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W B A RBEE (Cerasus humilis) R AL B WAERET , UK EREAATM, XA LR YK E 0 HHEMN
TR N R E R MR AR B R K R TAA(H % L) AT S A R, SR B 3T 16S tRNA 7 2] A
GREANMBANSER, FRET A BFW T AREHRIAN — RO R EB D, WA E Q8 EEAAE 50.64~127.40
nmol - h™' - mL™" B4k Y3 & BAR A NLEE B4 1.28~358.90 pg - mL™" B4k N23 5 & ; B Ak 7A THL#E B4 6.29
~143.61 pg - mL™ MK Y2 BB AR A K TAA B2 14.24~70.48 g - mL™ | F#k N22 S, T AR 2 a0
LOEAR Y3, Y4 RILW )T Z BT SR A, 7T A NaCl R B K 30% A & pH B0 13 B9 &t T EW £ K, B HwE 78
AL A4, 16S rRNA F 7| 2 5 K B 04T 4 &, B4k Y3.Y4 # & # Bacillus sp., B # N23 \N22 # Pseudomonas simiae,
H Ak N1 Brevibacterium frigoritolerans , B % Y1.Y2 % Achromobacter marplatensis, #F 5% % B Wy W ER A H ELH %
MR EFEE, THESTAHMEDEARN(HE)REEREN A LZERERLREFRERREA,

SRR WA AR R MR R A K R TR
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Isolation and identification as well as growth enhancement
and saline-alkali tolerance properties of Cerasus humilis
plant growth-promoting endophytes

BAI Jie',YAO Tuo',WANG Zhanjun®,LEI Yang', YANG Xiaolei', ZHANG Wei'
(1. Key Laboratory of Grassland Ecosystem, Pratacultural College, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
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Abstract: To obtain Cerasus humilis root plant growth-promoting endophytes, PGPE, we took the root system
of Cerasus humilis as the research object and used tissue homogenization method to isolate and purify cultivable en-
dophytic bacteria to determine its nitrogen fixation, phosphorus-dissolving, phosphorus-solubilizing, IAA production
and saline-alkali tolerance properties. We also tried to use phylogenetic analysis of 16S rRNA sequence for prelimi-
nary identification. The results showed that the 7 isolated strains all showed a certain growth potential. The nitrogen
fixation activity of strains was within the range between 50.64 ~ 127.40 nmol + mL™", and the Y3 strain had the
highest nitrogen fixation activity. The dissolution of organic phosphorus strains was within the range between 1.28 ~
358.90 pg - mL™", and the N23 strain had the highest capacity of dissolving organic phosphorus. The solubilization
of inorganic phosphorus strains was within the range between 6.29~143.61 wg + mL™", and the Y2 strain had the
highest capacity of solubilizing inorganic phosphorus. The content of TAA synthesized by the strain was between
14.24 pg - mL™" and 70.48 wg - mL™', and the content of IAA synthesized by the N22 strain was the highest. In
addition, the Y3 and Y4 strains showed a wide range of saline-alkali tolerance characteristics and grew normally un-

der the condition of 30% NaCl concentration and pH of 13. They were extremely halophilic and alkalophilic micro-
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organisms. As a result of phylogenetic analysis of 16S rRNA sequence, the Y3 and Y4 strains were identified as

Bacillus sp. N23 and N22 strains were Pseudomonas simiae. Strain N1 was Brevibacterium frigoritolerans. The Y1

and Y2 strains were Achromobacter marplatensis. The PGPE isolated in this study contained a variety of high-quality

growth-promoting properties, which could provide excellent strains for the subsequent development of microbial in-

oculants ( bacterial fertilizers) and play an active role in the development of green agriculture.

