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Abstract The use of plant growth-promoting rhizobacteria (PGPR) to enhance plant growth and development is a no-
vel, green, and sustainable agricultural strategy. In this study, microbial strains were isolated from rhizosphere soil
samples of Elaeagnus angustifolia from the western edge of the Tarim Basin, and evaluated their phosphate-solubiliz-

ing, nitrogen-fixing, ammonia-producing, and other growth-promoting abilities. Through the re-inoculation experi-
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ment, the growth and physiological indexes of plants were determined to verify their growth-promoting effects. The re-
sults showed that 66 bacterial strains were isolated from the rhizosphere soil of Elaeagnus angustifolia, among which
10 strains exhibited three or more plant growth-promoting traits. The Pantoea strain SZ1 possessed six growth-promo-
ting characteristics and showed the activity of four types of hydrolases. After re-inoculation of strain SZ1 into the seeds
and seedlings of Elaeagnus angustifolia, the germination potential, germination rate, root length, seedling height,
number of leaves, stem diameter, and fresh weight increased by 76.47% , 64.00% , 53.61% , 50.98% , 32.47% ,
51.49% , and 51.27% , respectively, compared with the sterile water control (CK1), and by 70.45% , 65.32% ,
49.21% , 48.98% , 30.52% , 42.99% , and 51.94% , respectively, compared with the blank NB medium control
(CK2). In addition, chlorophyll and leaf nitrogen contents increased by 26.35% and 40.54% over CK1, and by
23.84% and 35.58% over CK2. The activities of antioxidant enzymes (SOD, CAT and POD) in the leaves were also
enhanced by 21.46% , 29.18% , and 33.74% compared with CK1, and by 19.90% , 17.82% , and 31.81% com-
pared with CK2. In this study, 10 strains of rhizosphere bacteria with multiple growth-promoting functions were

screened, among which the Pantoea strain SZ1 had a significant growth-promoting effect, providing important strain

resources for the development of microbial agents/fertilizers required for promoting plant growth.
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AL FE bR SZ1.S76 F1 SZ21 45 A A6 I 45 5. 4
K2 iR, WREE& B A M= 6e 0, vl ad %

PRI 3 v SR 0l R, M S AR ) 4
IR e A R AR,

E1 DERGAFNSE

Fig. 1 Isolation of rhizobacteria from Elaeagnus angustifolia

B2 DERERARERSREENEN

Fig.2 Traits of nitrogen-fixing and ammonia-producting of Elaeagnus angustifolia rhizobacteria

2.2.2 EEEREA M KA ERARIN 66 PR
ATV W RE e, 25 R R, 2 MR AN TR (A R
SZ1 1 S721) & MBI i BE 71,3 RRAN TR (1A
Pk SZ1 8721 Fi S730) 45 WL e 1. Wi
PR SZ1 B A MLEE VS Wi B B A2 R 3. 24 cm, T BE
S721 A 3. 16 cm, [# Bk SZ30 K 2. 67 em, B FE
SZ1 (A MLBE A BB B A2 (D/d W M) KT Ak
S730, 5tk S221 Ll % % 5. Wtk SZ1 Mt
WL A MR E 12 (3.76 cm) KT Hikk SZ21(2.95
em) . HohE R SZ1 1 SZ21 [l B4 A HLEE A

TeHLIRA AR RE S (B 3) | R 1Y SR Y AT Vs A 1
TG H A 0 ol MR s o R A R R E
2.2.3  FHEMAREA>N 37 HRAEBEETE
CAS HrlRr 7R %L AR U I 2L & =k gk Ik p
TS0 TR PR A I 25 SR &) 4 BTR ., B AR SZL
SZ10 F1 SZ30 7= Bk 4R I M g, o Bl ik #
52.02% 48.42% H137.01% ; ZH0 R 7= B AR TG
PEAE T R 85 7KK (20% ~30% ) , ATtk SZ6 ,S713
M SZ17 45, HA Bk SZ1 Pk iR iG v,
o T A TR , 0 R B )RR RE T (R 1)

B3 DERREEEBENNE

Fig.3  Phosphorus solubilizing capacity of Elaeagnus angustifolia rhizobacteria

B4 DERRAEET RGN E D

Fig.4  Qualitative analysis of iron siderophore producing capacity of Elaeagnus angustifolia rhizobacteria
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2.2.4 R LB (TAA) 2 #L48 h 547 TAA 4%
WAAE 7 RE PRI 45 R R TE 66 AR PR AN
A 11 BREA W TAA RETT . FF0 Wk 3E 57
W A RN 5 s, Horp itk SZ1 2L A,
260, B S R T A B bR, SRIA TR SZ1 19 TAA 43
WARE ) ik, E AR INAS R BN (R 1), WAk
SZ1 (9 TAA 7754 29. 10 mg/L, i & 5 T HA
B (P <0.05), W ¥ SZ21 1 SZ5 41 5l Ky
21.91 mg/LHI17.72 mg/L,

