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Identification of the biocontrol bacterial strains for induced resistance
against wheat leaf rust and control effect evaluation
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Abstract Wheat leaf rust is an important wheat disease, which can be controlled by using resistant varieties and
chemical fungicides, and biological control is a new method. In this study, wheat seeds were coated with the fer-
mentation broth of three biocontrol strains that were selected in a field experiment. The seedlings were inoculated
by spraying spore suspension of Puccinia triticina. The incidence and severity were investigated 10 days after inoc-
ulation. The results showed that wheat seeds coated with strain Sneb1462 had obvious control efficacy against
wheat leaf rust in pot experiments: the incidence and severity decreased by 27.54% and 49.90%, and the length
and fresh weight of wheat root increased by 30.19% and 29.03% , respectively. The severity decreased by 38.60% ,
and the plant height and spike weight of wheat increased by 16.44% and 34.98% in the field, respectively. It was
clear that this strain was a plant growth-promoting rhizobacteria, which was identified as Paenibacillus polymyxa
based on morphological and biochemical characteristics as well as 16S rDNA sequence analysis. It may be a new
type of plant protection measure for controlling wheat leaf rust by coating seeds with the strain Snebl462, and
therefore has important research significance.
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Table 1 Effects of soaking seeds with different strains on the

germination of wheat seeds

H /em
Root length

Ab 3 &% I ZF K /em

Treatment  Budding rate Bud length

Sneb1197 (97.00£4. 47)a  (1.412£0.07)b (2. 2940. 05)ab
Sneb1289  (99.00E2. 24)a  (1.4720.10)ab (2. 3240. 12)ab
Sneb1462  (99.00£2.24)a (1.57£0.11a (2.47=%0.10)a

CK (93.0045.700b (1. 3840.05)b  (2.26=£0.04)b

D) R Bdi o P E S AnEZE . RIFEAR G A R B 5 R oR
£ 0. 05 /K25 5 i 3 (Duncan [G35) . FAl.
Data in the table are mean=®SD. Different letters in the same
column indicate significant difference at the 0. 05 level by Dun-
can’s test. The same below.
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Table 2 Effects of soaking seeds with different strains on the growth of wheat seedlings

Qb3 R /cm MRS/ em Hi AR/ g T R /g
Treatment Height Root length Above-ground fresh weight Fresh root weight
Sneb1197 (19. 6340. 95)a (19. 0741. 3D ab (1.424+0.15)a (0. 7940. 09)ab
Sneb1289 (18.294-0. 79)a (18.0741. 13)be (1.3740. 27)a (0. 824=0. 05)a
Sneb1462 (19. 66£0. 33)a (20.74£1.03)a (1.46+£0.15)a (0.80+£0.02)a

CK (17.00%1.17)a (15.9340. 63)c (1.2540. 1Da (0. 6240. 04)b
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1 Snebl462 {E3E/NEREPERK
Fig. 1 Wheat root growth promoted by strain Sneb1462
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Fig. 2 Effects of soaking seeds with different strains on the

incidence (a) and severity (b) of wheat leaf rust
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Sneb1462 treatment: a: The second leaf; b: The first leaf; CK: ¢: The
first leaf; d: The second leaf
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Fig. 3 Control effects of the strain Sneb1462 on

wheat leaf rust in pot experiments
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Fig. 4 Control efficacy of wheat seeds soaked with
Sneb1462 on wheat leaf rust in the field
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Fig. 5 Control effects of strain Sneb1462 on wheat

leaf rust in field experiments
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Table 3 The effects of wheat seeds soaked with Sneb1462 on wheat growth and yield in the field
Ab B B /cm FER/em M /g THE/g
Treatment Height Spike length Spike weight TKW
Sneb1462 (34.7742.23)* (9.7640.51) (2. 74740.09) * (46. 4340. 87)
CK (29. 86+3. 66) (8. 8440.55) (2.03%£0. 22) (45.1341.93)

D RREAE AP IE AR R .« FORERCXHEA K8 AE P<<0. 05 K225 R34,

Data in the table are mean®SD. * :Indicates significant difference at P<C0. 05 level by paired samples ¢ test.
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Fig. 6 The shapes of colonies of strain Sneb1462 (a) and

its flagellum (b) under transmission electron microscope
PCR 41" 7 41 2600 ¥ §K 78 4 B Sneb1462
16S rDNA #4351 (MG132172) , i@ i MEGA 6
WU ERG LB s R s, H DNA 75 5%

FHARZFMIAT I P. polymyxa HIEE IS 10056, 78 &
SRFM RS HE TR 2328 D,

Paenibacillus polymyxa Sneb1462 (MG132172)
Paenibacillus polymyxa (KP268494)
Paenibacillus macerans (X60624)
Paenibacillus graminis (AJ223987)
Paenibacillus odorifer (AJ223990)
Paenibacillus chibensis (D85395)
Paenibacillus glucanolyticus (D78470)
Paenibacillus lautus (D78473)

