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Screening of bacteria with biocontrol effects against naked
barley root rot accompany with plant growth-promoting
properties and the biocontrol effects of the bacterial inoculant

XU Shiyang', LI Minquanz, LIU Meijin3 , XU Dongli3 , QI Yonghongz, ZHOU Lanlan®,
WANG Xuemiao', LI Fengqing’, LI Xueping
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2 Institute of Plant Protection, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China

3 Institute of Gannan Agricultural Science, Hezuo 747000, Gansu, China

Abstract: [Background] Naked barley root rot caused by pathogenic fungus such as Fusarium
avenaceum and Bipolaris sorokiniana are widely occurred, which poses a great threat to agricultural
production and development in Tibetan areas. However, there is still a few research on its biocontrol by
bacterial inoculant in China. [Objective] To screen strains with excellent disease-controlling and plant
growth-promoting properties from the healthy naked barley rhizosphere. Furthermore, we explored the
interaction effects among the bacteria to screen the excellent inoculant formulas, and the bacterial
inoculants were made accordingly. After all, our ambition is to provide superior microbial inoculants
which catering for the biocontrol of naked barley root rot, promoting the crop yield as well. [Methods]
Firstly, we used the selective media to screen growth-promoting strains and plate confrontation method
to screen the disease-controlling strains. After determining the pathogenicity of the bacteria by root
irrigation and foliar inoculation, the nitrogen fixation capacities, phosphorus dissolution capacities, and
IAA secretion capacities of them were determined by acetylene reduction method, molybdenum blue
colorimetric method and high performance liquid chromatography, respectively. Additionally, the
bacteria were identified by 16S rRNA gene sequence analysis. Finally, the biocontrol effects of the
inoculants were measured by field test and evaluated by TOPSIS comprehensive analysis method.
[Results] A total of 23 strains with nitrogen-fixing and phosphorus-solubilizing abilities were isolated in
the initial screening, and 6 bacteria among them with eminent antagonistic ability, including
5 organophosphorus solubilizing strains, 3 inorganic phosphorus solubilizing strains and 3 nitrogen-fixing
strains, all of which secreted IAA. Besides, the pathogenicity of the bacteria showed no pathogenicity to
common crops in the sampling area, such as naked barley, oat, rapeseed and pea. According to the
identification result, the bacteria isolates include 2 Bacillus subtilis, 1 Bacillus pumilus, 1 Bacillus
cereus, 1 Pseudomonas fluorescens and 1 Acinetobacter sp. As a result, we firstly optimized 7 combinations
(SCI1-SC7) and then selected the best 4 (SC2, SC4, SC6, SC7) as inoculant formulas. Moreover, they
were all made into liquid, powder and accumulative bacterial inoculant severally. Eventually, the field

plot biocontrol determination showed SC7 (Bacillus pumilus Xpq-3, Bacillus cereus Xpq-15 and
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Acinetobacter sp. Xpg-21) had the best biocontrol and plant growth-promoting effects. [Conclusion] It’s

clear that there are amount of biocontrol and growth-promoting strains in the naked barley rhizosphere

soil. In addition, the microbial inoculant made by them have excellent biocontrol effects.

Keywords: naked barley; root rot; biocontrolbacterium; plant growth-promoting rhizobacteria (PGPR)
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Table I Antagonistic effects of excellent bacterial strains on pathogenic bacteria

kR 5 Xif 6 27 R AL T % Xof 22 ML JE - J5 s 6 400 T

Strain No. Inhibition rate against Fusarium avenaceum (%) Inhibition rate against Bipolaris sorokiniana (%)
Xpgq-1 56.76+4.97b 30.22+2.48d

Xpq-3 46.79+0.50¢ 89.3240.55a

Xpq-7 8.44+0.25f 62.74+0.38b

Xpq-8 26.97+0.13d 46.77+0.40c

Xpg-15 86.39+0.46a 77.21+0.05ab

Xpq-21 13.5440.67¢ 65.4242.70b

H: ANRVNEFHRRER B E(P<0.05), TIH

Note: Different lowercase letters mean significant difference (P<0.05). The same below.

