[DEXyESI

Acta Microbiologica Sinica

2023, 63(8): 3264-3278
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220911

AR 35 A BN E AT B IRAE TN iA B B TR E
BN B 5T

HE, BE, PRE, HRE, Wi, Ro8, B, RE

INPERAME KB 24 B, ILPE B H 030600

B, AR, RS, SRIA, MET, BRE, S, &R BERRES A SIAT RN EL G E T 5 5 BT R AR SN T 1]
WA 244k, 2023, 63(8): 3264-3278
HUANG Chen, JIANG Lin, LIANG Yinping, HAN Lingjuan, YANG Kaiyuan, QIN Yunmeng, GAO Peng, ZHAO Xiang.

Acinetobacter calcoaceticus promotes the seedling growth of Lespedeza daurica under saline-alkaline stress[J]. Acta
Microbiologica Sinica, 2023, 63(8): 3264-3278.

6§ FE. X8 ZIPHET (Lespedeza davurica)ZF L ZHRWR ERZNAESEEEA, L H
BAMK 0 T AL EZRRTFHAEK, FIHTHELEFRASNE. BHRTFRAEABHNZRS
At A ok 0 E 222, [ B 8] BBiE 8 B 45 30 4T & (Acinetobacter calcoaceticus)%t
LB T AL PR T I ARMGRARE, T B TERE S A E KB EMN
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Acinetobacter calcoaceticus promotes the seedling growth of
Lespedeza daurica under saline-alkaline stress

HUANG Chen, JIANG Lin, LIANG Yinping, HAN Lingjuan, YANG Kaiyuan, QIN Yunmeng,
GAO Peng*, ZHAO Xiang*

College of Grassland Science, Shanxi Agricultural University, Jinzhong 030600, Shanxi, China

Abstract: Lespedeza davurica is a grass for ecological restoration in the Loess Plateau. The
saline-alkaline soil in the Loess Plateau greatly affects the growth and restricted the economic
and ecological values of L. davurica. Inoculation of growth-promoting rhizobacteria is an
important way to improve plant tolerance to saline-alkaline stress. [Objective] This study aims
to reveal the effect and mechanism of Acinetobacter calcoaceticus in promoting the seedling
growth of L. davurica under saline-alkaline stress, preliminarily disclose the potential
growth-promoting mechanism of legumes, and provide a theoretical basis for the field
application of this bacterium. [Methods] The potassium-containing medium was used to
measure the potassium-solubilizing ability of two A. calcoaceticus strains isolated from L.
davurica rhizosphere. The liquid fermentation method was employed to determine the
production of siderophore and indole-3-acetic acid (IAA) by the two strains. Furthermore, we
carried out petri dish and pot experiments to determine the growth-promoting effects of A.
calcoaceticus on L. davurica seedlings under saline-alkaline stress. [Results] Strains DP25 and
DP27 had the abilities to solubilize potassium and showed the siderophore production of
53.13% and 86.67% and the IAA production of 1.01 mg/L and 17.31 mg/L, respectively.
Compared with the control, the inoculation of DP25 significantly improved the stem length and
root length of L. davurica seedlings in petri dishes. The pot experiments showed that strains
DP25 and DP27 had positive effects on the photosynthetic pigment synthesis and
photosynthesis of the plants under saline-alkaline stress. Compared with the control, the
inoculation with strains DP25 and DP27 increased the plant height, stem diameter, root surface
area, total root length, and bifurcation number of L. davurica plants in pots. In addition, strain
DP27 increased the aboveground biomass, underground biomass, root volume, total root tips,
and root activity. [Conclusion] 4. calcoaceticus demonstrates growth-promoting effect on the
seedlings and adults of L. davurica. It secretes IAA to promote the growth of seedlings and
improves the photosynthetic capacity and root morphogenesis to facilitate the growth of the
adults under saline-alkaline stress. A. calcoaceticus can be used as a growth-promoting
bacterium for planting L. daurica in the saline-alkaline area of Loess Plateau.
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M H (Pseudomonadales) 35 Hi Rl
(Moraxellaceae) , J&=—1E LI 2 /3 i HZ
He LT Fh AL L DI Re Mt 1. Han 261
MNIHE L e 7 B E 1 ARTE 7% NaCl 8 T af
77 HE LR (lactobionic acid, LBA)WIASZhFF
(Acinetobacter halotolerans) KRICT-1; X {EFH 55
OV 7 3 DX AR B b 4 ) 1 Wk P AE SR R
B (pH N 9.0, KR 20%. 10%, pH N
12.004 K HIFE ™ 1AA . MBS S AShFTF
JEHEkE 21; KEEPVN LB (Leymus chinensis)
HRBRERTR 443 25t 1 AR FTAE pH {ECH 10 kg
JER 7.5%AF T HEK, HIER BB RERBS IR
PEANBIF A C111. MR Eh AR B {2 A= 7 ] AR ER
EXT YR, S R FAT,
KT B R A5 AN S A TR AR S R 20 N
(Solanum lycopersicum)* | #E (Avena sativa)** |
B 5 (Medicago sativa)"™ | # JX (Cucumis
sativus)PYVEE 2 GEVEY) o B Bl S BR A5 S B A
SI4 J& . 2 A kA 50 4 AR ZF A R 2 A
Py SEE RGN, IF WA T a4 B K R
5 7 (Bacillus cinerea) )Pkt . 26 | #EH0
W B BT (Providencia rettgeri) P2, AT oK
IR/INFA HE TR (Advenella kashmirensis) P4 | Jifi BRES
AT (Acinetobacter calcoaceticus) P19, &
Wb B (Serratia plymuthica) P35 & m T
M HAE . WIRAE MRS . K Ry
FAE . MEREA . AR, MRS R APTE
TEBEREHERY S AN, IR S N Bl FF R 7E S T R
R LI E SRR PO A MR R4
T3 i R E AR, (B B 5T S SR
SN RS RRES AN ShAT i - o vy i X A 2
SR HAERON o

