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Study on the Combination of Bacillus methylotrophicus Lw-6 and
Chemical Fungicides in the Control of Wheat Stripe Rust

YANG Lisa' ,JIA Ruimin’ , WANG Baotong® , WANG Yang’

(1. Lantian County Agricultural Technology Extension Center, Lantian, Shaanxi 710500, China;

2. Northwest A&F University, College of Plant Protection, Yangling, Shaanxi, 712100, China)

Abstract:In order to investigate the control efficacy of the combination of Bacillus methylotrophicus
LLw-6 and chemical fungicides against wheat stripe rust, Puccinia striiformis f. sp. tritici (Pst) ure-
diniospores were used as the target fungus, and strain Lw-6 was screened through antagonistic tests
in vitro. The chemical fungicide used in combination with Lw-6 was selected by compatibility testing,
and the optimal concentration was selected by greenhouse pot tests. Finally, the control and growth
promotion effects were determined by greenhouse pot tests and field test. The results showed that di-
niconazole had the best compatibility with strain Lw-6, and the combined application of 128 mg « L™
Di and Lw-6 fermentation liquid achieved 92. 78% and 86. 22% control efficacy against wheat stripe
rust in pot experiments and field trials, respectively, which were higher than the controlling effects of
using individual diniconazole or Lw-6. In addition, the 1 000-grain weight and yield of wheat were sig-
nificantly increased after compound treatment, and the contribution rate of plant protection of 6 500
mg ¢ L' Lw-6 powder combined with 128 mg + L." ' diniconazole was 24. 98%. In summary, the com-
bination of Lw-6 and diniconazole can effectively control wheat stripe rust, and it has promising appli-
cation potential.
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AEERMBE T W Pst BT H] &2 RS, Bar=100 pm; B: Pst EF TR F;C. Pst M T HH LMK, SDW. LHK;1
X Lw-6 REEW ;10X : Lw-6 KEEW 10 f5F5 B ;100 X . Lw-6 R 100 F5FR B ;1 000 X : Lw-6 ZBEWL 1 000 5 R B . RIAE R
[i] 7 B 7% b BLA] 22 53 B3 (P<<0. 05) s iR R R brifE 2. T,

A Urediniospores status in each treatment under optical microscopy, Bar = 100 pm; B: Germination rate of Pst urediniospores
with different treatments. C: Inhibition rate of Pst urediniospore germination with different treatments. SDW . Sterile distilled water; 1
X : Stock of Lw-6 FL; 10X :10 times diluent of FLL; 100X ; 100 times diluent of Lw-6 FL; 1 000X : 1 000 times diluent of Lw-6 FL.
Different letters above columns indicate significant difference among different treatments(P<C0. 05); Error bars in the figure represents

standard deviation. The same in table 2.
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2.3 Lw-6 FL5E DiREE&RIRESH

R 2.2 455, E 11 M. DI Lw-6 FL
AT, Lw-6 FL 435 5N 1.2.4.8.16.
32.64 f1 128 mg « L™' 9 Di #% 1:1 B, SDW
Syt R, BRI A5 R () 3) Wow, 5 B A L,
Di.Lw-6 J FH 5 Bl 4b B Pse 5481 B 8
/2,128 mg » L' Di 5 Lw-6 FL & Bt kb 38 (1 i F
FILPEAR E AR,

SDW Di
1~128 4 1~128 mg+ L ' Di 5 Lw-6 FL#% 1.1 £fic.
1~128 refers to the 1:1 combination of 1 to 128 mg « L.™!

Di and Lw-6 fold liquid.
B3 AELENEMF Pt @FEER

Fig.3 Pst infection in wheat leaves under different treatments
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Lw-6 FL X H 5 Di & &b B0 /N2 2555 R
(5 T 48 B B B R T X (% 1), Lw-6 FL &b
TR 7 %2 64. 43%0,128 mg » L' Di &b B Y 7 2%
H73.89% , —HEELWIB R 92. 78 %, W E T
HAAE PR ;64 mg » L 'Di 5 Lw-6 FL & it (1) B %L
H 81.96 %, b Lw-6 FL Pl b FB %5 28. 35%
FEREAR A B 77 H & 50 %6 [RI B B8 in 1 16. 90 % .

