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Growth-promoting properties and germination-promoting
effects of rhizosphere and nonrhizosphere bacteria of
Ammodendron bifolium in deserts

ZHU Yanlei %, LIU Jiaqin"?, HUANG Yongjie"?, KOU Zhining"?,
Naifeisai Nuerhamanti'”

1 School of Life Sciences, Xinjiang Normal University, Urumqi 830054, Xinjiang, China
2 Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology, Key Laboratory of Plant
Stress Biology in Arid Land, Urumgqi 830054, Xinjiang, China

Abstract: [Background] Desert soil is barren and saline-alkaline, in which the rhizosphere
microorganisms can help the host plants to tolerate stress, which is of great significance for
maintaining the ecosystem function. [Objective] To evaluate the growth-promoting properties
and germination-promoting effects of rhizosphere and nonrhizosphere bacteria of Ammodendron
bifolium, and obtain elite bacterial resources with growth-promoting effects and stress tolerance.
[Methods] We employed the plate culture method to examine the nitrogen-fixing,
phosphorus-solubilizing, siderophore-secreting, and hydrolase-producing properties of the
strains. The abilities of the strains to solubilize phosphorus and produce hydrolase and
indole-3-acetic acid (IAA) were quantitatively measured by the colorimetric method. The
germination-promoting effects of the strains were tested by strain-seed co-cultivation, and the
tolerance of the strains to drought and saline-alkali stress was observed. [Results] Thirty-five
strains showed nitrogen-fixing activity, mainly belonging to Proteobacteria in the rhizosphere
and Firmicutes in the nonrhizosphere. Strains Ba-12, Ra-2, Rb-12, and Rb-18 had the abilities to
solubilize inorganic and organic phosphorus, mainly originating from the rhizosphere. One
strain (Rb-12) was capable of secreting siderophores, originating from the rhizosphere. Six
strains had the ability of producing IAA, of which strains Rb-5 and Rb-12 with the highest
levels of IAA came from the rhizosphere. Eight strains were capable of producing amylase,
protease, and cellulase simultaneously, coming from the nonrhizosphere. The 10 strains
producing two enzymes and the 13 strains producing one enzyme mainly came from the
rhizosphere. One strain, i.e, Bc-5, showed a significant germination-promoting effect,
originating from the nonrhizosphere. Most of the tested strains tolerated 30% PEG6000, 2%—4%
NaCl, and pH 11.5, and the strain with the strongest stress tolerance came from the rhizosphere.
[Conclusion] Strains Ba-12, Ra-2, Rb-5, Rb-12, and Rb-18 with excellent growth-promoting
properties mainly originate from the rhizosphere, which indicates the significant rhizosphere
effect of A. bifolium. However, the germination-promoting effect of the nonrhizosphere strain
Bc-5 is not related to the growth-promoting properties, which requires further exploration.
Keywords: Ammodendron bifolium; desert; rhizosphere bacteria; growth-promoting properties;
seed germination
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Table 1 The accession number of 16S rRNA gene sequence of the isolates and its basic information
Strain code  Accession number Most closely related genus or species Phylum

