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ACCIid 22 it 17 14 T ok A B B2 (A 7
1o ACCIHR AP —FhREA RUEAR 5T O 0 & &
ANEAEAE BT, FET5 . $hhe LE S E T g
A5 BE 2R H I T I  at p
ACCIBL AT REAE LR I RTIR ACCIK it il a- T IR
M, INIHEIRN OGBS &
D 3o i AR R A AR K R B i AN
Y ] AT B AR B A CURAINGE™ X Al
XUEEAE AL AT o AR P 52 A8 ROREG , (14t
YRR S A ER] . P2 5ERE],
INFE L MeFE . EAREAE . JEYETL . SR i
T HEE . ST KA AR PR ok 41415y
BIACCHIZA IS TR, AR R TR
R4 e stk A K I RE™ T L HR A TR AN
AR T AR . BRSO A B RGREAY .
A= B L TR (Pseudomonas sp.) W AR HE =40
AR, R R P P R, K
K& e 2 F R R A K TR N AR T 7 4R
ACCHEZ it - 2R A R MAEIAA"Y, Ehla
BRI ) FE R —, ACCHZ B fig
3 3o P ATAT AR P 2085 7K ST T8 7 I SR A AR
FARN A X RLRIK 4B W R R
R, MERRAE FYUE . ARt ACCHR Z B L R bk
B 80 2 4 v A A I T B o0 B R s
RS A, R E KRR ACCHiE
AT P Tt R TR ROk AR R B AR MR, RIS
SRHEIEHRBCR" ST KR BERG B (Pestalo-
tiopsis theae) F125 f6M-BERR # (Curvularia lunata)™
oA ™o Lh BT COIE S ACCB UG I
X EAEPA RAERAIEN, AR v TE FH Y
Pravitk, G, G0 ACCHIG 2 B PN A T
J HEHE RS . BE BT, X HACCH
T I K IR AR TR T IE . Prasi v S fe AR A
HE OB HAR A . K E R NZ RS T Ko
YY), TEMrgSAA BORMR AR, MR AR EA
FRORH M, 7RI DA S5 I ARR T A i 2
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R AR R, 5HILA RS E
FE N, ASBFIE AT B B R A 134T
(HLDX )36 SR A s I AR IRE B it 40 B3 1) P9 2B A B
XL, DIACCHRZAMHG M AR T8hn, RS
G3HT = ACCH Z BRI Ak, Ao HL AR BA fh R
ARG KB AR AR, Tk S TS EACCIL
il TR MR, AR R e AC C I 2 i T bk 1 35t 1% 22k
Ye, SMTHARG LB A REAER, it —2
b R AR EE S U e Y oKy W SR RS R i

=\,
= o

1 Ay &
1.1 #E

KGRI S T2012457-8 H SR AE T g 44 &
YLK /INAZ SRR A 22 18 (JH A i g i, )
AR I, R R T AL R AR B B B T
L)

TCASEFEH: MnSO,-7H,0 0.2 g, CaCO5 1 g,
HEME 10 g, KyHPO,-3H,0 0.5 g, NaCl 0.12 g, 2848
7K1000 mL, pH 7.2,

DFEH:#3(1 L): MnSO,-7H,0 0.2 g,
KH,PO, 4.0 g, Na,HPO, 6.0 g, F/H22.0 g, #HZikH
2.0 g, BIEPEIREN2.0 g, 45— S A
0.1 mL, H,O 1000 mL, pH 7.2, (45—l :
CuS0,4-5H,0 78.22 mg, MoO; 10 mg, H;BO5 10 mg,
ZnSO,-7H,0 124.6 mg, MnSO,-H,0 11.9 mg, P -
WA T 100 mLIJC I z= Kb . 0 LT
FeSO,4-7H,0 100 mg, ¥ ¥ F10 mLE KR 7E
WA, FEaRG . . da—Mdn 3 E F-
4 °CIRfEE S )

