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B OE. (TR ZAIE KRR T AT R, LEBNAZEIRT., LB T EH KT H
AR, HFao Bk RAET e, TOMEAR B RAEADREAYER, RGEDATEBE I,
[Be9] A2k LA, REMEED 2. [FF] REKX KK 69 s L% A LIt
¥, f£ NaHCO; 48 E % 50 mmol/L. pH 9.0 #9 &4 Tt L3g b at sk 4T B, A etz ic
AT A i ARG Thit, FAxTAB AL AR = HATME,; Pt e A s, A BREK
e mE Abk, RATMAFIR, AEAEA 16S IRNA £ FH 57| o4k #AT AP LT, AT
ARG KFHAz; £ pH 8.5. 15 mmol/L NaHCO; il G4 T X6 AL A B #rat 40y 24 T £ 5F
FORK. FREIEEARBAAR KNG, ARIERAE SR, [4R] 205 L KF 0 @ E B kAT
K, 29 Fmid A N R KE B (Zobellella sp.), 23. 34, 36 #= 41 5 0 F BT 3% 320 H /& (Halomonas
sp.). 5 Ak @ ¥ EA B R S AWK %k T8 (Indole-3-Acetic Acid, IAA)Z ACC BLEBE ) 6,
34 54223 Tl A RS MMk E IAA F= ACC BLEAFE &, 2 #3457 17.66 mg/L 4= 0.31 U/mg.
F o, 23 FmE AR FAREARGE S, REAR T EH 3.19%; 29 Fe 41 FiaE BA EA AER fL, B
E0 54 20.05 mg/L #= 34.61 mg/L. MR ARB LRI T, ELBMEALNHT, @2 THERAE
T 0 L EAARK ARG T 41.67%4 32.63%vA £; L 2iHEEHE, DRk ARKS
h R RBAR P B BRI T 129%F2 160%04 £, (4536 ) X 5 At 2h sk AT 4 fa ) AL 95 2% 7 2 a1
AT B A KGIPRIAVER, TOABRKF AL AR R A KK T, 7T A A4 ot 2 s B AedR A4k R A At
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Screening and identification of five saline-alkali tolerant bacteria
for growth promotion of red adzuki bean

LI Zhanglei LIU Shuang WANG Yanyu ZHOU Yan LIU Quan YIN Kuide"

Plant Microbe Interaction Laboratory, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China

Abstract: [Background] Daqing is located in Songnen plain, which land is heavily salinized. Saline-alkali
soil contains a large number of saline-alkali-resistant strains, some of which have special functions of
promoting growth and can be used as beneficial bacteria to promote plant growth and improve plant
saline-alkali-resistance. [Objective] In order to solve the problem of land salinization effectively and
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increase the yield of grain crops. [Methods] The saline-alkali soil collected in Daqing area as an
experiment material was used to separate the saline-alkali tolerant bacteria under pH 9.0, 50 mmol/L
NaHCO;3, the growth promoting function of the strain was screened by functional medium, and the yield of
corresponding substance was measured accordingly. The strains with complete promoting function and
better promoting effect was selected, using analyses of morphology, physiological biochemistry, 16S rRNA
gene sequence to identify the strains, so as to determine their taxonomic status. The growth promoting
strains were tested on physiological indicators such as germination rate, root length, bud length, rooting
number and root length of seeds of red adzuki bean to verify the growth promoting effect under pH 8.5 and
15 mmol/L NaHCOs;. [Results] The strain 29 was Zobellella, and the others were Halomonas. All the five
strains had the functions of nitrogen fixation and produced indole-3-acetic acid (IAA) and ACC
deaminase. The strain 34 and strain 23 had the highest yield of IAA and ACC deaminase, reaching
17.66 mg/L and 0.31 U/mg respectively. In addition, the strain 23 was capable of producing siderophore,
which content was 3.19%. The strains 29 and 41 had the ability of organophosphorus-dissolving and the
phosphorus solution capacity is 20.05 mg/L and 34.61 mg/L. The results of plant growth promotion test
showed that the germination rate and root length of red adzuki bean seeds were increased respectively by
41.67% and 32.63% after the seeds were treated with inoculation under saline-alkali stress. After
inoculation, the root length and root number of seedlings increased by 129% and 160%, respectively,
compared with saline-alkali stress control. [Conclusion] The five saline-alkali tolerance and
growth-promoting bacteria could alleviate the inhibition of saline-alkali stress on the growth of red adzuki
bean and promote the growth of its root system. This provides an excellent strain for the development of
saline-alkali tolerant and growth-promoting microbial fertilizer.