Ba-6 OP390738 Pseudomonas fluorescens JCM5963 Proteobacteria
Ba-7 OP390739 Neobacillus niacini NBRC15566 Firmicutes
Ba-8 OP390740 Bacillus safensis FO-36b Firmicutes
Ba-11 OP390743 Lysobacter rhizophilus THG-YS3.6 Proteobacteria
Ba-12 OP390744 Paenibacillus peoriae DSM8320 Firmicutes
Ba-18 OP390748 Sreptomyces coeruleofuscus NBRC12757 Actinobacteria
Ra-2 OP390752 Paracoccus yeei G1212(NR029038) Proteobacteria
Ra-4 OP390753 Sphingosinicella cucumeris THG-scl Proteobacteria
Ra-5 OP390754 Moraxella osloensis NCTC10465 Proteobacteria
Ra-6 OP390755 Fictibacillus barbaricus V2-BII1-A2 Firmicutes
Ra-7 OP390756 Priestia endophytica 2DT Proteobacteria
Ra-10 OP390757 Sphingomonas sp. ZDH117 Proteobacteria
Ra-13 OP390759 Paenarthrobacter nitroguajacolicus G2-1(T) Actinobacteria
Ra-17 OP390761 Brevundimonas basaltis J22 Proteobacteria
Ra-18 OP390762 Niabella ginsengisoli GR10-1 Bacteroidetes
Ra-19 OP390763 Inquilinus ginsengisoli Gsoil080 Proteobacteria
Ra-23 OP390764 Chitinophaga chungangae MAH-28 Bacteroidetes
Ra-27 OP390767 Sreptomyces tibetensis XZ46 Actinobacteria
Ra-28 OP390768 Thermomonospora umbrina JCM6837 Actinobacteria
Bb-2 OP390770 Arthrobacter globiformis JCM 1332 Actinobacteria
Bb-5 OP390772 Lactobacillus plantarum Firmicutes
Bb-6 OP390773 Metabacillus idriensis SMC 4352-2 Firmicutes
Bb-10 OP390775 Agromyces albus VKM Ac-1800 Actinobacteria
Bb-12 OP390776 Bacillus rugosus SPB7 Firmicutes
Bb-15 OP390777 Bacillus subtilisTAM12118 Firmicutes
Bb-21 OP390778 Brevibacillus ginsengisoli Gsoil3088 Firmicutes
Bb-28 OP390780 Neobacillus cucumis AP-6 Firmicutes
Rb-5 OP390783 Mesor hizobium terrae NIBRBAC000500504 Proteobacteria
Rb-9 OP390786 Bosea vaviloviae Vaf-18 Proteobacteria
Rb-11 OP390788 Chitinophaga japonensis NBRC16041 Bacteroidetes
Rb-12 OP390789 Pantoea agglomerans DSM3493 Proteobacteria
Rb-13 OP390790 Chitinophaga alhagiae T22 Bacteroidetes
Rb-17 0OP390792 Rhizobium sullae IS123 Proteobacteria
Rb-18 OP390793 Neorhi zobium galegae NBRC14965 Proteobacteria
Rb-19 OP390794 Sreptomyces peucetius NBRC100596 Actinobacteria
Be-2 OP390797 Nocardioides albus KCTC9186(T) Actinobacteria
Bce-3 OP390798 Nonomuraea turkmeniaca DSM 43926 Actinobacteria
Bc-4 OP390799 Promicromonospora xylanilytica YIM61515 Actinobacteria
Bce-5 OP390800 Peribacillus frigoritolerans DSM8801 Firmicutes
Bc-13 OP390804 Neobacillus drentensis NBRC102427 Firmicutes
Re-1 OP390805 Bacillus stercoris D7XPN1 Firmicutes
Rc-2 OP390806 Luteimonas cucumeris Y4 Proteobacteria
Re-3 OP390807 Senotrophomonas chelatiphaga LPM-5 Proteobacteria
Re-7 OP390809 Devosia insulae DS-56 Proteobacteria
Rc-9 OP390810 Pseudoxanthomonas wuyuanensis XC21-2 Proteobacteria
Rc-10 OP390811 Agrobacterium rubi NBRC13261 Proteobacteria
Re-19 OP390815 Microbacterium algeriense G1 Actinobacteria
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Table 2 Basic characteristics of rhizosphere and nonrhizosphere bacteria from Ammodendron bifolium

Strain code N fixation Amylase (D/d)  Protease (D/d)  Cellulase (D/d)  Drought (%) Salt (%) Alkali (pH)
Ba-6 +++ / / 2.00 30 4.0 12.5
Ba-7 + / / 30 4.0 9.5
Ba-8 ++ 2.16 2.23 1.86 30 12.0 12.5
Ba-11 + / / 30 0.5 11.5