A AT B HIT A5 DA 6 Bt 35 55 LS ASC 7R B o
B RS E] 2 AR A ARBERE )0 rh RS T ER R
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FEAEA B e D X R B A R B M PR 5 A 5
FRER e AR, JT R BRI S A ST IR 515 15 )
B 7 BAEWESE, E— 22 0 b B A 1F T B R ES A
BT I 5 BSR T RO AR ARONE o LA 2 48
AN FCAEER 0 R 0 15 5 BB e A LB, Oy
TR 4R AL 2 6 8 B A BRI | [T
X B i s X 8 1 52 A ] K R A AN B
FrEfe AL B AT B2
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1.1 #HiEkRRIES BSRRFHF
A. calcoaceticus FFE DP25 (GenBank %55

2. ONO077030)F1 DP27 (GenBank % 3% %5 .
ONO077031) FH A A AT 16, 4385 A ik 5 B 7
FRERES,

A 1 58 BUAL R F B AS A Ak
H, 2014 FARERENMHERZRSHENT
B R
1.2 FERFIFLEE

PG¥EFAM, FEHEESARA A bR
A, TREAERA BRA W] s A, KIEXANSE 5
AR RA T Jea i, Bzl SR
AR BR A F] ; RARFHAL, o E S RHECA R
NS
1.3 EHEE

RAEFED L LB KRty
PEAE T RS 3% s BRI SR B (g/L): A h
10.0, 81K £ 2.5,NaH,P0O, 0.2,MgS0O,4-7H,0 0.2,
NaCl 0.2, CaSO,7H,0 0.1, CaCO; 5.0, 3jifi§
18.0, ZEME/K 1000 mL, pH 7.0-7.58%, PR 4
[ (modified King B, MKB) AR F: 5L (g/L): B
% 5.0, Hih 15.0 mL, K,HPO, 7H,0 2.5,
MgSO,-7H,0 2.5, pH 720, & [RIEFHFE B
(King’s B medium, KMB, g/L): & H Kk 20.0,
K,HPO,4-7H,0 1.5, MgS0,-7H,0 1.5, Hi 10 mL,