Paenibacillus pabull (X60630)

100

7 ET 16S rDNA F IR HE S KF T EE
Paenibacillus spp. R KX B H
Fig. 7 Phylogenetic tree of some Paenibacillus spp.

based on 16S rDNA sequences
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5 s I Ay BRI s 7 T R 7 T 32 TR RS B FE 7 36
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—3 254 16S rDNA JP41) oA FiA: BEAE fb 3 e 2551
W HIbR Snebl462 ¥E 2R MU P. polymyxa,

& 4 TEE Snebl462 By £ AELTE
Table 4 Physiological and biochemical characteristics of strain Sneb1462

HE4E Character Sneb1462 HAE Character Sneb1462

i Glucose == V-P )W V-P test ==
D- KBt D-Xylose = IKfRVER Starch hydrolysis 4=
L-F[Hi{AkE L-Arabinose 4 E AL Oxidase =
REBE Sucrose = i Catalase =
FLBE Lactose = JRA4 A= K& Anaerobic growth =
Hl Glycerol = it £k NaCl tolerance

H# % Mannitol = 1% NaCl =
FEBEIRELFI FH Utilization of citrate = 2% NaCl =
H,S 4 H,S production = 5% NaCl =
TR IA J5 )2 W Deoxidize nitrate N 10% NaCl =

3 itig

A 5% K FH % B L B %KL 16S rDNA 51 43

B B AR BRAE AL RS AR AE A5 T 125 K Sneb1462 Bk 4
TN Z RN P. polymyxa. 2N BisiAL
ZERFM . B 2R AT I Sneb1462 Ak HLAY /)N



0520

5 4Ly

2018

A2 LI 5 0 19 R 5 2 ™ T B 55 X BERE G R AR
27. 54 Y00 49. 90 %% ; M (] i 56 @ 7, Hojpg 3 7™ 1 i
REAIG T 38. 6020, FXF /N IR A B P30 LA B s8R
FH [ -4 1) ™ o BE AT T 28 N W B SR R T
FH () PREE 52 2% R BT . 3 pHL &K A R A S
SAFLL B P X R S T R S A S

TE DR ST A b7 T 98 225K DA A B B
DA VRTEE AR B WA PR I8 it 114) 7 ¥k A 7 075 328 RN 915 3850
PEREE ™ FEASWR ST AL 2 B S 2E AT B
Sneb1462 Xf /N R F AT AL B, A AL RS /N EE
X AR St . L R AT 25 A P R AT A
T Ab B 495 A — i TR A R e . AT R
BRI L

RIS BRAR AL 1 (PGPR) 211 L2 5 R W (14 %]
TRl BN 77 A SR T A A NI 2R K A2
FYI A R T B3 s R 00 [ 40 77 A= 0 i 1
FHE 0 B AR P R A R Y, HAE o
(R EPIBTR TR A 20 . A AR B (2 2 TR I T 5%
FEAE DT HAT R R R s e, 2
RIS 2F MOAT TR 2 — b E 2 AR A A )7 P AR
PR e

2R AT RS AU T IR © A R
. Du S WEoE & B2 F 2 2 MFE B NSY50 T
R AR AL P AT DA S BN URG 220 O i R
BN A i s Ry 862 i 38 3 2o fo 31 40 0K 22 66
P MAT I E681 2 FH T2 FRARHR . AT LA S FOX
55 7= A Pk, AR E 2 R A K. B Ah, EE A A
SFPURIE SR F 2 R IR AT T W3 B R I M HL g
TRIEATH R PR AL BEAT LA S B it 7= A R g bk
TR TR AR YT K I TR G RSB T O e AR
Fh . AR R TR E A AT R
FAZ I MIAT I Sneb1462 HEATFP 40 2 7] 5 5
IINZZ 7 A X I T A B 8 BRI L [
B /INZZ A A 38 7 VR

Liu il Kim 252 252 T 28528 2 i 42
SER AL A LA BAT Az B A A 0 Ag 19 R G 35 1R
R, EIREX Z R I AE Y PR 5 2
SR FH P T8 O A it 9 AR Ak R 1) v B A B A
R WARGE . A5, Z R0 2 MIFF A Sneb1462 75
FANEBUM 5 MR A 3 7 FHLEE R WA L i
A Fritk— 5T

S 3Tk

(1]

(2]

(3]

[4]

(5]