(k)
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(83 2)
Strain code N fixation Amylase (D/d)  Protease (D/d)  Cellulase (D/d)  Drought (%) Salt (%) Alkali (pH)
Ba-12 +++ 1.62 2.15 4.98 10 4.0 11.5
Ba-18 +++ 2.34 2.12 / 30 2.0 10.5
Ra-2 +++ 1.46 2.89 2.44 30 4.0 11.5
Ra-4 - / / 1.35 30 6.0 11.5
Ra-5 - / / 2.19 60 18.0 11.5
Ra-6 + 1.88 1.74 1.57 30 6.0 11.5
Ra-7 + / 1.48 / 30 14.0 11.5
Ra-10 - / / / 10 4.0 11.5
Ra-13 ++ / 1.69 2.51 30 12.0 13.5
Ra-17 - / / 2.17 30 12.0 11.5
Ra-18 + / / / 40 2.0 11.5
Ra-19 + / / / 30 2.0 11.5
Ra-23 - / / / 30 6.0 11.5
Ra-27 +++ / 1.24 / 40 4.0 11.5
Ra-28 + / 1.65 / 30 4.0 12.5
Bb-2 + / / / 30 2.0 11.5
Bb-5 +++ / 1.46 / 30 14.0 12.5
Bb-6 + 1.65 1.83 2.09 30 4.0 12.5
Bb-10 - / / / 20 4.0 11.5
Bb-12 ++ 1.78 2.07 4.58 30 12.0 11.5
Bb-15 + 1.41 243 3.15 30 2.0 12.5
Bb-21 - / / / 20 6.0 11.5
Bb-28 + / / / 30 4.0 12.5
Rb-5 +++ / / / 30 4.0 11.5
Rb-9 + / / / 30 2.0 11.5
Rb-11 - / 1.90 / 10 6.0 11.5
Rb-12 +++ / / / 30 6.0 11.5
Rb-13 - / 2.58 / 30 0.5 11.5
Rb-17 +++ / / / 30 2.0 9.5
Rb-18 +++ / / / 30 18.0 11.5
Rb-19 +++ 1.13 1.28 / 30 6.0 11.5
Be-2 +++ 1.40 1.52 / 50 8.0 11.5
Bc-3 +++ / / / 30 2.0 11.5
Bc-4 +++ 2.67 1.89 / 40 2.0 12.5
Be-5 + 1.41 1.40 / 30 2.0 11.5
Be-13 + / / 2.93 30 8.0 12.5
Re-1 + 2.16 1.49 / 20 2.0 11.5
Re-2 - 1.66 1.68 / 30 2.0 11.5
Re-3 - 1.24 1.79 / 30 4.0 11.5
Re-7 - 2.20 2.15 / 60 4.0 12.5
Re-9 ++ / / 1.74 40 12.0 11.5
Re-10 + 2.79 2.13 2.69 30 8.0 11.5
Re-19 + / / 2.06 40 8.0 12.5

b AR+ ERREAF; + ERED: - AAK; /0 R, B %S T B ONAERER L%, R OWRER L
+++: Vigorous growth; ++: Good growth; +: Less growth; —: No growth; /: It was not detected. In the sample code, B indicates
nonrhizosphere and R indicates rhizosphere.
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K 2F T 1 @ (Paenibacillus sp.) Ba-12 FIFLITF
)& (Lactobacillus sp.) Bb-5 76 L AR 75 55 4=
K HE % ; A8 JE R ] (Proteobacteria) A 12 #R(HR
Pro10 #k, JEMRER 2 #R) HAT RS, bk
B Jifg #T-# J& (Pseudomonas sp.) Ba-6. FlIBKF &
g AR R W R
(Mesorhizobium sp.) Rb-5. I 1 J& (Pantoea sp.)
Rb-12. M4 14 J& (Rhizobium sp.) Rb-17 FlHr A
J¢4 74 J& (Neorhizobium sp.) Rb-18 7EJCAIEF - I
AR ; iR T ] (Actinobacteria) 147 10 FR(HE
bros #k, JEARPR 5 MORA BRI E, Hrhis
W J& (Sreptomyces sp.) Ba-18 . ff %4 W /@
(Sreptomyces sp.) Ra-27 . 5% %55 [ J& (Sreptomyces
sp.) Rb-19, Z&3# K [C & (Nocardioides sp.) Be-2 .
P74 4 J (Nonomuraea sp.) Be-3 F /N L7
1% J& (Promicromonospora sp.) Be-4 7 LA L 57
B FAERIERS; PRI (Bacteroidetes) X 1 £k,
MR B BT B s (Niabella sp.) Ra-18., AJLIEH,

