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Abstract: [Background] Potato dry rot is a fungal disease, caused by Fusarium spp., which always
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happens in both field and storage period. It mainly leads to quality deterioration and lower economic
value. [Objective] To isolate and identify effective biocontrol strains to control potato dry rot, and
investigate the inhibitory effect on plant pathogens. [M ethods] We used 109 strains as tested strains,
which were isolated from the rhizosphere soil of potato from Dingxi region in Gansu province.
Antagonistic bacteria were screened by plate confrontation method with Fusarium sulphureum as the
target strain, strain identification was based on morphology, physiological and biochemical
characteristics and 16S rRNA gene sequence analysis. The effects of cell-free fermentation filtrate on
the mycelia growth, spore germination of F. sulphureum, the lesion diameter of wounded inoculated
potato tubers, the incidence of dry rot and germination of mung bean seeds were evaluated. [Results]
Strain YL 11 was isolated from the rhizosphere soil of potato and exhibited an excellent antagonistic
activity against F. sulphureum, which was identified as Pseudomonas sp., cell-free fermentation
filtrate of YL11 strain significantly inhibited the mycelial growth, spore germination of pathogenic
fungi, the lesion diameter of wounded inoculated potato tubers and the incidence of dry rot.
Moreover, the inhibition rate of 20% cell-free filtrate to F. sulphureum was 87.3%; 75% cell-free
filtrate completely inhibited spore germination; the cell-free fermentation dip significantly reduced
the lesion diameter of inoculated potato tuber, the inhibition rate was 67.1% after 14 days
inoculation; the incidence of dry rot reduced by 68.4% after 90 days inoculation. Meanwhile, it also
decreased the mycotoxin activity of F. sulphureum. [Conclusion] Strain YL11 significantly inhibited
the growth of the F. sulphureum and had a notably biological control effect on potato dry rot, and it
would be a potential biological control agent.

Keywords: Potato dry rot, Fusarium sulphureum, Pseudomonas, Cell-free fermentation filtrate,
Identification
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faecalis) . HiHE 2F AT (Bacillus subtilis) 1 H R4l
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21 FEIERBITHIE
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NA Rigedt b, KRRk BCRE TR, L Eis)

109 PRBT . It X4 B EI Y 109 #k B IT R H5 sk

¥, T F% F. sulphureum HAT ISR 14tk

BEE 1), HrhHASRMEIRCRN 1 g5 R
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Table 1 The inhibition of different strains against F.

sulphureum

Bk = VR 98

Strain No. Inhibition zone width (mm)
YL27 9.1+0.2f
YL28 13.4+0.3c
YMO09 8.5+0.3g
YM14 11.6+0.4d
BLO3 9.2+0.2f
BL10 10.5+0.2e
BL22 7.1+0.1h
YLO9 13.7+0.3c
YL11 16.2+0.2a
YM11 7.5+0.4h
YM26 8.3+0.29
BL23 5.2+0.2i
BMO03 14.6+0.3b
BM14 13.6+0.6¢

e [FFVEIR S AR RN T3R8 25 57 18 3 (P<0.05).

Note: The different letter means significant difference (P<0.05).

B 1 &4k YL11 X F. sulphureum B93E1E A
Figurel Inhibition of strain YL 11 against F. sulphureum

e A SEXEE; B: REBE YL1L
Note: A: CK; B: Strain YL11.
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YL 11 B #kXT F. sulphureum, F. solani . T. roseum
AR SCRACI R, i 2803510 61.7% . 61.2%.
56.9%; XI P. expansum Fl A. niger 1 HA — & 1945
PUER, 361K 51 41.9%F1 37.0% (£ 2); 1%
4HE AN E. coli, A. faecalis, S aureus. B. subtilis 4
RE RIS . AR YL1L Wk EA T 150
YU I BTSRRI AR T L S i
T F. sulphureum 1 F. solani A #47 M HIRCR , &
TR KRB 5 S5t L T A= 7 R o A
23 HIMEMIEE
231 B4k