IR 0.5, pH 7.0°%, FREFFRILYITE 121 °C
o R K TR AR K B 20 mins
1.4 BEERES AT ETh e M E
141 BEE&HE

PR B RAE LB MR R 5 s fb G 5% 12 h
J&i, & 10 000 r/min Z.0> 5 min, WERE,
REFEE 3R, WIRENRIFTIRRKS, #Eid
TCHEKFRER ODgoo (HZIH 0.1, 0.5 1 0.8,
1.4.2 fREREESIME

W R SR T A AR 0 b, R
AR 3K, 28°C, [HIRKEFE 5 d, WA EE FLZ
BRI, A3 I 2 B e e
1.43 FEEREREESINE

£ 0.5 mL BEAEIFR(ODeoo 21 0.5)HFh T
BEA 50 mL MKB WA SRR, A
A 3K, 28°C. 180 r/min FRFHIEFAEIEFE 2 d,
FRFREE R, USRI AEER 10 000 r/min 5.0
10 min, B 3 mL _EiE W5 SRR CAS K 72
AYIRAT, WEEERE 30 min, WIE ODgyo fH(As),
2 R BRI MKB AR 355 ODgso fE(AY),
FAMSH R A 3 1k 1 v o,
1.4.4 = IAA BEJINE

W4y B 4k 5 W B RREE R 0.5 g/L i) KMB
(0.5 g/L L-tA 2R AR 37 56, 30 °C. 180 r/min
PR35 9% 48 h, 10 000 r/min Z5.0> 10 min, L 3 mL
IS ZR T Salkowski H IR FEAMR G
PRI AL N B, R E 30 min, BEAD R
AT TAA RBITHME, FFTE ODsso ME &
B TAA Y,
1.5 BEEREEANMHEIIES BERARFH
= N1

R T B UE TRTAR 53 W A 28 X 2 2R 2800
Pk A 8 S AT, D 10%IR iR
BIARGR S min, JOREK PR RO, WE
2NN ER, A LCFR: RPN B A R
(ODgoo 2970 0.5 TR REFE ML HRE 12 h B AR FE
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T E TR /K IC SRR 12 he
BUR BT AR K S, B T3A 2 2N MIRAR
FIFEFRILA, BRI 50 KifhF, BEASALER 4 RE
BB TOCIIERA T, W& 25°C (16 h,
JEHR, 12 000 1x)/20 °C (8 h, W5HEFR). 14d 548
THE SRR FARK . 22K K.
1.6 BEEREE A AT R XX B B 8RR F B bk
RS KAV S
1.6.1 ZERITIEHIZ

M P i N TR A
HUHIAL TR L (112°60'E, 37°44'N), FRALYE 5
WE 1 R, T3S 2 mm 6, 450, R4
NEA 15cem. 5 20 cm ) PVC 4.
1.6.2 RXIFIT

TR TE 2022 4E 9-11 A FIlvg b K2
B 2 e b fl A ) S A A ) B R TR A T
FSE 3 bR, A AbPR . S5 O K (control);
B AL H : FP B K DP25; C AL B : 3R T ik DP27,
TAE 4 RES , IR AR 23—
25°C, WIE)IRE 18-20°C, J:HRZRE 8 000 Ix,
JCHRJEIN 16 h/8 h (JERE/RIS), AHXHRE N
40%-50%. PR : IRIHHE A S B R A
PEATIE TR . ] 10% NaClO ¥ 25 1fi W 55
Smin J&5, JCRE/KMEETLM ., Y510 F 121 °C
R RK AT KE 20 min, 75%3P0RE R
=1 BRIBEERBAMER

Table 1 Basic characteristics of soil for experiment
Item Value
pH 8.60
Water soluble salt (g/kg) 5.33
Total phosphorus (g/kg) 0.57
Total nitrogen (g/kg) 1.20
Total potassium (g/kg) 18.71
Available phosphorus (mg/kg) 33.40
Alkaline hydrolysis nitrogen (mg/kg) 10.00
Available potassium (mg/kg) 275
Total iron (g/kg) 31.13
Saturation capacity (%) 24.01

<l actamicro@im.ac.cn, & 010-64807516

PVC & N4 e, HE4 3.5 kg 1 iRy HIET PVC
B, K ZE R H BRI 75%4A 4, -
1 d J5. B4 3 78, BOER A S B FR
10 i, fpAk 7 d)E, MIMERC K. FREE
ARKZES 10 K, AP A 27 (10° CFU/mL),
X Bt A JGER K, TaIBE 7 d A 1R, ERRiEA
BN 35mL, it 3k,

EHHEIE 60 d 5, HEATHORE, WERE Y
Hiabr . EATEbR . AW R R bR A - SO
Fro IRIGHAME], FFE 3 d #MFE PVC B i
R ICR K .