ADFHiFHE: ACCH THliK, MY
UEAS IR K, A BIAE A (NH,),SO, H 5 K
HRDFE IR, pH 7.2, ACCTRINAYLHe E
>43.0 mmol/L,

1.2 ACC JREERE R I

oA P RGBT RIS LIS, 2 BOCEk15-16)
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Tk, #AS mLICAENEFRHE, 30 °C 130 r/mindf
Diii 724 h, W EAREE IR A2 mL3EM 360 mL
BFwih, 30 °C. 130 r/mink53524-48 h,
12000 r/minB5.0010 minWEH K, A
(NH,),SO, MIDFAREE TR BB 0 . PR 2K
(12000 r/min, 5 min, £/l mL DF), g A &
T ADFH; I (30 °CHR A 17 #7224 h, A5 /N1 mL
ADF), WAERAIFFRESR . H0.1 mol/L Tris-
HCIZE M (pH 7.6)12000 r/min, £5.0>5 min. V£
2R (20 °CHEFE) . B B2 T 1 mL 0.1 mol/L Tris-
HCIZE M (pH 7.6), 12000 r/mingS.C>5 minli 4
Fik, FET600 uL 0.1 mol/L Tris-HCIZE i
(pH 8.5, #hN30 pL A PR30 sLAME 20
Jifl, HL100 pLHLEGW 4 °CHELE T I & 5 1k
B 5 BOH BRI 200 uLIF A 20 puL 0.5 mol/L
ACCIRA #4757 /K (30 °C, 15 min), AT
ACCHYZS FIYEXT IR, [AIE i A1 mL 0.56 mol/L
HCIZ RN, 12000 r/min .05 min, B
1 mLAIA800 uL 0.56 mol/L HCIFI300 pL 0.2%
2,4- TR EER AW, R AR, 30 °ClEE
30 min, FfIA2 mL 2 mol/L NaOHIE?%],
540 nmil| G EE (A

1.3 ACC &S 1

1.3.1 ZHle-TERRHEMZ: FIH0.1 mol/L
Tris-HCI(pH 8.5)Z¢ %, AL 100 mmol/Lia-T
FRIRR B o B2 B RV B 10 mmol/LiYo-
THEARRAER, K HIM A, 0.1 mol/L Tris-
HCIZZ Wi (pH 8.5)4MINZE 1 mL, o- T il i & Vi ]
90.024-0.293 pmol/mL. PAWSGEEME(ODss0) 4
At Dho-T B R 1% FE (mmol/L) Ay A Ak 2 i
RIS

1.3.2 ACCHEBHIE 13T H : = Bradford
NI AR BOR P R AR S, L
MLYE AR AE AR Y, 224 38 A& A b
Bk, S % Saleh S ik, LURBIKR P2
A AR U A /NI ACC IR ZUAE Y o- T B R

) umol i /R ACCIPLZ BTG U7, FLRE J1 5
a- T iR pmol/(mg-h), i PE I & i =S H R
W e S5 R 3k A
1.4 JEHEREBRETTES T
1.4.1 FERRTIERRESIMSE . Z3 il BC il & NaC 1k B
M/V) J4% . 5%. 6%. 7%. 8%. 9% YMAI[E
PREE SR, N 0 2 TR AR B Fh ZEAS [ Mk BENaC 1 1Y
YMASEFREE |, HR B 0.01% 0 YMA RS 57 5
RXTHR, AP E R . 1E28 °C R HEH3-5
dDEAE RGN, AR e, AERIEh,
KW 2D RIR
1.4.2 PERTRRIRBE ST M E . & & pHIE /0K
5.6.7.8.9.10. IIMYMAR;FE, LipH 7
LRl B SR L X I, A3 E S . I
mol/LANaOHE{ HC LK YMA K5 77 3 8 £ 1% E
pHIA, K BT pHIE B 5E(E, 15
TR o K 07 18 PR RN ZE AN [ pHAE Y YMAS:
FRE I, BET28 °cCHHIRRFE, 3-5 diEWgA Kotk
G BTab s T
1.5 A, ALK
XoF 185 7 AC C 3 2 Bl 176 14 TR AR 1A 7 TR AT 2
A FRAARREEN E , RS CF LA R G
& T B
1.6 16S rRNA HFEFFINE R RER BT
PREOK SARE AR 40 M DNARY ) IRk
16S TRNA JL[H PCR ¥4, FrAsI®. ¥ ik
R RIS S0k [22], Pkl
BB A MR A B A RN, AR R DU Y 4
B, 7EGenBank i TBLAST/Hr, HIDNAMAN
6.0 HAT A AR IME ST, 383 Clustal-X2.1F1
TREECONW# f4:(version 1.3b), LINeighbor-
Joining /T VA R A A B, FiBootstrap (10007%
)R
1.7 NELERA KRR
DURZZ 18 5 p B, TEN T AR AT
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AT o AR A AE Y MR IR B 552 N
28 °CH53%3-4 d, 12000 r/min5.0>8 min, YXEH
&, i EHEKMEEOD=1(£110° CFU/mL), %
o BRakitonh . JCEAE . KNS — TR/
M+, FEHIEKpEREKE, FHHIKS
Mk AT R A 16-20 s LA 2 Bk 2R 0 B 4L,
3%—5% K R BN AT 2R TN #:2-3 min, HICHEK
PES—8IK o HJi— IR PP PERY TR /K HL100 pLik AR
FEA R B R AR 5 0 b, 8 R R
48 h, WELHE R AR AR, SKBHE/
2 R TH R DO o 44 BT 51G o 4% TR A2k Y AN G
EKIIEEE: 1020 101, 201, JoR/KVE AN EAL
FU(CK), FrERR I BT )/ NZ B F-3-4
R WK, e g R, FHIR T
R o L =TT I L L e R P R BTS2
B, EF25-30 °ClHIRIG 4, HBIFTFEA.
FEEE R PR AE AR 13 em ., K10 em/g

