA AR IE o Al~A A 24 B4 fil P RE RS L 4
HEY I G E , PREHRE A AR Y 7
o R, R A A 2 M IE iR T
B2, WA | R IR P
I RS R RREARE, K  J) JN RN A A
JT PR Bt R Al A 7 R T HEA T D
2 HUOR, AEYTRIE AR YIRS
[0 VR SV S L R AN A P
I [ A AR 7 B A

FEAON A H 35 R T B B o 1 T T
7O R BE S T ™ A O A IS PR oo R TR TR
FBEA LS () w2 R,
REMSAR 4y Mol I Sh R 305, S o A L e v A
IO LR RRE s (2) SRR LI EsE,
Aoy WA . N T AR B R AR
KPR, BRI LR T 9
Yrde B g | e . PR e e IR LR
IR prEbtd . fedt ek, % SHEY)
PSSR Z AR (3) RS AL AT A A 2
RO, CREGEHLZRG]) 5 Ak 25 vl i id
ZREGEIE R | BIC TR . B I T
SFBORWURME S A DA A R, Al D
DRHRE SRR R IR, SRR,

SRNT, I 8 6 T T 7 AL 1 I o — 2 ] A
(1) A=W R B ST A A LA e R 25 B, Bz
MR MRE, ] S A ) 1 7 14 2 S0 A
DR B AT TR BT A O EROME A s (2) T B
RBRGT e, R MR R AR PR
PR 200 16 T 40 5 B R R 4% A B A R i o
TFEUEBIRORARGE ; (3) —2um AR AR S
T3] A XA 2 A 7 B s J AN Rl )2
1117 A 0 5 B R A A, L 7 il g e
A E R

AR T (0 P B T 9 T ), L P e e
ARSI RA DL RS (1) AN F A0
YR B2 SN EEEMB N, FEEEA; (2)
HERE R AL IR R R B 2 | e s
W2 AEPLHIE 2, KRIE R A &4
Gyt (3) MR I 55 Y
SR B A TR AT R DA e ik PR A A U B Rk
SN2 P OUBR A L [N, B8 5 FRAT T ) A W47
PEVIBL . SR, R R A IR A 1Y
T 5 N [ T 2 — 2B nt . (1) T 2T A
R SE Y A I A LA R i e T K™ AR AR
W= (2) WA 1y 14 73 s AR A
PRI E TR AR R AR R (3) BEE R
77 A B R GA R 7 0 AR HE AR A ) BRI 4 52
WA FFRABIESE

ik R N E A BEIRRAE Y, N AR
JURE o AEBETE TR U A T R T A I
St LU E o (1) Kl i vk o 5 X ) B
AT RIAE A AR, E N AR 5 R
SRS P (AR . R TR, RS
ST BRI BRI, AR, RIRT A MR
S PRIE 14 B B R B0 S R, DA AR TR R
e R A TR BUE BT . () TR R A
T 25 MR 700 700 L 4 T R AT R, AR A
AN T R 2 T A )~ e e ) 5 AT L PR R Y,
BRGNS =
R D E [ LR LE R = e (3) % T BE
g R b S R BRI MR RE ST, K T
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K AL BRI s A MR IS, o B S Al A
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T AR B R el 5 3, P e i Ak

2 MEIE , DA S B M 2 10 17 o i AR T
AR BEA ™ i 7 AR i ™ i i i e AR 1
WS ST B

16 STk = A

FE s BERE R 3-10 BYFHSCHESY . SCERIE R
AR SCEES ; skl TIEsRsW . MY NE
iR R AN A SR s PR BEREDT AL
AR SCHR B A% X s ORI AR WETERER A | Gk
5 DL AL A SCHRR G R S s 2RI 1
SRR AR I R SCE Y XA s IR
FEBH
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