1.6.3 MEIEFR

TEASEAR: SR BRI ERIvRRR o . RS
P AR R RN 25 5 e AR R ARA R
FI MRS-9600TFU2L AR 2 i3 72 I 1154 #
BRAR R K (em) . # 10 (em?) . HRFEH HAE
(mm), HIREL,

SeE iR % CEAREUMEE R D
FEM 4% a (chlorophyll a, Chl a), M%¢% b
(chlorophyll b, Chl b). M%¢Z% B & [Chl (a+b)].
M2t % a/iF4t & b (Chl ab) I b &
(carotenoid, Car) & & ; 7E 9:00-11:30, {# F{HE
KA C1-340 M5 M Eoa A 33 (Pn) 75
HR(Tr). M) CO, MREE(Ci). AL T (Gs)5%
SR [ FH PAM 2500 26U 5E I F -4 2 9%
NS, MAREEN 30 min J5, I E B N S
YA S8 1 (photo system 11, PSIT)HY i KA L2254
R(FvIFm)F1 PSITEAE G YE(Fv/Fo).

AR < R AR AR R R AR R 43
FEIRE VT, AT I I A e o
RS RA 23,5 = & 54 1k A m
(2,3,5-triphenyltetrazolium chloride, TTC)#:; ¥
Hiy b SRAE AR AL T AR R ARYZEAY, 105 °CH
T 30 min, 75 °CHLEHE, o KM EIfit
AR T,

IR bR SRAPLRIEN E A SR
JEF W SO GG 32 0 A 1 4k s 18 Rl 2
SR FHARBAT A s SR OB B TR e 3
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ARE; APt pH KA pH 3HIE
1.7 B

FIFH Microsoft Excel 2019 % FE s , di
SPSS 20.0 FEATEHE /M, Wik S HEA T
ff F MR AR ZEHL . Chla, Chl b, Chl (a+b),
Chl a/b F1 Car 25 #E47 B[R & J5 224387 #1 Duncan
2 H AL(P<0.05), R Origin 2021 Zii4K
PRz ilak O SR 2 i bk . MR AN AT
RIS S LR 7 357 4 S AR I

2 ZERE4N
2.1 wuﬁxmﬂ@m S 2

FE PR 2 %%%ED% Hitk DP25 1 DP27 A
%77 IAA fE ). #E—A 0 %E Rk DP25 fil DP27

7 IAA E’Jﬁ%ﬁ‘ Jjj 17.31 mg/L 1 1.01 mg/L
(% 2), BRIBARMIAHITHE 350 53.13% .
86.67%. Ik, Btk DP25. DP27 AJ7Eff#HI1;
FRIE Y R O ) BB, R bE DP25 .
DP27 ¥ H & ae 1 (Kl 1),

%2 EWk DP25. DP27 /= IAA, k31K, fRRAE
DMELR
Table 2 Determination results of IAA, siderophore

and potassium releasing ability of Acinetobacter
calcoaceticus DP25 and DP27

Strain

IAA (mg/L) Siderophore (%) Potassium release

DP25 17.31+£1.01 53.13+3.55 +
DP27 1.01+£0.80 86.67+0.98 +
-] ()