Keywords: growth-promoting bacteria, saline-alkali stress, red adzuki bean, growth
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(1-Aminocyclopropane-1-Carboxylate) lii 2 i 7% 14
PR T R 22 S 35 I R B8 T R B0 2R HRTAR
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1 Me5hE
1.1 #hl
11,1 EEEIEHSAE

HIERE AR T BT KT B KX R %
NN AER Bt , SR8+ R R AR PR U A b R AT AE
A FTERIEE , (HAT RO oA 9 B o 1 bk, 3
pH {EM 9.77, BT EEN 0.85%, HAE . A%
W L el L B2 1k 334,00, 17.75,59.00 mg/kg,
AHUR SR 7.50 g/ke™ . B RAER LT 5 mm
i, IRSIEMAAE IO AV, [R50 = icE
4 °C fRF% -

1.1.2 EERFIMUEREFE

16S rRNA F:HEP 5|4 27F/1492R K Tag F
A, B TAEY TR BRGAERAR; 41w
DNA #2EGXH] £, Omega /A7, PCR Y, Applied
Biosystems A rl; 2AMHOGETE, g H S
FBRAF],

75 0 5 3% K M L 1 5 0 T S ik 2 R b 7
FEM AT RGEH, WEREP A —E mm
NaCl, HEREEERTE 10%, 1x10° Pa K4 25 min J5
7SI NaHCO;, WAT4UE N 4.2 /L, R 50 mmol/L,
B3k pH AR 9.0; ARAERTHATRMEA A pH AR KBS
FEMNRASOR, XD A% B R A T Y o R,
WIEFRHL pH = 8.0, ERMREEIRIFTE 5%, [RUEFERE
ATDAFERG R0 PIER AR, Tl s i q Phit HL
A XA AE D RE AN P PR A o BAT20T D1 G R s R kA
A A R AU b AT BC s SR A PR 3R
JEF E F AP T O King PRI IR LAY
8 Glickmann M)y d:lb AT RO s ADF 85 95 3645
R Penrose ZE' M T VEHEA TR I, CAS BRE A
B35 A R WAk A A T
1.1.3 Z/h 2R mh

Nl O EANANERTY iR 37 SA RN RS P /S
TR AR LR,

1.2 A%
1.2.1 HHRMIS B

FREC 10 g Ehms 385, 7 F2F 50 mL G

FKIZ1L 1x10° Pa B iR R K E I =M,
30 °C. 170 r/min #3555 20 min, &5 H %5,
PLEA TR, W b 3 R AT 8 R R &
107 (5 R AT T e 9 26 |, T 28 °C B B EE 5%
7 do REPRBUCA IR, ERED 3R
ik, BEEFSAEN, PBEES Rk 30%H
THPEA TR FR AT, B T80 °C vKkHE ; B4 #kK 30 °C
fEIREEFE 2 d )5, PRIEAE 4 °C DA TR 8656
1.2.2 HEHRE RN EERTNE

53 245 3N ) SE TR BRSO S L 26R 5.0 L
TR0 BRREFRHE b, 28 °C TR 7 d,
WS TRV A NE DL, REAETE B 250 D1 e A S 9 4k H Ak
KA R ELA R T RE , AR TRV AR K B AR ) DRy L ]
RAETI RN
1.2.3 BEHRBBRENBINEERNE

PR 5.0 pL T 52 B HLBE S IR ik
b, 28°C &F TSR 7-10d, WELHIMRA LB
W B, X B RE 7 B 1B B 42 (Diameter of
Phosphate Solution, D) N 7% H 4% (Diameter of
Colony, d)#EATilsE, H HUAE(D/d) 0125 FI W7 B ik v
WERE 19SS ; 7RSS MRASE FRE R 0.5 mL
F R (ODgoo THIFZE 0.5), BHREIXE 3 KEXE,
BB AR A2 (RIE . 28 °C, 150 r/min 148 F
RFHEFE 7-10 d, RAHE RGN BHRHA
PR T ),
1.2.4 Bk BB = | Mk Z BR (Indole-3-Acetic
Acid, TAA)EE I HIMZE

Beiil King [RMMARE TR, 43%¢ 10 mL IR AKES
FRIEEFIE T, KEJEER 0.1 mL RRl R AR
W(10° CFU/mL), Btk E 3 REE , WENE
T Ay s G B RN 935 3R T 28 °C 150 r/min
WO FE 7 do BURFEWE 10 000xg B.0> 5 min, W
B3RS PC H 4% 100 pl 78 &t FIR AT,
Xof B LR E A6 RIS R 0.001%8 TAA VTR,
WG N 15 min, WA WRBE AL, Btk
L1 F R RBENE 2000 TAA , VA TR (0 IR VR 5 TR Ak
IAA PP HCBIE .
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TAA SE RN E 2 B A 75 2 A b AT
1.2.5 BE#k= ACC & AN E

