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F13 and its effect on growth promotion and disease resistance of cowpea

LIANG Weiqu'?*, HU Shan', HUANG Hao', ZHENG Weicai', YU Mengjun',
CHEN Yan', CHEN Shuwei', XU Cong', LUO Huajian', LIU Xiaolong**

1. Dongguan Agricultural Science Research Center, Dongguan 523000, China

2. School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China

3. College of Chemistry and Materials Science, University of Science and Technology of China,
Hefei 230026, China

Abstract: In order to obtain a plant growth-promoting rhizobacteria with dual effects of medicine and
fertilizer,a bacteria strain,named as F13, which has the function of dissolving phosphorus and potassium,
was isolated from the grape rhizosphere soil. The bacterium was identified as Pseudomonas aeruginosa

by morphological observation, physiology and biochemistry and 16S rDNA identification. The plate
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confrontation method determined that the fermentation broth of strain F13 had an antagonistic effect on
8 kinds of plant pathogens, and the antibacterial rate was between 63.26% and 81.53%. In the field

application, it was found that the root irrigation of the strain F13 had a significant effect on the growth

of cowpea. The experimental group was 26.7%, 24.4%, and 11.9%, respectively, higher than that of

the control group in terms of plant height, number of leaves, and stem diameter, and the yield

increased by 39.68%. Compared with the control group, the experimental group increased phosphorus

and potassium by 11.5% and 46.8%, and increased vitamin C and soluble protein content by 22.15%

and 55.55%, respectively. In addition, strain F13 had a good control effect on cowpea powdery

mildew, and the control efficacy in field reached 71.92%. Therefore, strain F13 is a rhizosphere

growth-promoting bacterium with great potential for application of medicine and fertilizer.
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NCBI H#£17 Blastn FE X}, 2845 B RE B9 70+ %8 0 45
Ao BUS TR PR R IR 8w 1 16S tDNA P41, FiIH
MEGA 11.0 58 R G b .
1.2.3 BAHERERGHR

1) 45 AR R W . 76 LB K5 R SE P A TR
FEBATE %, T°36 °C. 130 r/min 1557 18 h 5 HH& B
W Ago 2 1.0 B 1.5 mL B #2100 mL LB 15 5%
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Table 1 Phosphate solubilization capacity of different strains

T R D/mm d/mm D/d
F2 12. 87+0. 60 4.81+0.23 2. 68+0. 19
F4 18.20+0. 36 5.25+0. 11 3.47+0. 10
F7 26.67+0. 71 8. 98+0. 39 2.98+0. 15
F11 19. 60+0. 82 7.16x0. 19 2. 74+0. 04
F13 22.57+0. 37 5.31+0. 40 4.25+0. 20
F20 19. 40+0. 82 5.96+0. 35 3.27+0. 26

2.2 EHREESER
2.2.1 HAEBIAIE WARFI3FERG IR L RIZ,
36 °CHiFR 24 h, W2 frs, WEREICHE . W
M. moF . AR GAMN, BIRF A,
B3R~ , FI3 A2 [RBAMER, AR L
W SRS

K1 HEFI13 7w

Fig. 1 Phosphate-solubilizing transparent circle of strain F13

K2 BEPRFI3 R AR K T
Fig.2 Colony morphology of strain F13
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3 BRBRF13 8% [GYe (s
Fig.3 Gram stain of strain F13
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Table 2 Physiological and biochemical

identification results of strain F13

AL R A FA: AL o | Az #AE AL A
Ry AR R 4 Wy R
Frgmh  + L L7Sm v s - | Mg o+
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D T SRAVER R T SR AR R

B PCR ;=9 WL 4. K¢ PCR F= 9 45 S 76 NCBI
thEAT Blastn HUXf o R0 XS SRR BRI F13 5
Pseudomonas aeruginosa strain YW 1 [F]JEVEIX 100%.

%U DGNK F13

—
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M: DNA Maker; 1, 2: PCR/=¥),

K4 FHtRF13 16S rDNA [ PCR =¥ L ik 45 5
Fig. 4 Electrophoresis result of PCR products
of 16S rDNA of strain F13

FEFF I EE XS JE b 1, R MEGA 11.0 3k 44 4
TZHERRG A (B 5), SRS, B
AR T Koy TR, TRRR F13 i S5 At 1

Pseudomonas aeruginosa strain RHH13 16S ribosomal RNA gene partial sequence (HQ143612.1:29-1434)
L Pseudomonas aeruginosa strain HS9 16S ribosomal RNA gene partial sequence (GU323371.1:25-1430)
L Streptomyces sp. 2011 16S ribosomal RNA gene partial sequence (JF751041.1:23-1428)
Pseudomonas sp. DPs-11 16S ribosomal RNA gene partial sequence (JN247762.1:23-1428)
L Bacterium H1C 16S ribosomal RNA gene partial sequence (JX149543.1:27-1432)

