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Isolation and identification of Rahnella aquatilis ZF7 and its effect on growth promo-
tion and disease suppression ZHENG Fei'*, LI Lei', SHI Yan-xia', XIE Xue-wen', CHAI
A-li', CHENG You-pu®, LI Bao-ju'" (' Institute of Vegetables and Flowers, Chinese Academy of Agricultural
Sciences, Beijing 100081, China; >Tianjin Agricultural University, Tianjin 300384, China)

Abstract; Bacterial strain ZF7 was isolated from the rhizosphere soil of cherry tree ( Cerasus sp.) and exhibited
significant inhibitory activity against Xanthomonas campestris pv. campestris. Based on biological characteristics,
16S rDNA sequence analysis, Biolog analysis as well as physiological and biochemical characteristics, the strain
ZF7 was identified as Rahnella aquatilis. The antimicrobial test using plate confrontation method and double-
layer culture method showed a strong inhibition activity of strain ZF7 against a broad spectrum of phytopatho-
gens, including five pathogenic fungi and five pathogenic bacteria. Moreover, strain ZF7 successfully colonized
and formed a stable population in roots and rhizosphere of Chinese cabbage. The plant growth-promoting effect
and disease suppressive activity of ZF7 were evaluated in pot under greenhouse conditions. Drenching treatment
with strain ZF7 (20 mL per plant) increased plant height and root length by 56.47% and 54.74% , respectively,
and increased aboveground part and root weight by 233.84% and 164.71%, respectively. Meanwhile, strain ZF7
inoculation significantly suppressed Chinese cabbage black rot caused by X. campestris pv. campestris with the
efficacy of 88.80% , which is 26.76% higher than that treated by Zhongshengmycin. In summary, R. aquatilis
ZF7 exhibits multiple properties beneficial to the plants and is expected to be applied in the field as a potential
biopesticide.
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Table 1 Microorganisms used in this study
Strain number Host Species
FQ14072806 Tomato Clavibacter michiganensis subsp. michiganensis™"
FQ16030701 Tomato Pseudomonas syringae pv. tomato™"
DBC12080913 Chinese cabbage Xanthomonas campestris pv. campestris' "’
HG1501050702 Cucumber Pseudomonas syringae pv. lachrymans""’
QC14052001 Celery Pectobacterium carotovorum subsp. brasiliense"™
WS1608242103 Lettuce Alternaria solani'™
FQ14112206 Tomato Stemphylium solani Weber"”!
LJ12010805 Pepper Phytophthora capsici™’
HG09031510 Cucumber Corynespora cassiicola™"
FQI12053112 Tomato Botrytis cinerea'™
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il 5 B HER I A T MW Bi 53 | 28C R %
24 h, PEBCARETE T MW F b il £k 4ti ik, 28°C 55
7% 48 h, ATUKFE IR H
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1.3.3 o F %% RHAYE DNA 57 & LU
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AGAGTTTGATCCTGGCTCAG-3';1492R ; 5'-AAG
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i, v/v) 3 R4EFP T DF DF+35 3R A T 28 C 1
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T, I NS fl 47 19 5,10 ,15,20 .25 F
30 pg-mL ™A TAA KW I 1 mL bR o CE
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FeCL,i# T 50 mL 35% HCIO, ) IR W i, IR 215 T2
WA SN 25 min, #650 530 nm ARG EE LIEE T
KAEZS AR IR 25 ) TAA 5 An e ph 48 911 5
Pk ZF7 77 1AA 3, B E 3 AN EE

1.7.3 KAOELSHMRARXRE ERESEMHT, b
BILTE 48 UKL VR 15 A B — 3 R %) K 1 SR b+ 146 7
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mL; (3) Wk ZF7 PR AL B . B0k o DAMR Bl 1
10° cfu-mL" B TR #E ZF7 B2 AR, EAR B TR =
53928 10,20 .30 mL, B 10 ~MERE, 7d
S R T SRR AR b R R K A e IR
BAEA R,

PRAER (%) = (Ab 3K B ol ff 5 - X IR B ol
i H ) /%F BEC B i < 100%
1.8 HE#k ZF7 B K A X EE R E RN

R W 25 2 P e A 7 B 2500 2, iR B IR i 3
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FRAL T 20 BRI, XK IS4y B 2047 W% 55 42 il ik
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Ji I T VRS S e AR A 3 20 4, UG R MLE K
EESZT .
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1 376 bpf) H B4 3% NCBI R (J37 51540
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BB 1) Fext 4T, B A% ZF7 5K A hr B R R
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UL R BRA SRR AR S0 BT, 5 0 B RR ZF7 KR
PR R. aquatilis