A5 TR B 2 5.0 uL T ADF [EIRREFR3E I,
28 °C 41 FHR 7 d, WEREIEEKIEN, RE7E
ADF i3t FARKEIHA ™ ACC W ii6e

ACC Jit B F1I0 58 $e B 28 2 400 vk
HEAT, Wl LTS ) (U/mg)=BA i % (umol a- T HR)/
fif 2 P16 (mg).
1.2.6 BB SREIREE DRI E

PR B AER 5.0 pL F CAS #5373 |, 28 °C
FigE7d, WREERE A azE, WA
FEERERIRBE S o BRER IR R E 2 08 sy
Tk, LhoAlA (EAE e EAehn, R0 ARk A
JRE o AIANERE/N, TIERER A i, IR
1.2.7 BHHEHKMEE

W 07 1E AR AT 1 Tt £ B A A= A A A PR R 4R B2
FIZE O e AR BE R 3 |, 37°CH538 24 h 5, 3
ZSCHR[ 160 I IE AT IR S22 4w, % (CF I
TR 2R G0 5 5 T ) VR R 10 2 A AR R A T

FRAHTRA LR 20 DNA $2 B 7] G AR B bk i
DNA J& , #I @59 27F (5'-AGAGTTTGATCC
TGGCTCAG-3")#1 1492R (5-GGTTACCTTGTTAC
GACTT-3")¥ 5L 16S rRNA J:[H . PCR X Wik % :
2xEsTag Master Mix 25 puL, J£(H40 DNA2 uL, |,
TS 145(10 pmol/L)4% 1 pL, fill ddH,O % 50 uL.
PCR JZ W 44 95 °C 5 min; 95 °C 30 s, 55 °C
30s, 72 °C2 min, 35 ME¥F; 72 °C 10 min, PCR
P 1% BB e e rL DK A T4, ] PCR
e aifb iR Gk ratiftk, 4ifk)5 PCR Pk A

Fz1 LNEHFRIBARZE
Table 1 The treatment of seeds

MG AR R A B RIHEA 0 3 0 P 4
1£ NCBI i#£17 BLAST Z3#r, &M MEGA 7.0 X})7
HSIHAT ClustalW HeXF, SRAISREZEN RS L T iff
TR TR, DAL A TR AR 1 3 22 Ao
1.2.8 {/PhERFIRE

W R ERI IR 15 57 5, 37 °C L 150 t/min
KigE 1-2.d, 10 000xg &> 15 min, HUEKDIVE,
TG A FEER 7K 10 000xg B.0> 10 min P34 3 WG &
B HERMEZE 10° CFU/mL., WLL/NGRIF,
FH 5% IR R BN R RN 5, TC IR DK Mgk = 0k,
IR 1 XFhF AT AR, CK R H+R 5 R 7EE
ERBMIE 2514 JC R A BRER K A B RR Fk 24 h,
S F S+EAS R LRI 1) S5 44T JO TR A R K
BRI 24 h, CK F1 S /ER 2 Fiib B 7 20
XiF B OB AC PR (DT E TSR, TR R IR
Wi, 28°C, 12 W12 h YE/mEEEgE, IR 1 FRTE
Pl 3552 B h R R 23l #h 58 NaHCO; A TG
FK, SAdGHEZFER, 7d5HATRK AR,
129 IS HEFRERIRE

BT /NG Rl T, AL H S 28 °C MRS 4R
ZF, EHURZF—BUNR R T EOK RIS A
A 5 d 5, PRI E—Zm g i it . YIkk
T LU AL, 1945 2% o B4 45 70 0l B IO o A 2
KRR 15 mmol/L 8 NaHCOs I3 i il
24 h J&, TCHK PRS0 I5 , Jor A BRER K ik
PR A5 5 B8 22 8 A0 O A 3 Kk i 3l A8 P B
(CK), [RGB AL B A4 25 2 0 A LR
KHE+E )M 15 mmol/L ) NaHCOs IF 1555
(S+E5), 15 mmol/L ) NaHCO; I BALF i 4%
UREEAE LRI PR IR (S). B MEFE 5 REHE,

AT B KRt BEHIA NaHCO; 5 Wi i FriFE AR I A TC K
Treatment Soaking method NaHCOs solution volume (mL) Sterile water volume (mL)
CK Az BiER JK Physiological saline 0 10

