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An Evaluation of Plant Growth Promoting Activities and Salt Tolerance of Rhizobacteria Isolated from
Plants Native to Coastal Sand Dunes. Hong, Sun Hwa, Mi Hyang Lee, Ji Seul Kim, and Eun Young Lee*.
Department of Environmental and Energy Engineering, The University of Suwon, Gyeonggi 445-743, Korea —
Coastal sand dunes are important for ecosystems due to the variety of rare species that can be found in this kind
of habitat, and the beautiful landscapes they create. For environmental remediation, a potential strategy is phy-
toremediation using the symbiotic relationship of plants and microbes in the rhizosphere, which has proven eco-
logically sound, safe, and cost effective. Ninety-five colonies were isolated from the rhizosphere soil (RS) or
rhizoplane (RP) of Rorippa islandica, Rumex crispus, Artemisia princeps var. orientalis, Lilium sp Stellaria
media, and Gramineae. These colonies were then tested for plant growth promoting activities (PGPAs) such as 1-
aminocyclopropane-1-carboxylic acid (ACC) deaminase activity, and siderphores synthesis ability. In addition,
salt tolerance was evaluated at 4% and 8% salt concentrations. It was observed that amongst the test subjects
about 50% of the strains had a high resistance to salinity. Many of them could produce indole-3-acetic acid (IAA)
TAA (in RS 13.9% and in RP 7.6%), exhibited ACC deaminase activity (55.8% in RS and 36.6% in RP), and
could synthesize siderphores (62.7% in RS and 50% in RP). Correlation coefficient analyses were carried out for
the three kinds of plant growth promoting abilities (PGPA) and salt tolerance. A positive correlation was found
between an ability to synthesize siderphores and ACC deaminase activity (r=0.605, p<0.037). Similarly, positive
correlations were noted between salt tolerance and ACC deaminase activity (r=0.762, p<0.004, r=0.771), and salt
tolerance and an ability to synthesize siderphores (r=0.771, p<0.003).
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Table 1. Cell growth under salt condition.

Sample Salt concentration(%o)
Source plant

orp GI{’RS PGPR. 4.0 8.0
JSIRS 3 0.917+0.002 0.047 £ 0.001
JSIRS 4 0.950+0.005  0.001 £ 0.000
Rorippa JSIRP 1 1.047+£0.003  1.346 £ 0.005
. . JSIRP 2 1.114£0.002  0.303 + 0.002

islandica
JSIRP 3 1.034+£0.003  0.001 £ 0.000
JSIRP 4 0.915+0.004  0.060 £ 0.000
JSIRP 6 1.017+0.002  0.027 £ 0.000
JS2RS 2 0.723+0.001  0.034 £ 0.000
JS2RS 3 0.846+0.000  0.000 + 0.000
JS2RS 4 0.767+0.002  0.008 + 0.000
Rumex JS2RP 1 0.756 £ 0.013  0.000 + 0.000
crispus JS2RP 2 0.870+0.005  0.776 £ 0.004
JS2RP 3 0.543+0.002  0.002 + 0.000
JS2RP 4 0.745+0.004  0.757 £ 0.000
JS2RP 6 0.634+0.002  0.040 + 0.000
MHIRS 1 1.206 £ 0.000  0.612+0.001
MHIRS 2 1.136 £ 0.003  0.036 £ 0.000
Cyperaceae  MHIRS 3 1.175£0.000  0.031 + 0.000
MHIRS 4 1.261+0.004 0.162+0.001
MHIRS 6 0.549+0.000  0.095+ 0.000
MH2RS 1 0.926+0.000 0.975+ 0.003
MH2RS 3 0.406+0.003  0.194 +0.003
Artemisia MH2RS 4 0.593+0.001  0.772 + 0.001
princeps var.  MH2RS 5 1.006 = 0.001  0.137+0.001
orientalis MH2RS 6 0.681+0.002  0.211 +0.001
MH2RP 1 1.007 £0.002  1.015+0.002
MH2RP 3 1.077+0.002  0.184 + 0.001
SHIRS 1 1.051+0.051  1.301 £ 0.002
SHIRS 2 1.026 £ 0.002  0.04 = 0.000
SHIRS 3 1.907 £ 0.006  0.783 £ 0.001
SHIRS 4 1.784 £ 0.000  0.098 £ 0.000
e SHIRP 2 1.027+0.002  0.017 £ 0.000
Lilium sp.