DP25 DP27

1 E#k DP25 £ DP27 f#$f 5
Figure 1 Potassium-dissolving ability of strains
DP25 and DP27.

2.2 BRERESA BT EIIES BHRR F4E
FMRE1ER

Wi 2 fros, Hkk DP25 fEfs B &L ks
AR AR K AK, BICw K
APHIRE T 19.21%., 22.67% (P<O0. 05)
2.3 BRERES AN sh#F & X Zh i g
AR F R EA A K S
23.1 MEBWHETESBHARFAEGERDN
Egun

mzk 3 Pon, HICEUKA AL, wmk
DP25 AbBHi k5 AL -1t i Chl a. Chl b,
Chl (atb). Car &g, Fv/Fm {EH Fv/Fo {H43 %)
BRI 43.97% . 61.29%., 47.62%. 38.10%.
2.67%F1 10.47% (P<0.05); itk DP27 4bHHf) ik
B AT/ Chl a, Chl b, Chl (atb). Car
8. Fv/IFm {H M Fv/iFo {H 43 %) 5 & 3
44.83% . 58.06% . 47.62% . 35.71% . 2.67%Fl
12.50% (P<0.05).

=58

TR LA (R 4), WIkE DP25.
30
[_IcControl a
DP25
25 [ ppr27 " _I__T—
220k —1
2
= a
& st = b
= a
10F b b
5L
O L 1 1
Plant acid The length of Seeding
height taproot length

2 EMBERS A ENATE DP25 F1 DP27 Xk 5
BRARCF e KIEARRI 2

Figure 2 The growth indexes of Lespedeza daurica
seedlings was  affected by
calcoaceticus DP25 and DP27.
represent  significant
treatment at 0.05 level.

Acinetobacter
Different letters

differences in different
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Table 3 Effects on photosynthetic pigment content and chlorophyll fluorescence parameters of Lespedeza
davurica leaves by Acinetobacter calcoaceticus DP25 and DP27

Treatment Chlorophyll content Determination of fluorescent chlorophyll

Chl a (mg/kg) Chlb (mg/kg) Chl (a+b) (mg/kg) Chla/b Car (mg/kg) Fv/Fm Fv/Fo
Control  1.16+0.06b  0.31+0.02b 1.47+0.08b 3.81+0.05a 0.42+0.02b 0.75+0.01b 2.96+0.15b
DP25 1.67+0.10a  0.50+0.09a  2.17+0.19a 3.42+0.36a 0.58+0.05a 0.77+0.01a 3.27+0.18a
DP27 1.68+0.10a  0.49+0.11a 2.17+0.14a 3.44+0.16a 0.57+0.04a 0.77+0.01a 3.33+0.13a

Different letters represent significant differences in different treatment at 0.05 level.

R4 EMEERISAShATE DP25 A1 DP27 XA BT Py Tr. Gs #1 Ci 9500
Table 4 Effects of inoculation with Acinetobacter calcoaceticus DP25 and DP27 on Pn, Tr, Gs and Ci of

Lespedeza davurica

Treatment Pn Tr Gs Ci

Control 5.89+1.31b 1.18+0.23a 74.67+4.34a 159.00+14.98b
DP25 9.73+1.78a 1.28+0.16a 79.60+6.54a 138.69+8.21ab
DP27 8.39+0.90a 1.39+0.49a 70.13+25.52a 135.56+16.34a

Different letters represent significant differences in different treatment at 0.05 level.

DP27 Kbk & SR Pn (B 53035
12.77%F1 14.74% (P<0.05); [tk DP25. DP27
AR FR A 3R 5 BLEAS T R Ci B 7 K 65.20%
F1 42.44% (P<0.05).

232 XMERWANE TS BHAZFE KN

ERIIAEE T, BEA R AR DP25 J5 ik S B AL
TR 2R R R T IEAKN A GR 5),
AFRIEINT 31.65%F0 25.53% (P<0.05); 1ZFhE
Pk DP27 JEik S BUHAFAR IR T 35.35%,
WEETT 1633%, ZEMHEEG T 21.99%
(P<0.05).

BRI R DP25 J5 ik 5 U AL FAR R TR
SR K a3 OB 3 v T IC R KON B2 (BT 3
X 5), HIEEANT 38.89%. 38.33%. 46.43%
(P<0.05); HEFk DP27 X ik 2 Bk 7 R e 4=
ROREO R, BAR . MR, SHRRE.
A3 SCBURAR R 0E J1 00 54 T 75.36% . 90.21%
224.19%. 75.72%7F 43.03% (P<0.05).

