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Z R ( Ziziphus jujube Mill.) FRER3EK
REMHRNIFIESETE
D™ MHE AFA B R TER? hRE? XS

CIIZRE ML RRA RS, AR IR B A B TR S TERE 250014)
CLLZRAO KA Bl 24 2R 271018)

R AA (Ziziphus jujube MilL.) A 9y A0 BIF AN AR 7= P2 410 O KB RE B2 U8, R B6 5 0 BT D = X Rl 4k ik
AR R 3 48 | Stk 832 R A R 43 25 4, i — 2038 /N2 i R R I I B D - 398 R L O 2 H SO B AT Y
3%k, 43 ic S DZ1, DZ2FIDZ3. 3k 34k 4 1 53 B8 W 30 77 S s ZE R RSy, rh DZIAIDZ23 i S 3K R FE (4330 k
368.73F1598.46 ng mL™") | 52 (273.56F1193.16 ng mL™") FIW| Ik 2, BB [9.247F113.85 ug mL ™" (ODygo o) ‘1, THDZ343 0 1%
&K (1754 ng mL") FI R FKFE (314.34 ng mLY) |, (HA=W|WE 2R H o FE A=A A # A {52 | 16S rRNAZE
R Y B R 40 % & W BT, #0258 8 DZIFIDZ2 0 ki 5 28 AT 1 ( Bacillus subtilis) , DZ3H2E AT B JE ( Bacillus sp.) .
5 J 3 33 3 AR 06 X 5 3k A R 0 B A R AR ORI AT A, 5 R, DZ1, DZ2MDZ3, JLHJEDZ1, XA R HAR
A A B H T4 5 R BB AR D, R T o A A AR MR R B RR PRV (B2 363 21

A AR (R AN DRI O s TR 5 5 R
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Screening and Identification of Three Plant Growth-promoting Rhizobacteria from
Winter Jujube (Ziziphus jujube Mill.) Rhizosphere*
MA Hailin'”*, XING Shangjun!, LIU Fangchun!, CHEN Bo?, DING Yangqin?, YAO Liangtong® & DU Binghai®

(‘Shandong Engineering Research Center for Ecological Restoration of Forest Vegetation, Shandong Academy of Forestry, Jinan 250014, China)
(*College of Life Sciences, Shandong Agricultural University, Tai’an 271018, China)

Aimed  The aim of the present study was to provide the excellent strain resources for the production of winter jujube
(Ziziphus jujube Mill.) bio-fertilizer. Plant growth-promoting rhizobacteria (PGPR) are important catalysts that regulate the
functional properties of agricultural systems. However, there is little information on the isolation and screening from winter
jujube rhizospheric soil. Therefore, bacterial isolates were isolated and screened from winter jujube rhizospheric soil by the
methods of remaining green and radish cotyledon bioassay. First, 832 bacterial isolates were separated and purified from the
rhizosphere soil using serial dilution and three-region streaking methods. Then 3 PGPR, with broad application prospects in
the bio-fertilizer production, were screened and named DZ1, DZ2 and DZ3, respectively. The plant hormones produced by
the bacterial isolates were quantitatively detected. At last, the three PGPR were identified based on the results of morphologic
characteristics, physiological biochemical properties and phylogenetic analysis of 16S rRNA genes sequence. The results
showed that none of the three bacterial isolates produced isopentennyladenine. DZ1 and DZ2 produced trans-zeatin (368.73 and
598.46 ng mL", respectively), kinetin (273.56 and 193.16 ng mL", respectively), and indoleacetic acid (9.24 and 13.85 pg mL""'
(ODygyp o), respectively). DZ3 produced trans-zeatin (175.4 ng mL™), and kinetin (314.34 ng mL™"), but no indoleacetic acid.
According to the results of morphologic characteristics, physiological biochemical properties and phylogenetic analysis of 16S
rRNA genes, DZ1 and DZ2 were identified as Bacillus subtilis, and DZ3 identified as Bacillus sp. The pot experiment results
showed that the three PGPR, especially DZ1, can significantly improve the fine root and aerial part dry weight, beneficial to
winter jujube growth. In conclusion, DZ1, DZ2, and DZ3 exert beneficial effects on winter jujube growth, exhibiting broad
application prospects in the winter jujube bio-fertilizer production. Fig 3, Tab 2, Ref 21
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LY AR BRAE 4= B (Plant growth-promoting rhizobacteria,
PGPR) 245 AE FHWREE . AR, X5 A KA 2 i 5k
Xof 5 J T A A POV T B A 25 40 B Ge Ak R SCRRIE B,
PGPRXF HEH A (K HLAT 8 35 A4 o/ © . PGPREE #k T 2 iff
YR R A, H9RAR RIBT )78 2 FOK S B RE 1, DA
{2 MW A W] B PGPRAEAR [l Y 8 48 P 7E — P2 3 B
955 DR 1) R B MG % . H AT PGPRAY i 8 48 F TAEL JR4E
HE AR AR B O, AR 2 B AR P B A . 2R
ARAEK K, MXF — AR EY R, BA ST — L%
A X FeE BT LE W BEVE 4544 LAk, RO BFSEIESE, PGPRE
BRI D, H, B4R & B AR AR TT R
PGPR {14 i 12 TAF A7 0 Y.

