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Biocontrol potential of antagonistic bacteria strains against Fusarium
oxysporum and their growth-promoting effects on zucchini
SUN Guang-Zheng' YAO Tuo'~ HOU Dong” CHEN Long' YUE Hong-Zhong?

(1. College of Pratacultural Science, Gansu Agricultural University, Key Laboratory of Grassland Ecosystem,
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(2. Vegetable Research Institute, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract: [Objective] In order to assess potential of plant growth promoting rhizobacteria (PGPR)
for protecting =zucchini plants against Fusarium oxysporum, antifungal properties and
growth-promoting effects of PGPR were evaluated. [Methods] 19 strains that acquired from
preliminary studies were used to antagonize F. oxysporum in vitro based on panel confrontation.
Control efficiency of microbial inoculant was measured on zucchini root rot at greenhouse
experiments. Growth-promoting effect of compound inoculant instead of some chemical fertilizer
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was determined at field tests. [Results] There were 9 strains efficiently antagonized F. oxysporum.
Among these strains, the inhibition rate of strain FX2 could rise up to 66.80%. In greenhouse
experiments, the inhibition rate of microbial inoculant (LHS11+FX2) reached 57.14%. In field
experiments, microbial inoculant with different proportional chemical fertilizer had
growth-promoting effect on biomass and root morphology, and the yield of 85% chemical fertilizer +
compound inoculant significantly increased 27.13%. [Conclusion] The compound inoculant
(LHS11+FX2) has excellent control efficiency to zucchini root rot. The growth-promoting effect of
85% chemical fertilizer + compound inoculant is obvious on the growth of zucchini, and it largely
saves fertilizer costs and improves production efficiency.

Keywords: Plant growth promoting rhizobacteria, Zucchini, Fusarium oxysporum, Microbial
inoculant, Biocontrol, Growth-promoting effect

Cuxurbita pepo L. CT205

81.85%

PGPR

19 PGPR
(1]
1 RS
. [2-3]
Fusarium oxysporum 11 RIS HEiER
6.2%—18.3%
70%=90% 103°41" 36°5" 1600 m
[4]
(Plant growth promoting 360 mm 10 °C
rhizobacteria PGPR) 2446 h 180 d
1.2 #R
PGPR IM170 JM92 LXI191 G
>l JX59 LX22 LX81 LHSII LM4-3 4N4 P2-1
a4 PGRS-3 XX1 XX2 XX5 XX6 FX1 FX2
71% F1-4
a4 6.5 ]

CT205 F. oxysporum f. T 1

Sp. cucumerinum 51.85%
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x1 HAEK
Table 1 Strains for testing

Strain No. T st Nitrogenase activity P solqbilization IA.A' secreting
(C,H4 nmol/(mL-h)) capacity (mg/L) ability (mg/L)
Pseudomonas sp. IM92 Medicago sativa 75.34 132.60 47.25
Azotobacter sp. LX191 Triticum aestivum - 200.02 54.36
Azospirillum brasilense G T. aestivum 180.90 - -
Bacillus sp. JX59 T. aestivum = 109.30 -
Bacillus sp. LX81 T. aestivum 102.34 105.60 -
AN4* Zea mays 178.94 178.25 17.80
P2-1* Z. mays 95.10 193.67 16.84
IM170* M. sativa 43.80 123.20 4.34
B. pumilus 1.X22 T. aestivum = 152.69 -
B. subtilis LHS11 Trifolium pratense 220.36 204.74 29.56
B. pumilus LM4-3 M. sativa 246.46 = 13.91
PGRS-3* Poa alpigena = = 39.25
B. cereus XX1 M. sativa 44.28 35.70 -
XX2%* M. sativa 12.21 11.80 =
Pseudomonas fluorescens XX5 M. sativa = = 10.01
B. simplex XX6 M. sativa 34.33 - -
FX1* M. sativa 7.14 = -
B. subtilis FX2 M. sativa 110.45 75.22 15.30
B. pumilus F1-4 M. sativa 10.06 3.79 -

* —

Note: *: Not identified; —: Weak growth promoting properties; The same below.

