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B OE.[8¢)] AR KEETF TRARFAIEHEMAERLFTOAK. [FE] RALXEEH
WA, EAGHKEBRE . FERN XA B RAE DN EANLE A0 F ERAT AR Tk, KA
RAAFAE, A 32 A fLAFAE. 16S IRNA A F 5 5] 0 2 AR LE A6 % A0 o K H AR 6 2k 09 B AR aEAT %
. [4RY MRLE R R B R NEAERFEiRL T B B @A FRNER 297 #h; BATRE LK
kB FEGT ik, FEAREREFERT 70%49FHEH®K 9 #; BLE FRF 1 HETIKER
SHTRNEAGA R, BEERRAR. AL AR S205; Bk S205 5T AHRA
F 4 F 1A (Streptomyces antibioticus). (456 ) FRAF—M A BAKE S T B BT B A UK R F HAT
HAEM AR E T A B AR S205, ZAFR A R R DARBR A FTAREX RS AR ZEE5L.
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Screening and identification of biocontrol strains on controling tomato
Meloidogyne incognita under sub-low temperature

HU Dong HE Huan LI Hong-Tao ZHANG Cui-Mian JIA Nan
WANG Zhan-Wu~  PENG Jie-Li

(Plant Genetic Engineering Center of Hebei Province, Institute of Genetics and Physiology, Hebei Academy of Agriculture
and Forestry Sciences, Laboratory of Agricultural Product Quality Safety Risk Assessment (Shijiazhuang), Ministry of
Agriculture, Shijiazhuang, Hebei 050051, China)

Abstract: [Objective] Isolated bacterial strains which can resistance to root-knot nematodes and
promote the growth of plant under the sub-low temperature condition. [Methods] Joint method was
used to screen the bacterial strain, the joint method include nematodes resistance test, indoor low
temperature resistance test, antagonism test and pot experiment. Phenotypic characteristic,
physiological and biochemical characteristics and 16S rRNA gene sequencing method were used to
identify the strains which passed screening method. [Results] 297 different bacteria and actinomyces
strains were isolated from the soil of tomato and cucumber rhizosphere which are often seriously in
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root-knot nematode disease; After analysis the nematodes resistance rate, 9 strains which have more
than 70% corrected death rate to the nematodes were isolated; A strain called S205 was isolated, it have
excellent function in prevention and cure of root-knot nematode, soil-borne pathogens and promoting
plant growth under sub-low temperature; Strain S205 was classified as Streptomyces antibioticus.
[Conclusion] This research had isolated a biocontrol strain S205 which have the property of resistance
root-knot nematode and promoting plant growth under sub-low temperature. The research is significant
in prevention of root-knot nematode disease under sub-low temperature.

Keywords: Root-knot nematode, Tomato, Streptomyces spp., Identification, Sub-low temperature

HREELL L (Meloidogyne spp.)&—280 i) .
o F I YR RE e N Y, EEFE
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B, ERMEEGESkEE, FERLETTRE H BRI
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WAWH K. WFELLER, —B8™ 10%, J“HEiR
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H i X L 3 B AR i i e K 24 v T H IR P
X RR 52 ot (3 sl U e PR B ARSI 1T, = Xt H
HIREEARRIEORTSE, UNTEARPRIOETLRE 1 . BEIA
AL SRR KBRS s, 7ETAR
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WF TAEE R AT, IR EI )y, A& F 5t +
B R — AR 15-20 °C, T RHRAr 3R
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PSR R AT N 2

ABIFFE AR AR LELR BONHR, MR IR G
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g A IR TR S L Uil , T REGIRERY 53
BIFIARSSE L 84 e b P TS U ke
D AT T TR 8 N ALY (Fusarium oxysporium f.sp.
cucumerinum) HG-11 | 7. # 22 ¥ % (Rhizoctonia
solani) AG-2. JEZNE (Pythium aphanidermatum)
MJ-1. EHHUZERG R (Phytophthora capsici) LI-3 FH{H[
e RAMEL =B Y AP BT b At
1.1.2  EFE: MR NA §3E3eg/L): BAME 10.0,
4-H 3.0, NaCl 5.0, NERIEREH 0.5, 3ifg 18.0;
iR R FC— 55 3R 3 (g/L) - ATVAETER 20.0, KNO;
1.0, KbHPO, 1.0, MgSO47H,0 0.5, FeSO47H,0O
0.01, AMAMRHN 0.2, 35 18.0,
1.1.3  EEXFIFLEE: BRI S Yy
oA Al AR EE R RO & . PCR
PIGMOCHEGN S, A TAEY TR M AR
Al SIYE BAEENINY ,  E R A YR A R
23] PCRAX  HLTKAY B RIS , £ 15 Bio-Rad
oNHEly BETAES . EIREERAESE, RIS
IS A PR A
1.2 EHRBINE