SHIRP 4 0.771+0.001  0.012 £ 0.000
SHIRP 8 1.633+£0.001  0.023 £ 0.000
SHIRP 9 0.625+0.001  0.734+0.001
SHIRP 10  0.585+0.006 0.021 +0.002
SHIRP 11 1.325+0.001 0.125+0.013
Stellaria SH2RS 1 1.599+0.373  0.015+ 0.001
media SH2RS 2 1.057+0.002  0.340 + 0.002
SH2RP 6 0.168+0.017  0.157 + 0.001

RS, rhizosphere soil; RP, rhizoplane; cell growth (OD at 600 nm)

7} 1.736 mg-L ' ¢} 1.790 mg-L ' 32[9], Brassica campestris
ssp pekinensis®] THAA T 6.02~29.75 mg-L 12| IAAS

AT 5 Qg

™ [25], =3 (Echinochloa crus-galli)ol| ]

F2] 3k Serratia sp. KIRP-49% 38.0 ug'mg'2] 1AAS A
ARe Zle2 BaEgleh17]. & dFellA] £elgh JS2RP2
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Fig. 1. IAA production ability of the representative PGPR.
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acid (ACC)E- A|738}= ACC deaminase -5 B2 H7}3}
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Bl £20|ER 30% (3/10)93, &, Y=lF, Ak} v
53 £FEo2 ZH7F 28.6% (4/14), 28.6% (6/21) L] 3L
27.3% (6/22) °1ie}. MEe] 79, ACC deaminase TS
A Ao WSS 7.7% (1/13)2, A& A& S|4 7}
Z} wokek(Table 2). TAESFT M2 o] vlwslslS
73, IS2RS7} 50% (2/4)Z W% E2 ¥EE ey,
SHIRPZ} 0% (0/8)2 71 whoket. A A o2 TH Tk
M= 32.6% (14/43), FElel A= 212% (11/52)E ACC
deaminase E4& 71X PGPRe] B]E&-L He]oAEHe) &
AT o] =2 H o= epge

odal-& A EAA e F93F 4vo]|u[3], AlEo] AAs}
= 5t st ool =EE 27 Qlst AEH AR A
Eo] o] AF|EH16]. PGPRE ACCE ALY O F o]
43le] el e ACCEEE A3, o|dale] A7)
¢l 1-aminocyclopropane-1-carboxylate (ACC)ZE- 3l 5} o4
ol Ao R qlgt A ES AEHAE A AT 26,
27]. 71& ATFAR] Hatof| oJpd F AlE2] A &
23 AT F ACCEAS 7T Qe ZRATL 6.0% (7/
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Fig. 2. ACC deaminase activity of the representative PGPR.

116)332[2], W2} Al EollA Felgt THAT-E 5% (5/84)3
o4l & ATelME AEERE 22t F 9719 A
o+ F 25/ E 26%2] ZHAM|Fe] ACC deaminase BAl S
7IAAL Sl AR vehsdtH(Table 2). o238t A3be 71E
o] Byl 7 Br} =2 vEo|gl.

=3, A8 FFl wlehis 10-50%2) AT ACC
deaminase &3-S 7FA L 919l ar MAA] W2 FHEY|
A 22" FF(32.6%)7F A5 FEeA FH 5
(32.2%)ll wlsl 2 Zpo]7} ATt o] ol o] AAke =
7123 22 #A 7 Qloh oA AEA WA L-
methionine®| S-adenosyl-L-methionine (SAM)3} ACC<]
FHNAAES 712 F, 2 Q] oEEl s #3)
E}32]. L-methionine®] SAMSZ A 3k=]= diil= SAM
synthetaseel] 2J3}ed o] Foi=|w], o|&A AYAH SAM t}
Al ACC synthaseell 2341 ACC2} 5'-methylthioadenosine
© 2 7R ®YH8]. ACCE= ACC oxidaseol| o]l %%
2O = ethylene, CO,, cyanide® F-s|cH11]. o|u] o=l
o] S]] ACCE FelitEEe] Hof A& vhe=
wiE=Al et o]=igt offrell A ZHUEF He] el ACC
deaminase A& 712 THATro] ¥l EAl5k= e
S e

A1E2] Aol I AAel S FFEIe IS 73]
= siderphoresg}Ad s el Hall H7FslAct. SiderphoresiiAl
T HdF 542 FEsted dF FHol orange halo7h
A71d FPe = Hrsisit.