Keywords: Cerasus humilis; plant growth-promoting endophytes; nitrogen-fix; phosphorus-dissolving; phos-

phorus-solubilizing,, plant growth hormone (IAA) ; saline-alkali tolerance
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1.1.1 HSHkRALE FRERESRETTE

TG EA DR N K 7 B 6 T 7 B iR, JE T A
AR AT AR M A, LR A D+ RAERR 2 A
PR R R A TCTH A B4 bR ma 9 44 ) SR 42
H R T ok &, 32 1] S50 2= UK AR H 4°C IR A7,
AT R B

1.1.2 #X3z %% LB(luria bertani, LB) [ {45
IR RE AN 10 g, BERHREUY 5 ¢, NaCl 10 g, 31
JI§ 15~20 g, %MK 1 000 mL,pH 7.0'")

King PG AR 9738 5 (1K 20 ¢, K,HPO, 1.15
g,MgS0, + 7H,0 1.5 g, N =% 15 mL, L- 4 &R
0.1 g™,

JoHL#E ( National botanical research institute’ s
phosphate, NBRIP ) ¥ {& K% 7% J&. 5 4 M 10 g,
Ca,(PO,), 5g,MgCl, - 6H,0 5g,MgSO, - 7H,0 0.25
g,KCl1 0.2 g, (NH,),S0, 0.1 g, M4KFH 1 000 mL,pH
6.8~7.0""

54 R ML B 7R 5L . MnSO, + 4H,0 0.03 g,
Fe SO, - 7H,0 0.03 g, CaCO, 5.0 g, %5 ¥ 10.0 g,
(NH,),S0, 0.5 g, B/ 0.2 g,NaCl 0.3 g,KCl 0.3
g, R 0.4 ¢, VAR 1 000 mL,pH 7.0~7.5"%,

NFM ( Nitrogen free medium, NFM) 1% # 3.
CaCl, - 2H,0 0.02 g, MgSO, - 7H,0 0.2 g, K,HPO,
0.5 g,NaMoO, - 2H,0 0.002 g,NaCl 0.1 g,KOH 5 g,
SRR S g, EWE 10 ug,0.5% 13 1 B E 5 mL, B
i 20 g(FRKEFREE) B2 g (CRREIAREFRIE) | B
FL 1000 mL,pH 7.0"'%

1.2 REHE

12,1 B#a> B 5o RIHLLEEN KRk
ZHRAE T BRAKT kT, H 8% K AR R
¥ 3 min,75% S EEFRTE S EE 30 s, fif A 2818 K
THUE 3 W, BBR RN, KA YR R
KW TIRYVIRZ R 1 g 07N, & R B i T s
B FIBEESERAE O mL (W TCRDK S 2510, 0.1
mL AULHLURPF IR A T LB SEAR b 3RS
T 28 CHHIR B FRA R 7% 3~5 d, WMIEREEIESSH
AR, (5 42 A Bk o B % 1 47 O X K] 2k
REAE R LW, e s Rk EE T
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20% H i, fA7 E-80°C kA Th & L
1.22 RARAFRAFEN T KHBEBH T
PR A3 AT 02 A R 0 7 T 60 0 M 7 . &
PR JREUS S i Wl R MR G L AR BB L
EY A Y R K E OTAA R .
Salkowski =2 |
1.2.3 NARABEBIFENE 7 LB BAAR;
FiHE pH 7.0 BT #4535 57 v 1Y NaCl ¥R
ST 5% , K537 5 NaCl #4300 0% 5% |
10% .15% . 20% . 25% . 30% ; 1£ LB A& K5 5% 5
NaCl ¥REE R 10 g - LS04 T B 155 2P pH {H
I3 i — A A, A IR pH (E A 7.8,
9.10 11,12 13, K¢ 73 B T8 Bk o0 )42 b 2 B A A [F]
RV LB WARRE SR Rk 3 IRE R, LU
ANEZ DR TR AR B 57 AR R 28 IR E 30°C, 180 ¢
~min ' FUFFEGRGE 2 4, E R FRREERK
600 nm At GRE(E (ODy ) FEMHIFERIZR
124 HBEAMREL K ERSEHE 7 HRETE
LB VAR L iEfb )G, $E B0 B & DNA {514 27F
(5'~AGAGTTTGATCCTGGCTCAG-3") F1 1492R (5’
~GGTTACCTTGTTACGACTT-3") #£47 16S rRNA %
HFEFNY 1 50 pL W AK R :2xTaq PCR Master
Mix 25 wL . DNA itk 2 pL 51445 1 wL ddH,0 21
pL, PCR # S EONE . 94°C WAL ME 5 min; 94°C A8
£ 30 5,55°C R & 30 s,72°C SEA# 1 min, T IEFF 32
U 72°C BAEAH 5 min, ¥F PCR P21 0047 1% Bk B
JEBE B PG, I F —20°C (A7 FH . 16S rRNA %t
PR 510 00 5 fh G 5t SR S B 4 A BR A R 58
K 7 25 SR AE Ezbiocloud B4 FE b e X, 3 F FH
MEGA 7.0 # v CLUSTAL W 2% £ 17 [5) 5 5 %71
X (AR A R L FW
1.3 HIESH