H-+& 5 H+Strains No. 2K Bacterial suspensions 0 10

S Az BiER 7K Physiological saline 10

S+5E 5 S+Strains No. =K Bacterial suspensions 10
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ANEE S BRI AR, HAHCE N TR E (R
27 °C, FHXTIREE 70%, 12/12 h YCHR/SES), 48
24 h I A FRER K AN NaHCO; ¥, 7 d Jaxf
AR AEARBOAR KA 7583 T
1.3 #HELE

1 Jfl Microsoft Excel 2010 #1 SPSS 18.0 #k{f5
TTBAE T EE, J7 2253817 R ] Duncan’s #r & %
ZEFI LSD ¥, K Origin 8.5 1R,

2 HR545H
21 MWEBEKMIBEESER

Bl A 105 A TR AR, X R
P& AT RS BE GBS, IR AT 7E NaHCOs Wk 22
50 mmol/L. pH 9.0 [ EREFR%EE [, 28 °C £
7d 5, LA E AR AR M A R, R4S
2| 43 BRAS R T TS RO AN B TR AR, MR R AR B
A KSR 5%, pH (A 9.0) K 2F [ AH 56 ST
ik, KSR TR R, g BRI R
01-43 5,
22 FHRREINGEMETE
22,1 HEHKEREES

N4 B AF A 1 ik el T Aok 422 A BT 23 DL I R
BRFREE b, 1R AT RE R AR 39 Pk, HEELE
LS . AR RAF . BARCRR B
ST, XL — 2 e e, PR I URE )
%2 R
222 HEHRBEBEHHEE

XTIEICH 5 PRI T A LB 55 , X
PROERERE S1 . e 2 PR, lid kA sl
RIEMREAR RIS A ERE )1, 29 S D/d
4 1.10, 41 B4 D/d R 1.29, HAfth 3 PR
WA VI o 35 FH AR W 6 X PR AR VA A DL
I E, 2 PRI BEEE ) £ 7 B 3 (P<0.05),
29 SRR 20.05 meg/L, T 41 S 40 A
M 34.61 mg/L,
2.2.3 B IAA BE N FFE ACC Bt REGRE

FIFH Spot FL kil iE 5 BRI IAA BES K=
o W 1A Fias, BEEUW TURRERAR AN o 12 i 1

*2 EHER. BAENHBENNE
Table 2 Determination of nitrogen fixing and phosphorus
dissolving ability of strains

Bk s EA WAENLEE Did EANIEEE
Strains No. Nitrogen Phosphate Phosphate
fixation solubilizing solubilizing capacity

(mg/L)

23 = = = =

29 A= A 1.10 20.05

34 + - - -

36 + - - -

41 + 4 1.29 34.61

e+ BAIZINEE, HliZ, ThEEMsR; —. JLtIiIae
Note: +: The function is available, the more +, the stronger this
function; —: This function is not available

HAT I TAA IBEST , TAA B97=HE7E 7.18—17.66 mg/L
ZIE, TAA eI 2k 34 S4w, Pl
41 SANTH . 34 SANEM 23 SUFE TAA P2
BETHABANE, T 41 SAIEM 29 S40H 1AA
PERRET . WA E, SRR ER B AN R 4 H A e
ACC i ZMERES1, (B ACC Bl g% 1 22 5 &
(P<0.05). & 1B ", 34 51 23 ‘S4B (H il EL1G 7
2w T A AR R, 70035 %] T 0.24 U/mg F
0.31 U/mg; HAMAMBE R, 29 5400 1Y H LL TS
J18A%, AR 0.02 U/mg.
224 EHRFEREIKEE

R AE RIS, S BRI 23 Sl
BA AR ) ; #HAE MKB KR S i o,
Xt FIEWHETT ODgy o ME, 151 A/4H. 23 5S40
W A/4, 1R 0.968, & BUekak vk B 547k
Su=(A~A)/A=3.19%.
23 EHMEE
231 EESFEREBEMLETE

