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Drought tolerance of Bacillus spp. and Burkholderia spp. in
arid areas of Inner Mongolia and Hainan

JI Cui, LUO Jingjing, DIAO Qi, WANG Yijia, JIANG Xueting, Wang Yiteng, Qian Yiwen,
SHENG Xiafang, HE Linyan™

Key Laboratory of Agricultural Environmental Microbiology, Ministry of Agriculture and Rural Affairs, College
of Life Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: [Background] The frequent occurrence of drought in the world has seriously affected
both the yield and quality of crops. An economically efficient method to alleviate it is urgently
needed. Plant growth-promoting rhizobacteria (PGPR) are expected to directly improve drought
tolerance in crops. [Objective] In arid environments, the species composition and distribution
patterns of microbial communities are unique. It is essential to study the genetic diversity and
functional diversity of bacteria screened from arid soils. [Methods] Thirty strains of Bacillus
spp. and Burkholderia spp. were collected and isolated from the arid arecas in Inner Mongolia
and Hainan provinces, respectively. These strains were subjected to drought tolerance analysis
and biological characteristic analysis using polyethylene glycol 6000 (PEG-6000) to simulate
drought stress. [Results] Cluster analysis categorized the drought tolerance of the 30 tested
strains into 3 groups. The tested strains exhibited 3 growth patterns under different stress
conditions: in the first type of growth pattern, there was no significant difference in ODgo value
between the permeability potential of —0.2 mPa and 0 mPa; in the second type of growth
pattern, the ODggp value of the strain decreased as permeability potential increased, and the
strains which exhibited this growth pattern represent 43.33% of the total tested strains; in the
third type of growth pattern, there was no significant difference in ODggo values at —0.6 mPa and
—1.2 mPa permeation potential. The biological characteristics of the 30 tested strains revealed
that each strain exhibited 1 to 4 characteristics of IAA, siderophore, urease, arginine
decarboxylase, and biofilm, indicating the tested strains have potential plant growth-promoting
functions. [Conclusion] Based on drought tolerance analysis and biological characteristic
analysis, two superior drought resistance Bacillus strains, NC51 and NO89, were finally
screened, both exhibiting the third type of growth pattern. These strains provide microbial
resources for improving crop drought tolerance and developing microbial inoculants in the
future.

Keywords: Bacillus spp.; Burkholderia spp.; drought stress; drought tolerance
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MY T T BRI, H AR PR
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1.1

PRbR . ASSIIR & LR 30 BRI T R Ik,
BLARFE L3R 1.

LB 53¢k (g/L): HEFI 10.0, WLk 5.0,
NaCl 10.0, pH 7.2, 1/5 LB ¥i383&(g/L): &HEH
W 2.0, BERERS 1.0, NaCl2.0, pH 7.2, KRN
FRIH(g/L): TEHE 10.0, BEERE HF 0.5, FiREE
0.2, FAfb#h 0.2, WERES 1.0, pH 7.4, A&
FEH(g/L): HEKE 10.0, BERRE B 2.0, GifREL

1.0, E/KGREREE 0.5, MELEHE 0.5, WRERES 0.5,
FALEN 0.1, pH 7.2, MREEREFRHE(g/L): EEMK
1.0, & k4N 5.0, B M 2.0, #AE 1.0,
0.4%MB3 211 W 0.003, 2%IR %, pH 7.2, WA R
JI 4R ity it 4% 5% i (/L) « HEARE 10.0, BRLREZ 1.0,
BREREE 0.5, BERRE 41 0.5, & b 0.1, BEhk
B 0.1, 44K B60.005, BH4r 0.02, pH 6.0,
AR B FE 3L I A 20 g/L fIEIR o

R Z % 6000 (polyethylene glycol 6000,
PEG-6000), [E 248 H {b2FR50 A BRA R . g
TAEG, Mg ReAR R SR,
VAR BN AT BR A ] 5 37 A I 2RO TR
i, DR ERYT A R R A KT
O E TS A R AR -80 °CRALIE K
L, PRSEE BB A BRTHUEA R EAMk
YGEETT, spectrometer MAPADA; pH i}, %%
PR A AR A PR A B 5 L7 K7, M A 7]
K5 R, EZRRH A R H] 5 H R R
i, KemiReEAMIGEST; PCR Y,
Applied Biosystems 23 A
1.2 TEMEENRINZE