F190 gL IR A AEZE T, IRFFEFIREZ] om,
BB FRAOR AN T, 5 AR AT S mL G K,
BT 14 W22 oC, B FHH20 °C, AHXEE A
65% MR E I, 3 dii FH—Kili, HE
1 dFEMP R R 30 mL, 43 dBE 1R ICHE /K LIRS 2
DAY P AR T B2 A P T A VR AL A Sy o R A 3
T3 E R 3R I /N AR
K, i, MR SRR, FHSPSS 11.0
UG oA, PR AR TR 4 B A AR AR K
R FEI

2 HRFA

2.1 72 ACC BiERE WA ERIHBIERIR

X4 H K G YR 2767k N A B2 ACCH R,
B s PR e, 8tk A ACCHZBRG M, Hitb
FRIFEANR IR

®1. KERBACCH S lE M EHRAIHIERIR

Table 1. Geographicorigins of strains with ACC deaminase activity isolated from soybean root nodules

Strains ~ Geographic origins Strains ~ Geographic origins

DD 14  Farmland in northern suburb of Liangyuan district, DD 132 Farmland in Banpodian town of Kaifeng county, Kaifeng
Shangqiu city (7§ =i 22 X xR ) city P8t B35 £ 4 /)

DD 31 Farmland in northern suburb of Liangyuan district, DD 141 Farmland in Jishi town of Zhaoling district, Luohe city

Shanggqiu city (# Fr.Ti7 F2 R X L3064 H)

(PRI T 4 2 DX BEAC T

DD 67  Botanic garden of Shangqiu normal university in Suiyang DD 165
district, Shanggqiu city (7 Fr 7 B BH X 5 Fe il A 4 el )
DD 131 Farmland in Huahe town of Shangshui county, Zhoukou DD 248

Farmland in Guotan town of Tanghe county, Nanyang
city (i FH T T B SRME R AR )
Farmland in Zhifang town of Xihua county, Zhoukou city

city (& H i R K ST AR 1)

(5 Ot A B T

2.2 ACC BiERGHEAENE SR

DL ACCHY ADF X 77 3 Ay ik — R 126 1 8 1k
HA ACCH 2 Mt 7% 11 1) R LR N A Al T (3R 2)
ity 1% 0 2 45 R R W1 45 TR AR I ) 25 Sk, Horp
DD 132 P i 5 (15.712 U/mg), HKZEDD31
(9.654 U/mg)HIDD14°54.965(U/mg), DD248%x/)\
(0.935 U/mg), DD141, DD67, DDI165, DDI131
it TG J1HEY , HRARIE K FDD132MIDD31,
2.3 TEHEERRTTENE
2.3.1 TfERBEST: X HA ACCH Z B M 8K M

actamicro@im.ac.cn

AR, AT ERRE I, FRFRITTIL, SHRTA
PINT i 572 4%—6% NaCIER VR, TRR B 7T T 22 7%%:
WelE, skkE (DD165. DD132, DD14, DD31,
DD67) ] ifif 32 8% b v &, 2 #k (DD 165,
DD132) Al it 52 9%h W B o Ud Wi th i ACCHR
G PE N A AR 4%—6% NaClik R R 38 | BAT
BRI e, K AT 32 5 9% R Mk E

