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Halotolerance in cucumber seedlings enhanced by plant growth-promoting
rhizobacterium Agrobacterium sp. DF-2
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Abstract: An Agrobacterium sp.DF-2 with high 1-aminocyclopropane-1-carboxylate ( ACC) deaminase activity was
isolated from the rhizosphere of saline soil. Apart from producing ACC deaminase, the strain exhibited the plant growth-pro-
moting traits of phosphorus-solubilizing activity and yielded IAA and exopolysaccharide. It could tolerate up to 8% NaCl
concentration (w/v) stress, indicating its potential for applications to saline soil. The effects of DF-2 inoculation on the

growth and physiological responses of cucumber seedlings under salt stress and the mechanism were investigated by pot ex-

periment. Compared to control plants under salt stress,
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TEBRA 2111 (1990-) 5 ARG H I G- RF5e A | 3 M it ty and proline content, and reduced the uptake of Na" and
LA AR B I 75 1 T A W T TF R T SE. (E-mail) malondialdehyde content in the host plant. In conclusion,

DF-2 enhanced cucumber seedlings salt tolerance through

inoculation with DF-2 significantly increased shoot, root
and plant biomass and chlorophyll content by 15.08%,
34.35%, 13.10% and 22.58%, respectively. Moreover,

DF-2 boosted the uptake of K*, antioxidant enzyme activi-
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motic adjustment ability of cucumber cells. The halotolerant Agrobacterium sp.DF-2 offers great potential for the use as a bi-

ological fertilizer in saline soil agriculture to advance sustainable development.
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FIFHAE AR B e 4= 17 ( PGPR, Plant growth-pro-
moting rhizobacteria) 2% fift 380 X5 A8 4 A= K< 19 £ 3
PEREAE I A R A AR A [ N L S h 5 ST R
Blila), EH,PGPR i — A AL 5 16 £
FW) 7 A R G pTsi i, BGERY AR K. Bl PGPR
WL ER P AL R AR R, 5AE
WA2F LHEP BT R, M F R AR S
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AT, Hoh R A 1A R T B 1R 1R
( ACC, 1-aminocyclopropane-1-carboxylate ) it 2 fiff 1%
PER) PGPR 75 A7 Az 0 T332 e WL R AL
iz — o WO R 25 S B YR A B ARk 2
I, TR AR K K F . 1 PGPR 7R
(Y ACC 3t 2 Tl 7T A 5 AR ) & 0 1) T 1R ) Jo
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ARWFFE 2 DA ER Bl X IR AR P 3 v 708
HA ACC BEEBHE PERY L PGPR T #K il A T
HEEADLER 36 T Ak TR AR X 5 I ( Cucumis sativus 1) %)
AR R A E A A BB PR 052, $51F PGPR [_7—5]
PRAE 1 B TN A0 1 A A R = v IR 84 A BIL
HHARAS o A5 B AR P 08 A TR, A A AR W E R ?f:’i
Al AT Fp Lk R R R

BRSO

1.1 #R5RF

IR R AE T IR 5 R I N A A AR
bro HOL 1S AR IS A

fif £ 15 R0 R 10 g, 4 10 g, kAN
65 g,pH 7.4,

DF-ACC }57%3 . KH,PO, 4.0 g,Na,HPO, 6.0 g,
MgSO, - 7H,0 0.2 g, #i%ihH 2.0 g, #Hi %ML 2.0 g,
FFEERR 2.0 g, H,BO, 10.00 wg, MnSO, - H,0 11.19
pg,ZnS0, « 7H,0 124.60 pg, CuSO4 - 5H,0 78.22
png, MoO, 10.00 g, FeSO, - 7H, 0 1.00 mg, ACC
303. 00 mg(0.22 pm KAHAE S WEBR ) ,pH 7.2, LA
EREFEEE 121 °C 15 min KH, &,