ES5 DERRMES D IAA EAEER
Fig.5 Qualitative analysis of indole-3-acetic acid (TAA)

secretion ability of Elaeagnus angustifolia rhizobacteria

x1 DERBRARESTKEER IAA FFEEERUER

Table I  Quantitative detection results of siderophore and TAA secretion characteristics rhizobacter of Elaeagnus angustifolla
LS FERRER ARG T/ % IAA/(mg - L°") [EL7S FERR BRI T % TAA/(mg + L°1)
SZ1 52.02 +0.33a 29.10 £0.33a S734 33.14 +0.45¢ -

S72 18.78 +1.53s - S735 10.65 £0.52x -

S73 - - S736 11.12 £0.33x 1.15 £0. 15h
S74 27.05 +£0. 16kl - S737 - -

S75 28.71 £0.57hi 17.72 £0. 08¢ S738 20.95 +0. 68r -

S76 24.45 +0.620p - S739 12.03 £0.61w -

S77 - - S740 - 2.13 +£0.43¢
S78 25.68 +0.44mn - S741 - -

SZ79 - - S742 - -

SZ10 48.42 +0.43b - S7A43 - -

SZ11 - - S744 26.23 +0.85lm -

SZ12 23.77 +0.17p - S7A5 13.55 £0.75v -

S713 23.98 +0.23p - S746 12.84 +0.42w 3.25 +£0.53f
SZ14 22.95 +1.65q - S7A7 13.98 +1.02v -

SZ15 - - S748 16.44 +0.50u -

SZ16 20.46 +0.59r - S749 - -

SZ17 24.34 +0. 19p - S750 35.42 +0.40e 0.62 +0.43i
SZ18 - - S751 - -

SZ19 - - S752 24.57 +0. 840p -

S720 - - S753 25.26 +0.91no -

S721 27.32 £0.43jk 21.91 +0. 14b S754 - -

S722 29.83 +1.02h 6.80 +0.22d S755 - 3.10 £0.03f
S723 - - S756 - -

S724 - - S757 18.05 +0.57t -

8725 31.97 £0.75¢g - S758 - -

8726 - - S759 17.58 +0.43t 4.33 +0.10e
8727 16.90 +1.65u - S760 - -

S728 29.34 +0.76h - S761 - -

8729 - - S762 - -

SZ730 36.95 +1.65d 1.22 +0.13h S763 24.01 £0.37p -

SZ31 27.99 +0.76ij - S764 - -

S732 - - S765 - -

S733 37.01 +1.24c¢ - S766 32.62 +1.15fg -

AR NEFRFRIRZF L (P<0.05) ;% - " FRRHATE

2.3 EHRKBEEERENFIES T
B AR R 66 HR AN EAT Bk e A
Rtk i, 2EA 10 BR02 A= 40 A B = Fh & UL BB
fRARIE, BEFEIX 10 BRAE A= 40 B HE AT /K A B
PEFIAE AR AGIN | 7K A il % 0 3 SR R
10 BR e A= 40 pR 7 LT B AR i 25 S B, 7

A A A0 DA L SE A KA T 1 R N 4 4 2% 3K
S BH M R Bk SZ1.SZ10 8730 ,SZ50 K S7Z66
TEA SRR A S A, Al R IR Es AR
78,10 BRIEA 4B V-P 562 2 M 6 FRAE A= 40
PR AGEFR SR A FH U0 522 BH 2 5 TR Bk SZ1 .76 ,SZ21
F1 SZ30 7 MR 1 H, S 5 P 2 M (E 6)
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E6 bEMRBRE AR EM KB R K FEEE R
Fig.6  Biochemical reactions and hydrolytic enzyme activity characteristics of PGPR isolated
from the rhizobacteria of Elaeagnus angustifolia
LR Mk A B Pk