(Paracoccus sp.) Ra-2 .

* 3 IREGIRRPR A AEIRBR 5 BARRY A W RE

Firmicutes 1 ELAT [ 2006 M 19 TR Ak & A7 7 4R
WA AEAR PR, 1 Proteobacteria H 24 [ &L 1& Pk
) TR PR T A AE TR DA AR B
2.1.2 HEKABTM

M3 3 FR, 8 #REAG TCHLBRAfFRE 1 (6 tk
MRBRTE, 2 BRAEMRPERE), 9 MREATA VLIRS it
RE (7 MRARPREA, 2 ARAEARPRE), Bk 2
18 TH PR A2 T 1 ] (Proteobacteria) . G
HL B B Bk 0 7 o B B AR/ B VK H AR (D/d) N
1.07-1.38, ##ES 8N 6.20-31.24 pg/mL; Hi
Pk Ra-2 (31.24 pug/mL)Fl Ba-12 (29.74 pg/mL)
VswiRe S i, HUCHTERE Bb-12 (23.58 pg/mL)
M Rb-5 (22.02 pg/mL). & ML R KR 1) 75 B
PE AR/ B V% EAR(D/d) N 1.10-1.73, K& &
4 2.65-17.82 pg/mL. AT ARLHELH, HA
B EEA VB REEIL 5 Bk, HHEE Ra-2 19
D/d EHE & (E D), WAV S EdRES,
17.82 pg/mL; HCNE#E Ra-7 (11.88 pg/mL),

Table 3 The phosphate-solubilizing ability of the tested isolates from Ammodendron bifolium rhizosphere

and nonrhizosphere

Strain code Inorganic phosphorus Organophosphorus

D/d Solubilized P (ng/mL) D/d Solubilized P (pg/mL)
CK / 1.24+0.07 / 2.88+0.03
Ba-12 1.26 29.74+0.30* 1.26 10.19+0.48%*
Ra-2 1.24 31.24+0.84* 1.73 17.82+0.80%*
Ra-7 / / 1.24 11.88+0.11*
Ra-10 / / 1.10 3.79+0.08
Ra-18 / / 1.20 4.17+0.09
Ra-23 / / 1.29 2.65+0.05
Ra-27 1.19 8.29+0.20* / /
Bb-6 / / 1.13 3.97+0.19
Bb-12 1.24 23.584+0.93* / /
Rb-5 1.21 22.02+1.49* / /
Rb-12 1.38 6.20+0.06* 1.34 7.35+0.52*
Rb-18 1.35 6.57+0.75% 1.10 11.38+0.61%*
Re-10 1.07 9.26+0.72* / /

D/d: W AR/ HAS: /2 R *: P<0.05

D/d: The diameter of phosphate-solubilizing halo, i.e., halo/colony diameter; /: it was not detected; *: P<0.05.
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5 Bal2 Ra-27 Rb-12
Py

Y

Ba-12  Ra2 Rb-12

El 1 SREBRAR PR A AEAR bR 22 BY BRI AR A0S B4 14
A: TCHLBERE AR B: AULBRRYE R

Figure 1 The phosphate-solubilizing properties of
some typical strains from A. bifolium rhizosphere
and nonrhizoshpere. A: Solubilization of inorganic
phosphorus; B: Solubilization of organophosphorus.