1.2 §F%EEE ACC i S E N E

B2 g FEFE 100 ml it k3% 72 50 dgg 4 5%
F B FE 4R 150 t/min, 30 C, 5535 48 h, K5
B2 ml BSR4 428 100 ml %574 3. 0 mmol/L ACC
(1) DF-ACC JoHLERRE F 37 shodl [F) 25 1R 85 3%, B
2 ml BRI A MR ) 2H 43 B4 f 8% 5% L PR G
Fro W& —RINMBRNEEFRBIRMEEH 3.0
mmol/1, ACC ) DF-ACC & &85 3 H v, 30 C 5
48 h, MRS A0 TR AR LB T5 B IS
PRTE DF-ACC [E{AS: 55 b e B 45 5% 3 Wk, LAIEW
HHEEARI ACC 1E hME— RGeS, LUH
B IL G IR T =70 CUKAR , 75 H .

1.3 ACC IREEgEMENE

EAE ACC i & B 35 4 19 I % 4% B8 Penrose
USSP TR T . IR SRR ACC A
—RIRHTCHLER 5 57 HE AT R bR ACC i 2 g5 5
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A o- T BRFR G & A ACC & BTG

14 EHREE

MR T MR TE A5 2 A B AR fb M AT 16S rRNA
PP 9 S TR FP R 8 P 40 B 3 PN 4 B ) &
(TaKaRa,H' [¥) $E U 4H B 2 K 41 DNA, #5149
27F-1492R X} 16S rRNA 3 [H F Bt E 1T PCR ¥ 34,
PCR P=Walifb )5 , 2% 25w 5t 4 s )32 w4 7 0
JF I 4% SR 4 22 3] NCBI & K J2E HE A7 5 41 B X 4
Br, SREEEA R R G R B, S RN E
1.5 FHREMEESENNE

WRHEARBHPT L B3 B D TR G 5% 7 d i
BERE 11 BB A TAA EHHSE S % Gordon' !
RIEM T, WK EREREENES% Hol-
brook 38 1Y 5 ¥, i Machuca 25" (1) 7 %
SEVEIN E B R AR B R R AR ) IR Y W
T M T R R A 2 W R
1.6 A4 fAIE A 4K 168 it

WMk LB H5 77 LK 5%, B 30 ml 5 R R,
10 000 r/min&.L> 15 min, 75 FIEW, OB K& IF
PR, PRS0, 30 2 TR, JC TR K RS T B B —
TEWRIE (ODgy, = 0. 15) £ FH . Pk UKL 16 175 1) 3K
PP AT KRG R LR AW,
100 r/mintE¥% 45 min, 7E G S0 F T4,

P ILARE AE a8 - o O 4 9 2 )R 1 I A B 57
LA (RS 2 J2 W A TC i I8 4R |, & 0 20 KL Fh
T R 3 REL , RIEFBIFFAE IR, A
FMAEREREFRS d, SR )E , FiT &R AR
Ko BRI AR ORI B RR R T /5 2235

TR . I v+ 5 IR A IR
Gro ¥4 5 BT LR AL BT REFP 226 A 1 ke
TIERERE A B R R VR S X R
RS, BB 1 d B2 200 ml Hoagland 153718
FEYIPRGEE F5 Bk oy, 36F0 S d J5 e ZLHh be it &
75 mmol/L NaCl ) Hoagland 1% 37 WA $U1 45 W38 4%
1. KA A 4 S0P TeE 8 5 A
FERNT £ PGPR FAPRALIE, 25 FOXT IR (CK) 5 Todh
A 46 F R JERNT SR PGPR BHRRALIR 4 DF-2 40 B
#(DF-2) ;75 mmol/L NaCl #:pia 421, i NaCl 4k
FHL (NaCl) ;75 mmol/L NaCl Fh 38 41048 F , 4Rt
£h PGPR B HRALFHE | A NaCl+DF-2 4t 34H ( NaCl+DF-

2) . Wi AR S REAUCE N P 3 K,
AR 25 °C OGIRJEI 12 ho: 12 h, FREEARXS
MR 60% ~70% . FEMEMELIHASS3d.6d.9d.12d,
15 d XFE NG R TIORE , DU AH G A S bR, 15 d
JE I SE ST RR ARG DL s R Y
77
1.7 BER4hEBEEEEENIERNE