TR IR R0k LB 1/5 LB 5535 A
ROHE IR, AR B IR A TRk BE Y
PEG-6000 A\ TR T 244, KE 0%. 10%.
20%.30%F1 40%iX 5 P AN[AIHEE #Y PEG-6000,
Iy PN RB B HFIKE 0, —0.2, —0.6, —1.2 Fl
—1.9 mPa. 4B Ff %55 77 % 30 °C ., 160 t/min
PR hE % 24 h ISR B bR, IS 105 W B R
P 2% R R 2 LB 55973+, 30 °C . 160 r/min
P45 5% 24 h J5 D2 A Y ODgoo (. #4545
B VRO TG B 7K BE il B, ODgoo fEM 1.0 A A &
W, BRI SA e s o TR AR K M TR R R
Fi 2% AL R AR 2 5 B B HOKERY LB ik
R 30 °C, 160 r/min JR¥%5 1555 24 h, W
7 H: ODgoo fH, LA ODggo TEH‘Jj(/J\(/EE)'%F%WE
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Table 1 Drought-tolerant species screened in the arid regions of Inner Mongolia and Hainan

Witkgi's REHIX RIS £ i e

Strain Site Strain genus name Screening medium

WB2 W AR X Inner Mongolia Autonomous Region  Bacillus proteolyticus LB

WB3 WZE Tt AR X Inner Mongolia Autonomous Region — Bacillus mojavensis LB

WA4 M5 H 6 X Inner Mongolia Autonomous Region Priestia aryabhattai LB

WBI11 W&t AR X Inner Mongolia Autonomous Region — Bacillus amyloliquefaciens LB

WB17 W AR X Inner Mongolia Autonomous Region  Bacillus amyloliquefaciens LB

WC19 W&t AR X Inner Mongolia Autonomous Region  Bacillus proteolyticus LB

NB30 R348 Hainan Province Paenibacillus cineris LB

NB46 1748 Hainan Province Bacillus tropicus LB

NB47 17544 Hainan Province Rummeliibacillus stabekisii LB

NAS0 ¥ R4 Hainan Province Priestia aryabhattai LB

NC51 R348 Hainan Province Bacillus salipaludis LB

NC54 ¥# R4 Hainan Province Bacillus rhizoplanae LB

NASS R348 Hainan Province Priestia aryabhattai LB

NAS6 #7544 Hainan Province Bacillus tropicus LB

NO62 55444 Hainan Province Priestia megaterium LB

NO63 WFFE44 Hainan Province Bacillus tropicus LB

NO87 5 F4 44 Hainan Province Priestia megaterium TR K F#FE Nitrogen-free medium
NO089 ¥#$R544 Hainan Province Rummeliibacillus pycnus ~ 1/5 LB

NGI121 W FG4 Hainan Province Priestia aryabhattai 1/51LB

NG125 %544 Hainan Province Priestia aryabhattai 1/51LB

NG127 WFFG44 Hainan Province Priestia megaterium 1/5LB

NG128 %544 Hainan Province Priestia megaterium 1/51LB

NG131 148 Hainan Province Bacillus tropicus 1/5LB

NG132 %44 Hainan Province Priestia megaterium 1/51LB

NB57 1444 Hainan Province Burkholderia latens LB

NC66 7944 Hainan Province Burkholderia arboris ToA ;773 Nitrogen-free medium
NC69 #5448 Hainan Province Burkholderia arboris TR K F7 % Nitrogen-free medium
NC77 #§F544 Hainan Province Burkholderia arboris TR B FR K Nitrogen-free medium
NC98 R348 Hainan Province Burkholderia arboris 1/5LB

NC102  F§45 Hainan Province Burkholderia arboris 1/5LB

PEA AR R SR O (AR B B H ODgoo HY HE

1.3 E£YEHMRNE

&, #ln. 1.3.1 FEIAA 29T
- ~1.20D°F4{H ~ (-0.60DV441H) | A 100 mg/L (2 RN LB 5 35%
FRCL2E0.67 = ~0.60D TR M Skl 1AA &5, SR Salkowski's & (i FHE(F