Rb-18 (11.38 pg/mL). Ba-12 (10.19 pg/mL)#
Rb-12 (7.35 pg/mL). it #ral A& B, [AEf
WIHLBERM AN ERA 4 tk, BIEEkR
Ba-12. Ra-2. Rb-12 #l Rb-18, i E#k Ba-12
il Ra-2 A K mEHREI(FE 3, B 1),
2.1.3 BRI SREAEES

i CAS [ AR KE I 5600 7 B R R4 7 77 4k 2K
PRBE T ARSI, HAS — ik B 7 sk ik fE
FIBRE, AR Rb-12, HJEE AT P4 0 5
LR (B 2), XH B T2 B HA SR HR
AT E , H D/d ELfE R 1,79,
2.2 TEKET IAAFR

PN L- 2R 1 R A TR A B: 35 5L X 43
BIEARIET T TAA Re IR, R B 6 MR
AR IAA 681 (E 3), FELEPERER L
125 1 1] (Proteobacteria), i 5 kAR
PRANEE, WAk Ra-2, 3 EETFF R
(Priestia sp.) Ra-7. Rb-5. Rb-12 FIiiF )R
(Microbacterium sp.) Re-19; HA 1 B AAEMRBR
#Pk, R Bacillussp. Ba-8 (I8 3). % H =K &

2 SREVHRARPRELZ BB (Pantoea sp.) Rb-12 £
3% S

Figure 2 Siderophore production by Pantoea sp.
Rb-12 from A. bifolium rhizosphere.
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IAA production (mg/L)
[
=

3 SREVIRARPREIEARPRT Bbk 1AA = A
[F/INE FHERIRTE P<0.05 /KE48- b A 22 5 i 2
G

Figure 3 IAA production by the tested isolates from
A. bifolium rhizosphere and nonrhizosphere. Different

lowercase letters indicate significant differences
among treatments at P<0.05. The same below.

) S HEA TN AE , A IR Ak Rb-12 H1 Rb-5 77 IAA
AE i, H IAA & 32.83 mg/L i
27.99 mg/L; HIKJE Re-19 fil Ra-2, H. IAA &
WA 17.02 mg/L Al 14.48 mg/L, 1l Ak
Ba-8 fll Ra-7 ) IAA it e /b, 4314 9.77 mg/L
F110.67 mg/L (K 3),
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23 DERBKEEER

WX 47 BRI T B A, R
TERY B BHME TR 17 Ak . BRI BH TR 24 Bk
Y REGIAYET 16 PR(E 2). 77 TE # B 14 Ak
D/d JuFE A 1.13-2.79 (35 2, K 4A), HEHE A
0.016—0.072 U/mL (& 4B), FZ4rAfEdEMR PRt
K JERER ] (Firmicutes), HH i #E Ba-8 . Be-5 .

A

Amylase activity (U/mL) &

Ba-12 Be-4

[e®]
T

rotease activity (U/mL)

(=)

\]

Cellulase activity (U/ml
S

Ba-12 Ra-2

Re-10

B4 SREGERIRPR R IEARPRE B AR OK R ER =

(=
T

=y
T

Rc-2, Re-7 Fl Re-10 & f kN 0.072 U/mL,

HYR TR PR Ba-12 BTG AN 0.071 U/mL, /=
B 11 A AR 375 IH Pl LA /1R 95 AR (D/d)TE BB
1.24-2.89 (% 2, &1 4C), HiHE 2} 1.75-6.15 U/mL
(F 4D), 222447 72 JE AR B 4= 38 1 JE BE 7 1]
(Firmicutes) X ARPR 41925 JE 4] ] (Proteobacteria),
HHEtk Ba-12. Ba-18 LK 5 i B0 B &

d d c
I g . £ . F £ . h .