WX AR ZFT (0 TR R AT I, A5 SRR
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W] Bk ZF7 BERS R E A 5 PRI R A 5 M R BRI HSCR B O SR IR AR A ] 3 ik
JEATR (2 3) , o, Al i B PR BE SR B AN % 5.8 em M1 51.67% , RIUDNZE MR A K HIME

Table 2 Physiological and biochemical characteristics of strain ZF7

Test item Results Test item Results
Gram reaction - Pectin +
Catalase + H,S production -
Methyl red - Malonate +
Citrate utilization + Growth at 4C or 41TC +
Gelatin liquefaction - Cytochrome oxidase -

D-Arabitol + Voges-Proskauer +
Acid from D-Mannose + 1% NaCl +

Ethanol - Growth with NaCl 4% NaCl +

Inositol - 8% NaCl -

“+” and“ -” represent positive and negative reactions, respectively.

Table 3 The inhibitory effects of strain ZF7 against different plant pathogens

Phytopathogenic fungi Pathogenic species Colony radius/cm Inhibitory rate/ %
Clavibacter michiganensis subsp. michiganensis bacteria 4.5+0.1b

Pseudomonas syringae pv. tomato bacteria 5.8%0.1a

Xanthomonas campestris pv. campestris bacteria 4.3+0.1b

Pseudomonas syringae pv. lachrymans bacteria 3.9+0.1c

Pectobacterium carotovorum subsp. brasiliense bacteria 3.9+£0.3¢c

Alternaria solani fungus 51.67+3.20a
Stemphylium solani Weber fungus 37.21+2.45¢
Phytophthora capsici fungus 32.99+4.10c
Corynespora cassiicola fungus 43.41£1.78b
Botrytis cinerea fungus 25.65+2.47d

71|Rahnella bruchi ALN 45(KF308408.1)

781 Rahnella bruchi FRB 226(NR 146845.1)
981Rahnella woolbedingensis FRB 227(NR 146848.1)
Rahnella varigena SOT 2-10 (KF308405.1)
[Rahnella victoriana FRB 225(NR146847.1)
Rahnella victoriana USA 47 (KF308404.1)
Rahnella aquatilis ATCC 33071 (CP003244.1)
[Rahnella aquatilis ZFT1(MH368066.1)
Rahnella aquatilis HX2 (DQ115791.1)
Rahnella sp. Y9602 (NC 015061)
Rahnella inusitata DSM 30078 (NR 146846.1)
83 Rahnella inusitata FOD 9-21 (KF308406.1)

Enterobacter sp. 638 (CP000653.1)
ﬁLEnterobacter cloacae RJ20 (KC990811.1)
95 Enterobacter cloacae RN2 (KC990822.1)

Bacillus velezensis FZB42 (CP000560.1)

N —— Streptomyces laurentii ATCC 31255 (AP017424.1)
0.1

74

93

100

Fig. 1 Phylogenetic tree based on the 16S rDNA gene sequence of
strain ZF7 and related bacterial strains
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2.2 EHR ZF7 ERFERREE XK

Btk ZF7 K pH AR fE £ & 2 fi s
ZFT1E 0~4 h B Ab TA IR, 4~ 12 h &b T48
OB, 12 h BFIOBEER]IK 0.64,24 h J5#E AR
ERRI], pH {ETE 0~12 h Bl I a] 48 52 i
i, 7€ 12 h i pH {Hi5 % 3.76,12 h LUF#EARRE
W 2) N AR ZE7 8k A A PR, TS
BOA W pH (EFFIE,

WS E TAA 51 A [R) v BE 10 7 8 TR A
530 nm Ab B G AE 22 6 TAA bR e 2k (v =
52.507x + 2.1535,R*>=0.9996) , AR¥EtR A 1AA
FREHEE(FE 4), Wk ZFT 25T DF fil DF+55 3% 3%
W LRSS 7 d KRR TR ZET 1 TAA PR, 5K
W, Bikk ZF7 fE5 A 500 pg-mL & RAY DF+5;
FRIEEPEEIE A 7 d WK E A TAA, WK B A F
31.05 pg-mL", MZEANTA ALK DF 55555
W5 7 d I BIRR ZFT PRAE R TAA WM 3.33 pg
-mL", FREEREW, AR GE N E ST EE
ZF7 774 TAA , JKAET IR ZF7 /£ NBRIP 1557
FEXEFE 7 d, HEHE HAE N 28.2 mm(FK 4), 4
R Rk ZF7 BA BRI B RE