K SPSS 20.0 A4 i 56 B P A 7T B R
F3 M (One—way ANOVA) | B 1 /KF K P<0.05,
J£-H] Origin Lab Origin Pro 8.5 1 MEGA 7.0 k{4
R,
2 AR50
2.1 BRENEREFSBEKRESFEST

M2 1 Al A B 7 R P AR TR A [ SR T
P AAE 50.64 ~127.40 nmol - h™' - mL™", A #E Y3
[F] 2R R o 5, 9 127.40 nmol - h™' - mL™' . X4y
B TRR AR A AR B I R B R A LS =
7 1.28~358.90 pg - mL™", B FE N23 Al N22 ¥4 5
558 1) ARl BE AT, FR B 0 3l oA 358.90 pg - mLT' A

342.20 g - mL™, HoAlh 5 Bk B % 05 = 2/0 T 150
pg - mL7 5 A B TR RIS ML R TE 6.29 ~ 143.61 pg
- mL7 BERE Y2 FY3 AT AL 5 MR A R
WERE  IFBE R KT 100 pg - mL™', @ X4
B TRAR B | RE I AT R, R
VAR A AN TR A A iR, b 3 bR B T bR
HELRA DL = K TR LB, AN, 78 5 o
YA R TAA FRHEDIE Y BRIAR A B TAA H7E14.24
~70.48 pg - mL™' DATAFR N22 5 A0 TAA B fw .
22 BRZEREREFES DR ERGEFES

Ay BB RXT AN ] NaCl ¥ BE B 52 P 5 v | 18
PR Y1,Y2 N22 N23 NI BEMif 52 NaCl % = Wk N
10% ., WPk Y4 Y3 BETMT 52 NaCl 5 & ik 2 Ry 30%,
ULIIZ P AR B bR LA 52 Bt Eh B F1 ., L Ah R
PR Y3,Y4 N1 (936 NaCl ¥R 5% (K 1), 7E 10
g« L7 NaCl¥REE T, B AR N1 N22 Bt (pH {H) 1Y
it 52 JE N 7~ 10, Ekk N23 B8k (pH {B) AYTH 3238
Bl 7~11, HorP bk N1 N22 i A= KA Bt ( pH
{E) 520 8, BLAM, RFK Y1,Y2 Y3 Y4 5% (pH
{B) BTHSZ T 7 ~ 13, HoR B Rk Y1.Y2 Y4 il
A=K BB (pH ) 32 0 8, M B AR Y3 15 2k
KB (pH {H) T2 4 9, %45 R EW e iy 7
PRIATE 10 g + L7' NaCl VBN ¥ EAT — 5 Ml il e
J1(El2),
23 BRENEREFSEEKEE

WX 7 MRS B R EAT B R e, R
Y3, Y4 N1 B E 2 [T (G+) , AR N
F2 M (G-) . WP L5 A AE Ezbiocloud $44
PESEATAIAE XS (3 2) , IFHEH MEGA 7.0 %
WERGEEBTM(E ), 2R ER, HE Y4.Y3 1