#HIRA LU Na* K I E S % Singh 457
A5 1% 5 9 T (MDA ) 75 203000 5 R Pl AR 4512
(07 2 5 IR R R N 7 2 BRUR ) BRAE 1 I ik 9t
AALEE R G R ALY AL (SoD) i A ALY
fii (POD) | i3 Ak S E ( CAT) 1% 1 € 5 % 7+
R
1.8 FitH#h

AR ESE 3 W, 45 5 LE S5 (8 = bR o
2 (SD) KZFm, (HFH SPSS 17.0 B %%z FHAB
W 25 BT T IR T 25 S A (P<0. 05)

2 4 R

21 BEFACCHIMmAMMMERENSBFEE
A RE RS g 147 BRI R B AR, 20 36% 1K)
FRRPTAE & A ACC A ME— AR 1Y DF-ACC 85357 3
R, PR E 6 BREAA AR ACC I 2 M I 1
ITRIAR , 5 S42 A TR R T 3 A 0 R i 5 e, 45
R(F ) BRI F 8 & LTI A R
M), TR AR R R ) R B A AR iR . s
Pk DF-2 fiE #FROR Fe i, MR X B2 5 69. 03%
[FIEF DF-2 HA () ACC M2 il 176 4 78 i 32 T Ak v e
B, IA%] 405. 17 nmol/ (g - h) , K DF-2 1 M5
LRI I FERT 42
F1 BE ACC i SHEEE % & T 3£ 180
Table 1 Effect of strains with ACC deaminase activity on cucum-

ber seed germination

— ACC It 8 A R
[nmol/(mg - h) ] (cm)
CK - 2.26x0.17d
DF-1 124.49+4.35¢ 3.30=0.21bc
DF-2 405.17x16.83a 3.82+0.15a
DF-3 112.38£10.31¢ 3.1420.32bc
DF-4 82.31+7.78d 2.770.41cd
DF-5 310.64=14.26h 3.43£0.13b
DF-6 25.29+3.91e 2.45+0.56d

[F]— B I A RN G TR R OR AN R AR BRI AR 0.05 /K225 B3
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DF-2 WV IE &N BIE N, A, 3R G
MR IS, TR AR R L 5300 D a5 B R R P e b
PR, SR R AR R 2 [CBA AT R, [RIET, DF-

2 BETE T 8% NaCl FyREFRFE A K BHAT 8 B9 it
htE, T 16S tRNA JEH 74 F Be (1 351 bp) [H]

JEPESMHT , Bk DF-2( GenBank &5 . KY463445)
55 2 E ¥R Agrobacterium tumefaciens TAM 12048"
(AB247615) BAM—F (K 1), S5&MMAK W F
W1 286 72 DF-2 A Agrobacterium . T8 Bk 58 iy A
Agrobacterium sp. DF-2,

g7 | A& Agrobacterium sp.DF-2 (KY463445)

100

79 4{— A. tumefaciens IAM 12048" (AB247615)

Rhizobium pusense NRCPB10" (FJ969841)

— 51

R. larrymoorei 3-10" (Z230542)
R. skierniewicense Ch11T (HQ823551)

R. selenitireducens B1" (EF440185)
63

R. rosettiformans W3T (EU781656)

0.005

R. herbae CCBAU 830117 (GU565534)

B 1 EHTE# DF-2 ftEXFhE 16S rRNA 5 LL 3 Neighbour-joining &% % & #f

Fig.1 Neighbour-joining phylogenetic dendrogram based on 16S rRNA sequences showing relationships between strain DF-2 and related

taxa

2.2 DF-2 EMREHFHE

BrELA ACC Bl 16 P41, DF-2 36 B A HoAl
PRAERAE (R 2) , R DF-2 fEBERE I &2 B0, 1
F2 7 d JE iR AT P B A 321, 29 me/L,
DF-2 W UE BIFEAFFE R L- (0 2B I AT L7 Az
WA K TAA 15.39 mg/L, i AP E R XK,
FAN CAS Bifg AR DF-2 B 75 & Bl A TE i i e
St UL DF-2 NRET A FE R . KK DF-2 AJ
Fe A AT RS YE R AN 5, R A R 1 5 A B, %
Yo 5 R W A R AR AT 7 A= 45 ) g, UE P DF-2
7R A M R 20

& 2 Agrobacterium sp. DF-2 {5 ¥1{2 £ 4514

Table 2 Plant-growth-promoting traits of strain Agrobacterium sp.