B 55 45 &
®1 Lw-65DiERMNEEFRHUEHHY
Tablel Effect of Lw-6 combined with
Di on wheat stripe rust in pot test
e s i B

Treatment Disease index Control efficacy/ %
CK (SDW) 80.83+4. 10a —
128 Di 21.6741.50¢ 73.8941. 36¢cd
LW-6 FL. 28.754+1.91b 64,4342, 36e
LW-6 FL+1 Di 28.9140.72b 64.2640. 89e
LW-6 FL+2 Di 25.8341. 10bc 68. 56+ 1. 03de
LW-6 FL+4 Di 22.50=+1. 25bc 71.6540. 31cd
LW-6 FL+8 Di 21.254+2.89¢ 73.7140.63cd
LW-6 FL+16 Di 21.83%41. 10c 73.5141. 54cd
LW-6 FL+32 Di 19.58+1.01cd 75.7741. 36¢
LW-6 FL+64 Di 14.58+0. 83d 81.96+1.03b
LW-6 FL+128 Di 5.83£0. 42e 92.7840.51a

1~128 Di  1~128 mg » L~ ! Di; R P80 7 B (H + brife
1R 2% 5 [ 5 BUHE 5 A [ 5 B 3 Ak PR 22 53 1 35 (P <<0. 05) , 3R
3~ 5[,

1—128 Di refers 1 to 128 mg « L.~ ! Di; data are mean value
+ standard error; Different letters following data in same column
represent significant difference among treatments (P < 0. 05).

The same in tables 3—5.

JE2Lfi ] 128 mg « L 'Di 5 Lw-6 FL & it #47
KHIKE .
2.4 HEBHE Lw-6 X/NELEE KN

M1 2 T, Lw-6 FL 8 A [A) e 5 A B 3
A DAAS [m) R B b (2 /DN 22 &0y AR 5 AR T 0 B
FEMT 14 d A1 30 d,Lw-6 FL # 100 F1 1 000 %
T 8 VL Ak AL O bk AR K LB R TR A
B (P<20. 05), Hith 1 000 4% s T8 W b B 04 412 A=
RORBAE. 25 b, — @ W EE ) Lw-6 X /NE 4
HA A AR .

R2 Lw-oX/hEHEETIERHRM

Table 2 Effects of Lw-6 on morphological indices of wheat seedlings

b 2 R = WK fief T
Treatment Plant height/cm Root length/cm Fresh weight/g Dry weight/g
14 d SDW 25.5440.37d 8.1940. 68b 0.33740.02¢ 0.0340.01b
100X 29.3240. 40c 11.31£0. 50a 0.4140.02a 0.044+0.01a
1 000X 35.367+0. 31a 12.01+0. 14a 0.3840.01ab 0.04=40. 00a
10 000X 27.2940. 32b 11.01£0. 24a 0.3640. 02bc 0.03740.00b
30d SDW 38.0540. 86d 11.55+0. 50d 0.7140.05d 0.06=40.00c
100 X 46.1640. 18b 15.78+0. 33b 0.97+0.02b 0.09-+0. 00b
1 000X 48.1040. 92a 18.06+0. 50a 1.08+0. 06a 0.124+0. 00a
10 000 X 39.2140. 87¢ 13.47+0. 35¢ 0.87+0. 04c 0.06-0. 00c

A TR) AF i) 73 87 5 903 S AN [) 5% B 2 75 Ak B il 22 e e 3 (P <<0.