F. oxysporum PDA
PDA 25°C 5-7d
LB (Luria Bertani) LB 25°C 150 r/min
LB 24 h 10° CFU/mL
B PDA (Potato dextrose agar) PDA
(8 6 mm 1.7 cm
( ) 4 (
100% )
25% (Carbendazim) 3 3 25 °C

NanoDrop ND-1000

Thermo Scientific LA2400 Scanner Epson =[( - )
Expression 1000XL Epson (China) 1x100%
1.3 PGPR kXt 570 4% 71 B B 406016 L4 HEMETIREZRBABRMNE

(8] 14.1 EMEFISE:
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(0.15 mm) ( 1.5 YR X PR EE A A i E
) pH 6.5-7.0 1x10° Pa 1.5.1 HEMEFSE: 6  PGPR G
1-2 h 500 g LHS11 FX2 LM4-3 JMI170 PGRS-3
50 mL (10® CFU/mL) LB 28 °C 150 r/min
28 °C 7-10 d 72 h
Asso A660>0.5 (
142 RIEKIT: el 108 CFU/mL)
5 PDA ( )
25°C 150 r/min 6d 250 g 1x10° Pa 25 min
0.015 m’ 250 mL
10° CFU/mL 12 g)
( 153 cm
26 cm 12 cm)
0.5 cm 3d 80—100 mL
5 ( 28 °C 7-10d
) 1.5cm 5 152 pXigit:
A LHS11 B FX2 C 0.5h(
LHS11+FX2 D 25% ( ) 1.5 g/m’
E LB ( ) 3 9 A 100% B 8%  +
C 85% D 70% + E
1.4.3 BT B A RIS R B B 0N E - 70% F 55% + G 55%
5 H I 3
27
0 4.7 m 1.3 m (0.7 m 0.6 m
1 )
1%-25% 3 0.03 kg/m’
26%—50%
4-5 5 1.5.3 MELHERFZE:
51%—75% 80 °C
4-5 7 24 h
75% 1 (LA2400
Scanner Epson Expression 1000XL)
[4]
= / x100% 1.6 RN
=[( - )/ SPSS 16.0 Duncan
1%x100%
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2 GZRS5aM

21 MREMMAE L

4 d

LHS11 FX2

(P>0.05)

2) FX2

14

(P<0.05)

45 mm
22 WEMEFEHESIREHIEEER
5 E ( )>B
( FX2)>A ( LHS11)>D (25%
)>C ( LHSI11+FX2) 40d
9 E 93.33% C
9d 40.00% E
60% ( C( LHS11+FX2)>D (25% A (
LHSI11)>B ( FX2) C
66.80% 11d 57.14% (  3)

%2 PGPR X RMBRIERERER

Table 2 Inhibition of PGPR strains against F. oxysporum

44d 9d
Strain No. Treatment colony Control colony Inhibition rate Treatment colony  Control colony Inhibition rate
radius (mm) radius (mm) (%) radius (mm) radius (mm) (%)

IM170 14.17+0.06b 18.27+3.47d - -
IM92 - - - -
LX191 = = = =

G _ _ _ _

JX59 15.17+0.02a 12.50:£0.96¢ - -
LX22 15.17+0.02a 12.50+0.96e - -
LX81 15.50+0.03a 10.58+1.67¢ - -
LHS11 10.67+0.17d 38.46+0.96a 13.8340.17cd 65.98+0.41ab
LM4-3 12.67+0.17¢ 26.92+0.96¢ 14.67+0.44b 63.93+1.08¢c
4N4 - 17.33+0.33 = - 40.67+0.33 -

P2-1 15.00+0.03a 13.46+1.66¢ - -
PGRS-3 - - - -

XX1 12.17+0.44¢ 29.81+2.54bc 13.67+0.17d 66.39+0.41a
XX2 12.00+0.29¢ 30.77£1.67bc 15.67+0.17a 61.47+0.41d
XX5 13.83+0.02b 20.19+0.96d 14.50+0.03bc 64.34+0.71bc
XX6 12.67+0.03¢ 26.92+1.92¢ 14.83+0.07b 63.53+1.64c
FX1 12.50+0.29¢ 27.88+1.67bc 14.67+0.17b 63.93+0.41c
FX2 10.67+0.33d 38.46+1.92a 13.50+0.58d 66.80+1.42a
F1-4 11.83+0.17¢ 31.73+0.96b 15.17+0.33ab 62.70+0.82cd