MLABEH] PEG-6000 %S BT XM KRR AETE AV 30 min. ARAEARER LI AETE
IR . BRI, AR A KN B TAA 7R
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Arp, Su RORERBARTEHEHAT; As Ttk
R P ODeso 1B ; Ar 27N JC I 55 55 5t
OD63O{EO
1.3.3  FHRESHIAE

et P DK il 3% 5 5 A o ™ R il )
J1, REFRIEAR N B, ASAR @004 B
1.3.4  FrERER AR BEE M A0 E

15 FH K 20 R i ¥R B (arginine  decarboxylase,
ADC) it 15 77 3 W0 7 K 22 IR IR e vt v, H
A LAS AR, S — e R =
EROR PP = AN TRy = PO R N R N U5
PE, ZEBAAEN M, —E YAy
5 PR
1.3.5 FEAEHIBRAAE

iz 1% 1) P 4 1 AL 5 i AR B iR A
LB AR g2, 28 cCHfFrE 557 3 d, WA
AR e T A A N — )2 R BRR A, B R AR
Py REE
1.4 RESH

ffifl SPSS XX EHRIEA B EH T HY
PRI T R G R, B AR B ke 4
B R, B TS, Rz e RO
T R 7E A [] 46 - PEG-6000 FJ ODgoo 15 Sz [ I 25
R AR B, FEM— A KT, St —
FHAR 5 175 34 Rk o /0N 1 R R i s i o O M AR 3R
PETRE K o
1.5 HIEAIE

FrmAS B 32 3 IEWEE R, A
SPSS 22.0 #ATE 8 4 Hr FI R GE RIS 3 M, {H
GraphPad Prism 8.0.2 #4744,

%100 ! (2)

2 EREGHN

21 FAMEMRREEREREMENS
S AR
2.1.1 THEMSH

DL APRAE PEG-6000 1215 BE &34 5E X 4
it EhRifE, LA EARIEBL T2 HE 0—1.9 mPa
THEBBEHKFETHMESERLE 2.

TETRAMNT, RIS A0S G
SRRy, XA EARE A EE R, AWK
WFFEEs R BoR, b PEG-6000 e BN, 4%
PR ODgoo fH EMA S N R, PEG-6000 ¥k
7 10%.20% ., 30% . 40%FH} , #1%% T J& PEG-6000
Xf R, B Bk ODgoo fH T B W B 43 51l
0.49%-51.23%. 1.93%81.28% . 2.19%-96.01% .
17.18-99.00%, V-3 T K 25.86% . 41.61% .
49.10%. 58.09%, Ui HH Rk A 52 BT S 4]
il 7 F 2 i K

SR, X TSGR, TR
AR THAERK, 7EBEHH-0.2 mPa i, Hik
WB3 1) ODgoo fHI-A T, Fifi e X B T
13.62%. 1EBEHN-1.2 mPa i}, HEHk WA4,
NC51. NG125 (1) ODggo EAH L—0.6 mPa &% #
IR T 42.06% . 28.74%. 16.99%, M
30% PEG-6000 T 55 ik AixX 3 bRIEMAE
K, MBEHH-1.9 mPa I, KHREH ODegoo
E#R B 2 PR, {UERE NASS . NAS6, NO89 4=
KRR, BHIX 3 PRIEREUE 32 BRI+
5, AT DA DA RR B = VA T S )i b
IH G S A IR T & S HE L B f 25 B Al .
2.1.2 EHREDBELXSMREKER S

XFAIAE PEG-6000 75 #oKF- T W 1Y
R BEAE S TR, K 1 PR, TR
PUHE T B 30 B 2RHAT I . A BT R A
ATLAGT I 3 R . R RIS s 2R, AN
185 N AR PR BRI 3 A KB
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2 HiAEREELT RS TR0 E F1FEDE(ODgoo)
Table 2 Turbidity (ODggo) and decrease of the tested strain under simulated drought conditions

wik  BEHRT (G BEHIKF FriE BIEHIKF R BEHKE FEiE
I Permeability level Decrement Permeability Decrement Permeability Decrement Permeability Decrement
Strain (%) level (%) level (%) level (%)
0 -0.2 —-0.6 -1.2 -1.9