Green indicates positive; White indicates negative

2.4 BEHREKIFHESW KB B RRAE 28 ~37 CIE B A K R 4,55 C

MIRJE ERREE K pH = AN 10 BRARBRAE B AR AR K SZ B, 584> R SE T, 65 C {5
AW AR ER T, S5 RERY WARATFE AR (B 7B) o pH MNAZE R R | bR AT 32
NaCl ¥ JEH 0% ~5% (80 s FR3EPIE  pH 3 ~9 BB, Hoh /e pH 9 &4 N A K
WK, 10% WETARKZINW RS, mik 2R, U RS A 7 a4 K
SZ1 F SZ14 FET- (K TA) o R EE RS B BoR (K70),

E7 DERRMEEREEREFERD

Fig.7  Growth characteristics of PGPR isolated from the rhizobacteria of Elaeagnus angustifolia



34

57

2.5 EHREELER

2.5.1 WBAEFEE 10 MARBRME AR H L A2
YRR S Qe g5 R R 2 K 8, L
AR R HbR SZ1 A SZ21 i 24 PR, H
A 8 BRI AL 2 PR

2.5.2 pFABFEE MG 16S RNA JFH
XTEE 5 WAL 10 R AR PR AR A T 1 0 28 i o7
(E9), Hikk SZ1 Fl SZ21 J& T2 %)@ ( Pantoea) |
Hi4x 8 ¥k (875 .S76 S710 . SZ14 S722 .S730 . SZ50
H1 SZ66 ) J& T ZF- AT i & ( Bacillus) .

2.6 RERMBEEXTEMEKIBRNZME

2.6.1 ARAFMSFFRAFOH R AR
A= TR AR BT VD S —F 1Y) e 25 38R R SR AR
HRM . BERR SZ1 AN PR R B, KAk
ZERIRIHN 37.50% 1 51.25% , B3 & T X R
ZH (CKI1 ,CK2) (P <0.05) , Fitk SZ21 F1 8722 Wi

ZHA A 5 RN =7 (47. 50% .45.00% ) , H:
HER PR SZ1 Kb BT ) R R 2 A R TR A
CK1 41Tt 76.47% F1 64.00% , 55 CK2 4T}
70.45% F165.32% (1K 10) ,

2.6.2 RIFEERASERNGERG R W
23 M 11 FiR, E bk SZ1 ZEAE VAR R AR Ky T
Tt W E R T HAE R (P <0.05)
TERR T , Eibk SZ1 . SZ21 1 SZ50 ¥ B A %o
MIAE A A F, L T PR SZ1 %R B AE (12. 38
em) . BEIRE SZ1 FI SZ21 kb B & 25 47 = g v - e
B0 T AP | Rikk SZ5 F1 SZ6 PIZHANEE S
XFREZH (CK1 . CK2) T 25 5% (P >0.05) , 2%
FEFN 8 555 1T, BRI B SZ1 55 SZ22 W E A T A AL
H(P<0.05), Zf EFrR, Wbk SZ1 5 S721 M4
S FRAEAR HE VDA A K AR bRy T 25 R T
¥k SZ5 F1 SZ30 RERANXT 45T

x2 DERBRRERERSFEE

Table 2 Morphological identification results of PGPR isolated from the rhizobacteria of Elaeagnus angustifolia

(173 R3S [ESIZS by S
Sz1 WO, REDEH , AEW] LSS PN B UIRN B
S75 FLA G, RS, OB WG AEEST  AEN] RN FIE RN PR
S76 FL, RIEDEN ANEW, G5 BN ATE FrAk PR
SZ10 FIL SRR AN IB Y A RST R RIE FrAk PR
SzZ14 T R AEN] WSS RN BE FrAk PR
s721 B R R ST TR RE RN B
S722 P SRIEDEH O R RBEY, G A JBR N R RN PR
SZ30 FLE, i T AR, A B WG AREST R BE VRN PR
SZ50 P SRR A SO, RIB Y G ARST B RIE FrAk PR
SZ66 P SR IER TR AR ANE D] GRS RN RDE UIRON PR

B8 WEMIMRMREEREELS(A) MEEFERES(B)
Fig.8 Colony(A) and cellular morphology(B) of PGPR isolated from the rhizobacteria of Elaeagnus angustifolia
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B9 ET 16S rRNA EFFFIH 10 (kP ERFBEFRFERBE NN

Fig.9 Phylogenetic analysis of ten plant growth-promoting bacterial strain from the

Elaeagnus angustifolia rhizosphere based on 16S rRNA gene sequences

E 10 AEBEHRCENDEMFLEFRENRIER
Fig. 10 Growth-promoting effects of different bacterial strain treatments on the germination of Elaeagnus angustifolia seeds
ARVNG TR 22 57 W3 (P <0.05)

Different lowercase letters indicate significant differences( P <0.05)
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Table 3 Growth-promoting effects of different bacterial strain treatments on Elaeagnus angustifolia seedlings