F2 MRERRESE

Table 2 Growth-promoting properties of excellent bacterial strains

Wbk AR A B 1] SR 1 IAA
G Solution of inorganic phosphorus Solution of organic phosphorus Nitrogenase (ng/mL)
Strain  p/g pH VSHERE ST D/d pH Wikfg sy activity
No. Phosphate Phosphate ~ (nmol-C;Hy/(h-mL))

solubilizing solubilizing

capacity (ug/mL) capacity

(ng/mL)

Xpg-1 / / / / / / 1495.91£58.61b  67.66+0.47a
Xpg-3 1.70£0.01c 5.18+0.01a 84.89+0.54¢ 1.75£0.03a  4.69+0.01c 66.32+1.04a 855.97+6.22¢ 26.17+0.85¢
Xpg-7  1.67£0.02c 4.94+0.02b 124.97+2.57d 1.59+£0.02c 5.29+0.04a 51.7+0.39b 240.65+13.79d 35.38+0.65b
Xpg-8 1.94+0.04a 4.34+0.02d 363.88+25.54c / / / / 9.18+0.05¢
Xpg-15 1.75+0.03b 4.66+0.06c 429.92+13.30b 1.66+£0.01b 4.91+0.04b 32.61£1.29¢c 2 970.17+25.10a  6.39+0.12f
Xpg-21 1.92+0.01a 4.61+0.09c 485.85+7.51a / / / 81.89+2.24¢ 15.66+0.41d

T /o BRI I RE

Note: /: The strain has no such function.

Xpq-8 LEAAEST. RN, AREEKRD W TAA
BE I WAEAE 35 25 5£(P<0.05), Xpq-14rWhIAA
fE SR, N 67.66 pg/mL, Xpg-15 73l IAA
wi/N, M 6.39 pg/mL.
TR R M LR 6 PRIL R Btk
RFHECER . ML SRR R
22 HDTFETEHEHRME
7E NCBI "X} 6 #R1# #4T BLAST HXT,
A RUEE S 100%8 X Rl S04E 8 2 Ty
51, LAKIAAT E AL A [ Escherichia coli JCM
1649 (NR112558. ) fE NN, WERFELT

M 1), KB Xpq-1 HEXF NBRC 13719
(NR112629.1)ifEFEE ) 0, 1 000 REK F
THEN 70, Xpq-7 HEXF ATCC 19659
(MN456847. )W IEEEE N 0, AJRICRER N
99, XKE MANE ZEHIFT E (Bacillus subtilis), &
L% GenBank HYE 5N MKI184558 i
MK 183007, Xpq-3 K% /NZEFFF T (Bacillus
pumilus), Xpq-8 NGB E (Pseudomonas
fluorescens). Xpq-15 NBEFEZEHUFT B (Bacillus
cereus). Xpq-21 N ANENFTF I (Acinetobacter sp.),
BHEEEES 0, 1000 YHE H SRR3R 99,
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70| Xpg-1 (MK184558)
60 | Bacillus subtilis NBRC 13719" (NR112629.1)

Xpg-7 (MK 183007)

Bacillus subtilis ATCC 19659" (MN456847.1)
APpq 3 (MK 184561)

Bacillus pumilus ATCC 70617 (NR043242.1)

Bacillus cereus ATCC 14579T.54" (MN543859.1)

Acinetobacter pittii DSM 21653" (NR116774.1)
Pseudomonas fluorescens NBRC 14160" (NR113647.1)
2 (MK 183008)

Escherichia coli JCM 1649" (NR112558.1)

99
99
100 95
91k
95
91y .
0.2 010 008 006 004 002  0.00
El1 ET 16SrRNA EFEHMENRZLER
Figure 1 Phylogenetic tree constructed based on 16S rRNA gene.

2% GenBank WY 75510 MK184561 .
MK 183008, MK 184559 Fl MK 184560,
2.3 EHMEESNEEF

W B A AR RE ML R AR AT LG, 15
2 7 FEREDE B 41 A(SC1-SC7), W3 iR,
WG R B TR BUERT, T E A F A S
VEWERE ) . BIRBEIETE . W IAA BB R
i 3% (P<0.05), SC7 ¥ JCHLBERE J1 s, N
889.55 pg/mL, SC3 55, & 443.38 pg/mL;
SC4 %A MLBERE 1 ek, M 99.62 ng/mL, SC3
w59, A 33.64 ng/mL, [MHAEA B ESE
77.89-90.62 pg/mL Z[A] ; B SC1 [ % Bl 1% M
55, A 462.35 nmol-C,Hy/(h-mL), SC5 ‘A
1 000 nmol-C,Hy/(h-mL), HARIIFE 1 085.20 nmol-
CoHy/(h-mL) &2 LA b, Hor SC7 [ (U M
B, N 4 402.53 nmol-CHy/(h'mL); 40450

TAA & 8 AE 45.87-99.91 pg/mL Z ], FHr SC3
%%, 59991 ug/mL, SCli/l, #4587 pg/mL.
wE, AR P s LA A RN B,
P EBE T2 (&M% 201910981189.X,
202010249287.7), JERL 4 FP2EAI(SC2. SC4.
SC6. SCT)M 3 BRI . Bl ORI
Y B
24 HFIHERRY