L6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

KHAN M, BUKHARI A, DAR Z, et al. Status and strategies
in breeding or rust resistance in wheat [J]. Philippine Agricul-
tural Scientist, 2013, 4. 292 - 301.
RIS, B . P EVNESERIML AT A EARO I R,
2002 2-3.
FEERL WAS/NE SRR S R BB QTL Wi5E[D]. b
A PEg K. 2015,
ZHOU Huixin, XIA Xianchun, HE Zhonghu, et al. Molecular
mapping of leaf rust resistance gene LrNJ97 in Chinese wheat
line Neijiang 977671[]J]. Theoretical and Applied Genetics,
2013, 126, 2141 - 2147.
SR, WEE, XNKRE, B NE UM R S BE ST
[T, 2824, 2017, 37(4): 504 - 512.
EAg s XUORE, XUME, 45 SRS BRI /N M-85 5 1 Bl 1R
ORI R, 2016, 42(2); 225 - 228,
CHEN Da, LIU Xin, LI Chunyu. et al. Isolation of Bacillus
amylolique faciens S20 and its application in control of eggplant
bacterial wilt [J]. Journal of Environmental Management,
2014, 137 120 -127.
IfpESC. FREAEY R E A YIBE I BUR KR R SR L) . A
{471, 2010, 36(4); 15— 18,
PANG Fahu, WANG Tan, ZHAO Chenchen, et al. Novel
bacterial endophytes isolated from winter wheat plants as bio-
control agent against stripe rust of wheat[J]. Biological Con-
trol, 2016, 61. 207 - 219.
LI Hui, ZHAO Jie, FENG Hao, et al. Biological control of
wheat stripe rust by an endophytic Bacillus subtilis strain E1R-j
in greenhouse and field trials [J]. Crop Protection, 2013, 43:
201 - 206.
HAFEZ Y M, SOLIMAN N K, SABER M M, et al. Induced
resistance against Puccinia triticina ,» the causal agent of wheat
leafl rust by chemical inducers[ ]J]. Egyptian Journal of Pest
Control, 2014, 24(1); 173 -181.
CHOWDAPPA P, KUMAR S P M, LAKSHMI M J. et al.
Growth stimulation and induction of systemic resistance in to-
mato against early and late blight by Bacillus subtilis OTPB1
or Trichoderma harzianum OTPB3[]]. Biological Control,
2013, 65(1): 109-117.
YOSHIOKA Y, ICHIKAWA H, NAZNIN H A, et al. Sys-
temic resistance induced in Arabidopsis thaliana by Trichoder-
ma asperellum SKT-1, a microbial pesticide of seedborne disea-
ses of rice [J]. Pest Management Science,2015,68(1):60 - 66.
TS . BRALAN, RIRIE, S5, Fh 1AL S O G HUM 2k U
4= Bl AN B i 65 % LT 1. P E AR RIBIR 24 2013, 29(4) .
661 - 669.

CF# 98 1)



0980

5 4Ly

2018

problems [J]. Soil Science and Plant Analysis, 2005, 36(11/
12):1625 - 1639.

L1100 RS0, BUs W7 Js s B IRt 0K 7 F R R A S 3h
BRI LD, BN LR R, 2010,

(120 FBHAE. ASIR] i AL f5t 0o K i 7= e 865 1 s L ). b 7 7K
2009, 39(4):36 - 37.

[13] X3 Fa-H - E A R B RGUKRE - PR B 255 8048 43
[ BT AL . 2013(10) - 24 - 27.

[14] HAN Guangyu, LANG Jie, SUN Yan, et al. Intercropping of
rice varieties increases the efficiency of blast control through
reduced disease occurrence and variability [ J]. Journal of Inte-
grative Agriculture 2016, 15(4);: 795 - 802.

[15] JIY F, ZHENG Y, TANG L, et al. Effects of optimized ni-
trogen application on rice (Huangkenuo and Hexi 41) yield and
rice blast under intercropping [J]. Journal of Yunnan Agricul-
tural University, 2009:82 - 86.

(161 BaHE, M0, fTiE 4. sk ARG /KA = 200 & 19 A1
(V] A . 1991, 21(2) 155 - 160.

L17] XL 7306 43 45 AN IR] i Ah ok A RV R 5 % EUR A
Kok Rg = g L) ] TRl B4, 2015, 43(4) : 124 - 126.

(18] I B RA B 1 ikt . 5. /KRS Fh 2 REPETR AR R S 1 th A
FERHEFELT ] A E AL R 2003, 36(2) : 164 — 168.

[19] AKITA K, TANAKA N. Effects of planting density and
planting patterns of young seedlings transplanting on the
growth and yield of rice plants [J]. Japanese Journal of Crop
Science,1992,61 (1):80 - 86.

[20] XU Mook, 2 50 B 5. fm gk Rm i G Biia L], fa i
AARBEFAR . 1997,12 (3):21 - 25.

[21] HEMG ., SR  BRLHG . 7 R 240 P 2 B 0 3 5 M 1 8 80k
RWIBHIFELT ] TR AL B2 2008(5) 58 - 59.