DF-2

fRAE R A
ACC A EHEG M [ nmol/ (mg - h) ] 405.17+6.83
ffBEAE ST (mg/L) 321.29+23.64
7= TAA (mg/L) 15.39+2.57
FeHE +
SRR -
SHBIEYRER

ST RN T R - RN B IR B R IR

2.3 EHhEHE TER DF-2 M ER4EAEKAEN

FET DF-2 AT fi gk O TAR AR A ek, B8 T
ERIPIE T HERD DF-2 X 8 R4 i A K 152, 25
(% 3) R, FETCER A I, $2FF DF-2( DF-2 41) X}
NG 0 A A AR R B i {2 AR . DF-2
HHNA bk = AR BT 4R B R CK

HA I AN T 13.50% . 19. 88% .10. 58% . 16. 79%

ERpR3A 5 F T (NaCl 4) |, #8 R&J i AR K A2 31 7™ F A1)
i, JCHIERE, I CK HR#R T 33.39%, [RIFET
SRR S H AR 19. 3%, 5 CK dAHLL,
JilhiE R $EFh DF-2 40 Bf ( NaCl+DF-2 41) () 85 KAk
fe ARG BT RS 2 S R IR T 2. 85% |
10.51% 8. 65%F1 0. 74% . X1 , 2 NaCl+DF-2 éﬂ
LD PH) B R, MR o ARG S T R R
A% NaCl 203 51348 % 15. 08% . 34.35% . 13. 10% %n
22.58%,
24 HERHHELHN Na - K FETH

4 1R, 5 CK 4AHEL, DF-2 41 85 R4 i
T4 U HE R 4> Na® & & 43 B RE AR 10. 79% |
20.43% K* &40 9 TF 5 10.92% 4. 94% K /Na®
{H 535 15 24. 34% (31. 88% , HH S HE, 5 CK ZHAH
F, NaCl 4 8¢ A H b 35 20 AL T 300 19 Na™ 7%
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OB WE N 4. 32 % 4. 62 % K& R4y
AR 27. 69% 32.93% ,K*/Na™ {8 B 3 N K&, 2091 K
83.27% .85.49%, 5 CK 4 #H b, NaCl+DF-2 4 %
JGy b 1 ER 5 Fdh R4 K/ Na' fH AR 835 T
[ 43 9 F % 68.32%,76.39% ., 9K i, NaCl+ DF-2

K3 AE4LIET Agrobacterium sp. DF-2 38 N4 KA 20

TGS HL 1 3B 2 1 T 40 19 Na® 75 12 B 25K
T NaCl 41, K" 1 K*/Na"fH#4 1 25 T NaCl 41,
W, SR ME 25 F T, R Zh I 412U Y K'/Na® L
2K TR 3280 DF-2 1T LAA SO ZE ff K'/Na* {5
TR

Table 3 Effects of the Agrobacterium sp. DF-2 on different growth parameters of cucumber seedlings subjected to different treatments

Ak R BRH (em) R (em) i Jriit (g) MR i (mg/g, FW)
CK 9.11£0.14b 11.3220.24b 1.0420.04b 2.68+0.32ab
DF-2 10.34+0.35a 13.57+0.49a 1.15+0.06a 3.1320.31a
NaCl 7.69£0.51c 7.54£0.65d 0.84+0.08¢c 2.17+0.36¢
NaCl+DF-2 8.85:0.28b 10.130.87¢ 0.95+0.09bc 2.66x0.11b