KA (Ziziphus jujube Mill.) R ZEF} (Rhamnaceae) &
JEAEY, R FIRE, BB AR =AM, Ve &
B, EFRFEEST AR A A A B R A — AR
BRI, FOME AT R bR T 52 HHERAR B 8 35 R s i b,
W 5 R R S A A LA R i —Fh S ROR R 2R T
IRT A W B B AL R i, A B AR 1 2 e R
TR, MUOEAR YA, IR BR SRR A K I B Y. A Sk
HiE, DB E SR I &, DA YIAR Pr i 126 PGPRiH
JCAE AR LA B A PSR, PGPRIT L ™ A —
SRR T, AR B AR S EY, fE HEAE AR
U 41 43 24 2R — R S AR A KR R
M5 24 K GBS HET A AW B AR A= 40 45 i 0L 38 e vy X L
BRIV E, SRR & T A E AT 2R F i, A&
TF 5% 5 % Abbasi®e A Y A= 9 12 0 6 07 361, &5 /N2 4R
ok 8 NI ORI R A I AE R, AR R B
e e e 7R A0 i 4 24 ZEAYPGPR, XA T T 558, HEW AR
T H AR AR A5 I, LU S PGPRAY i % 2 A4k A 30
T, AT AR R A I R AT R A TR R U

1.1 HIEMERKIE, EFENEKRFESE

MR B = 3B ok B AR 2 T N T Al Ry 4 HOR T
(37.22°N, 108.02°F) , 40 HH 43 & 4 A E B8 A VR NARK &85
FRIL, ANBRE IR LB S5 3L . 8 T B AR Bk, AR P
R B AN T = X R R kX 0 B B A 40 B 9 AT 4l
b, F38 ARG I T B Rk T 2l Ak, a4k i Y 40 AT S
S, YRRV, FE R LBRHA BT &
1.2 RGFEREHE
120 NEMHTRBISESE Pk BRI R . /A —Bm/h
FMT, RS FJCHE K Be . W SR K 43 e 1 R R B 37 10
W, g, 23 CRYRFRFE RS IR. 2436 W FE LR B A AL 2F
RESEIFP T, BT AR T, BB 5R. YE2FTHF]
LZE R, 255, 6 MRk SR 5%
122 MEAEHGAOFIE. EMESER 4 RE3 g, HAMKL
g, NaCl 5 g, 7K1 000 mL, pH 7.0-7.2. 4335045, £455 mL,
121 °C &5 5 2895, K 1430 min. 78 0 8 1Y TR 3% 5 L b 48 A—3F
P, BCAFRIRT, 37 °C, 180 t/min, £53524 h.
123 GRNHEFEBRRNE  H/NE K £10 cmF i,

19% g R

BBUNE S — R B B oK, fe . £ R & B
WHIMAS mLIERAK, Fike, $EahiR5, . SIS 3h
AEEN SRS MAS mLEEK, 7, 3RS, 1E
Joxt IR, FRRL BN BUR IR emZE A H/NEE, BASH
A [) 20 T A B RV Y 108 v, A 5B, 25 CRE & TiCE4 d
Ja, ARG IRER . IR RN A A GO B R R SR L
HEE3K.
1.3 & MAHEEERIE A