S g HHEE T 45 mL A BEIEERIM TR K =
O, SR SRR, G ISR Y
100 pL 7340 Tk R NA R EEFI R 5 R— 5 iR
b, 3WEE., ET 28 °C MMAEIRME B,
HHE RV L . B . K/NERFEPRIBOR [F] (1) T
PRiEATAIAL . SRR IR AR T 20% H i —70 °C
KIACRAE AT IR RHET 4 °C Im I LRAF
1.3 BEREIKITE
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B0 10 min, HU ISR RBER, Tkt s f5a&H.
TE 24 FLAAZUES R, LR 200 pL 2 F5F6 B
PRI R K DT A 800 L B 7 AREE LR B AR T7 I
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X e
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2RY/(1-%F B A1)
14 BHEHKRMETF
141 TWTREEKBFIE: HRIEGERRTF
TOY% 1) PR HE RN EIAH N 1 AR A K38 B, 200l
BT 4. 10, 15, 20 °C ¥iEfahass%, 2 dJeiFm
ML [E AR SR 5L E 75 A KRS i R R A K
FRIRRFIE] R AR PR B F 343
142 FEEERBREAKGIE: RIS
2, M AR B AR X A TRk ) B N L AL TR 55 4 F
FEHI9 V5B AT TR %
1.43 ZEMRLE: T8 A kb 2 A
PRA R RRPE . g BRI ARAT TG PR TR R, Ak
ali ) AR R, BRI N 5.0x10" CFU/g, #%
B =1:300 (TR L A SR A SR BT,
SEAR P LM R AL, AR 5 AN . iR
BBOME R A TE LI G — 2 A PIUIE . &
F 60 d 5, W E Fe AR R L 1 R0 T 3 14 A 4 i
R FA R AR H 3R (RIS A R e A 0 i
P =84 i 1 000 SkAEAT, 5 I KA B A B A X6
&, 0.7% 1 T 2k T 22 R 770 by BE X R, A B
S5EEE, WHREERE 15-18 °C, 60 d J54#%
Benjumin D BUHRZE 0 ebnife, TAFEMR S EREE,
T 48 SO BRSO
1.5 EHRHIETE
1.5.1 REFMEAEBENWLET: HEEEMEK
PeRP B G — S hE Rt | M Hg IR AL L O
BiflgIG SR AL . PDA $55R 5 |, 28 °C 557 2-7 d,

W EE ISk v . SAEWZZ . BN, 7]
VPR 3R SR KRHIE o 1 R 20 M TR AR 43 0 i1 T
AR IER T . AEERER I 5L . TE M K i S A B
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1.5.2 16S rRNA EFHFIMES H#: 4L
DNA M2 S S SCR[91M Tk, FEmg1EB L,
BHZEUY DNA T TE b 1, 1% 050
HLUKRTI DNA 454 K/N ST, 16S rRNA KA
PCR ¥ 35410 27F (5-AGAGTTTGATCMTGG
CTCAG-3")#1 1492R (5-TACGGYTACCTTGTTAC
GACTT-3"), 16S rRNA F£[H PCR JZ WA Z (50 uL):
10xReaction buffer 5.0 uL, 2.5 mmol/LL. dNTPs
4.0 uL, 10 pmol/L 27F 1.0 uL, 10 pmol/L 1492R
1.0 uL,2.5 U/uL Tag DNA B4 1.0 uL, Bifk DNA
(%50 ng) 1.0 uL, ddH,0 %% 50 uL. PCR J by %%
£:: 94 °C 5 min; 94°C40s, 56°C 40, 72°C 90 s,
30 MEFR; 72 °C 5 min, PCR =445 1.0%Bi 4
IS DRASHIN J5 2R Y 2 W) o PR3 e SRR
JH DNAMAN 6.0 #4100 47 o #4PHE SN A%
M2y 91$258 % NCBI &% H RIS ST L. R
MEGA 5.0 bR 4R FH 48421 (Neighbor-Joining)
WERGRER, HEMN 1000",