Siderphores §43%& 7FA 2L 9l PGPRe| v|E-E v
s Ul Rolr] B2l T} 47.6% (102D 7 =3t
ow, AejAo], Sdro|E, W Al2F) |3 ol B
H FFe #AE =gk 45.5%, 35.7%, 30.8%,
27.3% 2|3l 21.4%)(Table 2). A& ¥ TAES A Fg
= e el EeE FFE vt S Afole
JSIRP, JS2RS, SHIRS7} ZH2F 50%(ZH2t 4/8, 2/4, 4/8)%
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Table 2. Comparison of plant growth-promoting activity (PGPA) of bacteria isolated from the rhizosphere soil (RS) and rhizoplane
(RP) associated with plants.

No. of bacteria

No. of bacteria with single PGPA

No. of bacteria with binary PGPA

No. of bacteria

Plant with triple PGPA
w/o PGPA
IAA ACCyq Sid IAA+ACCy TAA+Sid  ACCg+Sid  TAA+ACC4+Sid
RS 4/6 0/6 1/6 2/6 0/6 0/6 1/6 0/6
JS1 (66.6) (0.0) (16.7) (33.3) (0.0) (0.0 (16.7) (0.0)
(%) RP 4/8 0/8 2/8 4/8 0/8 0/8 2/8 0/8
(50.0) (0.0) (25.0) (50.0) (0.0 (0.0 (25.0) (0.0)
RS 2/4 0/4 2/4 2/4 0/4 0/4 2/4 0/4
1S2 (50.0) (0.0) (50.0) (50.0) (0.0) (0.0 (50.0) (0.0)
(%) RP 3/7 2/7 3/7 4/7 0/7 0/7 1/7 2/7
(42.8) (28.6) (42.9) (57.1) (0.0 (0.0 (14.3) (28.6)
RS 4/12 2/12 5/12 5/12 0/12 0/12 0/12 2/12
MHI1 (33.3) (16.7) (41.7) (41.7) (0.0) (0.0 (0.0 (16.7)
(%) RP 9/10 0/10 1/10 1/10 0/10 0/10 1/10 0/10
(90.0) (0.0) (10.0) (10.0) (0.0 (0.0 (10.0) (0.0)
RS 5/8 0/8 2/8 2/8 0/8 0/8 1/8 0/8
MH2 (62.5) (0.0) (25.0) (25.0) (0.0) (0.0 (12.5) (0.0)
(%) RP 3/6 0/6 2/6 1/6 0/6 0/6 0/6 0/6
(50.0) (0.0) (33.3) 16.7) (0.0) (0.0 (0.0 (0.0)
RS 4/8 1/8 3/8 4/8 0/8 0/8 2/8 1/8
SHI (50.0) (12.5) (37.5) (50.0) (0.0) (0.0 (25.0) (12.5)
(%) RP 6/13 1/13 3/13 6/13 0/13 0/13 1/13 1/13
(46.1) (7.7) (23.1) (46.2) (0.0) (0.0 (7.7) (7.7)
RS 3/5 0/5 1/5 2/5 0/5 0/5 1/5 0/5
SH2 (60.0) (0.0) (20.0) (40.0) (0.0) (0.0 (20.0) (0.0)
(%) RP 6/8 0/8 0/8 2/8 0/8 0/8 0/8 0/8
(75.0) (0.0) (0.0 (25.0) (0.0) (0.0 (0.0) (0.0)
RS 22/43 3/43 14/43 17/43 0/43 0/43 7/43 3/43
Sum (51.2) (7.0 (32.6) (39.5) (0.0 (0.0 (16.3) (6.9)
(%) 31/52 3/52 11/52 18/52 0/52 0/52 5/52 3/52
(59.6) (5.8) (21.2) (34.6) (0.0 (0.0 9.6) (5.8)

IAA, indole acetic acid production
ACCy, 1-aminocyclopropane-1-carboxylic acid deaminase
Sid, siderphore(s) synthesis.