BT R RE R SR IR RN A T R T R A% TR
b TEBCAF WA S SR B TP AR, AR IR T, 37
°C., 180 r/min, 53724 h. Y435 FRar 00 4H 1 TR o AR B0
%, 3000 r/mingf.0>20 min. B EH R, 3 A KR 1 =M,
INA30 mLICH KA R, $RRA), . S A 3
F30 mLyg AR EE =L 00 = MK, N30 mLICTRK G B, #E3hiR
A1, AN IR, AL

B NP RS RIFFERG, BT — B/ T BEALEL
8h, REE, 1ok KO AR E M8/ T I A BT Ik IR 4R 1%
FRLH, Fro b8y, OB r) s WG, s
PR A 25 CIEFRAFEIRIEFR 4 d, #7728 & B i
B LIE . 4 dJF, IIEFRILARIBGH 7, ISR K EE, )
KA AR 53, BRE, D5k,
14 BSHFEMEBEUFER SRS ENE

M I8 Garrity 2 A 4 7 3™, X6 07 2 HH A4 400 T 4315 40 A T
ETEAS | R0 TR 25 B o AR AR AR TR R AT T . A
e RO 3 (HPLC) T A h A M &R & & (JRUE
KER W FE ARG FEMREES) |, 25 XS5 T
T VI 5 S | e 2, R ) 5
1.5 DNARYHEEN, PCR R Ri{A%& K 16S rDNA 5 E

PCRJZ W & % (25 uL) A Taqfff (5U pL™) 0.5 pL,
10xBuffer (Mg®") 2.5 uL, dNTPs (10 mmol 1) 0.5 puL, 3]
(20 pmol L™) 450.5 pL, #i4i1 pL, Depc H,0 18 pL. %
FHE A5 927F/1492R (IE M 514 : 5>-AGAGTTTGATCCT-
GGCTCAG-3’; I [75|4): 5-GGTTACCTTGTTACGACTT-3’) .
PCRZ ¥ 25442 95 °C 5 min; 94 °C 1 min, 56 °C 1 min, 72
°C 1.5 min, 304G 72 °C 10 min. PCR=#) 1% B g
WHBE B R DR A, TRAL 2B Je 0 )5, AE UVPEEAMEE IR AR &R
gt S RRAL. M TAEMAZE TAY T/ (1) ARAFSE
BT 25 R FINCBIELE 2 1 i BLASTHE AT AH UM 43 #7. 1l
JAMEGAA4.0 (Molecular evolutionary genetics analysis software
version4.0) 25 U, #%E Interior branch test of phylogeny
i) Neighbor-Joining Tree, #F1k IF B % i Jukes-Cantor:
B, REMA REAR L FE AL (Bootstrap) 1 000
W k.
1.6 TEEEMRRE SR EFHIALE

R T 20114F 47 9 H 7 LU ZR 48 Mol B 22 B 53 e ik 4o 1 [
AT, B o e, A L L O R O Y
43 910927.96 mg kg 26.52 mg kgfl179 mg kg, A WL
#6.83 g kg I LA AR B, A 3UR, M AbEEL, R
FEFMEMI TR (RIFRCK) 5 kb 3R2, $:FDZI1 (FFRDZL) ; &b
H3, $ERDZ2 (RiFRDZ2) ; kb3 4, $:FPDZ3 ({7 FrDZ3) . ¥
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@ KA (Ziziphus jujube Mill.) HFR3MRAL A 40 A 1Y VL 55552 43

i 1 HH A TR R A3 0 4 P NASE 3R 4L, F37 °C, 180 r/min, $2JK
R 9%2 dJE I CHE KR B2 2x10° CFU mL™. defA4 K —5m
— AL R G S, A% 9 ke, AR HE54
mLFG B D T A R AR R . 2011410 12H, SREAE
HRZ A AR, R AR O~ AR R % I0-1 mm, 1-5 mm
>5 mmiFE 7509, T105 CHEAE P AT 15 min, 80 CHE4E
b A 0E R, 0 AR R A BT