WB2 1.79+£0.03a  1.42+0.26b 20.54 1.39+0.20b 1.93 0.52+0.06¢ 62.87 0.08+0.03d  84.32
WB3 1.06+0.14a 1.20+£0.33a  —13.62 0.50+0.23b  58.12 0.20+0.02bc ~ 59.44 0.03+£0.03d  86.93
WA4 1.80+0.06a 1.41+0.06b 21.24 0.93+£0.26c  34.10 1.32£0.14b  —42.06 0.25+0.04d  81.29
WBI1 2.06+£0.10a 1.67+0.09b 18.76 0.77£0.08c  53.74 0.04+0.01d 94.43 0.02+0.02d  49.61
WB17  1.62+0.02a 0.79+0.06b 51.23 0.20£0.03¢c  74.97 0.01+0.01d 93.59 0.01£0.01d  92.11
WC19  1.68+0.09a 1.27+0.17b 2431 0.36+£0.10c  71.30 0.09+0.01d 75.48 0.02+£0.02d  96.64
NB30  1.75+£0.10a 1.17+0.04b 32.74 0.44+0.21c  62.93 0.04+0.01d 90.96 0.02+0.03d  89.83
NB46  1.9240.08a 1.55+0.16b 19.20 1.11+0.21c  28.15 0.74+0.02d 33.32 0.62+0.03d  17.18
NB47  2.04+0.10a 1.53+0.22b 24.76 1.16£0.31c  24.46 1.11+0.14¢ 4.03 0.01£0.02d  98.20
NA50 1.89+0.17a 1.46+0.07b 22.90 0.88+0.15¢  39.77 0.78+0.09¢ 11.49 0.51£0.02d  34.30
NC51  1.63+0.04a 1.41+0.34a 13.53 0.81£0.05bc  42.69 1.04+0.15b  —28.74 0.61+0.16c  41.67
NC54  2.12+0.10a 1.75+0.16b 17.40 1.04+£0.36c  40.53 0.07+0.02d 93.80 0.01£0.01d  84.54
NA55 1.86+0.0la 1.82+0.06a 1.97 1.36+0.22b  25.46 1.17+0.17b 14.08 0.92+0.07¢  21.30
NAS56  1.88+0.10a 1.52+0.17b 18.85 1.27+£0.26b  16.51 0.93+0.20c 27.01 0.69+£0.09c  25.45
NB57  1.84+0.09a 1.45+0.07b 21.14 1.01£0.13¢  30.28 0.57+0.14d 44.14 0.08+0.01e  85.57
NO62  2.03+£0.10a 1.48+0.01b 27.16 1.18+0.24c  20.36 0.63+0.05d 46.84 0.36+0.13¢  42.11
NO63  1.90+0.17a 1.13+0.14b 40.33 0.46+0.13¢  59.17 0.20+0.03d 57.60 0.10+£0.06d  47.54
NC66  1.57+0.12a 1.56+0.03a 0.49 0.69+£0.01b  55.52 0.04+0.02c 93.70 0.01£0.01c  77.10
NC69  1.73+£0.11a 1.39+0.12b 19.76 0.44+0.19¢  68.25 0.04+0.01d 90.23 0.01£0.02d  53.49
NC77  1.82+0.09a 1.42+0.03b 21.70 0.27+0.10c  81.28 0.07+0.03d 74.34 0.01£0.03d  85.37
NO87  1.64+0.15a 1.08+0.14b 34.15 0.64+0.04c  41.08 0.03+0.01d 96.01 0.02+0.01d  21.05
NO89  1.88+0.20a 1.50+0.07b 20.28 1.14+0.24c 2394 1.10+0.11c 2.90 0.69+0.03d 37.94
NC98  2.18+0.06a 1.63+0.14b 24.98 0.95+0.10c  41.65 0.82+0.03¢c 14.54 0.03+£0.01d  95.99
NC102 1.77+0.08a 1.33+0.03b 25.08 1.04+0.09c  21.68 0.30+0.06d 71.10 0.02+£0.01e  99.00
NGI21 1.78+0.03a 1.55+0.12ab 12.55 1.28+0.18bc  17.63 1.18+0.38¢ 7.95 0.57+0.04d  51.76
NG125 2.10+£0.09a 1.35+0.08b 35.87 0.92+0.17¢c  31.84 1.07£0.14c  —16.99 0.40+£0.01d  62.61
NGI127 1.97+0.03a 1.62+0.25b 17.68 1.2740.17¢  21.90 0.63+0.19d 50.20 0.43+£0.18d  32.31
NG128 2.00+£0.01a 1.72+0.23b 13.87 1.08+0.05c  37.32 0.27+0.04d 74.76 0.06+0.06e  79.95
NGI131 2.03+0.13a 1.59+0.04b 21.65 1.10+£0.14c  30.98 0.50+0.13d 54.30 0.30+0.06e  40.85
NG132 2.18+0.26a 1.79+0.09b 17.63 1.49+£0.03¢  16.63 1.46+0.20c 2.19 0.45+£0.07d  68.96