¥ Bk 5 R BAFHOCHE A DI REIY 23, 29, 34,
36 Fl 41 SIELIHAIETE SG HARE IR 5 i
24 h, BSOS, N3k 3 B, X 5 Bk
HHEEESHERE, 29 SA@EEiE NFLE 6,
HAxy 4tk @, Rinsaw, A0, L5t
W, ARKEER T, ARSI 4,
29 SUNE MR CIHPER , HA 4 oy F 2 R
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A 20 B 035, v
187 ™ 030t [
o161 ] o
£ £ 025) L
p: 12 = © 0.20f
319 b 0.15+
2 8 e
g =
£ 61 £ 0107
S 4t 3
5l 0.05r ﬂ
/
0 23 29 34 36 41 0.00 23 29 34 36 41
Strain Strain
B 1 HEH IAA f1 ACC B EBERED
Figure 1 The strains production of IAA and ACC deaminase
TE: A: Wtk IAA P75 B: Wbk ACC R ™ &
Note: A: TAA production of strains; B: ACC production of strains
*3 BRI
Table 3 Colony morphologies of strains
EkgS R i JEAR BUE 3 RIER DL Rl AR
Strains No.  Size Color Shape Edge Surface condition Uplift  Growth rate
23 BN RE I RE D= ISR IN B L G 2
Less smaller Canary yellow  Suborbicular Smooth and serrated More moist Convex Medium
29 BR FLE A [ el T ShTalEd mhE PR
More bigger Ivory white Circular Smooth and regular Moist Convex Fast
34 /h RE [G1F}7 el BT LERTAE mhE PR
Small Canary yellow  Circular Smooth and regular More moist Convex Fast
36 /h RE [G1F}7 el BT LERTAE mhE PR
Small Canary yellow  Circular Smooth and regular More moist Convex Fast
41 N R 5 2 e B Lirglialt] Ml PR
Small Canary yellow  Circular Smooth and regular More moist Convex Fast
x4 SHEMEEELTY
Table 4 Physiological and biochemical characteristics of 5 strains
JRIEFE bR Test items 23 29 34 36 41
Only carbon source tests Glucose + 4 ia i +
Mannitol + + + + +
Sucrose + + + + +
Only nitrogen source tests Ammonium sulfate + + + + +
Potassium nitrate + + + + +
Indole test A 4 i 3 4
Contact enzyme i = s Ak i
Amylohydrolysis test = 4 = = =
MR test - + = - -
Anaerobic growth test - - o - -
V-P test - - m - -
Nitrate reduction test + - + + +
Ammonia production test + = A F +
Gelatin liquefaction test = = = = =
Gram stain - + i - -

M o+ PBHME; - BAME

Note: +: Positive; —: Negative
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PR, B 29 54T MY EA i A Ak S S P
5 PRESTEME BRI CRIZTHE . THEEIE . BEMH ANt —
RIRBRRREL . WSIRE A1 F YRR K, BIARRTE
IREGEAE T ALK, B 2B M, v-P 56
BIAIME, HA 29 SUIEBER S TE R, BIAEE
SR, HIRLORIRA 29 S ANRE 2 FHE, Y
PR SR BRI = Z B B 29 5 40 A A S B
232 DTFEMFELTE

B 5 BRI A5 2 16S rRNA JE K] 537 9 3
TCAREHN AT MRS £ NCBI F 45 BLAST 43
Br, @ik MEGA 7.0 A HE R G K WA 2),
HR 55 B Bk A ALY I R B R R R 43285

HRPERAR A FRAE AL SCBR 25 | MR S R
R R TR IEASHRAE , 208 (IAZARANTR 4 T ) 1)
M CHRAMEREEETFM) Y, a0 T4
YR ARG S A5 . 5 BRI SRR AN PR 1) 46 1 45
R 5 fon, 29 SHEEE N HIURIREE R

Strain 34 (MT497979)
Strain 23 (MT936516)

Strain 36 (MT936520)

Strain 41 (MT936523)

85

—d
0.02

2 SHREHRET 16S rRNA EERRFE A BH

fitifb 51 D IR QT (Zobellella denitrificans), 23, 34,
36 1 41 S A A kR BRI B T8 (Halomonas
sp.), 3 A Bk B B (Halomonas desiderata)
H e W PR (Halomonas kenyensis) FIFg £ PRI
(Halomonas saliphila), 5 ¥RIE3ET 2 & 5 .
24 BEMMEBMETLNEMHFAFRGE
A KB
241 EHRMLNEMTFRIFRFME

TEER T 30 AN SR AN 38 45 1T i FH AN [R] 1
R AL BRI A AT A R, X R AR AT
Geit, a5 RAE 3 FR o AKEEFR AT P AL/ it
FAASTR) B B 5 & 2HACAE HAXF I AR, L/
HR R ERE(P<0.05), XtH CK kZERZED
WINT 5.88%, 34 SANEAL S H34 K25 5w,
WY 23.53%; pH 8.5, 15 mmol/L NaHCOs [it3h
BB 38 BE A% 0 2 AR L L/ N L Rh - A 2R #4(P<0.05)
IRIZNGRFRZE, S R ZFRIGET] 48%, 1F

Halomonas desiderata FB2" (NR026274)
Halomonas urumqiensis BZ-SZ-Xj27" (NR149235)
Halomonas kenyensis AIR-2" (NR043299)
Halomonas sediminis YIMC248" (NR116180)