CK : 25 I B8 s DF-2 . o M 501 F , 4250 DF-2 AbFH ; NaCl: 75 mmol/L NaCl £ W38 Zb 3 ; NaCl+DF-2.75 mmol/L NaCl £hJ5rif 5 T 35 DF-2
AR R — BB IS AR )N TR R AR [ AL FR ) FE 0.05 /KP4 5 B3

£ 4 ATELIET Agrobacterium sp. DF-2 3 & X4 & EHA Hh Na* K S=H 20

Table 4 Effects of the Agrobacterium sp. DF-2 on Na* and K* contents of cucumber seedlings subjected to different treatments

AN (2 41) A (AR
S OB
Na*(mg/g) K*(mg/g) K*/Na* Na*(mg/g) K*(mg/g) K*/Na*
CK 1.76+0.12¢ 33.62+1.56ab 19.10 2.35+0.52¢ 43.51+2.26a 18.51
DF-2 1.57+£0.23¢ 37.29+3.14a 23.75 1.87+0.24¢ 45.66+2.71a 24.41
NaCl 7.61+0.42a 24.31+1.30c 3.19 10.86+0.44a 29.18+2.64c¢ 2.69
NaCl+DF-2 5.42+0.82b 32.77+2.75b 6.05 8.33+0.69b 36.44+3.11b 4.37

CK.DF-2 Ab 3 NaCl Zb# NaCl+DF-2 Zb B L% 3 1 s 7l — 388 5 AN RN G EbE 38 AR RIAL B E 7E 0.05 /KF- 25 57 W35

2.5 ENAZLAF MDA SEHTL

& 2 Wn, DF-2 411 MDA &5 CK %A B
FES, 5 CK 41M b, NaCl 41 Fil NaCl+DF-2 4
() MDA 75 i 3 1 25 45 5, AN [ A9 2 7 JBORE B[] Y
NaCl+DF-2 21 /) MDA & 5 1R 28 K F NaCl 41,

30

MDA & (nmol/g)

1A (d)

—m— CK; —e— DF-2; —a—NaCl; —e— NaCl+DF-2

CK DF-2 43 NaCl Ab# NaCl+DF-2 4b 3 L3 3 Vi,

B2 AEET Agrobacterium sp. DF-2 33 # ]I\ 4 ¥ & MDA
SEMEm

Fig.2 Effects of the Agrobacterium sp. DF-2 on MDA content

in cucumber seedlings subjected to different treatments

2.6 EMHEEAMEAEEFETW

mE 3 fos, BRI LN SOD, POD , CAT 1%
PEEA R RS, o b &0, DF-2 4111
SOD .POD .CAT WIBHEYES CK AR L, 3 Tl i BTG
PEY R T CK 41, 430l & 11.55% ., 13.67% .
6.05% (B2 AN W2 FEER B 38 25 1 T, NaCl
205 NaCl+DF-2 44 SOD . POD , CAT {5 144 1
CK 4B &4 =, (HAF — 4219 )&, NaCl+DF-2 4111
POD .SOD ,CAT W% 7K ~F- 3 2 55 T NaCl 21, 43531
B 27.79% (72, 44% 34. 66%
27 BEMHEENHIBESENTH

R R N IR & Ak i &l 4 fios 78
TeB AT, CK 20 B Il 202 & it PR e AR X AR
K. 5 CK 4IAH L, ZEBURE B ] P, DF-2 21 A i 2
R F T, 7E 15 d i, DF-2 4l & iR &
iK% 68.85 pe/g, b CK 4L/ 27. 86%, X Ui I JG
B 2T BeFp DF-2 0 LU AR A . 78
ERIIE 25T, NaCl 415 NaCl+DF-2 41 ) i 20 R &5
R EES T CK 4F HE s REE, &
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360 -
300}
2401
180 * a

o

BE T (U/mg)