2.3.2 THERBRAEST: K HA ACCHT 2B R 81k
INA: BRI IEpH 5—1 1353 4L F(K4), 53 dis
WL, TRRIEFEPH 6103577 R R IFA K,
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®2. SHKEACCHEEEMENERNEREN
Table 2. Enzyme activity of eight positive strains with
ACC deaminase

Strains ACC deaminase activity/(U/mg)
DD132 15.712+0.002A

DD31 9.654+0.002B

DD14 4.965+0.002C

DD141 1.577+0.001D

DD67 1.405+0.001E

DDI165 1.315+0.001F

DD131 1.156+0.001G

DD248 0.935+0.001H

Data are mean+SD in table, different letters behind data in the
same column show significant difference at P<0.01 level.

3. REEN T EINaCLRE Y 14
Table 3. Tolerance of endophytic bacteria to different
concentration of NaCl

NaCl concentration (M/V)/%  Survival strains Proportion/%

4 8 100
5 8 100
6 8 100
7 7 87.5

5 62.5
9 2 25.0

TEpH SBFE #RDD131, DD141, DD31, DD67,
DDI165¥ A K, [GRTXR, ULl etk A
—EMBREE S . 7EpH 11K EHDDI14, DDI132,
DD67. DD141, DDI31¥4 K B4, UK F X}
M, HABHRE(DD31, DD165, DD248)fAEAET ,
i B EL A C CJId 2 T 305 P PN A TR ik L A ¢ i T ok
P,
2.4  EACCHERHE MK EHE A LR
PR ARFAE

AR PRI 45 R (R 5) R, Sbk A 4 fi
fiti . VPR, PGV Y, D-AAbE R
BRDD 1654 34 R B 5 L-Balhi b =i H A7
DD67. DD141. DD248Jz i fAPE; D-H 82 mf%
DD14. DDI148FMNHARTAME W34 PN s AR
¥ HADD67,. DD165, DD248 ) BHYE; TEMEER
NFRDD67IMA R BHM: , AP 2R It 2l s vy A
DD132. DDI141NHM:, HBERIAREFFRDDG67 .
DD1325M4 BRI Ny 5 BRSEBERREE . ATk
FIFH . W& IR KRR DD67AMA R BAYE SN . A
DD14, DD31, DDI322F 2[Ry @bHME:, %
A, AR ZFFRBUEFFR, KN 0.7-1.2)
umx(2.0-5.0) pm; DD67. DD165, DDI141 .
DD24. DDI31¥hH = [QHIPER . TR, W

4. pHX RACCI RSN AE E 4 KHIF M
Table 4. The effect of pH on growth of endophytes with ACC deaminase

pH DD14 DD31 DD132 DD67 DD165 DD141 DD248 DD131
5 + ++ - ++ +++ ++ - ++

6 ++ +++ +++ ++ ++ ++ ++ ++

8 +++ +++ +++ +++ +++ -+ -+ -+

9 +++ ++ +++ +++ +++ -+ -+ -+
10 +++ ++ ++ +++ +++ -+ -+ -+
11 ++ + ++ ++ + ++ + ++
CK +++ +++ +++ +++ +++ o+ o+ o+
“+++” means strains grow very good, “++” means strains grow well, “+” means strains survive, “—”’ mean strains can not survive.
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w5, THEEMRRIIR LTI

Table 5. Physiological and biochemical characteristics of screened strains

Physiologicaland DD14 DD31 DD132 DD67 DD165 DD141 DD248 DD131
biochemical characteristics
Catalase test + + + + + + T T
V-P test + + + + + + + +
D-glucose acid yield + + + + - + + +
L-Arab sugar acid yield - — — + _ + + _
D-mannitol — + + + + + _ +
Xylose — — _ + + _ + _
Broth (pH 5.0) + + + + + + + +
Amylase + + + _ + + + +
Phenylalanine deaminase - - + — — + - _
Lecithinase + + + - + + + +
Nitrate reductase + + — - + + + +
Casein decomposition + + - + + + + +
Citrate utilization + + + - + + + +
Tyrosine hydrolysate + + + - + + + +
Morphology Shortrod  Rod Rod Rod Rod Rod Rod Short rod
Strain size/pm 51.0—1.2gx &1.0—1 ng §0.7—0.8;X EI.O—I.Z;X E0.3—0.4;X EO.S—I.O%X gO‘S—l.ng EO.6—1.1§><
3.0-5.0 3.0-5.0 2.0-3.0 2.5-7.0 0.6-1.5 1.0-3.0 1.0-3.0 1.2-15
Gram strain G G G G G G G G
Spore forming + + + - - - - —