2 HR5456
2.1 BRIZREE %k HIN BEE PR EY 50 = FAR
METRTR . TR . ALBR AR 43
A BPAFARFIE S H IR 297 bk, HAr 4w 207 4k,
JUERTE 90 ¥k, il Wi, 53] 9 #RxTHREsZh —
WA 4 R E A 81 70%L) IR RREE 1)
2.2 BRIEIRGZHMB RN ETF
221 FWHEREKIFIE: KEHHEMAEYNER
AR 25-30 °C, T E A ZE Bt AN 31
BIshifh BT 15-20 °C, BERPEHA R AUEAT I
TREPE o DA Y IR A o 25 SR /T LA e, B
Pk S205 7£ 4 °C T 28 d 5 A, HERKLE
4°oC AR, VLR S205 HA AR UF A I IR
WOR(EE 2).
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x1 TREBEN R4 BRIELEE

Table 1 Corrected mortality to second stage juveniles

under different strains

=) . by A5 < %
No. ’ mortality (%) mortality (%)

1 B167 100.00 98.22

2 S511 100.00 98.22

3 S205 94.68 92.90

4 B244 94.44 92.66

5 S206 89.86 88.08

6 S252 85.03 83.25

7 STU101 79.34 77.56

8 S251 78.03 76.25

9 LK101 76.15 74.37

222 FEEEFEREGIE: £LhRNRERSEK
e, MG 2 SRR A F RN LA, R
FAXTIREEAl i, A R 2R A 45 AR e e L P
IFEPTRE JT o NFR 3 S5 2RFT UL, TAT#k S205.STU101 .
B244 . S252 I B167 X JFANN IR . Z2A% 08 . HRII A
IR 4 PR IR YA B, B3k
F| 46%LL . HRE S205 Xt TE A EI R, 0
iR A 51.11%.

®2 BEREMETHEKER

Table 2 Growth and development of different strains
under low temperature

ik H KA IR AT A] The first time to grow (days)
Strain No. 4°C 10 °C 15°C 20 °C
S205 28 12 8 5
STU101 = 10 8 5
B244 - 5 3 1
S252 - 15 12 8
LK101 = 5 3 1
B167 = 5 3 1
S511 = = 20 12

223 ZERHMREEE: XEMCEK S205. S511,
B167. B244., STU101. LK101 1 S252 #4711 ki
ST B ZEAR B RO E . IR IR 15-18 °C,
M 4 GERATIL, Rk S205 AIERE STUL01 AY9%
TEFEBURAR, 2 51R 534 F1 630, Bizss T
56.82%7F1 49.09%, LT FT4EpE 2= A BRI R

FHIE 1R 2 2558 0T 0L, AS[R]Ab BRI AT 48 5 7
FAEPRAY L I S AL AR R L, Hh itk S205
Ab () e h M RAR AR T S BR A HL AR 2
S8 #(P<0.05).

*3 BERNARFEREMFBRERGITIR, %)

Table 3 Antagonism of different strains to different pathogens (inhibition rate, %)

FEPUFERR Antagonistic strains

Pritimtk P—— AR RS R AHHRAE TR
Strains Pythium aphanidermatum MJ-1 Rhizoctonia solani Fusarium oxysporium f.sp. Phytophthora capsici

AG-2 cucumerinum HG-11 LJ-3

S205 46.89 51.00 51.11 49.33

STU101 48.56 46.67 46.56 51.67

B244 51.22 55.44 48.44 46.44

S252 46.33 48.78 48.56 51.22

LK101 34.44 52.11 34.44 =

B167 51.11 54.44 47.44 48.33

S511 - - - -

TE: — RSB

Note: —: No antagonism.
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F4 BEZHAEIEGHRI

Table 4 Effect of controlling root-knot nematode
under pot experiment in greenhouse

RItRG S ST TREL DRGEIES
Strain No. Disease index  Effect of controlling (%)
S205 5.34 56.82
STU101 6.30 49.09
B S 7.63 38.33
Abamectin
B244 9.03 27.01
S252 10.29 16.88
LK101 10.93 11.69
B167 11.40 7.88
S511 12.32 0.46
CK 12.38 -
70
60
— N N & IR
= N NN NNRENNEBER &
25l NN NN N NN A
=30tN N N NN N N NN
= NN N N N NN NN
2ol NN N N N NN
220N NN N N N N N N
TEEEEEER
. TR EEEEEE
b NN N NN NN
NN N N N N NN N
NN ARSI\ TS
S o & %&0\ & Ko %&c}* P ©
3