7H =9kem | MHIRPZF 10% (1/10)2 714 Wk, AA)
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P2
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B3} Felle] Heo] 47 wiel|[6] LREESSe] H]3) siderphores

s 7 Tl

nl o
WS

Aolela gz},

IAA AAF5, ACC deaminase 4 ¥ siderphore(s) A3

55 FAle 7R ZRAFS AR o] B2 HE He
H AT (28.6%) A 7HE Eokth A A HE K2l st

PGPA 37HAS 2F 7142

[JR=N
A

THAMS THESKRS)

2 6.9% 12|3 AEEE 5.8% & el

i

NI I
A=)

659
PGPAES

> ]

N

1l

Wzl 4

S sy Zlo] HBTAIEY

B ZAEck) PalzzoA Felat Al FollA

AltE Ao E e A SA5H

B $4L SAskATH Table 3). 2 A}

ACC deaminase 3} siderphore(s) 3435 Alololl= oFe] Ak
FHA S FABIITH=0.605, p<0.037). ¢} ACC deaminase
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Table 3. Relationship among IAA production, ACC deaminase,
siderphore synthesis abilities, and salt tolerance of the rhizobac-
teria.

IAA  ACCy Sid Salt,
1AA r !
p -
AcC r 0.530 1
p 0.076
*
sid r 0574  0.605 1
p 0051  0.037
ok sk
Salt, r 0361  0.762%* 0.771 1

0.250 0.004 0.003 -

Correlation coefficient analysis was carried out for significance at
the 1% level (p<0.01**).

Correlation coefficient analysis was carried out for significance at
the 5% level (p<0.05%).

IAA, indole acetic acid production

ACC4, 1-aminocyclopropane-1-carboxylic acid deaminase

Sid, siderophore(s) synthesis

Salt;, salt tolerance

r, Pearson correlation coefficient

ps probability.

o] = Al FAlell siderphore(s) T35S 7 &
o] o AL ou|st} =3, g% A% H ACC
deaminase 4, {4 W/de siderphore(s) T35 Alolol
= ofe] ARIAE 3AEITH(=0.762, p<0.004, r=0.771,
p<0.003, Z7}).

Ut o2 A= X3 2 A5 EE 7
W7] el AlEe] AR 2 AEYHAE W HH,
A EY 2o =ZE AE 2] o"ale] A=
A "oH19]. 222 Gl WS 7HE Al
ACC deaminase 84S 7= Mldto] EA1& -Eo] =7
el Zlog ghdsleh, =3t vigtEel= ARe] $-53)17]
el Al AR o ook S F53] At
siderphore(s) %S 7Y, Al WH5S 7= Al
o] EAE Eo| F/ vehd Aoz wdE

o OF
pe =

2 QTN A7E Fe Ao et Al
I = EZAE 65 (Rorippa islandica, Rumex crispus,
Artemisia princeps var. orientalis, Lilium sp Stellaria media,
and Gramineae)®] 2| & ¥-2]¢} THESFSZHE colony
libraryE 75sted A=A452 5353 sS4k
o} FElgk FHAT F 4.0%2] GEe] EAlFe 37E00A
50% o2l Mlgtel dtell Zst WS 7L slsdet. 95
el 55 s AEAT=E 1AM S 7P
T TAERIME 13.9%, AT e 7.6%3-0H,

1-aminocyclopropane-1-carboxylic acid (ACC)E A A 3}
ACC deaminase & 7Il 5 THERIME 55.8%,
B)o| M= 36.6%Ith. =3}, Siderphores 455 7|2
W T THAAM 62.7%, FelolMe 50%S X5k
o AEAASA T Wdes 7H ATE ade s Akt
A5 EAM3 A7}, ACC deaminase A3} siderphore(s)
A5 Alelell= ko ARIAE FA 83 3L(=0.605,
p<0.037), Y& WA ACC deaminase A, G5 WA
%3 siderphore(s) IS Abololl= ok AAIAAZ A
s1Aeh(=0.762, p<0.004, r=0.771, p<0.003, Z}2}).
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