AT NG b R I AR TEA [F]38 1 35K T 1) ODgoo {ELAFTE 25 22 53 CH I 19 2 L LU BCR AT Duncan 7%, P<0.05)
Different lowercase letters indicate significant differences in ODg, values of the tested strains at different levels of osmosis
(Duncan method was used for multiple comparisons of mean values, P<0.05).

WK 2A R, R —RARKB T, 10%  Hd, Bk WB3 #-0.2 mPa IG5 T
PEG-6000 # L T2 A 514 F, HHARA) ODgoo {0 mPa, T 13.62%. UiBALE—0.2 mPa 5%
KRIGE TR, KI5 0 mPa i) ODgo (HTG R HEHIT R, XX REHNEK IR
FES, XEEEE WCI9, NB30, NC69, SEMA ST A R T 30K S TR AR ) A2 3 AR G
NC77. NO63, NO87, NC66., WB17 #1 WB3,  XZKREEHRAEWIE N 2 T 5F(—0.2 mPa) 35 .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4124 WAEY

2

FiE Rk

Microbiol. China

10

20 25

!* WCI19
NB30

——— .

[ | Noe3
NO87
NC66

WB17
L WB3
— NC54
NG128
WBI11

NRAT7

I

\\ NCs1
NG132

1 HAERTRENDBEIAER

Figure 1

WA 2B Fan, 8 A KER T, BiE S
ERRIE N, WHERY ODgoo WA Z TR, X
K REEWEGE B R 200, &R
FRIY 43.33%, MR NC54, NG128., WBII,

NB47. NC98. NO62. NG127. NG131. NB46.
NAS50. NB57. NC102 Fi1 WB2, x4 KR

Dendrogram showing relationship among rhizobia strain of dry-tolerant.
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Figure 2 Three growth patterns of bacterial strains under different stress conditions. A: The first kind of
growth model (representative strain: WB3). B: The second kind of growth model (representative strain:
NB57). C: The third kind of growth model (representative strain: NG132). Different lowercase letters
indicate significant differences in ODgg values of the tested strains at different levels of osmosis. The same

below.
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22 WMEREAEIFHFNE

16 30 BROLATE MRS, B 10 PRANE 73 W
IAA, SOGRE RSSO 33.3%. Hd, wkk
NC69 . NC77. NC98 ., NC102 A1 e B /R ,
HAY HZFERTHGE 3, B 3). FHk NG127
1 TAA PRIk 25.25 pg/L, 1@k NC77 )
IAA & HEBAK, M 11.04 pg/L, v WA R R E
PP IAA BB 2R B

A 12 BRI REUA 77 iR I S AT
W NB47, N 9.09%, F=iffliiE NG132, K
3.50% (3% 3, K 4). A 9 ¥RE - IREF, NC102
AR, HARB TR . A 4 bR
FERE ARG, 5 BIAREER RN 13.3%.

XUER R WC19, NB47, NO87 #ll NG131, #%
AP . 7E 30 BRELIKEEES, A 21 BRI E
IR, LA 6 RRIA SR TER AR 15 BRI ZEFAT
AT AW AR T, FLARAE WA R L3R 3.

3 WwE5E&#

A W 2 Bl A A R AR K A T B
THE, WS AR EE . A5 H A
BB PEG-6000 N TR T 5, PEMENSN
TR R T 5 b DX ) 2 LT R R S 2 R TR Y
fif £ HE 77 PEG-6000 f T H A F ik, Ahgik
AN HIGRE EAE, A K H 5 RERE AR K 3,
JIFLAT 32 FH T 0 22 T 7% 127 R S 9 o 1
FHITIS A T R AT 20%-30% 3k
f) PEG-60001""*1, ARHF 5T BEE T 40% PEG-6000,
HATH S BB, ik i i A 8
MM T) . Ak, AR IEE T 3 FORFE I R:
FiHE: LB, 1/5LB FICAKGFREL, DAk A
RIS R P RIAED, RAFEE 2R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4126 WA