Strains

E1 TREEHEMm LEEENF
Figure 1 Effect of different strain on the ground fresh
weight of tomato

0 L O E: B E E & B I £
ATV R S N T R
A O D X D A O
Y 9D %@ $ 9 F

Y

Strains

B2 TREHNEMRETENZE
Figure 2 Effect of different strain on the dry weight of
tomato root

) 2H 2 W T 302 S AR AR K 43 IR B0 DA Bt
WPERE AR bR . AN SR A FEPL()
FEVE | iR mTERTE . BUREESEADC, AHXTHS
G, I AT AR VR IS R D, AR A7
PRGSO DB, i 22ROl Tk
S205.STU101 F1 B244 b3 H- (A S 4%
FXHIR(EE 5), BABIR 3 MREALTRS , FEY 401 Y
REHIHEAE] T B G
2.3 fRBHER S205 D RETE

WP ARG, T s —PREE A R
RATERE S205.

231 REUFMEREIBEWSEE: F S205 755
[R—S I PAKRI, WKEE, RiET%,
W NGAEST, ilg, WIEmYINa, SRR
R K EABOK G, HS5ERRAS G E% . JUE
WK BRI, FNEZEA, AEEaR
Fed, HLIRYLEBAYE, LT, AW, fuT
wBERRE 2, WFRGEIE . A3 it st )
W 6 iR,

2.3.2 16S rRNA EEBFFIH 4. FEHEEE R A
Pk S205 (.4 DNA, X} 16S rRNA JE R gEf 44
MF )5, KH Neighbor-Joining 4% 2 G AL
(K1 3). Btk S205 ik REER E(AY999776). Hi
R R R(AB184184) R F Rl —7 3, FLARIMA:AE]
T 100%. 255 FFER | AEFRAALEEAERT 16S rRNA

x5 AEEKRSEMITFENESEHFIN
Table S Effect of different strain on relatively
conductivity of tomato leaf

RItRG S AT H %

Strain No. Relatively conductivity (%)
CK 14.44*
S205 10.14°
STU101 10.45°
B244 12.78"
B167 14.55%
P4 4 2 Abamectin 14.62°
S252 23.64°
S511 27.50¢
LK101 57.42°

s /NG R R B 25 7k 3 10 /K F(P<0.05).
Note: Different letters in the control and treated stand for the
significant difference at the 0.05 level.
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F 6 EIHK S205 BYE TR (LAFIE

Table 6 Physiological and biochemical characteristics of strain S205

L-2[ Bt &R L-Cystine

24 KA Cellulose hydrolysis test

T H ghE i ZEE
Items Results Items Results
WME— B I D-A#¥% D-xylose - | ORIFERE T A KL 1% +++
FHIA LS D-H 828 D-mannose + Grow and development 2% T+
Sole sugar A4 Glucose n under diffe.rent salt 3% "
wishziten ! concentration
—-— D-2[Z B D-galactose + 4% +
FZ=H# Rhamnose o 5% +
Hi¥f-B¥ Cottonseed sugar + 6% -
D-H % D-mannitol L ERIRERR 45°C -
L-FiH7AF1 4 L-arabinose + Grow and development 37 °C 4
FL#E Lactose - Il:rg;reggzent 28 °C -
7% 271 Maltose - 15°C +
%M Trehalose + 10 °C +
D-5F:H# D-fructose 4°C
HERE Sucrose ++ ARl pH A= 3086 pH 5.0 -
VEH Starch +++ 1 Grow and development pH 6.0 4+
L nositol 44 under different pH pH 7.0-8.0 -
WE— LR L4 L-Valine o pH 9.0 +
e L4140 L-Histidine . pH 10.0 +
Sole nitrogen L-ZXNZ R L-Phenylalanine - pH 11.0 -
utilization '
test L-F5% R L-Arginine | fiARE IR XSS Nitrate reduction test
L-#4 %/ L-Serine + | WAL Gelatin liquefaction +
L-f% R L-Tryptophan + HaS H7=4: H,S production -
L-fi& 82 L-Lysine + JENIKf# Starch hydrolysis test +
L-#fifi% & L-Hydroxyproline +/= GR#ENEEEN % Lecithin enzyme assay +
3 |

e+ BHPEZEER; . FAMESS

Note: +: Positive results; —: Negative results.