Halomonas saliphila LCB169" (NR163654)

Oceanisphaera marina YM319" (NR157015)
Zobellella sp. 102-Py4" (MG456893)
train 29 (MT936519)

100
84 S
92 Zobellella denitrificans ZD1" (NR043629)

Figure 2 Phylogenetic tree based on 16S rRNA gene of five strains

#=5 S5HEARY16S rRNA EFRHEUMENREEER

Table 5 Identification results and homology alignments of 5 strains based on 16S rRNA gene sequences

(LS A GenBank % 5% 5 AHABLPE il

Strains Type strain GenBank accession No. Similarity (%) Species

23 FB2" MT936516 96.72 HAAEE MU Halomonas desiderata

29 ZD1" MT936519 96.93 A E DUR BB Zobellella denitrificans
34 FB2" MT497979 98.19 AR BUMU TR Halomonas desiderata

36 AIR-2" MT936520 98.39 e Eh ¥R Halomonas kenyensis

4] LCB169" MT936523 97.91 T M B Halomonas saliphila
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CK S H23S23 H29S29 H34S34 H36S36 H41S41
Treatment

B3 BWEMHEFRHTEMRMNLNERFRMFME

Figure 3 Effect of strains on the germination rate of red
adzuki bean under saline-alkali stress

W CK: KIEFEXTRRAL; S: FhOfra 555 % B4 ; H+ P bk
IKIGSEH AR G RE ;. S+Eakk: EROUMa T e A [A] T bk
[F]—FEFR AN [A] - B3R 22 57 |8 25 (P<0.05), R[]

Note: CK: Control without non-saline-alkali stress; S: Control
with saline-alkali stress; H+Strain: Treated with different strains
under non-saline-alkali stress; S+Strain: Treated with different
strains under saline-alkali stress. The different letters in the same
index mean significant difference at P<0.05, the same below

ERGaE 251 R A P ERR A BCAE SHXT R
IMRAL, ARk % 0 E 4R 5 (P<0.05), ik
2| 68%LA I, TEWHEFN G PR BR U8 A S5 A ER B
L%%%Wﬂﬁﬁﬁm FHh, Ehm A ST R
34 SHFEME S34 A/NG R FHRIKS T
WALE%H?CK@,ﬁﬁ%ﬁ SPE T A LRE
WAL S L/ NG R RS CK AR EES,
G TT D0, E SR BRAEE TR X 5 Fh A IR AL B S
TH R T Eh B8P 10 6 R0 & I E R 4 e &
FE
FiFEE5% 7d )5, XEHARK . ZRRSETE,
ZERNE 4B 5 s, TEKIEFRAE R4 23,29,
34, 36 fl 41 SHIRACE S, XN H23, H29,
H34 . H36 Al H41 4IMR K5 CK 4 e HAT i 0
JnP<0.05), ZHIHEIMNT 4.43%. 8.94%. 6.4%.
28.05%F1 4.16%; 5 CK A, S AHFhFARK B3
FEAR(P<0.05), 16 B FP M5B AR K 32 B ER e iy

0 CK S H23S23 H29S29 H34 S34 H36 S36 H41S41
Treatment

E4 REMBFETERTLLNDERKEFN
Figure 4 Effect of strains on root length of red adzuki
bean under saline-alkali stress
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E5 REMBFEETERNLLNDEFREZM
Figure 5 Effect of strains on bud length of red adzuki
bean under saline-alkali stress

P, (AAEERBME T i RIS, AT DA HEAR R
AR SRS MIE, 5 MR #RIG G 2/ NG K
R RNEE] T 32.63%. 40.69% . 56.11% .
55.24%%1 79.15%, 25 .35 (P<0.05); 7EERAR 2514
bt AR SR AR A K R B A — R R R AE
L HE 41 SUlE G S41 Ha/hEREK S CK
FHELTC B 225, TR TSR0 30 47 ok i 2R K4
il o FEKIEFR A PR RS, T R AR LN
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ZFK 5 CK M F A5 51 i 4 N (P<0.05); 5 CK 4H
I, S 2K & FEAR(P<0.05), ZFMAEKK
B2 E) T MG A 5 SR A R BEUME T it
HRkG, FTmzEKs S 4l afg ) T w1,
34, 36 F1 41 SAHREALHS S34. S36 Fl S41
HMFHRKYS CK LB EES, &M T 260
XA RS E N . £5 BRI, TERR 23
29. 34, 36 Tl 41 W] LAGZ it 22 T BRER B 38 X 21
INELR AR BMEIER], fRdEaNE AR
242 EHML/NEHEEERFNE