MR YL117E LB 859 5 FAEK RIF, 28 °C
fEIREE SR 24 h G ADE UK S ARV, DB, %
B, R RER(E 2), W YLD 2FRRak
BEES, A7 ZEf, LR @B, ZE A
RS E SR (R 3), WL ERHUA YLIL MR
TR AT

x2 B YLU HEIERINE
Table2 Theantimicrobial spectrum of strain YL11

BIFR YLIL Ab B
Il e avin] na bt R
IR A AT o
. ) Inhibition
Strain type CK(mm)  Colony diameter of 4. %)
YL11 treated (mm)

Rk YAl 82.3+1.2 31.5+1.0 61.70
F. sulphureum
Ji& W2 TR 63.7+1.1 24.7+0.5 61.20
F. solani
b APAN: R i) 76.4+1.3 32.9+0.9 56.90
T. roseum
S 78.1+1.6 454+18 41.90
P. expansum
o thE 82.1+1.5 51.7+2.4 37.00
A. niger
KIGHF# 79.2+0.7 78.7+1.7 0.63
E. coli
2P A R 80.3+1.3 80.1+1.2 0.25
A. faecalis
SEOAARE 776511 77.4+1.4 0.26
S aureus
B 2R AT B 81.7+0.5 80.9£0.8 0.98
B. subtilis

S (g 1
- . s
\' ST ‘ l)t be "
aig il - pr
q' 4 - ~ i 2
it . i .' L] t N
r rw g - ."' gy
s 1 -
._‘ b " l\ - F ’
: | = % e lemiie Fie .
-® 0 . .
. 2 ‘.
‘ Ul $ l"‘.
= - ’ ,' "'..n, ?
Chtt] b
. -
e (e ./' y f
L] o - 4 4
< N b B O ol .
Lend 7 . U “.- g X

2 EHk YL @S F BRGE T B9 4RARAZ 7S (1 000x)
Figure 2 The cell morphology of strain YL11 under
optical microscope (1 000x)

%3 B YLL BYEIRE WAHE

Table 3 The physiological and biochemical character of
strain YL11

SEIGIR H 2R
Items Results
% B Glucose +
Sk Fructose +
A4k Oxidase +
HfiiF Catalase +
Jig M Lipase -
TEE IR AU i +

Arginine double enzyme hydrolysis
YERY K% Hydrolysis of starch -

lfAEE 4 5 Nitrate reduction -

JZ 4k Denitrifying +
15|56 Indole test +
V-P i V-Ptest -
HH Ak Gelatin liquefaction +
4°CH:K Growth at 4 °C +
41 °C 4K Growth at 41 °C -

e+ PR - B
Note: +: Positive; —: Negative.

232 E#k YL1L 16S rRNA EEFHDF5 A%
B Rt e

fdiF 16S rRNA EE[A 41 5 1494 15 YL 1
16S rRNA JEEFH1, 1551 1 366 bp ZE A7 A
(B 3)o KA RIMEL R T 51$E 22 5] GenBank % ,
345 GenBank &5k 5k: MG877640, *HllFp4k SRk
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bp bp

2000

1000
750
500

250
100

1366

Bl 3 E#k YL1L 16SrRNA £E PCR =4 Bk [E
Figure 3 The electrophoretogram of YL11's 16S rRNA
gene PCR product

Note: M: DNA marker; 1: YL11.

15 BLAST ST 5 2B PA Hoxt, eBu U514
ARG (E 4). S5RAPL YLIL HkkAY 16S rRNA
FHPA SR )R H Pseudomonas azotoformans,

Pseudomonas poae strain Pierl AR R, 5%
99.9%. FIAFFL YL11 5 Pseudomonas azotoformans
AR 2SR . TR A 16S rRNA JEA]

84

(TRl R =, PR, JEEE#fE Y L1 24 Pseudomonas
azotoformans, ZrEWIAIEA . AFAIRIRE R L
K 16SrRNA LR8I0, HBERIRE S E R
H T s Pseudomonas sp.4H
24 E¥ YLU BYHEFEME
241 kB &Y F. sulphureum B9 E1E
PAPR Y L1 A4 AT 3 O F. sulphureum S22t
R ARSCR (8] 5), MR BAR ol 25.4+1.1 mm,
PR N 69.6 mm/mL ., FHFASSEES & W H TRl
R REAL B, RIZBUA Y TSN . Bk
B B R 5 LY F. sulphureum B 22300 1, Bivomige
P22 . A KB
242 YL THEAE&X F. sulphureum B9
ER
Rk YL11 JCH & B4 F. sulphureum HA7 2
ETIMTRNE T, B O R BERAAR R B n
D& HAR N, Y IR & R AR T HiGk 31
20%H, BEVE EAR{R 10.3+1.5 mm, A KA Rk
3 87.3% (£ 4).