A PPRERITREbR; B PRIEMERE S5 C: MEA

Mgitk; D: FPEABHS S5 E: PR R wbE; F: Poer g R
Figure 4 The hydrolase production by some typical strains from A. bifolium rhizosphere and nonrhizosphere.
A: Amylase production; B: Amylase activity; C: Protease production; D: Protease activity; E: Cellulase

production; F: Cellulase activity.
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(Thermomonospora sp.) Ra-28 Fi4 i 5 =5 , 435
9 6.05, 6.19 F1 6.11 U/mL. j=£F 4k 2 B i bk
D/d JE[EI7E 1.35-4.98 (% 2, K&l 4E), HEHEE
FI7E 5.05-7.18 U/mL (& 4F), FEZEAMTEIER
B - S A4 JELBE T 1] (Firmi cutes) FITAR B -+ 338 1 2%
JE T 1] (Proteobacteria), H: {5 (5, 5 it B &
(Pseudoxanthomonas sp.) Re-10 (7.18 U/mL)Al%
I B 1 )& (Brevundimonas sp.) Ra-5 (7.06 U/mL)
AR Y R B T B -

A, ASCR BRI A B AW 8
LT 4 2 T K fTE T TR 8 Bk, 4300 e
¥k Ba-8, Ba-12, Ra-2, Ra-6, Bb-6, Bb-12,
Bb-15 Fll Re-10, FEAEPTEERER]]; HA 2
MK G B RS 10 Bk, RIS P2 B op il A 2
HEFRIEARA 9 bR, 430 A TR # Ba-18. Rb-19.,
Bc-2. Be-4. Be-5. Re-1. Re-2. Re-3 f1 Re-7,
FEIPATEASTE ] 5 [F]I™ 2 il F 2T 4 R
AL 1 Bk, M B kK Ra-13; {CEA 1 R K i
TEPER MR 13 #0726 11 0 TR R 3 6 1k
Bl Ra-7. Ra-27. Ra-28, Bb-5, Rb-11, Rb-13;
O Y R B R ARIE 7 ¥k, B Ba-6. Ra-4.
Ra-5. Ra-17. Bc-13. Re-9 #l1 Re-19,

24 SEKRIIERALER

BHARRPMERP TIRAE 47 PR 0B W5
PEATHE R IR, R 1 bR EA BRI R 5
Wk =M 15 d J5, 32T R & (Peribacillus
sp.) Be-5 WAEEHE TR g &, JLHE & KK F
51.1%, Rb-5 FI4 ¥ 5 J& (Agrobacterium sp.)
Re-10 425 8 & 5451511 23.3%F1 15.5%, AR
FERME IR R Z 17.7%) 0 25 7(K 5A),
WKl 5B A1 5C frn, Wik Be-5 #A b5 fi
HE TR A S WK, DA AR 4R
fRift— 2 E K (K 5D), BT RERIAL 2L,
Pk Be-5 AbFRAEFh £ M T 41.1%, AHXFIK

IKEREM T 53.6%, R T 9.14 mm; 1 &
Pk Rb-5 Fll Re-10 AbPRf5 B 5 | AHXF & K S FIAR
K 5% BEAH HL TG I8 2 2= 5 (B 5)
2.5 DEHRBIIEN