X BE SR AE TO A FRER K AT pH 8.5, 15 mmol/L
() NaHCO; ¥ H LT/ NG Qi AT A AR B AR
Kgiit, 258K 6 Pin . KR A FAHE
WALR)S , 21/ NE AR AR S AR B S CK A EE
EHIN(P<0.05), HERH 5 BREEXF LN G A ™A
TARUEMER s Shudibhia 55 3= 41(S) b i AR AR H AR
K R AR, Ul IR AR a8 B 2 h Gk
M, BHASARES & T (P<0.05); ARTZS 3 B AL B
JER A AERBERK I S AR ERE, 34
36 SANE AL TG S34 F1 S36 LHLL/ NG AR AR A
T CK, THBR T R ia Xt AR P i E A s 78

o

Average root number (strip)
N

0
CK S H23S823 H29S29 H34S34 H36S36 H41S41
Treatment

B 6 ARAEMIINEHFIRAERKBFZI

MR T2 41 SRS S41 AL/ EHS
ENEIRZ, 23 SUIWAL IS S23 HLL/NEHA
WK, X S 4l e T 360%A 320%,
UERHTEER TR AR A N HRPIX 5 BR TR S 24 AT LAGE i
2 HBRERGROT 21N AR A A AR B A MR T e AR
AR EE .
3

1 ¥ 4R br 42 4= 5§ (Plant  Growth-Promoting
Rhizobacteria, PGPR)J&—Ff3 25 2s, Hiere
b A i AR KR EURES TR R, g A= 1K
LW WA AT BE 3%, i) -3 b A AR
—FRCEAT [T 50 VA B A R A — T 2 T A Th RE
k7 PGPR X -3 iy F 0 IS A Wy A AR B A
T RA —E R ERTER], BES I ZEm A A
A BUE TR, bRy K, SR 2% PGPR
AR IR R T bk, B ATHME LI O R R A B
JIr LA 253 1 A 2 T 0T 5 R B B A
— 7 PRIME o A5 A K PR Bk 138 v 4329 45 3 i 45
PR, 03X R AR T RE S E , PRk fie A= 2hfE
BORAY AR TR IE I R I B AR AR 5 BRI
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Figure 6 Effect of different treatments on root growth of red adzuki bean cuttings

E: A ZU/NERFAFIEREG B ZV/NEMA IR

Note: A: Average root number of red adzuki bean cuttings; B: Average root length of red adzuki bean cuttings
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PIHA A AR TAA T2 ACC it 2 il
fe Sy, Horp, 29 SN 41 540 HA ik RE
23 SHIHE B A T g A RE

CIRSF TR AR LT AR, 75
TSR K A A B i, ACC i
REGREFEAR IR IIRTIR ACC, BRI A
W, ATFRHYERK. MR,
ACC i Z BE0E PE 5 F 20 nmol/mg B 5t BE A A
Wy A KU RS R BT ACC TS TR
0.018-0.306 mmol/mg, &3 & T 3CHA[1018MH , IF
B i 356 75 21 14 TR bk EL A 02 1 A 0 AR K 1Y g
Penrose Z5PFSE W], fES ACC I MEA T
R BN 25 76 B & BT SRRl 3R B2 i, TSR AR Y Y
ACC MIZ& 5T RE . WM™ ACC L, REts
MR N ) ACC 20N o- T R R4, — 7 1 ]
DURPE BRI MR A K R & I il , o5 — 7 s T
WA N AR R, SRR A R P, SEB
HAFFEAE

WA TEFAT = SR B T MR 1 i B R A
O TG Tl P s ol L 5 T 7~ A 1 EU A R /M
R PEH T R 7 HAA i B RE ) SRR T 5 55 1 ME
WP EARF SR AT A B, A R AR Y
Fb AR T MR ol R R 58 4 SR AR AR G, 7 EL A A o o
WEB T AU B P2 x5 T RS2 vh T
PRIG WAL 20 . MSCHFoR R, A v i
T G PR VAT, A A R A R A A A
ZIHEIR PR B AT IR S5 A HLIR L M HoS \HoS O,
SETCHLRRPY . e BRI AR R, B
B Caz(PO,), B CaCO; S5 A iR fit , MM A
Ve P ) 7 AR s RLBR PR AN, TR A W A 33 il
A A T0E v A e R LA TV A, TR,
VBRI (1) R/ N A R0 % b J i 5 5 B 0 3 555 o 76
BT, LA TCT s R 0 A A R R TR B
Y, DT A 3ok B B Tl A TR A ML T RE ) B AR
VS AR DU S E A TI0 A , P 45 6 2R B PRI T R 1Y
APIBERE S, B —ar AR,