Geit A AL PR BR AR L B L BRRRRL
. OTRE . N7 MR e R 3k
(# 4), HHFETE 92.4-100.2 cm Z 7], K
fE 4.61-6.17 cm Z [0, THR.ETE 37.7-458 ¢
2. Gi/hX PR A, SC2 W . SC4 i
i SC6 WKL . SC7 W 4 £H B 77 &b F /)N
X T 3 AR, IEAE 0.2%-14.9%2Z
|, Horp, G0k SC4 = Hiiwm, RN
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Table 3 Interaction effect of different excellent strains combinations
Wk & WICHLIE WA P ] G ol 0 IAA (pg/mL)
Strains combination Solution of inorganic ~ Solution of organic  Nitrogenase activity
phosphorus (ug/mL)  phosphorus (pg/mL) (nmol-C,H,/(h-mL))
SC1 (Xpq-7+Xpg-21) 600.99+25.28¢ 85.62+0.72¢ 462.35+8.61¢g 45.87+0.23¢
SC2 (Xpq-3+Xpq-7+Xpg-8) 593.42+22.42d 78.63+0.56¢ 1 085.20+18.37¢ 72.39+0.16¢
SC3 (Xpq-1+Xpg-15) 443.38+20.31¢g 33.64+0.61¢g 1 198.46+23.79d 99.91+0.42a
SC4 (Xpq-1+Xpg-3+Xpg-15) 527.61+24.79¢ 99.62+1.01a 1 672.53+£19.84¢ 63.54+0.19f
SC5 (Xpg-3+Xpg-21) 450.29+22.26f 82.35+0.82d 996.32+11.59f 77.21+0.25d
SC6 (Xpq-1+Xpg-3+Xpq-8+Xpg-15) 801.63£26.13b 77.89+0.66f 2 257.45+29.33b 80.06+0.34¢
SC7 (Xpq-3+Xpg-15+Xpg-21) 889.55+24.11a 90.62+0.89b 4 402.53+35.64a 90.08+0.44b
x4 BEIHR
Table 4 The effects of the microbial agents
b3 PR 3N A AN R A R TOPSIS Zi4G 0 Hr
Treatment Plant height Panicle length Thousand kernel Grain yield Incidence of =~ TOPSIS comprehensive analysis
(cm) (cm) weight (g) per plot (kg) root rot (%) it ae HE44
Statistic Ranking
CKl1 97.542.64a  5.62+0.21ab  38.7+0.06ef 7.2840.43a  8.00+1.00a 0.02 15
CK2 97.946.89a  5.26+0.43ab  45.8+0.35a 7.78+1.96a  5.33+0.57bc  0.34 10
CK3 93.948.13a  5.58+0.42ab  44.0+0.35ab  7.56+0.7la  7.67+1.53ab  0.15 14
SC2 (DP) 95.845.60a  5.64+0.65ab  45.7+£0.87a 7.714£0.39a  4.67+1.15¢ 0.45
SC2 (Liq) 93.3%4.25a  5.66+0.75ab  41.7£0.10bcd  8.27+2.12a  5.00+1.00bc  0.38
SC2 (GR) 94.5+8.32a  6.05+0.83a 37.7£0.64f 7.26+0.17a  5.33£2.89bc  0.28 12
SC4 (DP) 92.4+10.64a 4.61+0.85b 42.4+0.81bcd  7.27+0.17a  4.67+1.53¢ 0.42 7
SC4 (Liq) 99.7+4.65a  6.17+0.37a 42.9+0.87bc 7.38+0.15a  4.00=1.00c 0.58 4
SC4 (GR) 99.0£3.07a  5.86+0.15a 40.4+£0.58cde  8.66+1.78a  5.00+£1.73bc  0.39
SC6 (DP) 95.4+3.94a  5.57+0.97ab  41.5+1.44bcd 7.42+£0.43a  5.67+£0.57abc  0.25 13
SC6 (Liq) 95.6+4.50a  6.01+0.88a 42.6+0.87bc 7.65+0.43a  5.33+1.53bc  0.31 11
SC6 (GR) 96.9+3.90a  5.72+0.31a 39.9+1.33def  8.43+2.17a  3.00£1.00c 0.87 2
SC7 (DP) 94.544.92a  5.58+0.43ab  44.0£0.35ab  7.45+0.42a  4.33£2.08c 0.51 5
SC7 (Liq) 92.845.92a  5.61+0.57ab  41.6+£0.46bcd 8.24+2.15a  3.00+1.00c 0.89 1
SC7 (GR) 100.243.50a 5.88+0.60a 41.9+1.21bcd 7.48+0.27a  3.67+1.15¢c 0.67 3

Note: Different combinations of uppercase letters in the treatment column represent different dosage forms of the microbial

agents. DP: Dustable powder; Liq: Liquids; GR: Granules.