MR KSR 22 48 b i B e ER A 32 4
Mr, SXTIEAL(EE 6), Wk DP25 fil DP27

<l actamicro@im.ac.cn, & 010-64807516

) 58 3R B Ak L<0.50 cm. 2.00<L<3.00 cm,
TL<2.00 cm. SA<0.50 cm® £l 2.00<SA<3.00 cm®
SV, AR DP27 i AT fiE i 0.50<L<2.00 cm.3.00
em<L. 0.50<SA<2.00 cm’, 3.00 cm’<SA FHZ
(P<0.05) . UL Ak, P DP25 5 X)
2.00<L<3.00 cm . 0.50<TL<2.00 cm #I
2.00<SA<3.00 cm® [ Fb &b 4R 5, FE RN A kR
DP27 #%F B8 0.50<TL<2.00 cm 5 [t & 425,
1M L<0.50 cm. TL<0.50 cm Fl SA<0.50 cm?® (5 [t
IKFHEXT B I 2 R AR(P<0.05)
233 MEWEME TES B FEYEMNEN

Fa bR o R T 36.05%, HL R B
IyEETEIRE T 45.00%, Hb EEBATEIEE T
47.27%, N ERTEIEE T 71.43% (P<0.05).
234 XTEFSHEM

AT, MR DP25 J5, HHEARK
B S AR IR IRAR T 6.50% (& 4C); AL
PR E B BT, SO ERIEE T 3.06% (& 4D);
IEoh, R PR DP25 J5 32 pH 8 BE T RE T
0.89% (P<0.05) (& 4E).
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Table 5 Effects of Acinetobacter calcoaceticus DP25 and DP27 inoculation on growth indexes of Lespedeza

davurica
Item Treatment

Control DP25 DP27
Plant acid height (cm/plant) 14.06+1.18b 18.51+1.58a 19.03+£2.80a
Root length (cm/plant) 23.33+1.25b 25.53+1.25ab 27.14+2.63a
Whole plant length (cm/plant) 37.38+1.41b 44.04+0.88a 46.17+5.21a
Stem thick (cm/plant) 46.17+5.21a 1.77+0.09a 1.72+0.11a
Root top ratio 0.13+0.02a 0.13+0.01a 0.13+0.01a
Aboveground fresh weight (g/plant) 2.33+£0.36b 2.59+0.32ab 3.17+0.68a
Underground fresh weight (g/plant) 0.60+0.06b 0.57+0.11b 0.87+0.33a
Terrestrial dry matter (g/plant) 0.55+0.05b 0.65+0.09b 0.81+0.15a
Underground weights (g/plant) 0.07+0.01b 0.08+0.01b 0.12+0.02a
Root volume (m*/plant) 0.69+0.07b 0.84+0.09b 1.21+0.28a
Root surface (cmz/plant) 60.76+9.45¢ 84.394+8.02b 115.57+11.45a
Total root length (cm/plant) 285.89+46.04¢ 395.48+28.06b 485.69+68.71a
Mean diameter (cm/plant) 0.90+0.22a 0.77+0.03a 0.91+0.07a

Root tips number

Bifurcation number

331.75+14.92b
407.42+80.68b

577.00£138.57b
596.17+64.73a

1075.5+257.33a
715.92+119.71a

Root activity (pug/(g-h)) 93.23+9.15b 83.64+4.79b
Different letters represent significant differences in different treatment at 0.05 level.