LWL 47 PRIFXT AR PEG6000 ¥ FE iy
PLEEEST, KB 47 BRI TAE 30% PEG6000 ¥
FETFREAE KA 33 BRI, & 70.2%; B
TE 10%-20%IMA 6 PRIA ; THLFPETE 40%-60%
M)A 8 PRI, Blsids [RTH )& (Moraxella sp.) Ra-5
(60%) . Ra-18 (40%). Ra-27 (40%). Bc-2 (50%).
Bc-4 (40%) . #IKITE & (Devosia sp.) Re-7 (60%)
Rc-9 (40%)F1 Re-19 (40%) (F 2). i i WEA ]
ARV B R BRI AR K AE O, BRI 47 AR 1Y
it Eh e BEJE FEIAE 0.5%—18%, Hirp 23 kRE (S
48.9%) T ER M FETE 2%—4%; A 13 BRI i
ERIRIETE 6%—8%; A 9 FREA MM Eh vk B 48 i
(>10%), EPBE bk Ba-8 (12%). Ra-5 (18%). Ra-7
(14%) . ¥4 25715 #T [ (Paenarthrobacter sp.) Ra-13
(12%). Ra-17 (12%). Bb-5 (14%). *EIT S
(Bacillus sp.) Bb-12 (12%). Rb-18 (18%). Rc-9
(12%); 2 PRARITERWR BN T 2%, 4300 R
Pk Ba-11 fil Rb-13 (% 2). i 47 BRI At 6k
RE I E , & BTG B bk pH M 32 KT 9.5,
Horpr 32 BREA 52 pH {0 11.5, 4 68.1%; A
11 KRB pH it 520k 12.5; 47 3 MR pH Tt 32 1
7 9.5-10.5; ILAME 1 BREAPIT 3Z pH 13.5, B
FIFE Ra-13 (3% 2). ML B brdgan, RaH
R B T AR B A R 43 TR BRI 52 1) PEG6000
WL 30%, Tl 32 ER U B R 2%—4%, T 32 (1)
pH {EH 11.5,

3 W54 #®

ic 1 DI SR SR, R AR KOS
P AR, TEEAYRERE S T E R PR

b
L
(=]

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



REE F | FURRUBRIR,. FERFAERES M RRHELIER 3981

oL

Control Rb-5 Bc-5

Control Rb-5 Bc-5 Rec-10

Relative

L [

Control Rb-5 Bc¢-5

Rc-10

B 5 HIEERE®RMMTHELZA). B$EB), B EKECFMRKD)RIFMN

Figure 5 The effect of selected growth-promoting isolates on seed germination (A), fresh weight (B),

relative water (C) content and root length (D).

AT, UMY A K . BRE
AR . BRI . TSk BRI BRI AE
A YRR BR 0 ) Bacillus, Pseudomonas
Fl Pantoea %)@ Atk , X UUTR PR [HA . B
B 77 TAA L T EREAARTN T K fif il 5 1 a5 1
K IFR E PR PER T, AR 58 M TE AR D
BA: 5% 1 A5 5 [ ZE PR T RIS 74%;

P 1B 12 B AR (S A(<0.353 g/kg, T
fif R <18.62 mg/kg), X AT HE A & &R A A A7
A, BATKMEA A . B 1AA
RE 10tk EEAE PRI EEAR PR AR T TR
I"](Proteobacteria), X5 Zhu 5RO 5E 45 A
4. HAPHRER Proteobacteria B bk Rb-17.