8.66 kg, HUIEHE AR SC6, F=H-M 8.43 kg,
BN HEE ™ 11.9%. 5725 X B(CK DAL, FE
b TR 55 AL T R0 1 R A A BT RRAIG, B
ETE 0.66%—5.00% 8], BREIFI SC6 4k, HATH
FR Ab B B 1 2 3 38 5 28 U B (CK D 25 57
W, BT TR 7 a MR R kA R

17 TOPSISZ5 & i R, AR SCT e flL
itk 0.89, kil SC6 Rz, FitaH
0.87, HAILEGHAZ T Jy: WH SCT>
Wik ) SCo>iki 7] SCT> 7| SC4>H3 71 SC7>
B SC2>H53 71 SCA>RIikL 7] SCA>W | SC2>1k
7| SCo>iir 7] SC2>¥3 71 SC6.
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S B A A R R 1) f A e AR PRl i A 2
ARG EEGHLALN, TS EYPUREtE . 2
AR R R E St - 35 - A W ) ) S A
AL 35 SR AR M P AR 9 I 7 B
R PRI 075 75 3] 6 Ak XoT 46 2 i 7 71 22 AL Jg 1 J s
A RAFHAE TR TR R, T e 22 Al Fn 22 AR
Ji SV BT U AR AR 2 VR AR 2 3 e e, T
I AT X At AR A AT S 3 A — e i Al
TR, AR, X 5% KSR 4
R—F Joh, At 6 HRILR Wik wiae
JIR/N G W B /N TE A T, HLEVA
FimEne ym, L pH HAAW R FREEH, X
ik A B A PR T 45 S — S0, R W — AR
FEMEIFAS B S B AR S PR A AR RE 5 55, 1 HL
HE— L IR T R RIS BERE ) 9k 55 5 7 A AN Rl IR
PEARUYI A K .

PR IR B S e E B AT A TR B T 0 B
A T BRI B EAME AR
& 95 By o e 2 R E SR A A 26 7L, Achatz
S DYF 1 1 1 B AT 1 (Basidiomycete
piriformospora)fi %t F BRAR F 2E 47 i 4b 7,
SRR LA BB A T PR 5 | e r AR 2
BURFE J ke B AR RS . [ A 1A A5
F B 7 (Chaetomium globosum) M H: J B2
PE X T PR o o D TR 22 A Y I 05 A A T
THE PR E B ACE S, B R R A
64%, BiREE 62%. SR — A TR R 7E 52 bR L
PR ORI AR EAR DY R, ABFSE AR R
FIEBCRTHEAT T HARRON ST, JFIE T AH LY
Diaerett, 193] 7 MMERAS, IFkEIL 4 Fp
CHEERERIE Ty, AR ERR 101
L R e T TG, R AR T H AR
LB, T E Lb e e 7R ) A B e A 2B VR

BRI AL, Hk, AW R
AT T — A A A 5 LB o AR A 2 RE
IR AR A%, = N B O AR 4 1l
L TR SR, AR5 SR T E T a6 0 2 74
RIS o S5 B IL, AN R 2 50 R (1 TR 550 X6
T ERBE AR AR WO A —, B S 7 R iR
PRis . TRLE A7 S A AN [ R bR T, AR
gy Rk U T S SRV S 2 TN N
Sy XL LA A 0 e IR R R R A R R, T L
H i = A 5C H g 25 5 0 E M br ot Rk 5]
AJE T FIAR Y TOPSIS 540 Mk, TafR
TG G AT AF ARG, FEXAEA & K F
ARHH R AN P, o ELA B A
45 L 3R W P 7 6 T R & PR 2B 5 0 1 790 L1 B
WA RO e, LRI R A7 . AW
ity 2R AR AL B LT O B R 44 0k B
FEX, HAA PR, R R B ORI TR PR 76 A bR
R ] - 39 o (1038 O 1 R A B . AR T HL S E AR
A R RER R ERE , BB — 2,
Rk B AR 520 . BAE AR ) SRR R A S
P S R O 2L it A B B e
ik — s ifk, 40 Molinari™WF 5y F i 4=
55 1 751 P4 % T Ak B ) A K B BRI,
ROCRAFA R REAR S, e J ] RE XA AR 1 AR K
g NS RS et s W i ERI G
JH £ BB A TR0 A B e A ROR i — 2P 4R T
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