2.1 IRGERE NFHIEE LGRS R

IV I8 T s B 1 DA S AR B 8 v 43 5 S 832 4 B 43
BEY. AN R R IL TR A A N T L, R A
BE 3R A R A A SUR 40 B, 2 A DZ1, DZ2FDZ3. 3
PR A B 4 5 0 1) A 2 S0 T 7 06 45 SR A B IS - I 49 R K O o
ZER LR WLLFEWN, mENIRAE S EYE S R R
L3R R RBAE L, DZ1, DZ2FIDZ3f 8 N3 5 43 Lk
435 56.70% ., 55.96%7F139.82%.
22 WERABEGPEDERNESENE

21 i 4354 2R AW e 2, TR 2 EE B 0 HLA R AR VR R AR
W, WA A K A R R SR R, A0 A
YIREERNZ D, BEERASCRGZEN -1 HELE

B, ASBF ST E BRI T 3Bk A0 T A B R E KRR L sh
SO R RS N e 2R (D BE 1, S5 R AnFR2FTR, W]
DA, 30K A1 T 53 88 W 35 R 7 5 10 s i IR IEE RS, DZ I DZ.2
PR E KR sh F AWV LR, DZ37= R 3 ok E i
&, (A= Z 1. D225y W 28 5 K & i, DZ35r il
Wesh F i, DZI A4y 2 R AE A T Hi & Z ).
2.3 WESEMNESEHE,. BARSREIBECEHE

DZIfELBVA L85 9%24 hig R RTE A B, Fifijti,
BRI /N A (0.7-0.8) pm % (2.0-3.0) pm, F=2E4, G*, 4Hjifl
ELFFIR. DZ2AELB Y-l [ 155724 hg R EE A E Y], R
i, WA /NN (0.7-0.8) pm x (2.0-3.0) pm, 7= ZF 41, G,
40 A ELFPIR. DZ3FELBY-H 185 3724 hIs T 75K A A HLUA
FE, FREHLES, BRI /N (1.0-1.5) pm x (3.0-5.0) um,
PR, G, A ELFEAR.

3R AT 23 S W 10 3 AR B A AR AE UL 2 3. AT LU
DZIMIDZ25 Bacillus subtilisf) 15 X Fh A= B A= b F5 b B AT
MF A REAE. DZ35 Bacillus thuringiensisi 5 2 Fh7E JE 8 7K
fif 00 | 2 W SR R B 5L 0 BAFAE 25 5%, S Bacillus
cereusf) B FH7ETE MY K AR 56 . AT AR =R H BB R
LA ESR.

Rl REENE NFHHEEAFERLER

Table 1 The results of remaining green and radish cotyledon increase methods

{REEEER Results from remaining green method
45 No.

B NP E 458 Results from radish cotyledon increase method

EHI HED2 HH3 i FRRTE & Weight KR E R Weight after  H{EEF 4 Percent of

Triplicate 1 Triplicate 2 Triplicate 3 before cultivation (m/g) cultivation (m/g) weight increase (P/%)
X$H#& Control ++ ++ ++ 0.100 (0.009) 0.150 (0.011) 50.000 (3.934)
DZz1 -+ 4 4+ 0.097 (0.007) 0.173 (0.013) 78.351 (5.968)
DZz2 4+ ++++ ++++ 0.109 (0.008) 0.194 (0.013) 77.979(6.249)
DZ3 et — et 0.113 (0.010) 0.192 (0.014) 69.912 (4.371)

b RER e R BRI+
++++: Dark green; +++: Light green; ++: Light yellow; +: Yellow

R2 RS BMLESENEDHEMLNSE

Table 2 The varieties and contents of plant hormones produced by isolate fermentation

Hir's RAEARR WaR SR RS 5[k 2R

No. Trans-Zeatin (w/ng mL ") Kinetin (w/ng mL™") Isopentennyladenine (w/ng mL ") Indoleacetic acid (w/ug mL ™" (ODgyg,m) )

DZ1 368.73 273.56 13.85

DZ2 598.46 193.16 9.24

DZ3 175.4 314.34 -

- RN MIN 42 Not producing the corresponding hormone
3 HBENIINER
Table 3 Characteristics of physiology and biochemistry
HEAE Characteristics Bacillus subtilis Bacillus thuringiensis Bacillus cereus DZ1 DZ2 DZ3