FIER

Microbiol. China

*3 MIAEROEYFERE

Table 3 Biological characteristics of test strains

Indole acetic acid
(ng/L)

Strain code Siderophore (%)

Urease Arginine Biofilm

decarboxylase

WB2 - -
WB3 - -
WA4 23.97+1.63 -
WB11 - 6.42+0.51
WB17 - 6.03+0.79
WC19 - -
NB30 - -
NB46 - -
NB47 - 9.09+0.45
NASO - -
NCs51 16.81+2.21 5.16+0.11
NC54 - -
NASS - -
NAS56 - -
NB57 - -
NO62 - 4.66+0.34
NO63 - -
NCo66 - 5.24+0.22
NC69 22.97+1.60 -
NC77 11.04+0.59 -
NO87 - 6.43+0.12
NO89 16.50+0.91 3.81+0.70
NC98 24.34+3.34 -
NC102 11.92+1.94 4.75+0.64
NG121 20.80+0.53 -
NG125 - 6.71£1.52
NG127 25.25+1.53 -
NG128 24.78+0.16 5.35+0.70
NG131 - -
NG132 - 3.50+0.36

[
+
+ o+ o+ o+ o+

I
I
+ +

[ +
| \
+ 4+ + + o+ o+ o+ o+

+ o+ o+ o+ o+ o+
[
[

+: Positive; —: Negative.

TEf LM 5 R A, ARG T IR 2 R
PR o SF LR R E A e R P R R R 2R
FE 3 Bl IRk sp A T o SCIRUE X 30 BREF
FRAT T R v e R T8 T HL A A e A T 52 0 1 A
P AT, AR iR i e, 2
R 2 AAE T ARG, R TR0 )™
AU PEER A 2, DA T i I AR

FREEH, e — it S AE SR B AR . TR A
EMAT A 2R A YRS T R
BT A EY R IR, RS EY
o SR, A ERERE 2R
FIPER , KZ HiifsZ 20% PEG-6000, i 5%
BAR. (FHEAREA . Muae)), &—REEN
AR PRAE AR T AR IR e 2 AT, T
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Figure 3 The production of TAA secreted by the
tested strains.
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Figure 4 The content of siderophore secreted by
the tested strains.

BRIBR T 2E AR B 8 PO R SO R AR 8 Y, iR
{12 B 1% & (Pseudomonas spp. )% | M98 T
(Rhizobium spp.)t***" 5 #T 1% J& (Arthrobacter
spp. )33z

SEREW], AT 30 R 5 R ER RE T 27
20% PEG-6000 (E1—0.6 mPa &4, HAK S
FRITIR S o ] — e X T8 e ) i 52 R ) 2 A
KRB KRZESR . PRI, Alaeh e
DR 3 A A A AR R 2 — i 37 43 X 4
WT. EAMEEN, EREESRSET,
A B IR S A R E E A
AW, B S 2 ANE LR S AR - R
FEE SRR A P X SR W 1 AR 3 S AR TR

XFAE AN A3 0 S v R AT o o5 —Fh R A
A TEPEE A, ELENOMET, &
IR TEVR AR P s SR, A
T 52 TR RE 7 Ae A W B B8 3 1A Y ) o R 1K A
TR a3, DA fif A B BB A T RIS R
UFAEE o AHER R SR, 40 4 TR 2R 2 TR 1] A
YE, FIRESt SR BRI AE RGP . AWESR
rh i S 4 TR G L LA B T R Y TR AR AR K
IR T — 5T

B BB F BT, 0 T RAERKB
PR ODgoo (EWLFEZ TRE; MisE—2SHEE =28
AERBX YRR BER T &/ M Rer
ODgoo fEL, Bl ODeoo fHAEAL T B 5 25 570 2 —2K
KB HERAE 10% PEG-6000 B, 5
PEG-6000 B i A H, ODgoo TG I 22 52,
2 T DA 5 M IX. A 07 32 1 1% TS 7 T 3 ) A
AR EREE . 76 10% PEG-6000 451 F A —
SE I A K Bk — R 2 S DO T 1 T 5 b
[X. & PR ) A% = M3 1 (Vicia faba Rhizobium)#il
Niu 5P MARACIT T4 PE R 50 X N ORARR
i & B ¢ Y6 (B R Y T (Pseudomonas fluorescens)
HhERA R