Rb-18 il Rb-5 4 ) Z W g8 Fn T, HoxF &R}
VEVII I A 1 LA B B AR 3PS5 IF HACSC R

PR Rb-5 HAICHLBERE ST, 1l Rb-18 MY
HARICHEERE W A AYIERE S, X 2 Bk
PR 7E b R R 1) AR AN A T AT e B AT
811 . AWF5ER Y] Proteobacteria H AR YR A
(Rhizobium) , % 515 HLf B4 (Pseudomonas putida)
ol [ & 12 T (Azospirillum) . %€ Y6 {5 B i
(Pseudomonas fluorescens)% i i 7 IAA 5 K
SRAEIAE YLK R T, KR R A TE
] FR 5 b E G 7 (Serratia marcescens) EB67 Al
15 B B (Pseudomonas) CDB35 [ k4 il i &
KFPRL =L 85%H1 64%™, I Hix 19 Fh
it LA A R A R R, AR
HP® Proteobacteria HH A R A2 A= TR G oA 3=
A e & A A B AR, AT AR A
MBS A K T T R AE e 1%,
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AW MR RRAR PR ARAT 1 R HAT A
VS . PRERIRAR . 7 IAA FUESTRT SRR i AR
FIHIHRE Rb-12, B & BIZE BRI T K&
FEY AR PR AR N o B WI935 B VD JBE 55 B2 ) I
£ Pantoea alhagi LTYR-11Z" HAG & i)~
IAA (17.73 mg/L) . BREARFNE TCHLIERE T S if
F(20%) . Tif £k (9%) A1, EREfEIET A T
ANFERERR AR ik A S PR GE 1 R
(Pantoea) & 44 % N A 21 1 5 A 1 = 1) TAA BE
J1, B3k 186.07 mg/L, %) WAkIA BA I Ol
BEGEJT, JFRefe /N SER L B R
B R —Fk Pantoea T AN (W REHS i TR A B
ALK, KRty ESE Pb. Cd HEY,
XS Pantoea HWARTEFRIMIMIIE A . BT
RIS Y B 2 0 A N A, AR SC
FPE Rb-12 iF R TR I HW 1. Ak, A3
R Bk Ra-2 Fl B8 Bk Ba-12 3 EAT B A7 A9 20 4%
P o W9 E R 3K 1 & (Paracoccus) B MR 7E A &
R Aty T LA B ™ R AT R R
(Paenibacillus) 7& A4 ¥ By i A Ay T 2 A7 &
SR, ZJE R R 2R R 2 1 (Paenibacillus
polymyxa) i] @ f [ & VB . AREER . A
AR RERED AR AT, O3 EH R
T R U E 22— AR SR S T
Ra-2 %t i & &t OF 0 IE HL A 00 19 14 ik e
(17.82 pg/mL), 1 Fk Ba-12 EHAG 408 177 B A
TCHLBERE 1, HAEAE YR A= F0 A= W B 36 O T
I G i — PR R

BRI AR AR B F1 A AR PR B AR AE 0 5 NPT R A
Jr R R MR, A TR Z 60%
PEG6000 . 18% NaCl #1 pH 11.5 fJ itk Ra-5, i%
B AT R R R — P O TR L LA AR R Y T
2k, (HHAE AR BT T e W T B —
FIPN ST HAAEY Oy AT A RGE . Bt
4h, Ra-13 HAG #5814 (pH 13.5), FfH.n]

i % 30% PEG6000 11 12% NaCl, #iiE2s+y
¥ i J& (Paenarthrobacter) i 4 Pl H: B A 528 55
TURE AL, ARV AR VA3 T HLL Y Bk
1 EPH M 1 VD RS IR — MR A
Y VP RE 7 Bk Paenarthrobacter sp. OM7,
IR IHAEA Y25 T8 Gt BB rh R AR AR
M2, AREPRRARBRAEAR bR o A R LA 8K
IR 5 (30% PEG6000)FIHTEh(2%—4% NaCl)fi
(pH 11.5)8877, A ENAEYI A A= radi /R T i oo
SR R PR BT

T TR AR A B o~ 81 L g IR A AN 35 7K
A KRB T BOLAE A AR Bl R A,
A BT K PR DR N A TR RIS B e R HCH0E i
a8 UPE B R AR AR K Y 2 ad b 5 R
PRI SR S0, A LE R Be-5 HA B e dF R
WML P 1 & B AR A K VR o HZ I T
MAEYAERR PR RS, I HARTEMRPR A, X
WY TR RS Mw g . AlkiE -
% Peribacillus P& bk T LLGZ A 4 T 5 Wi, 3F
HZ & VR AE A= P b7 36 AR 2B T 1t 5L A 1
TP AR — A R B RE Be-5 HAT =3
Ty B AN PR, X 2 A AT A TR T
Yy o3 1) i AR D1 &, TR #R Re-10 fig
FEK MR . AR Rb-5 ANREF KRS, [ 5 #R
AR Rl & . I, ASSCHFRSS R R T
PRAGICAEFRPECAN AL VB . POk MRE . 7 TAA
EVER P R R Z BT EHEM LR, T
A ARl R LR A i — 2P T
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