+ (Duncan’s test P<0.05) - 10%

Note: Values in the table are X £s ; Different lowercase letters within the same column indicate significant difference at P<0.05 level by

Duncan’s test; —: Inhibition less than 10%; The same below.
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F3 FELEXFEEH S IRBHRBGEER (P<0.05) B 237.67 g
Table 3 Control efficiency of different treatments to 5 B
root rot of summer squash
21.10g 283¢g B
Treatment Incidence (%) Control efficiency (%) (P<0.05)
A 60.00+0.00b 35.71+0.00b
- - 2970¢  3.60¢g
66.67+6.67b 28.57+7.14b 232 EAHETHE? sy l]r] B
c 40.00+0.00c 57.14+0.00a . = PRI
D 53.33+6.67bc 42.86+7.14b I
E 93.33+6.67a - (G B
(P<0.05)
23 EREMNAEEHBEERKNT 1149.52 cm 7.49 cm’ (
231 ESEMEHAEVMENZIE: 4 B D
A B (P<0.05) B
(P<0.05) B 1 302.66 cm 28.50 cm® 1.34 mm
1890.67g 135.00¢g B 8.40 cm’

R4 TEMAELEXFHASE SR EEY S0

Table 4 Effects of different fertilization treatments to aboveground biomass on the growth period

Full-blossom period Mature period
Treatment

Fresh weight (g) Dry weight (g) Fresh weight (g) Dry weight (g)
A 1 883.67+128.00a 134.33+8.76a 2 478.33+79.55a 210.67+18.05ab
B 1 890.67+214.00a 135.00+18.73a 2297.33+63.56a 237.67+25.83a
C 1 275.00+274.00ab 106.00£17.47ab 2136.67+195.31a 187.00+3.21abc
D 1 332.00+175.00ab 105.33+11.26ab 2214.67+168.83a 162.67+£16.29bc
E 911.33+£191.43b 100.67£19.92ab 1 882.00+198.84a 138.00+9.29bc
F 1 339.67+125.00ab 104.67+8.25ab 2 054.67x114.17a 155.00+32.53bc
G 1 025.33+99.00b 89.00+17.90ab 2 082.67+344.14a 163.67+36.92bc
H 1 065.00+182.00b 88.00+12.01ab 2 251.00+492.00a 166.67+17.40bc
I 943.67+269.00b 76.00+23.64b 1 898.00:144.03a 135.67+12.17¢

x5 TREEELENAHFASESHETEYN=Z

Table S Effects of different fertilization treatments to underground biomass on the growth period

Full-blossom period Mature period
Treatment
Fresh weight (g) Dry weight (g) Fresh weight (g) Dry weight (g)
A 16.94+0.66abc 2.15+0.11abc 28.37+0.17a 3.20+0.16ab
B 21.10+1.44a 2.83+0.05a 29.70+0.34a 3.60+0.18a
C 15.12+1.34bc 1.95+0.15bc 24.84+2.81ab 2.82+0.08ab
D 17.47+3.13abc 2.22+0.54abc 26.71+0.94ab 3.36+0.30ab
E 13.72+1.35¢ 1.76+0.12¢ 25.46+2.26ab 3.12+0.36ab
F 19.71+1.52ab 2.65+0.15ab 24.69+4.51ab 2.89+0.57ab
G 13.75+2.42¢ 1.75+0.35¢ 20.56+4.69ab 2.59+0.50ab
H 16.04+1.73abc 2.18+0.25abc 21.58+0.81ab 2.2440.42b
I 12.40+0.54c 1.61+0.08¢c 18.31+3.53b 2.39+0.27b
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B 1 EHEAEAIE X A E A AR RN SR (ERSY)
Figure 1 Effects of different fertilization treatments to root morphology on zucchini (part)
A 100% B 8% + C .
Note: A: 100% Chemical fertilizer; B: 85% Chemical fertilizer + Microbial inoculant; C: Control.