1 SEEKREESENEESR

Table 1  Determination result of the growth-promoting

characteristics of isolated strains

iR TR BRAE )

5 il
Phosphate dissolving and ENlifoﬁ@eﬁg%
Htk solubilizing capacity actgigvit o 1AA
Strain 5 HLI% EOE ol Dot /(g ml )
Organic P Inorganic P R )
(pg-mL™") (pg-mL™")
N23 358.90+2.47a 63.05+0.46¢c  122.33+20.22a  64.79+0.31a
N22 342.20+8.62b 27.73+1.59e¢  123.30+9.9.0a  70.48+3.90a
Y3 37.34x4.56e 105.66+5.72b 127.40+10.33a  50.48+2.75b
Y1 25.06+0.77¢ 6.29+0.51f  120.13+16.04a  14.24+0.61d
Y2  99.27+5.57c 143.61+£6.38a 124.07+38.8la  46.08+6.58b
N1 1.28+0.73f 46.56+£2.73d  50.64+16.22b  27.09+1.93be

Y4 53.91+2.68d 98.49+2.15h
B R B s AR, 6 B0 B SO W R R R &
Duncan BT & W ZEHER T P<0.05 KFEF 8 E,

Note : Data are mean +SE. Different letters in the same column indi-

125.90+27.47a  53.82+3.84b

cate significant difference at P<0.05 level by Duncan’s new multiple

range test.
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Fig.1 Tolerance of isolated strains to different NaCl concentrations
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ENZEMIAT B Bacillu sp. , bk N22 N23 JyHEfR
BAMITE Pseudomonas simiae s WRE YL Y2 NGO
Achromobacter marplatensis , N1 4 Tif 3 56 ¥ & Brevi-

bacterium frigoritolerans
SN

PGPE J&—J& HAT #5085 AL 7] D BE 1O 15l A=
W AT AR PR IR W, He M s B 5 E Al
IR DY, IR IERISCTIRE . AW R ZEAR R
OYESARAG T RN AR, B 4 A JE i D R LT
TR BRI R | T R R G BT R R iR
AN T S R 2 B R A A B R . BT AR
BRI, A R TEAE AR 2R rh e — BN TR BRI A
B AR D S N23 B R Bl A
WE N Pseudomonas simiae , FL A ML & 5% 5, 0
358.90 pg - mL™", I H 2 B R [R) e S L 2L A R
AR TAA TR ORAF R, 337 C il Ay (B
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Table 2 Comparison of 16S rRNA gene

similarity of isolated strains

Gen Bank

. 5 _pi ]R3
sk BGREK mRs e )
. . . L Homologous
Strain  Type strain ~ Accession  Similarity
sequence
number
Y4 ATCC 10792 ACNFOI0001S6  99.38 S AT
Bacillu thuringiensis
e
Y3 ATCC 14579  AE016877 99.10 mﬂﬁéﬂiﬂ@ﬂ%
Bacillus cereus
N1 DSM 8801 AM747813 98.97 . mﬁ%;ﬁﬂ:lﬂ
Brevibacterium frigoritolerans
N23 OLi AJ936933 99.85 ﬁﬂ&iﬂ@@ .
Pseudomonas simiae
N22 OLi AJ936933 99.85 %ﬂﬂgiﬂﬂlﬂ .
Pseudomonas simiae
Y2 B2 EU150134 9.5 SLAFTA .
Achromobacter marplatensis
YI B2 EUISOI® 9935 ROAFE
Achromobacter marplatensis
Y2(MW205794)

Y1(MW205792)
Achromobacter marplatensis B2(EU150134)
Bordetella sputigena R-39474(KF601914)
Paracandidimonas caeni 24(MG744600)
Candidimonas nitroeducens SC-089(NJIH01000017)

Pseudomonas arsenicoxydans CECT 7543(LT629705)

Pseudomonas prosekii LMG 26867(LT629762)
Pseudomonas simiae Oli (AJ936933)

N23 (MW205789)
N22 (MW205784)