Staphylococcus sciuri strain SBANHCal4 16S ribosomal RNA gene partial sequence (KR152297.1:8-1413)
L Uncultured bacterium clone PLB97 16S ribosomal RNA gene partial sequence (KT285549.1:23-1428)
L Pseudomonas sp. strain F30 16S ribosomal RNA gene partial sequence (MK571443.1:26-1431)

L Uncultured bacterium clone 206038 16S ribosomal RNA gene partial sequence (MK947019.1:25-1430)
L Pseudomonas aeruginosa strain 16S DB6 16S ribosomal RNA gene partial sequence (MN889009.1:5-1410)
\; Pseudomonas aeruginosa strain M4 16S ribosomal RNA gene partial sequence (MT180543.1:20-1425)
Pseudomonas sp. strain ZYD-2 16S ribosomal RNA gene partial sequence (MT197312.1:25-1430)
Pseudomonas aeruginosa strain DM 11 16S ribosomal RNA gene partial sequence (KT229744.1:7-1411)
Pseudomonas sp. DM11 16S ribosomal RNA gene partial sequence (KT375336.1:6-1409)

65 Pseudomonas aeruginosa strain YW1 16S ribosomal RNA gene partial sequence (MN027911.1:27-1432)

Pseudomonas aeruginosa strain zgkd2 16S ribosomal RNA gene partial sequence (HM030992.1:22-1426)

K5 JET 16S IDNAFFAIR I F13 S50 % B ALK
Fig. 5 Phylogenetic tree of strain F13 based on 16S rDNA sequence
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B AR F13 X0 J5 BB A H5 HURCR a3 3 s .
BRI PR F 13 2 T V0T 8 A 4y s J 0 BT 110 2 R i) =%
FE 63.26% ~ 81.53% Z [A] ,  H:rb Xof K /N BE o 1A
6 4 B B 11 190 7] 58 80% o

2.4 BEHRFI3AHLNER

FAFTR N F13 %5 15 FpiAd: Rk 2588as
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K3 BRBRF13 XA L A RS
Table 3 Antagonistic effect of strain F13 on plant fungal diseases

T I LR XFHEPET AR om ARFREATYE B4R /em MHR% F SR LT TR

TRFE SO TR 8. 57+0. 04 1.93+0. 12 77. 48
k.
TR/ NBES B 8. 07+0. 25 1.50+0. 10 81. 41
BT 7. 60+0. 30 1.83+0. 15 75.92
SRR AE 5 T 6. 07+0. 25 2.23+0. 06 63.26
R R T A R 8.23+0. 25 1.97+0. 15 76. 06
A TIVAR B 93 TR 8. 57+0. 15 2.03+0. 15 76. 31
A6 A4 B T 7.20+020 1.33+0. 15 81.53
TN AR T 8. 68+0. 02 2. 40+0. 10 72.35
2.5 BHEERFIBREEMEFRNER 2.6 EHFI3MAXAEHERBBNRHIIS R
PR R F13 A2 AR 55 T IR 46 00 &% S an 4] 6a~b i F 3 95 A — ol P R R 5 A A W L

N, ERFI3RERESBREAR ST - AN SR Il &, SFEERWMIT A PR RS 2R
TR ARG IR AL BB OB I Y E T BRIRAY s B 7R, A A it & B 9 d )

Wk (El6c), BRI R AR EE ) . H TR BECL AR T e, I BE bR F13 & WX
WA EVBYRA O BB AR
(a) BREUA o (b) A (c) fA4m

Ko  TRMkF13 e LR BT 5 Al e 45 2R

Fig. 6 Results of growth promoting and antagonistic factors by strain F13
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Table 4 Antimicrobial susceptibility test results of strain F13

N Feyim/(pg-ul) 8 542 d/mm U
FUORTEAR 0.5 0 R
&R 1.5 2.07+0. 12 R
TR 1.5 2.43%0. 09 R
Fil - 0.25 0 R
NIAi3 ] 0.5 8. 67+0. 94 R
AER 1.5 0 R
AT 55 P b 1.0 0 R
ZVHAR 1.5 12. 67£1.25 I
UIEZN S 1.5 10. 33+0. 47 I
ZRNERR 1.5 13.67£1. 25 I
HRR 0.5 13. 00+1. 63 I
Rowih & 0.5 27.33+1.25 S
WRT R 0.5 30. 67+1.25 S
FIRER 1.5 24. 67+0. 47 S
RREER 0.5 27. 67+1. 70 S

1) RFERMEETHZS (0 mm<d<10 mm); [FE7RHE (10 mm<d<15 mm); SFE/RESH(d>15mm).
5 DABRFL3%F S FRR I B VA AR
Table 5 Effect of strain F13 on cowpea powdery mildew
s St IR A LR
TR AL BRI % PR AL Bt s/ %
PR F13 KR 7.62+0. 71 9. 41+0. 56 60. 96 12. 810. 56 71.92
T KO R 7.41+0. 34 23.85+0. 13 — 45. 62+0. 26 —