BRIC R 38 AR R I B AR B AR T
HusEH  F 23 PGPR BEE 7 AR AT S A1) Bk 2
EYARERIA, SIEET I h IR Fe¥ B,
DAY BURE B AE SR TR S 5K, S THE )
RNERZR B Ko, [RIRE AT DLE )™ A AT
B 3 H R R R R B R AN AR B, R A AR
KPS BT ek s R O R O TR R TT DA A L A
(S ERAE I TE 5 [ PR BRI A 1 10 5 3R 58 vh AR A
—ERY, BAMHRYREED . B, Bk
WHAEES AT Cu™ e Zn* 4 B B TR RE
DACTE A R A8 3 A A L P 38 04 K 43 W o, W] LA
P& i AE P AT T 4 8 R 52 e 0 O 1 R AE
Wi S AR RCO, ABFIE R 5 RRIEER B AR
M, 23 SANERA T SRBUkRE Ty, H™
BRIV BE N 3.19%. SR 23 5 20 TR 43I 1 Bk 2K
IR RERS N TS AP PURTE S THE Y 14T
WA RE I i — SR .

W51 2 1R (TA A) 2 AE R AR P 3573 A7 76 (1 R R A=
K&K, KIKER IAA BEWIEIE FRMK, mkE
() TAA 7] DA SFMAR T8 BURAR B3 m, HAT
O30 TAA ThBE A T AR AT LA 3 43 30— 5 1) TAA {2
HERE AR ZOR RS, S8 AN T A s R )
A, TAA fEEZF G BuR TR, EEREN
EREmREREP . ARURIEMA T (AR King
FfR S rp AR BRI A AR, S5 R B, A
5 PRB Y TAA PP EYEHE N 7.18-17.66 mg/L, XJ4L
NG ER B A AL HE, AR PRAIAR R R 2 W
il s SRMAEER RS, LR A3 5015 3 22
fif, SRR AT RE HHERV AR A TAA BB T A
o 7 R ARG R, MRS P AR B P O
6 H RE A% 73 1 M5 W S TR (TAA) R TR AR, R R
Ml it F B ok AR, Pk MQO13 Fi
MQO39 X F K& 1 1 A8 K AEAE B B A2 A
FBICICAEDTNES, HAT P ERVE B A il A K R
REIY 2 BREL R AR T Rs-5 F1 Rs-198 AT ITEER A T
PEEMAE R ZERI M 3 MLl WL, — e B A
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TP ER TAA S5 AE DI RE I A R W] DAAE — 8 PR
N R E T TR A K R, R
AR R AEK

AW, TEARERGRM G AR A PR T
CINEFFHERN S MRIAS , R ZFRIIRE, UiHX
5 AR AE AR R B s R AR BT T AR AVER, T
IER NP S LY 7 DU I AW NI &2 o)
ATLMKAE B CK [F]—552, JL-F-THER 1 £hamiiia
YRR AN, 385 T ARSI 2/ NS R 1Y
KRS XK IGETH P R BE, WAk S Y
R KT B E TR IR, R B K I
HAREEZ, ERREIKE 2 CK [F—KF,
VIR R AR S T B T SR AR 2R B30 . X1
PR R, BRI A TR e B R TR
B JH 30 SRS R AL B AR T AR SR A PR A
s Bal VGRS & B, 7R KRS _E BRI EAS = ACC
Jii 2 Y PGPR W] DL R R R e
DSV o 07 16 45 2 14 W 4 T & (Enterobacter sp.)
AC3 HLAT [ A VW . 77 TAA . ACC Flik ik be 17,
Xof it JH AT A A AR AR T, R BIE i T R
S A o ARWESE P AR AR TR AT SR A A
R
s wi

AT K D DX i - H 7 432 A 31 43 Bk
Mt Eh B2 B, O X LA SR A TR AT %,
0 5 BROEAETHRE i &t . (2B SOR BT i it £k
RN BR R R EA T T ER A SE , o LG A PLek
REJIRIA 28k, HA T ERERRE I ROA 1 AR, Stk
BIEARA . 77 IAA FI™ ACC i MRe Jy; il
BARS . EHAA S FAEYFEE, | BT
FLUR R & (Zobellella sp.), 4 FkJE T b
J&(Halomonas sp.). TEERRIASE Y, R0 IX 5 BRI
R R ke o N AT ) EARANE R S Ry R
KRR DL A S AR R EORIR S, Firh 34, 36 5
AL AR 5, X R R A S A
ZENPE . RN E A K B EEAEA
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