Y3 (MW205818)

Bacillus thuringiensis ATCC 10792(ACNF01000156)

Y4 (MW205189)

Bacillus cereus ATCC 14579 (AE016877)

Bacillus purgationiresistens DS22 (FR666703)

Bacillus asahii MA001 (QWVS01000027)

N1 (MW205782)

Brevibacterium frigoritolerans DSM 8801(AM747813)
,—Bacillus licheniformis ATCC 14580 (AE017333)

Bacillus velezensis CR-502 (AY603658)
Bacillus glycinifermentans GO-13 (LECW01000063)

B3 EFHEHFK16S RNA BEEFIHENRELZ TR

Fig.3  Phylogenetic tree based on 16S rRNA gene sequence of the isolated strains

MU RR PR D W, A0 B 2 BRANTE [F]
J&TF P.simiae, HIXPIFEE Y 16S rRNA JE[H 7515
P.simiae OLi fJAHALBE IR F] 99.85% , (HEATHIAE
AW IR 3 25 S U R — R Y P A 4 A
()G A 5 D0 A7 TR R B0 1% 2 5, o5 | R T R ) 2 A
I 2SS A A6 J) | S RIS ik IR
AR SR ITCR AR EE L HEA LD B Fik
— W5,

W= 2o A0 T3 E L X, 22 b B B

VPR A HE SR 3 B, T 8 BRI TE S AR )
SRRy T K AR KRAEH] . A58 I 22 43 25 T
Tk [ Ut % METE 50.64 ~ 127.40 nmol + h™' + mL™",
ZEMOFT TR Y3 [ UGS P s, O 127.40 nmol + h™!
- mL7" 5 TN HRE B 2 MR B N 2 R —
OO MR R (TAA) S — Fi il Ay A A B
YW R, A& PGPE 78 N 1Y £ Bl 4R B 72
AT AR 43 BB R R 38 BB o I A P AR
K FR IAA, WUR TG FAEY RN 53U TAA TR, A9
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AR FE T AR, F T4 2R A A 3 rh oK 43 L )
JBEE2 o it e DR 1 7 R LA R A

£ PGPE MRSy B v, RAEL 43 HLAT i
AR IR TR R, 3 L T 326 LA T Bl e P R AR, 3
XA S B AR Y AR R 2 209% B
iR 509 B IX 32 B BB AL 2 | P 2E T AR
AR 22 A>T TR 25035 A8 1) 20 2138 385 F- 1 A1
TREH , DN 2 fifk £8. 680 38 X5 AEL ) 1) 05 3, A R T
FE Y AE R B b A 4 13 . HRYE Larsen ZELBIH Vreel-
and "4 H I B P kT R R AR B 1 A R R B
ARIRE T B A PR Y3, Y4 fEASTE NaCl ¥ N 30%
pH B 13 A 5545 T IR A 4K, J& 4% I 1 6 18 il
A, HEMZRR R 5 RS BE 8 20 7R 3R B PR 5
W —E G AR, AT B B AR ) 35 10 PR 05 O 7E 3 el b
AW S b B AR GF I I ) o

AT B0 T MR A R AT — 2 R A= T
RE (AR Sl 0 5 U ) 2R KR TAA) Fiin £
BRI A DL it A S R 342.20 pg - mL7' AT
HLBEE B 0 143.61 pg - mL™" [ OB 1 B
125.9 nmol - h™" - mL™"; WA K K 1AA i
1K 70.48 g - mL™" i ERBRCRE R 55 04 TR AR T AR
NaCl ¥ B0 30% , pH {H 4 13 M5 AF FIER A K
7 ¥R K PGPE #{%5€ 4. Y3 Y4 A Bacillus sp. ,N23
N22 N Pseudomonas simiae, N1 K Brevibacterium frig-
oritolerans, Y1 Y2 A Achromobacter marplatensis, 4%
Wbk Z B A 25 5 AT R R e 5 ik
P (R ) A SR AR

& % X k.
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