120F ¢ c$ b
I
60 C C

CK DF-2 NaCl

b
POD; W CAT

NaCl+DF-2

0 SOD;

CK,DF-2 #b# NaCl 4b# NaCl+DF-2 A ¥ WL 3 7 AR /NE

FREFIRA R AL B TE 0.05 /K P27 %,

3 AREAIET Agrobacterium sp. DF-2 3t & KX 41 & SOD.
POD CAT EgiE1E R0

Fig.3 Effects of the Agrobacterium sp. DF-2 on SOD, POD and
CAT enzymes activities in cucumber seedlings subjected

to different treatments

HURERT ] Y, NaCl+DF-2 i I R & i I 24 S 3 0
T NaCl 41,75 15 d B}, NaCl+DF-2 4 (Al ie & ik
F|211. 87 pg/g, kb NaCl 4175 26.75%,

240 -

200

160 |-

120

80

AR S = (ng/g)

3 6 9 12 15
1A (d)
—a— CK; —e— DF-2; —— NaCl; —e— NaCI+DF-2
CK DF-2 43 NaCl Ab# NaCl+DF-2 4b 3 L3 3 Vi,
B4 FREAIET Agrobacterium sp. DF-2 S B R4 M RE S
=LA
Fig.4 Effect of Agrobacterium sp. DF-2 on proline content in

cucumber seedlings subjected to different treatments

3 9 i

AR AL S R S AN A 7 e L
AR A, eI A A 7 e L
W RIEI =R > FEMSA A T IR SR
KR Z PGPR KEEA ACC BEAmRE" >
P LAASIFSY B34 e ACC B0 B I Pk 1 b
VT R A T . AR BB X J5/ A2 AR

Bl s 2 1 bR EAT AT T T Eh T AR Agrobac-
terium sp.DF-2, KK Agrobacterium sp. DF-2 JEIL T
BRI ACC B Z BTG PE . Penrose 251" MR I | B
Bk ACC i 2t % P K T 20 nmol/ (mg + h) A] LA
IR A R A TR B A, X — 1R
WAE Siddikee MBI 5T H g IIE S5, £5 W38 T B2 R0 T 5
ACC it 2 B BRI T 213G 47% ~57% 1)
WP Agrobacterium sp.DF-2 ELAG 1 4 Y Eh i 52
P, F2 B DF-2 HAVE AR A RN A 210 EE 0l 1 7%
1o FhMaa ™ s R i A 4R DF-2 AT LA
SR E S RN R, JEHRARK AR RS
i, ARFER YOS FE UK S e A E R
A HE = A T AR P W S SR ROK 4 R S HE
TER B AR . SRR B a A RGN 1] 422 M k3
I EVER . RPRIE A R REFE B A2 R
BADEAEHG Iy AL A 52 h EE s X
SARBIFEA—3, #I40 Singh 2517 fF5T 4SS R F 0 B
H ACC BB PERY Kiebsiella sp. SBP-8 7] L4 5
/NFE B AR AZ PR, AL, R B ACC B 2 i
PR P. putida UW4 B8 i 2542 5 30 10 2 101 4
K50,

YA R SR E R KA Na™ /1Y
WSAR /D | 3o 15 1) Na™ 2352 W A 1) X0 0 ) 36 93 i
W, AT, Na" B K Riftis ik AL, 3557
MM AT EERT . R, MY A ) K/ Na*
REA% S W LR ) 200 M 52 T 00 35 R B, AR ST
H EREA RGN T RN S Na" 1 & i BEAR T
K™Y 7 K/ Na (B R B30T B SR TR DF-2
MR Na® 1 3 i, B0 KA & i, A R
T K'/Na™fHI TR, 5IRATHZE R AL, Mayak
DT g 25 R IR 3 R RE R A ACC IRE
Tl 3% ) 20 R B A5 G I S S A AR D KT
W, AN, ARG & B DF-2 W4 A £ HE . PG-
PR AR B M Ah Z2 05 FT LI Na® K& 21 2 B8 K 10 R
PR Na™ ZEHSER A Ui sl DA gk /D AE 0 % Na® (11
WO FH, M T 6 5% Na™ ot A8 4 04 785 38 1 1Y
B, ERRE R $E A DF-2 0T DL a9 /b 8 TR B X6
Na™ (IS, G s K™ A, 386 K/ Na™ (B, #E 1T
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