5 =R KB R BT RALE 20% PEG-6000
1 30% PEG-6000 i} ODgoo [H LB EHE LR, 5
Rashid % B & Hy 9 B K 2 6 FF 5 (Priestia
megaterium)AH L. J5 I AT G2 A A T 50 2 T
W8 HA — NIl UL, ZE I FHELFF I ) ODgoo
IR %225, b Re i dr— & AR I PE
{EE R WG FUE T, A BRI K 20 AN RE 447
EFMERET, MEMRMEAE . X — 085
B2 5 A AT SR B IE

ARG EERRI P EA 1-4 FEY)FARE,
REEATIN S0, XHEHAEDRAR T, E TR
Srb, A YE S 2RO S E R oK o,
rh— iy O S 7 A 3R G ) (extracellular
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polymeric substance, EPS)JE i fAEYINL , 1EN
HASERENREY, Susme)vb i 45
B, EPS {45 5R7 ) - 398 Lb R AU 210 ) 1 38 25 90
L KOOSR KA S RS AR,
EPS i i {20 4 —FE A S5 F R AR Al i e 2 T
S, DTSl 40 B A 7 A R LR AR A7 T3 A1
FeFh 7 EPS ) PGPR, BEBE IR 135 /KR LA K
fEERI AR K & TP, Sandhya 22O ) H FEAR
P 4 3 Hp i 2k 9 % 5B 5 B T (Pseudomonas
putida) 2.4 7= EPS W1, 7E T RAMFTAR
M e B F 0] H 22 A R B 3, RS AR R A
B - /AR 2 2 L Fn 3 A R AR RS A H s
I T B R B, B P AR AR 2R TR
BT AR, EAr b R RS R, RAP T
Witz T2 Whaa . Kk, 7 EPS M2, HA
W A ESE R R LR AR - K A3 | A T2 TR A
PRI AR O oK e 1 AE R T, B R R AR YT
FLJp 8 AR IR ORI E R Ty, TR
A= X — A SRR AR Sy 07 22 T 57 G ke ) i 2
S

HAR YA TAA B THRYIE R,
A e A P e 2B A a1 kAR A
SEYETEAT, AT PR Tk
ARG R IR R S35 G SR 0 2 Tl 2 22 i
A B SRR s DRI BB PR K A R —
SR, AAT YRR RS, ks
YR A FR ARk Y PGPR, $EEEMI A= N
FURAED I 24, I 0T T BRI K 514
TR R s A E B, R G R
ARERAL

e U 5, B PGPR 23
PR B R AT RESE /7. PGPR GE i [ B 22
f o aE N ) A B AR T T, T B A
WridE T S8 . B PGPR B A T IERIRPR)S
k2 PGPR 78T 5 R HA I8 T 1 447

B, FF&A3ER PGPR &5t T S Wl () &
B, W ESIRR S R A A YA PR e N A Y
i S P o WAD,  498 - - A 0 A R EAE
ANIERE, BEE SR dl2E BB, A T AR
XX PP LRI AR R R A IR AR . KT
B SR IS P U BT B AR N 2, R
RAHD M AE YR D REAE B AR B AR B A Bk
i, N T A B B (synthetic community,
SynCom) B8 fE — & F2 B BRI A SR 41 T B
W)+ e IR TE ), B R F EOKJS . SynCom
RETEMEPIM R F sl , JF#i3% PGPRs, MR
T R ER TR AP RO B Bacillus sp.
MR E SIS 7 TAA . BRakiR IR wEEE ),
W TSR EHOK R TR AR, BET
SeATE M ERY ol A — B kR, A R
Xof i 5 A 0 1 TS S 1 EL A A 2 1 A BLATL R
BRI A B S S

LT R A R A W R A b, T
F| 2 #RPC BT 52 A I NCS1 A1 NO89, J
R = IRAE KA TR AR NCS1 AT NOS9 £ 30%
PEG-6000 [l T 1) ODgoo fE43 51 1.040.15
1.10+0.11, Jf HiX 2 #RIFHA T TAA . BREHA
AP A . ARBFTESs R AT T 5 5 i
FOG R, WR] R e S T R R A
HEp
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