Streptomyces antibioticus (AB184184)

99
56

99 | $205 (KY407755)
Streptomyces antibioticus (AY999776)
Streptomyces griseoruber (AB184209)

Streptomyces griseoruber (AY094585)
Streptomyces griseoruber (AY999750)
——Streptomyces spinichromogenes (AB184534)

—
0.001

99 L—Streptomyces galbus (NR026178)

3 EHK S205 Y 16S rRNA EEFH RS 4 B

Figure 3 Phylogenetic tree constructed based on the 16S rRNA gene sequence of S205

W A BRI RS 1000 YITEITEBGL T S AE ST s 355 PIEMEY GenBank 5555 A RELZIE 0.001 18
% 0.1%M1 16S rRNA F[K 75 i kb 22 5.

Note: The bootstrap values presented at the branches were calculated from 1 000 replications; Numbers in parentheses are GenBank
accession No.; The scale bar 0.001 represents 1 nucleotide substitutions per 1 000 nucleotide.
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SN e R, Y5E S205 N RBER A

(Streptomyces antibioticus).

3 dwHitie

R 25 246 Hh g T 2 ) AR oMb e A1) s 1A it i 3
W2 & HAMELLBG I R E 22—, EZRIEmM
YIFRR IR AFTETS YIRS | A = S m) L, PRI
FIFRHTRE A DA TR HA L4 . w4k
BRUFEReS, HA) TN AR R B FREICr
Bt R AMIAE A2 (b R 1520 °C, T Aoy 435
TAE Y RGE A KR AE 25 °C 2, [Hitk, K
TR R AN R AS, 2R = S B 45 R A
(R EEEERTHE . BEAh, N T 3 AR R A e
LAV H R RRI RS PUOR IR B . R R KT
GRFEARAE R N AR O e AR T Hu gk R
AR TR A Kk B LS G, T
SRR S205 782 AR 2 B0 HH AR 3 1)
MAGIREEE, AI7E 4 °C TR, £ 15-18 °CIR=
WIEF, BvkE S205 ACFRAGHIFRIA WAL TXT R, 1t
B PE S205 AI7EVAIRIR T B FEILA Yo Re .

Xf S511, B167, S205, B244, STU101, S252
FILK101 31X 7 #R R AR S5 28 S P D RELE T T 2
FARIGIE, WA S205 BA B R4 AL
AIte, AL I RS IME . e
T, BT 7 PRE WA, X1
A LT R AE A YR I 2 I — e i I IR R g
WIF LA (1) AS IR B RRE A 39 SR B AR 74 1Y
RN —FE, AN EA—EME; (2)
PRASIR], AT BB (4 34 R0 ) ol e 2 15 it AN T
J38h, TERTEIRE ISR g, Wk B167 A S511
XPER T R R, (B AR TP A R
BB B ROR, FTRE S RN TR
— AT,

AR, HH T A E R SRR
S205 [Pk AR A= g, SR FAARPR M EY S
S205 & Gnful B AR M FAE I EIANIE RS , R AT b
e BB P IRIE S205 1EJCH R IR AL h
PR BRI A= ThRE .

R B R M PR oy 2 vk, BTy
PR PR, 4 R TR S LA TR
BRI N8R0, AMEFRIAEE S+ HEFR B A 22
Rz, PRt H sk 5 BAA R IR . Hdiis
TEIE . HPIRRER . AL PR AR B e R T
AIREE, Hh e ARSI 90%—99%", i
SEXERE TR A R AR W] RETE T R G LR A R
HEAEM, Bk, ENAMEETFRFIAL T
Y2 R A% O A W A 85 37 H R i 9 4 48 il oA
W RUEY), JEBUS TEZEE, SO RER
2R RS HURRR 1 53 2 S e I R SRR

H Al E 4 09 & Fh i R 7R R R A ™ ) B
WFoe i 2™ (0% F itk K555 W (Streptomyces
antibioticus) W HGEILAR D, L HIE P R HAE
WARIR A& T HURE IR 2 I RE oK WA HiRiE
AT e BT AR 2 5 T R B B HTAR 4 2
HORHEHUR R ELE A, A — MR AR IR S AR AR
R pivenyshag, HH E N HACRE T IR A RS
TLAUERH .
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