133.35+8.33a

3 EFEEERIS A ThATE DP25 F1 DP27 ik 5 BiAf FiEtkits 35 RE M TR REHEIS2 0
Figure 3 The Structure of aboveground parts and underground roots of Lespedeza davurica was affected by
Acinetobacter calcoaceticus DP25 and DP27. A, a: The structure of aboveground parts and underground roots
of L. davurica in control. B, b: The structure of aboveground parts and underground roots of Lespedeza
davurica inoculated with strain DP25. C, c: The structure of aboveground parts and underground roots of L.
davurica inoculated with strain DP24. White line segment for 10 cm ruler.
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R 6 IEMBREL IS ENATE DP25 F1 DP27 31k S B F A EIK R AR K E (L, cm) iRIKE(TL, cm).
REF(SA, cm’) B EHIFM
Table 6 Effects of Acinetobacter calcoaceticus DP25 and DP27 on root length (L), root tip length (TL) and
surface area (SA) of Lespedeza davurica at different levels
Treatment L TL SA
L, L, L, L, TL, TL, TL; SA; SA, SA; SA,
Control  490.83+ 320.06+  21.87+ 2491+ 24481+ 51.84+= 13.12+  15.81=% 28.23+ 5.07+ 891+
74.15b 82.84b 16.85b  19.30b  25.07c 7.75¢ 12.53a  2.53b 6.58b 3.87b 6.77b
Prencent 51.34+ 3691+ 2.76+ 2.98+ 78.96+ 16.67+  4.36+ 27.56+ 48.98+ 8.69+ 14.76+
(%) 2.85a 433a 2.35b 2.22a 321a 1.26¢ 4.32a 4.94a 11.20a 6.38b 10.34a
DP25 656.81+ 44632+ 6931+ 1399+ 33501+ 93.70+ 5.84+ 21.01+ 37.92+ 16.74+  4.92+
55.90a 70.63b 11.09a  4.13b 35.44b 11.48b 2.04a 191a 5.88b 241a 1.39b
Prencent 55.46+ 37.52+ 5.83+ 1.19+ 7710+  21.55+ 1.35+ 26.20+ 46.89+ 20.72+  6.19+
4.47a 4.08a 0.70a 0.36a 1.55a 1.18b 0.48a 2.83ab 3.02a l41la 2.06a
DP27 733.45+ 61846+  58.85+ 4631+ 431.55+ 18490+ 16.60+ 24.17+ 55.11+ 1501+  16.07+
105.13a 105.66a  4.88a 4.86a 75.48a 14.73a 2.02a 3.20a 7.36a 5.92a 1.76a
Prencent 50.33+ 42.36+ 4.07+ 325+ 67.93+ 29.40+ 2,67+ 21.85+ 49.85+ 13.62+ 14.68+

(%) 1.59b 1.87a 0.37ab  0.67a 2.59b 2.04a 0.57a 1.18b 2.40a 0.66b 2.14a

L, TL, SA: Root length, root tip length and surface area of L. davurica; L, L,, Ly and L,: L<0.50 cm, 0.50<L<2.00 cm,
2.00<L<3.00 cm and 3.00 cm<L; TL,, TL, and TL;: TL<0.50 cm, 0.50<TL<2.00 cm and 2.00 cm<TL; SA;, SA,, SA; and SA4:
SA<0.50 cm?, 0.50<SA<2.00 cm?, 2.00<SA<3.00 cm? and 3.00 cm<SAZ. Prencent (%) indicates the proportion. Different letters
represent significant differences in different treatment at 0.05 level.

A B C D E
1.6 400 45~ 350~ 8.5-
1.4} 35} 400 3000 8.00
2 - S T N s BB
Wl2p @ a a3 2 35} b 3 = = [ =
= | B 5 2250t 7.5
% = e g E
g1op £2st g 30t g =
g = = 2000 7.0
=08} S0} < 25 =
e a = ER |
| ;; ! Z T
INE NI B N} i

. : . 0 0 o= . . 0.0
Control DP25 DP27 ControlDP25 DP27 Control DP25 DP27 ControlDP25 DP27 ControlDP25 DP27
Treatment Treatment Treatment Treatment Treatment

4 FEMEEERSAENATE DP25 0 DP27 Xf LIE 5 S RIS NT
Figure 4 Effects of Acinetobacter calcoaceticus DP25 and DP27 inoculation on soil nutrient. Different letters
represent significant differences in different treatment at 0.05 level.

3 WthE&$H IAA | FP=RRBUARSERE TP AR SO IR X 42 B 1R
FE R DP25 HI DP27 [RlIFH45 77 TAA | fift

BRRREGA ST —RAEL I 2004 B RS BaA S RE T . TAA VRN P i
HZHAREDRENMAEDY ., BRESANF EENEREZ—, FERTHYEREETS )
B A A e L A Rl R, 7 MRS EEMERPY. AEEEE 2 (4gave
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americana) f2 b 43 25 ) IS TR 55 A 3 A TR
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