+: positive, —: negative

PR /IN0.3-1.2) pmx(0.6-7.0) um, JCZEA, SRV
O35 R AL A BRAR R R 20
ik, i CHF LA RS EFM) 8. DD14,
DD31 MDD 13245 & ZF AT W J& BacillusF# 1k
DD67. DDI1658 & 557 H il 1 J& Stenotrophomonas
FfE, DD141. DD248FF S IZ W& PantoeatFiiF,
DDI13 155 A& & Enterobacteri - iE o
2.5 PR 16S rRNA ZE K ARER BT
X8RN A AR AL N ZIDNA A TPCRY 4, 47
W R BE R /N 1.5 kKb B—DNASHF, %t
PCR™”Hi#1TDNAMT . #4157 51 5 GenBank
B B A A% R BCE B AT BLAS TR R4 HE X
ZER IR X 8PEHE ACCH B E PR I K G AR

actamicro@im.ac.cn

TR 16S rRNA FEH ¥ 515 GenBank B4 4 H B 4%
T AHSC F AR 16S rRNA 3 R P 51 9 A AL 35 2K 31
97.3%VI . RELBEM(EI1)E R, DD131,
DD141fMDD2480 F4r 321, WHDD141 .
D D248 1 5 A1 Bl B Ak o B = bk Bl 11 3z TR P
agglomerans ICM1236" (AB004691), [RIVEES 5
$4198.0% . 97.6%. TWDD13 1A A R AR
HbR S 4 & A E. ludwigii EN-119"
(AJ853891), [F]JA1HE498.8% ., DD67FIDDI651
Tor /N b, SRR IS IR 55 5% PRI AT S.
acidaminiphila AMX 19" (NR_025104)FIIFg 7 4 5
FEEMIBAS. humi R-32729 " (AM403587) 1 7] 5 14
&, ¥355197.3%, DD14, DD31MIDDI132{i T
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Sy 32111, i DD14MDD317E R — /N |,
DD14 5 BRZFHIAT I B. cereus 55-3 (KM187654)
R 100%, DD315HRZERFT B, cereus
Nil0( AB824732)[RIJEM:34100%, DD132-58 ik
Bi] [ 2E AT B. aryabhattai BSW22 (EF114313)fi
FlR—/Nr3z, B HFEEEN100%, 256 HiE
I FRAL R B IR SRE, BFRDD14. DD3 14
YSSE MB. cereus, DD132°NB. aryabhattai;
DD67. DD165% % °4S. acidaminiphila F1S.

humi, DD141FIDD248°~NP. agglomerans,
DDI31NE. ludwigii. HIt, KEARBHEACCH
GG R N AR AR A AE T RN E e,
DDI132MACCHEZ M % ) e, s e BEAR 1Y i ik
X4,
2.6 X/NEGEFMREREN
PEREACCII B PEAC R A PRDD 13231 7452
FhAFZE, mE2AI %0, DDI132E B A JCH /K i
1 28F, BE . RIS, BEE . SRR SRS HAD

0.1
Pantoea agglomerans JCM1236™ (AB004691) \
Enterobacter ludwigii EN-119" (AJ853891 )
Leclercia adecarboxylata WG126" (AJ277978)
Enterobacter hormaechei ATCC49162" (AJ508302)
DD141 (KR822268)
DD131 (KR822263)
DD248 (KR822262)
Pantoea stewartii MG2715" (296080)
Pantoea agglomerans LMG2565" (796082)
Serratia fonticola DSM4576" (AJ233429 )
Serratia plymuthica DSM 4540" (AJ233433)
Serratia quinivorans DSM4597" (AJ233435)
Serratia grimesii DSM30063T (AJ233430) Y,
100, DD67 (KR822265)
100 DD165 (KR82226)
96 Stenotrophomonas acidaminiphila AMX 19T (NR_025104)
90 Stenotrophomonas humi R-32729" (AM403587)
58 Stenotrophomonas nitritireducens 1.27 (NR_025305)
Stenotrophomonas terrae R-32768" (AM403589)
— Lysinibacillus fusiformis NBRC15717" (AB271743)
99-[ Bacillus subtilis NCDO 1769" (X60646)