WHREAEIREE Glutin hydrolysis + n ¥ + + =
VEN K fEER IS Starch hydrolysis = 4 + _
M5 EE Indol test _ B N ) )
R-ARIE V-P test + d ¥ ¥ i +
SR #5185 Nitrate reduction test + 45 T T 4 ND
Frg MR bR RIS Citrate utilization test + + + + i +
Hi%jHEr=< Gas production of glucose - - B 4
H &R Mannitol + . - T 4 4
BefuhEEHALE Mannitol + + + + + n
YRR ERFRLS Lecithinase test B d - ) i i

o B -2 BATE; d: 11%-89%AE NITE; ND: RillE
+: Positive; -: Negative; d: 11%-89% positive; ND: No determination
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99 | Bacillus subtilis (AJ276351)

100

19% g R

92

96

82

93

DZ2 (HQ143563)
DZ1 (HQ658629)
Bacillus humi (AJ627210)

Bacillus acidiceler (DQ374637)

-

Bacillus thuringiensis (D16281)

00 Bacillus cereus (AE016877)

75

DZ3 (HQ143564)

_|:Bacillus bogoriensis (AY376312)

Bacillus lehensis (AY793550)

0.02

Enterobacter hormaechei (AJ508302)

Fl1 ET16S rRNAKE R FHIY R 50 & B
Fig. 1 Phylogenetic tree based on 16S rRNA genes sequence

2.4 16S IRNAEFEFEF S
BDZ1. DZ2F1 DZ31116S rRNA K [K 7 471 41 22 GenBank,

JE AR i 2 HQ658629 . HQ143563 . HQ143564. 34k 41 1543
BYS R G R 2 R ILEL, AT LLE H, DZ1MDZ2
5B. subtilis[al ik T — >33, FEALIE B iR I, DZIMIDZ2H)
16S rRNAJL A 91 5 B. subtiliss ( AJ276351) HARALIE 23 51
K 98%F199%, L5 G iy Ifi A B A= £ 25 S 4 I 5 2 il R 2
AT (B. subtilis) . DZ3[AB. cereust) ¥ ik 15 2 k. DZ3
f16S rRNAJL K 751 5 B. thuringiensis (D16281) i B. cereus
(AE016877) By AR 20 99%, (B Ho A= ¥ A {45 1E 5 B.
cereusfB. thuringiensistIAE{E K2R, B H K E N2 AT
)& (Bacillus sp.) .

25, 453
0-1 mm 1-5 mm .
% = > 5mm —O0— Hh #FE ShootDW 51 %D
S0t — z
£ e L] 1P
zasp [0 O RO I R
5 ) st I P
S ]
g 10}k /% 1s?
=] b i
- b > in g
Ne 5| i
5{3_ -
139 =
=)
c a b b
0 : : : 37
CK DZ1 DZ2 DZ3

50 4b3E Treatment
P12 AN [R] Ak B A AR 2R 2 b 78 A R
Fig. 2 Effects of different treatments on the dry weight of roots
and aerial parts of winter jujube

2.5 THikEHRRT - FRRE SR

A Ta] 1 6 Ak T 28 AR 2R R b T B 5 ) 45 2R
WE2FT7R, W LAE Y, AR A B A A AR R )
FRAR R T . [W CKALFEAR L, DZ1, DZ2FIDZ34b
FHAY0-1 mmiR BRI 139.46% . 24.95%H127.85%, 7= ik .3
JKF. DZIAL B 1-5 mmAR & I 25 i T HAR 3L BE, DZ2F0
DZ35CKZ M 2E R AR E. T 208 R WK, #4540 3 2 [i)

>5 mmil RAY) 22 7R B EKE. DZIRYH A9 5
s, 4B ECK, DZ2MIDZ3# R 15.75% . 7.67%F16.35%,
R DZUEHEF0-1 mmAll mm-5 mmAR & | # R BT HAM
M Y% T 4 2 T DZ2MIDZ3. L AT AT AL, 7k
HH3FRPGPR, Ju HEDZI, SRR A K Fsh B4
TR BE R AE .