Pseudomonas nitroreducens (AM088474.1)
Pseudomonas aeruginosa (F1226424.1)

Pseudomonas alcaligenes (AJ006110.1)

Pseudomonas stutzeri (AJ006107.2)

Pseudomonas aurantiaca (EU761590.1)
Pseudomonas syringae (AB504737.2)
Pseudomonas caricapapayae (D84010.1)
Pseudomonas reactans (JN176591.1)

9% Pseudomonas gessardii (KU647670.1)
YLI1 (MG877640)

Pseudomonas poae (KC195894.1)

81 Pseudomonas azotoformans (KX186937.1)
100 ———— lLegionella longheachae (NR102800.1)
Coxiellaburnetii (NR0O74154.1)
Methylococcales bacterium (AM936520.1)
Streptomyces lincolnensis (X79854.1)
Lactobacillus delbrueckii (AB007908.1)

100 Bacillus aerophilus (KJ1933406.1)
W'r_ii Bacillus licheniformis (MF040751.1)
99! Bacillus subtilis (MF592134.1)

0.05

B 4 &k YL RIRGELH

Figure4 Phylogenetictreeof strain YL11

T FES BTl GenBank B t'5 s #EALRT SMEUE R Bootstrap fE; Ll Ry 5%H 75122 5.

Note: Number in parenthesis represented GenBank accession number; Number at notes present bootstrap percentages (based on 1 000 sampling);
Bar 0.05 represents sequence divergence.
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5 kYL 4B LFiRXT F. sulphureum BSHIE{EF
Figure5 Inhibitory activity of strain YL11's fermentation
solution on F. sulphureum

TE: A: ZSEARIE; B YLAL MR A BERO IE b B,

Note: A: CK; B: Fermentation solution of YL11.

100 ¢ a
CICK A
g s O YL11-25%
; [ =, B YL11-50%
g I Y1.11-75%
g 60r
IS
.8 ¢
=
E 40 d
=11]
2 e
2 20 H f
’ ] ]
0 . g s g

12h

24h

E6 Mtk YL TEAB&X F. sulphureum 8 FHE &

A

x4 FREFRSEE YL TE A& F. sulphureum

R EER

Table 4 Inhibitory effect of YL11's fermentation solution

with different volume fraction on F. sulphureum

A 1/

%ﬁﬁ@f&ffﬁf& WHHE  ERIEE
OUMETTaction OF - 1 oy diameter ~ Growth inhibition
cell-free culture (mm) rate (%)
supermatant (%)

0 81.1+1.8 0.0
1 42.3+1.7 47.8
2 36.1+1.0 55.5
5 28421 65.0
10 19.7+1.9 5.7
20 10.3+15 87.3

243 THEAEEEX F. sulphureum 7 FF5 % B9
AL

JCH KA PFRAY F. sulphureum #37-7E 12 h#i %
HH 75.6%, 24 hik#] 90.2%, SXFHMHLEL, vk
FEWITCH & BER BB DRI T T i i A, Bl R
REAIG, T H A & 5 R (8 6). IRF Il
25% 1) oI R BER AL PR L 7E 24 h B R %R
43.2%, F61F 1 KA N 52.1%; (RF5Ck 50%
(TR & AR AL BT 24 h i & %8 17.0%,
T R IHIR N 81.1%; IAFIAECH 75%1) JCH
REEREAEMH T %, 12h, 24 h 5T
B A 231 100%.

Figure6 The effects of stain YL 11's fermentation solution
on spore germination of F. sulphureum

I AEE BRI/ NG 55308 2 5+ .3 (P<0.05).

Note: The different letter means significant difference (P<0.05).