05),

Different letters following data within same stage and column represent significant differences among treatments(P <0, 05).
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A7 52 10 I Wi 4455 SR (R 4) S 7 %o IR /N 2 I3
MR A FE T, LA A5 A A BB AT DL R R
SEAR . Heh Lw-6 BP 5 Di 42 Bt &b B F SR fe 42
I AN D, 2> A BT B

Lw-6 FL 1 Lw-6 BP &b 3 [ B %0H 24 | 7 s
JAbFRJE 7 d R 14 d YR W MR AR /N 2 SR
(95 15 48 B (% 3) ., Lw-6 BP 5 Di & I (1) 9% 1%
TR X B FEAR T 49. 67, Lw-6 BP 8 gk 3§
] Bl %k 60. 16 % ~66. 80 % ; Lw-6 BP 55 Di
SHE I ) B &% R 79, 91% ~89. 36% ., & T Di
BB A (71, 52% ~T72. 46 %) ,
2.6 EMESHFHFSHEI/NEFEMRIIE

A R HH 7= e 4 R (R O el LLE Y, 5
HEAH I, 44> Lw-6 5 Di & e &b B/ 22 T kL5
K B PR AR (P <T0. 05) , B AT 24 K [\
FREESR R . AW T S Ak 2= 2 E AL R /N X
W T A A Y R R
2.7 EBESUFAFNERWERTHKESWN

53 BT A [ Ak BN /N 22 2% 55 9 B 455 0 AL O T Ak

SDW Di
FL: KB BP B, R 3~K 5 [F.

Lw-6 FL

REER(F 5) BN, 5 CK ML, &b 3 i - 2 1y
R (P <20, 05) ;A By i 5 1k 2 245 ) & i ib
P A 539k 6 291, 70 kg « hm* 1 6 509. 71
kg« hm " ¥R FHm T ZH it /i, CK iy~
I G 2R IE 33,60 00 . LAY A5 Ab BRI 7 A g G R
BEREAT ., Hoh Lw-6 BP+Di & B i 7 & 1 2
R (8. 63 %), [0l 7= i f i 4 BTk R 3k
24.97% . "B 5 1k 24 25 50 52 T B i N2 SR
WM TTRR R N 21, 89% (24, 98% . WE R T
AR
3 it

INE SR 21 Al A BR/NZ AR A Wl
AWEZ —. i FHEASFS W) HKE,
MEB IR 25 v R B 22 4 Al A 7= Ok DR B
By U BT OR AT R FE A R
—MRPEFETNEZREGNEDS B, LT T
AR B E T FEAMAT LR Y gm,
HRT, O 247 207 2 35 5 5960 F 15 Ry B8 b 1 >k i
W/ SRR M A B A ) L AR IR S R B
VB A BB AR T o LA A6 7 & 400 1 32 D e L O 1
INAE SR TR HE DA

Lw-6 FL+Di

FL: Fermentation liquid; BP: Biocontrol powder. The same in table 3—5.

B4 AEKLEBEFHEMRFEZRERL

Fig. 4 Leaf disease in the field after different treatments

®3 TREAAEX/NEFS R B E R

Table 3 Effect of different treatments on wheat stripe rust in field trail

B TAL B 7 d B WAL 14 d
b3 7 days after the second treatment 14 days after the second treatment
Treatment s i 20 B st B
Disease index Control efficacy/ % Disease index Control efficacy/ %

SDW 16.30+1.77a - 55.60+1. 63a -
Lw-6 FL 7.8740.51b 51.48+1.98d 22.0141.94b 60.33+4.17¢
Lw-6 FL+Di 3.51£0. 40¢ 78.1143.97a 7.63+0.72d 86.22+1.70a
Lw-6 BP 6.4940. 65b 60.1640.59¢ 18.494+1. 62bc 66.8042. 18bc
Lw-6 BP+Di 3.2740.37c 79.9141.73a 5.93+1.11d 89.36+1.77a
Di 4,5840. 12¢ 71.52+3.51b 15.33+2. 96¢ 72.46+5.13a
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Table 4 Effects of different treatments on wheat yield
PGB RRA TR AL AN
Treatment 1 000-grain weight/g Grains per spike Yield per plot/kg
SDW 35.0140. 38f 31.6740. 94c 2.36£0.01f
Lw-6 FL. 37.3840. 16e 33.33740.47bc 2.67+0.03e
Lw-6 FL+Di 42.1040. 15b 34.6740. 47ab 3.1470.05¢
Lw-6 BP 38.1540. 16d 33.6740. 82bc 2.64740.03e
Lw-6 BP+Di 42.7240.55b 35.3340. 47ab 3.25740.08b
Di 39.5140. 18¢ 34,0040, 47ab 3.01£0.01d
1C 46. 43740, 64a 35.6740.47a 3.56%0.03a