LS K/ em PR/ em Y A 25/ mm fif i/ g

CK1 9.83 £0.83g 8.20 +0.96e 10.04 £0.84h 1.01 £0.17f 0.73 £0. 12f
CK2 10.12 £0.41¢g 8.31 1. 14e 10.19 £0.67gh 1.07 £0. 18ef 0.77 £0. 14fg
S71 15.10 £1.24a 12.38 £1.01a 13.30 £0.94a 1.53 0. 16a 1.17 £0.12a
S75 10.29 +1.03fg 8.41 £0.71e 10.22 +0.74gh 1.13 £0.13de 0.78 0. 171g
S76 12.33 +1.40e 9.71 £0.73¢ 10.33 +0. 86fgh 1.22 +0.10¢ 0.87 £0.06de
S710 12.25 1. 21e 10.08 +£0.81¢ 11.48 £0.74¢ 1.10 £0.08de 0.90 £0.08d
S714 12.01 =1.85e 9.74 £1.62¢ 10.59 +0.95efg 1.36 £0.07b 0.87 £0. 10de
S721 13.83 +1.50be 11.41 £1.30b 13.07 £0.90a 1.51 £0.09a 1.13 £0.10a
S722 13.14 +1.81cd 10.11 £1.76¢ 11.04 £0.74cde 1.46 £0.08a 0.91 £0. 14d
S730 10.99 +1.24f 9.10 £0.93d 10.78 £0. 63def 1.08 £0.20ef 0.81 £0. 13ef
S750 14.26 +1.64b 11.84 +1.05ab 12.48 +1.20b 1.34 £0.10b 1.06 £0.07b
S766 12.49 +1.22de 10.35 £0.74¢ 11.22 +0.68cd 1.16 £0.17cd 1.00 0. 15¢

AN FRRREREE(P<0.05) K 12 13 [F

11 REEERASEI D E KRBT

Fig. 11 Effects of different strain treatments on the phenotype of Elaeagnus angustifolia
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2.7 RERMEEE X ERR E RIS FRAI RN

MR R S S AR R A R YL A R
FHRCR A E 48 b, N 12A 12B FioR, B #k
S71 876 .S721 SZ50 F11 SZ66 Kb BRZH M4 R &
ORI 3 A A 0 3 T IR ZE (CKT  CK2) ,
Mk SZ5 Zb34H 5 CK1 F1 CK2 #2557

(P>0.05), Hrh Btk SZ1 kbFRLH 4 2 5
i S AR S B o, B CKL A 4R
26.35% F141. 43% , 8 CK2 43 5 #2  23. 84% FI
35.62% AL, BkR SZ1 AbH i 3 R b v
2R R LR MR E W, B8 T O A VE R
RONFEMRAE AR T R 8 35 R

12 FREEHRLEXNDEHERSE(A) R SRE(B) KM

Fig. 12 Effects of different strain treatments on chlorophyll content (A) and leaf nitrogen content (B) in Elaeagnus angustifolia

LA AL (POD  CAT . SOD ) i M 2 i F A
LA ) O R A M D RE M S8 AE
SOD &M 7 1T, 10 41 AL 3 (%) SOD 3% 34 i 2
FHAXTIR(P <0.05) , H A E bk SZ1 A4bFR 4 f
i, i85 241. 47 U/g, METF CK1 AT CK2 43512
1 23.66% F119.78% (& 13A) , 7E CAT &7
167,10 ZHALFR 8 ZH AL (SZ1 ,SZ6 .SZ10 SZ14 |
S721 8722 .S7Z50 i1 S766) H CAT iGtE B &= T
CK1 Fl CK2, HL 4T Ba 4 | 22 N 3, Hor
bk SZ21 KB A, CAT 1% P = ik 66. 28 U/g,
AHEL T P2 X R 43 4 8 35.32% A1 31.33% , 1
PR BR SZ5 F1 SZ30 B4 5 CK1 Al CK2 #1763 2=
S, 2% B HORH A Rk B S Ak i B O Y VR R A 8
(Wl 13B)., £ POD & M7 1, 345 5 41 kb 3
(SZ1.S721 ,S722 S7Z50 F1 SZ66) POD i P44 g &
ET P4 IR (P <0.05), o Bikk Sz1 413
Pl AE, POD 7 M 5 1k 248. 49 U/g, # CK1 Al
CK2 43 5 $ 155 33. 75% #01 31. 81% ; i bk SZ21 #i
S750 Wz, H 4R o e # 2 5 (K 13C) .
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E13 AEEHRGEXDEMNF
e EE R
Fig. 13 Effects of different strain treatments on antioxidant