25 LDAEHRZHIETR

251 IHABANIRERZHFRMEZHEZI
TC TR & P VA RE AT R ) 5 4% 2 T 65 s BXE )

P, 10, 12, 14 d B IO R TR AL PR T 44 S8 e =8

JEBE EARY/INFXTIR (K 7). 14 d B YL11 BRI

R TR A T A K S-SR BE AR 9.7 mm,

KR LB 557 HE A0 B A - Y9 B 428 29.5 mm,
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Figure 7 The effects of strain YL11's fermentation
solution on the diameter s of disease spots

e HIBE EARFE /NG FREROR 22 57 8.3 (P<0.05).

Note: The different letter means significant difference (P<0.05).
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YLA1 BERRTCE R B AL PR T B 2 B A%
RN R, 67.1%, TR ICH R B AEAT 3L
Pl F. sulphureum A= K, E T B 47 ] TG BE
P, 12 d B YL11 JOIE R R AL B R S 2R 1)
SRR EAR N 87 mm, 5 14 d ML BEME
25 I RIICTE R RO R B4 AT A
LTI
252 REABGNDRETERARENEID

TCHA K TR AL P T 5 B 2545 F. sulphureum
Je, AR 90 d 5 T I A A 23.3%, 5
Xof BR (T TR 1 R 2R 9L 7%) A FL AR T 68.4%, 1
FHREART TR A3 (14 8), RUIGMR YL11 TG
TR A TR T0NT h % 38 O s 1) e A ELA B i B 3
R
253 ETEABEX F. sulphureum BEE
A

Toli = 1) 2 2400 ) ST 2 Ao 5 i D A 5 R 1Y
WHAYEFRZ—. W YL1L Joi & B AL
F F. sulphureum J& , L7 2 XF 2 G R0 F & 2E A 90
il %k 14.3%, S5 ARLALHA F. sulphureum Hl &
R (W AP R ZE T 2R 44.8%)FH LL , i
BB TRFRRZER(E 9), mIEREIG THER
(143 1 o

BRAMN

100 ¢ a

The incidence of dry rot (%)

CK YLI1

B8 EMYLULEAEARLENSRETRBLFE
AT

Figure 8 The effects of strain YL11's fermentation
solution on incidence of dry rot

T AR EAR /NG FREE0R 28 5 i 2 (P<0.05).

Note: The different letter means significant difference (P<0.05).

Inhibition of mung bean’s germination (%)

CK YLI1

B9 HEHZMNZFIMFRIFRIZM

Figure 9 The effects of crude toxin on germination of mung
bean seeds

e HIBE EARFER NG FREROR 22 5 8.3 (P<0.05).

Note: The different letter means significant difference (P<0.05).
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PN B 9 2% BH 400 B RN OR B R S S T
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DX 1) 5 AR R - 458 v 43 2 31 1) R 3 X 45 AR Bk
TIREA B FEEBUER, sl k3 82.6%, 5
Y L 1L X €5 55 0 T A % 61 79%4H L, B A
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HZME YL1L TR B i 70 B )40 0 Bl B AR
195 mm, BETIEMFFR; At 455 ARy
2 TR i 9 - s 8 R A e TR X B iR )
FARIF R MSIVER , RREEIT %0 54.45%, Xf
LA BT G TR 65.45%1°2 ; FNIR R 45 %% TR
BT DA KA B D R IR URONT Eh B ST T e e
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IR B A EOR R, Hkk YL SRR
K BEREPAAHEL & BB AT S R
EAS—HE 2, FR BB A 0 PRI AN R ILIE
(R RE PEAIE T AT, AN [T %) & T v A 280 o
(1R Bt P RE R —FF:

5 BB BRI BR AR AR B, B 43t R A
PIARBRGEAETR, O T PRl 3 L
il s SR TR A ARG o 5K SR 9 3 B BB R T
SUB X AR I . BRASIEI A . AF IR B A
K FE SO TR /N 22 205 B0 R 180 i g 4 i A
JETA R AP B ) Eh A% 2 S s I 5
AR ILARIE o AT A H IR 74 b X Th 44 AR PR A 45
H S B AR AT, SRS g R A X Th S T
JERRECRTE F. sulphureum B3NN 61.7%, KB
V5N . sulphureum s H B SRR R, 30
HPE AR N 25.4+1.1 mm, # R H 69.6 mm/mL ;
T B R BGE S 20%0, B 74 EAR LA
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