R 6 RTINS FEH AR AN SIEREN

Table 6 Effects of different fertilization treatments to root morphology on zucchini

Full-blossom period Mature period
Treatment
Tt T (i) Root surface Root diameter Volume Tt i (i) Root surface Root diameter ~ Volume
J area (cm’) (mm) (cm®) J area (cm’) (mm) (cm®)

1037.31£24.20ab  28.25+0.93ab 1.01+£0.08ab 6.66+0.35a  942.65+31.72bc 27.48+0.16abc 1.21+£0.09ab  7.49+0.55ab
1149.52+62.89a  29.66+0.66a 1.21+£0.10a  7.49+£0.21a 1302.66+144.65a 28.50+0.66a 1.34+0.16a  8.40+0.24a
978.67+31.87bcd 22.45+1.29ab  0.94+0.04ab 3.84+0.30b  878.75+61.39bc 26.61+0.35bcd 1.05+0.13abc 5.72+0.92bc

A
B
C
D 1030.40+21.54ab 27.69+0.21abc 0.77+£0.12b  5.13+0.42b  964.89+54.59b  28.00+0.26ab 0.94+0.15abc 5.63+0.46bc
E 1031.77+19.51ab  28.24+0.60abc 0.70+£0.14b  4.33+0.82b  927.61+84.29bc 27.46+0.58abc 0.83+0.19bc  5.80+0.94bc
F 1 001.21+66.49abc 27.29+0.63abc 0.99+0.13ab 6.62+0.25a  948.92+66.73bc 27.49+0.26abc 0.98+0.13abc 6.39+1.22abc
G 912.58+58.52bcd 26.61£1.16bc  1.00+£0.17ab  4.44+0.54b  785.34+77.69bc 26.02+0.48cd 1.04+0.14abc 5.69+0.69bc
H

840.93+16.21d  25.24+0.32c  0.66+£0.05b  4.81£0.12b  817.00+101.43bc 27.53+0.38abc 0.74+0.09c  6.50+£0.27abc

1 858.89+66.73cd 27.45+0.88d 0.70+0.05b 4.20+0.21b  686.97+44.43¢  25.62+0.86d  0.70+0.10c  4.27+0.55¢
233 E5EMAHFAFEZM: 7 B ( )
(P<0.05) 102
(P>0.05) B
60.08 kg 27.13% A B
D (P<0.05)
(P>0.05) [ Brevibacillus
0.58-0.64 kg laterosporus AMCC100017
3 i 34.32% 9 PGPR
3.1 PGPR Btk st I B 41E R FX2
Kloepper % PGPR
66.80% 9

LHS11 XXI1 XX2
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x71 TEFERLEX 20

Table 7 Effects of different fertilization treatments to yield on zucchini

Treatment The number o(f zt)lcchini Total yield (kg) Single fruit quality (kg) Output growth rate (%)
94.67+4.48ab 57.77+1.65ab 0.61+0.00a 22.08+2.72ab
B 102.00+4.04a 60.08+0.60a 0.59+0.02a 27.13£3.90a
C 94.00+7.94ab 54.90+5.54abc 0.58+0.01a 15.51+8.90abc
D 92.00+4.93ab 56.33£1.42ab 0.61+0.02a 19.09+2.95abc
E 87.00+3.79ab 53.87+1.28abc 0.62+0.02a 13.88+2.88abcd
F 83.67+1.33b 51.68+1.78abc 0.62+0.01a 9.23+3.37bcd
G 81.33+1.20b 52.33+1.64abc 0.64+0.03a 10.694+4.40bcd
H 85.00+3.79b 49.80+3.69bc 0.59+0.02a 5.08+6.62cd
1 81.67+7.22b 47.37+1.75¢ 0.59+0.03a -
FX2  FXl1
3.3 EARMAEHFREER
3.2 MAEMETIN A IREREBAER el
PGPR PGPR
6 G FX2 PGRS-3
12l LHSI1 JM170  LX22
Cy5 CR38 LHS11 FX2 JM170 LX22
BIO5  BIO38
75%  25% (3]
B. amyloliquefaciens BEB33 [7.16]
40%
14.76 73.51%
[7 [18] 3 1
93.33% +
(LHS11+FX2) 40%
Roberti ' ( 85%  +
59.5%) 85% +

(6]
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