> Branch I

100

Branch IT

Bacillus amyloliquefaciens DSM 77 (X60605)
Bacillus licheniformis NCDO1772" (X60623)
Bacillus pseudofirmus DSM 87157 (X76439)
68| Bacillus cereus Nil0 (AB824732)

DD31 (KR8222667)
100 pp14 (KR8222666)

Bacillus cereus 55-3 (KM187654)
100r— Bacillus halmapalus DSM 8723" (X76447)
Bacillus horikoshii DSM 87197 (X76443)
100 Bacillus megaterium 1AM 13418™ (D16273)
100l Bacillus aryabhattai BSW22 (EF114313 )
DD132 (KR822269)

1. BACCE SEEE MK ZIRBEALEE16S rRNA EEFFI ARG 4 Fi
Figure 1. Phylogenetic tree generated by the Neighbor-Joining method based on their 16S rRNA gene sequences of
ACC deaminase-producing endophytic bacteria isolated from soybean nodules. Numbers in parentheses represent the

sequences’ accession number in GenBank. Bootstrap values (1000 replicates) above 50% are indicated above the
branches. Strains tested are labeled in bold. Scale bar indicates 0.05% substitution of nucleotide.

100|609

} Branch 111

94

79
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FEBAE He 2 o e (E, 430l v e BB ZH (CK)
M68.11%. 46.52%. 55.5%. 101.41%, ik I,
FEFP AL BRLLAS[R] He A5 B4 45 30 A K Fg bR B i 1

50 -
45
40 4
35
30
25 4
20
15 4
10
5

Length, weight and content (cm, g/plant, mg/wt)

1:1 2:1

CK, SR AR, Ul RS TCRK He

SR A KA TR PR B BN R 2 —. B,

RN A DD 132X/ N g A I B et AR
Shoot height (cm)

B Root length (cm)
B8 Fresh weight (g/plant)

Chlorophyll content (mg/g wt)

1:2 CK Ratio

[ 2. $#MDD1325/ N EL B E KHIF
Figure 2. The effect on wheat seedling growth inoculated with strain DD132. Small letters upon histogram mean
difference level at the same index, different small letters mean significant difference at P<0.05 level.

3 i

ACCHLZA B REH LG HTIAR ACC/K fift o~ T B
g fa, WA RIS A, 7+
5 R han K 4w T Y AR R S AT I 2
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Screening, resistance and growth-promoting effect of endophytic
bacteria with ACC deaminase activity isolated from soybean
nodules

. 1 * . 1 . . 2 . .1 . 1 .o 1
Longfei Zhao , Yajun Xu, Jiali Chang’, Min Li, Yanling Zhang , Yongjie Dang ,
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Abstract: [Objective] We screened endophytic bacteria containing ACC (1-aminocyclopropane-1-carboxylate)
deaminase from soybean nodules, and evaluated salt-alkaline resistance, phylogenetic status and the growth-
promoting of representative strain. [Methods] The features of strains producing ACC deaminase were determined by
using the ACC as a sole nitrogen source, adopting standard curve method, colorimetric method, solid medium
screening method, bacterial morphology, physio-biochemical characteristics, similarity analysis of 16S rRNA gene,
inoculation tests. [Results] Eight endophytic bacteria containing ACC deaminase were screened from soybean
nodules collected from 36 points of 13 cities (regions)in Henan province. Enzymaticactivity of DD132 was the highest
(15.712 U/mg). Screened strain tolerated to medium of 4%—-6% NaCl concentration. Among of them, DD165 and
DD132 could tolerate 9% NaCl concentration. Five bacteria growing well under pH 11, showing that these strains had
stronger alkali resistance. Eight strains containing ACC deaminase activity were affiliated to four genera: Bacillus,
Enterobacter, Stenotrophomonas and Pantoea. Inoculation test showed that DD132 had a significant growth-
promoting effect on wheat seedlings. [Conclusions] Endophytic bacteria containing high ACC deaminase activity
from soybean nodules have stronger salt-alkaline resistance. DD 132 has obvious growth-promoting effect on wheat
seedlings.

Keywords: 1-aminocyclopropane-1-carboxylate deaminase, nodule endophytic bacteria, resistance, phylogeny,
growth-promoting effect
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