2.3 Hkk ZF7 BHEEEN ST

K A, W 28 T Ak ZF7 76 K SR AE bR
W AR BR T HER e S AE I (I 3) . Wtk ZF7 fER
FSRARTB A S R AE 15 d B IR 36 (H (5.04%10°
cfu-g  BEE) Bl R N R 2 30 d B, 7E R SR
HREBE R ZF7 B & e 7 7E 5.67x10° cfu- g fif 5
(Bl 3-A) s[RI FESEFP R ZEFT (09 R SR B

1g cfu/g roots
S = N W Hh U N O

1 3 5 7 10 15 20 25 30

Colonization time/h

bt T DL I B bk ZF7 TR, R AR Ak
S BB ZF7 76 AR E 0 B A A AR —
B, KERMRPR H e = AE 15 d B2 0E(E
(3.18x10% cfu-g™" 1) ,30 d i FFEH] 3.07x10% cfu
'+ (K 3-B) . IIRLE R . Bk ZF7 BB 1E
R SRR S AR s - 49 e e i, B AR 4 2 R
Je R LI R BRI AR n

1.20 —=—0D600 -, 6.00
1.00 T
0.80
0.60
0.40
0.20

Optical Density/OD600

000 Wy 1 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36 40
Detection time/h

Fig. 2 The cell density and pH values during
the growth of R. aquatilis ZF7

Table 4 Phosphorus solubility ability and

IAA production of R. aquatilis ZF7

IAA production/pg+-mL”  Halo diameters on

Test item

DF DF+ NBRIP plate/mm
ZF7 3.33+0.00a 31.05+0.08a 27.83+0.18a
ck 2.91+0.00b 3.62+0.00b 0.00+0.00b

* Phosphorus solubility ability was evaluated through the meas-

urement of halos around the colonies on the NBRIP medium.

lg cfu/g soil

0 1 1 1 1 1 1 1 1 )

1 3 5 7 10 15 20 25 30

Colonization time/h

Fig. 3 The populations density of R. aquatilis ZF7 from roots (A) and
rhizospheric soil (B) of Chinese cabbage



842 FH YR B AR

49 %

2.4 Bk ZF7 M AKBFRERR

KL A SL e 45 SR R W, Wbk ZF7 XK H
FEA R A 8RR SR BB R
P Rt T AR A SR AN 4 BT, 4Bk 4 B
2 10,20 30 mL B, FE Ak ZF7 XK H 340 bk
AR AR #2433k 39.95% 56.47% F1 58.13% (& 4-
A) XKL 1 AR 142 A= #5351 35 50.19% |
54.74% 1 52.95% (& 4-B) ; %} K #3450 & &
AL AR 2R3 15K 190.67% 233.84% F1 226.19% (4]
4-C) ; X7 R AR 19 42 A2 R 0 53k 104.5% |
164.71% %1 188.93% (& 4-D) , ik 4E LW, &
PR ZF7 BEAL B A AR 5 0 B AR A L,

>
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B 80 -

D 300

BE AR A ROR (SR A OR T TAA 205
55, AR ETHEAR 20 mL AR PRI AR BOR B2
THERHER 10 mL #9402, 5 B HREEAR 30 mL Tt
BERS,

2.5 EHk ZF7 BB KBREBHE IR

MEFAE T, KT B AR ZF7 XK R R
FRIIBIIAROR . R AR ZF7 (19K A SRR 15
FEECHR 6.16, B AT H RN K 32 26 9 1 1)
XTRIRIRZH (55.00) o BEER ZF7 XK 3 R s
HIBE AR 88.80% , 3 =5 T AR T R M B IR RCR
(62.04%) , RIGLE R R BE ZF7 XK 3R
J& R BA RIFIIBIARCR (K 5) .
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60
50
40
30
20
10
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250
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150
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0

10 20 30
Bacterial suspension/IAA solution (mL)

Fig. 4 The growth promoting effect on plants treated with strain ZF7 and IAA
Bacterial suspension (1x10° cfu-mL™) and the TAA solution (1x107 cfu-mL™) were applied by drenching.
The length of aboveground part ( A) and roots (B), as well as the fresh weight of aboveground (C)

and roots (D) were measured 7 days after inoculation.

Table 5 Control efficiency of strain ZF7 against black rot of Chinese cabbage

Treatment Concentration/dilution ratio Disease index Control efficiency/ %
ZF7 1x10° cfu-mL™" 6.16%3.06¢ 88.80+5.56a
Zhongshengmycin 500x 20.87+7.51b 62.04+13.65b
CK - 55.00+9.86a --
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