IC: L2 Biifi

1C: Integrated control.
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Table 5 Contribution rate of plant protection to control wheat stripe rust under different treatments

[l 7= A

AR TR AR

Trffltniem Yield/(?kzgii hm~2) Yield recovered/ Plant protection Yle’li(zl%iy? )r\i/%
(kg « hm ?) contribution rate/ %

SDW 4 731.05+26. 51 - — 33.60740. 85a
Lw-6 FL. 5 350. 10451, 68e 619.05+62. 18e 8.69+0.93e 24.91+1. 16b
Lw-6 FL+Di 6 291.70499.41c 1 560.65+89. 47¢ 21.89+1. 08¢ 11.70+1. 44d
Lw-6 BP 5 283.65462. 69e 552. 60+ 36. 88e 7.76+0.53e 25.844+1.42b
Lw-6 BP+Di 6 509.714159. 27b 1778.65+170.85b 24.98+2.58b 8.63+2.58d
Di 6 020. 43429, 54d 1 289.35+53.83d 18.10+0. 83d 15.51+0. 68¢
1C 7 125.65+57.07a 2 394.60+67. 02a 33.61%1.19a —

ZERIAT B 8 (Bacillus spp. ) 4 B B8 1] 38 1 49
WA 1t T A T g 0 I 5 22 KA e DR A 1
JEUE AR I HL T B R B 2E M A R
Bz TR AR R RS R 2R
T 7 R T 26 A2 T S0 8 i 1 2 AR e 8 45
B E e B B0 0 By RO A A ) A K AR
B AR R B, R A Lw-6 XF /N2
ZH 0 EL A B 1 2 R RN R H 7 AR A KA A R
F R P S e A AR A Y T

WE5E R W, A= 7 T T 7 16 A ) B SR o
T3 T RCR .3 AR e S LT i B RO A
L7 HH [] B 5 7T A0 i 1w LA RS A 80 B I AR
Yoo Y ARG A A PR R e T —
Tl Bk BE A 4 B VA 0 35 SO B2 A B TR Lw-6 1E H
AR A2 25 50— e B (DD L I & BRI & Di
S4BT Lw-6 S HCXF /N2 5% 85 14 B &4 I 25 42
o M — b =2 T Y A R L DI E B
ZAWEFEUETE XS /N 25 AT R i) B R) B 3R

ORI AR S, 2 800 mg + L' Di (B
B 80. 69 %6 T FE A BESE 1,128 mg + LY
Di 5A:B5 18 Lw-6 & B i H ] B 3% 89. 36 %6, A
AU T A2 24 500 0 it A, ELAR T I B

PR S AR ERIMRC AR S
. Ji SRS & B, T TR I e BE 2 o R 3k
FFRRFF R TA-1 7640 YY) 3% TP BUAE ¥ B8 A5 B)
A= B R AE B . 38 BB AR A 7 50 R bR 7 A AR i TA-1
FEG W) 0T . 5 w8 1 AR B T B IR AR . R UE
M ZE AT B JCK-12 38 228 38 i K 23 Hie ) B 4 i
F14) 308 375 P, H e T TR 6T A TR R ) BURR B Y L U
WA Pt ) A L AT 22 A R A A T Rl 14
oI5t FH AR AR H  XoF AT 40 L SRS A FH AT A )
ARWEERDY, ARAFFR T ,128 mg « LW A
S M0 28 MO FF B A IE R AR K, R IR Lw-6 I
M52 N K, 38 52 T 18 R HL A 1Rk — 2P
5%
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25 b F L R R ZE AT B Lw-6 REAT R0
i Pst BT &, Lw-6 5 Di B AT B AHZ
P, BB E A PRI VE L e A Ak R IR 28 R
] /INZZ 2% 5 9 19 9 15 46 % 6 500 mg « L' 11
Lw-6 #3715 128 mg « L~ " Di & FC Y H 8] B 24 &
ik 89.36% . 5 MLl i ] Di A EE . B AKH 25 2 1
(7] B398 07 7 2880 A A= 7 S B e B R N v
71, AT I /N2 SRR Al
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