D =" R PR

2.7 BHFI3MERMRER=ER

M6 ST LI, i FH AR F13 KRR
Jo, GAMAERKIERIA G, b, R SR
M85, Z5HL 500 F X BB AL N T 26.7% . 24.4%
11.9%, 7= & Hxf BEAH 3G T 39.68%, 3% BH TR A%
F13 % G A R = e A e A .
2.8 HE#RFI13 32 fRcE: ez

M 8a ] LLE H, it B BE F13 & BEWR
Jo ., SRR EE . BT R M i i Lok iR

I T 11.5% ., 46.8%. LA EH, HHEF13
F) 2 TR RE A U S AR AR X B . AT R AR
2.9 AHFBMERRXIHPVCEEMAAEER
SENFI
MK 8b~c AT L, it FH R bR F13 &
o, SRR VC, AR 0 B
WL G IN T 22.15% 11 55.55%., FHHE L F13 19 %

PR e fe 1k B SR SC R B SR i (VO Al PR R
FORIBLE

O TEMRF13 0 A AR RO

Table 6 Effect of strain F13 on cowpea growth promotion

i FkEr/em R 22 Hl/mm R kg
HHRF134 128. 75+21. 81 24, 88+2. 47 7. 73+0. 88 44.0
X W 2] 101. 61+17. 40 20+2. 27 7. 17+0. 68 31.5
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(a) SO HOR (b) I AR (c) SEHALEOR

K7 wRkF13 X G EAR BT IR
Fig. 7 Effect of strain F13 on cowpea powdery mildew

3 3w

R XA Wi R IR AR A s e A
KARE, 3 i K 4 i A DL 28 1 =X
FEAE, P RERORE Y B B A A B A AR R
WA PR (R ELF] %, 2018), H ATIREME G40 T 5
T Kl AR A Sk S B e R AR AR A AR
iR FIHRCRAL . 18 W™ 5 PR 5 G (1 [0
(T4, 20215 Guo et al., 2021). Ff PGPR
R IR BRI AR, A T s S A 1 %

A Hp 43 B A B LA A o A VS R A 0 TS M A R
F13, %€ FI3 sk Pl . teAh, % w
WA LA IR A, fRUERE R kT K . e
PRAETTI, TR AT LIS PR AN . A TR
WP H AR B . KRR SRR B 5 8 R AN
JREE, HABGRPHRIIGE. % R A e
A NEA L R A E T, HA B 4 1 A (L
AR SRR, EREAC X
wakEs, HARKREESHREAIFA . . /1. 45,
. BEZRERTER, ERKIRTD S B
YL B FURYR (B3, 2021) . H AT 3 2R it
I UL BT HLAE Y 2O &2 A AT im0,
K Rt e B 500 4 0 SO0 K2 AR R AT S B A (B AR
A, 2021) 0 BRI, FE AR B B AR A 2
by SRR RS, . B UL . IR AP I
FIHRAR, 1 PR AL B 9% U5 1 TR 2% (Majeed et
al., 2018) . R T HESELR M AT R 22 K S, ZFh
PGPR B B & 1 FH T e SO g e, (A
BT A A PGPR B 4] T2 A8 14 7 K 2 B iA i 4l
AR F 13 AT 3 3 v 9l ik 90 A P S 8 5 2 A 1 vk
B ML MR, DURRSE R, I HxR R
J5 A HG LA FE A9 A AILAE A TCAILAE ) 42 A Oy 475 8%
HA W E L k5% (2021) KM, RHIAL
RE-+TCHLAE e it b AT A 4877 29.44%, i PGPR
PARE F13 W A]fiff 5 38 7= 3R 51 24 40%. BLAh, it
FREFI3 AT B M IR, 4R R C
S, IEERRFI3 TR, AR REA
B AR TE . BRI =ROCRAN, AR E B F13 1
Jits FH AT LB i6 A R . VB R VR S — P D

2y AR 1 RN A 58 B &5 5 [R) 7 (Reis et al., HIME Y, RGBT 1500 N8 A Y
2020) . AT E SE LS B BRVE i E 250, M (Seddigh et al., 2014), i p& ¥k F13 7] 38 & 5 95 14
(a)K,P (b) A& C (o) MTEMEEA
407 38T 16t
357 301 N — 14 ¢ —
T [ CK ) |
3.0 T CIr13 25| 12 ¢
L 25¢ . 10} w
s S 207 S ' |
= l = | T 7 ‘
15} 1 6t 1
1.0t 10 4| ;
05t ) 5t 21 f
0 l : 0 : .
HnE BEnE CK  Fi13 CK  F13

CK ATl FH BRI % B2 5 (a) SRR H B S8 2355 (b) A (o) g SR FP ) S 23 5
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Fig. 8 The effects of strain F13 on phosphorus and potassium uptake, as well as vitamin C and soluble protein levels in cowpeas
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