A HLAIE R i — el 2R 25 0 AR AR g R B
FHURERE G, £ B AR i R s T, GEA Y
AR AR, TR BIAE PR R AR 1 ™ O 2 B TR R T R S
RIS 1 A 4 ERE A 7 R FH %) B R R 3, A o & A O 22+ &
H & A PGPR, 243 A Wy AR R4 i A rpr () S SR BR Y. 7
PGPRAYAE AL ML B A, 38 2 77 A A ) 38 38 R A A K R A7 9
A, SRR AR A, R E R E R
FRAEHNED S E, HoWm2 /s, AR T 2R
HE BRI — AT B R AR AT T 1E SR 0 2 7 [R) 45 45T 1R
ST UM IR A R B 220, SR W AR AR R R B SR ES . IR AE
MRS, R FEYRSAW K, RIATFZ
WS B AN M0 2L R A A B VR, TR RIS
T, ATRAR R A SRR AR, RBUNTE A R E
WP R AE R, BB Lk, ft, RATEE A
P £ ) T 2 O s 1 A Ak SR A I A TR . AT R AR
SR R, INAAAR PR 584389 L 4lifk H 324K AN T 43 5
Yy, FIF/NEN R ek w06 STRR Y B Y, SRIG S5 68 b
T I 1 R A DU AT TR 4 S W 4 A D B R S R T
Tk H 30k LA 1 FHES 7 A R A AR PR A A 4 1 DZ 1, DZ2ANDZ3.
PR Ay B RE Sy I R S DZ2, Hm A Ay B E i
800.86 ng mL™'; 5% 55 19N DZ3, P /3 2L % i }9489.74 ng
mL™"; DZ17= 443 ZL 24 FDZ2 M DZ32 [1]. HussainE A F]
R A5V 2L — LI 5% — R I B S84 T R O A T 120k
Y1 73 4 R A AN BT, H R 0 o 24 2R A R R R P 4 L 4
SR B N416.73 ng mL " W[ UL ) ASHIE ST BT O R T bR P A0
it 7324 2 158 14 T Hussain A\ B i Be Ak A< 5 T 0 B e
DZIFIDZ2TAAFE 4351 4713.85519.24 pg mL™ (ODgyp 1),
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@ KA (Ziziphus jujube Mill.) #RPRIVRAZ L AN I v 55552 430

5N I AR A E, PR TAARE 1 — k.

[ N A 2 0 158 PGPRIV R JE MR 2, H P A0 35 795 4T B8
J& (Arthobacter) . 1 Vi £& /RS A J& ( Burkholderia) .
AR B (Azospirillum) | FEWH & (Alcaligens) | Wi
K@ (Serratia) . T & )& (Enterobacter) . [F A H )&

(Azotobacter) . WHEAAKEE (Klebsiella) . I H &
(Bacillus) L) B AR B M 74 & ( Pseudomonas) 2% %29 (B B
RA il 5 4 A PGPRIY M 55 ] 18 . AS 5% 380 o0 % T 5 o AR 0
T MEE | A AL AE | 16S IRNAKEH P B K R85t &
B2EIHT, 4 DZIFDZ2%E 5 WG B 2E fFF 1 (B. subtilis) |
DZ3%5 58 N2 AT 8 (Bacillus sp.) . 3% PGPREA Bk I i 4L
U e g5 5 0 AR A PGPRAE 22 45 R B A MR Z Ab.

F K T &5 AL IE S\ A AR B 4 8 vp 0 % Y 3 R
PGPR, JUHJEDZI, XA AR (0-1 mm) A+ ¥ 5
Z24 FWAEH. PGPRXT 4 e 5 f4) 3 hy M & HLAE SR B
PR R, K4 PGPRYERIMIAR b B A 35 vk, AEE L TR
b, A BE &1 HAR AR Y. M, BAE A EH K PGPRIFAR
— B W ARG, R, £ EPGPRIYK NI, AR
Wi 25 4 A W IR R R AT, SR RO 45, BN R4 .
3 ol A S RO IS IS S AR R AR K

IR YL R, AT 2R 0 e 1 9 38R PGPR, JE L& DZI,
#t—2 T R AT A YRR A& TAE.
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