enzyme activity in Elaeagnus angustifolia leaves

3 i @

VP ( Elaeagnus angustifolia ) & — F ifi N £h
BT SRR EE Bl AP A, Tz 0 T B R
A BB A SR B A S
AT R, Ay B AR AR AE 0 58, 3 8 B P ROR
ISP H Y 2 B AN A, R 3 O A 2
B2, SR, K R AL TR RN AR 25 48 A
SRR I AR KR F LAY o 7R A R
Wi, AHHEZ T A 4 AR B AR ) 22 PR B8 A 4
TeRIAE RE A S B ASR , ANLRE A [ IR
A, BLAEH BRI 5 25N B S0 R AR B A
KRB 35 AR R A e A B
NHEARZITZ BT BTV AR BRI A Y Y
WA il . 2% TR HAE KB R R R v
IR PR RE , VD AR R TT RE 2 & A IR O TR
g o PRI AR WF S 51 % VD AR PR A= M) T R AH
KL

FEPIARBRAE A B ( PGPR) [ H 228 [ &( L ™=
2 SERE T EREAR R WA KRR S 2 A 4
PEEERRE ST Sl O LR U W K
HP B E i, AR 24 i it
SR S C o3y 2T 7 A O SO ot 373 3 T G
Wy AN AN e 3ok P8 WA P 472 o L 00 0l P R WAL o
I A o WA A i — 2D AR R A K Kk
B 52 A AR 4 B A5 3
IR PR 17-7 A0 LG, AABF 58 S PR SZ1 Fn SZ21
BV i A DB RE 7, HLAHED L] 5 25 [ i

AR5 BRI T, AT Bl T A B R A A=
EHEER s, RETEY BT RV, # ik
KDZ3 Fl KDZ4 B2 W% I TAA FI7P= k28 ik
SRR AR L TAA S35 5 12,5 me/L
13,2 mg/L, BL T A 55 o B9 B Bk SZ1
S721, AN, BkE SZ1 Fl SZ21 H 44 /S Fh e A 4
P, R R AL AR T

Ptk SZ1 1 SZ21 & T2 W& ( Pantoea ) ;
Witk SZ5.S76 . SZ10 . SZ14  S722 . SZ30 , SZ50 #il
S766 )& T2 AT 18 & ( Bacillus ) o X HA> 1 &
AR Z YR CgaE S AR, ZRHIER
FR-S VR 22 18] () S AR IR AE HEAE 5 - IR i
FOK f BTG A1 AR 0 A R 30 08 S A
AREPE Y S NS AR B A 18 v 43 2 15 31 7
Pantoea agglomerans TY15 E. 2 [& % | ff 80 | F= 8k
RN TAA PUBDGR AR Rt 3 ok 1m0 42 1 4 T A
ZiEE Y AR, 2 R kA R
P18 7= A 28R A R A G AL BB 0, S 34 S W A
500 mg/L DA ZEALFF B R AR AT 2 Rl 2
HERE A R PR FHBILL . D EEAR B 4 i i
SRR Bacillus sp. J1 Fl Bacillus sp. G4 EH
£ R IIRE , I 28 R I IAIE , PR B AR TR A 1l
RS 2 4 i A R 2B A R 2 o R
BN AT 2 W BT U 6 2T B ( Bacil-
lus aryabhattai) BA Vil W IR Eh Ko A BR A 1Y
fiEJ7 , BERE TR 52 SE AL RN L fiS Ak it | I3 i 20 A
b5 €Y 11T iy NSNS

MER AR R A E T RO Y, RS
5GRE RS R AL = R BT TR
AR kB R RS, Rzl
Rtk SO IR TRE B IR RSN R R 1 L R R
A S WA 1 A KRS S PSS, AIFSE
1 AR LI VT A AR 1 A 80, R S B R
SZ1 Je¢ S721 AbBRR 4l i AR K AR bR SRR S
A SRR ER TR, ZE R 5042 HW
Jo A TR LE R A R 2 O TSR 45 TR A
/RS

FERFEAEE ST AP AR 0 5 B R K 7
PESA(ROS) , Qi % B 3 7 (0, ) 23 [ d 5t
( - OH) fid A LS (H,0,) %, i 8 /) ROS 7] 5]
K NG AR A0 B 5 , 2 i S B ZE AL S
AFRDIRERIENS L R AN R AR RS A
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P ROS™ . SOD i Ak 8 4 I B LAk O,
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