[22] V%L, TAAE. RN R X RS 22 Fe 1R = RS FF A H G 2
UK R 7= ek e 28 B A g s e [ 0. b [ AR 38 ARl 2 4
2011,19(2):265— 270.

(23] JAMEL, WERT, rhEME, S5 3SR iR TR Y
K7l ParfE 24, 2009,30(2) : 148 - 152.

[24] FE & BEHIAE, 257 R )RS AL BT 2R BRBARU™ 5 B R 9 %

SR, WIAEA B, 2010, 49(11) - 2840 ~ 2841

[25] FrARME. A [ 25 B A0 B R K R AR KR ™ S 1 5 1
(D &k & Al R 2005,

[26] MEW T W, BORROMEO E, HARDY B. Exploiting biodiver-
sity for sustainable pest management[ R]. International Rice
Research Institute Press, 2001:143 - 157,159 - 167.

[27] PENG S, GARCIA F V, LAZA R C, et al. Increased N-use
efficiency using a chlorophyll meter on high-yielding irrigated
rice [J]. Field Crops Research, 1996,47(2/3):243 - 252.

(28] Phaddi » XURE M L ZEIU A 55, /KA Rl 22 A M X 48 T L A e

G5 TR E A YR IG %4k . 2015,31(3) : 327 - 332.

[297 ZHU Y Y, CHEN HR, FAN ] H, et al. Genetic diversity and
disease control in rice [J]. Nature, 2000,406(6797); 718 - 722.

[30] Jiax, B, BUIBR. ASIRAR 5 R A R K IR
RORBE SR LT . T AR A RL 2, 2011(9) .9 - 12,

(TR | )

(#5270

[15] NIU Dongdong, WANG Chunjuan, GUO Yahui, et al. The
plant growth-promoting rhizobacterium Bacillus cereus AR156
induces resistance in tomato with induction and priming of de-
fence response [J]. Biocontrol Science and Technology, 2012,
22(9): 991 - 1004.

[16] ZRFEE, SWbae. W WA R 48 TNIMIL deat: Bla
JEAL, 2001, 57 - 59.

[17] LI Mei, WANG Yongjun, GUO Yanbin, et al. Induced sys-
temic resistance and growth promotion in tomato by an indole-3-
acetic acid-producing strain of Paenibacillus polymyzxa[]]. An-
nals of Applied Biology, 2014, 165(2): 270 - 279.

[18] FANG Rui, LIN Jia, YAO Shanshan, et al. Promotion of plant
growth, biological control and induced systemic resistance in
maize by Pseudomonas aurantiaca » JD37 [J]. Annals of Micro-
biology, 2013, 63(3): 1177 - 1185.

[197] JIANG Chunhao, FAN Zhihang, XIE Ping, et al. Bacillus ce-
reus AR156 extracellular polysaccharides served as a novel mi-
cro-associated molecular pattern to induced systemic immunity
to Pst DC3000 in Arabidopsis [ J]. Frontiers in Microbiology,
2016, 7(9).1-16.

[20] SIDDIQUIT A, EHETSHAMULHAQUE S, SHAUKAT S S.
Use of rhizobacteria in the control of root rot-root knot disease

complex of mungbean[J]. Journal of Phytopathology, 2001,

149(6) . 337 — 346.

[21] LAL S, TABACCHIONI S. Ecology and biotechnological po-
tential of Paenibacillus polymyxa: a minireview [ ] ]. Indian
Journal of Microbiology, 2009, 49(1): 2.

[22] DU Nanshan, SHI Lu, YUAN Yinghui, et al. Isolation of a
potential biocontrol agent Paenibacillus polymyxa NSY50 from
vinegar waste compost and its induction of host defense respon-
ses against Fusarium wilt of cucumber [J]. Microbiological Re-
search, 2017, 202, 1 - 10.

[23] RYUC M, KIM J, CHOI O, et al. Improvement of biological
control capacity of Paenibacillus polymyxa E681 by seed pelle-
ting on sesame [ ] ]. Biological Control,2006,39(3) ;282 - 289.

[24] BZEE, SPESE, RAA 55 TEPUMIIS T B AR DUK RS
FIPLIRBFTELT ] AP AR . 2004, 34(6): 507 - 511,

[25] LIU Hu, LIU Kai, LI Yuhuan, et al. Complete genome se-
quence of Paenibacillus polymyxa YC0136, a plant growth-
promoting rhizobacterium isolated from tobacco rhizosphere
[J]. Genome Announcements, 2017, 5(6): 1635 - 1636.

[26] KIMJF, JEONG H, PARK S Y, et al. Genome sequence of
the polymyxin-producing plant-probiotic rhizobacterium Paeni-
bacillus polymyxa E681[]]. Journal of Bacteriology, 2010,
192(22): 6103 - 6104.

(TERFE: | B)





