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B OE.[86)] had a3 ey GAERGFRATAAK, KABELEEMHEE
Koyt xtt, MITBTF AR SRR G AN, [FEY B i &M, fainik
B M 389 32 AN SFRATH A AR A AR S, M Z ALK 4 8 A 2 FGRIE A A H AR ACC LA
BpE S N. Pia. [£R] EFEIK 2306, 2403, 2301 feB R H St m v sk
Fak PEARER, LOAEIR 2306 IR AKRERME, E¥ 5. AW E S A AT EIE I 53.1%F
190.2%. (41 F AT E ) ACC BLABRF M5 SARMAREE, 54HFMXE
Z MEBLEERIANABAMRHYRRE LMY BN, PELE. MRALEREHE T FFAAMELR T
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Growth-promoting effect of Bacillus strains on Eucalyptus seedling
and their ACC deaminase activity

HOU Jun-Jie KANG Li-Hua~ LU Jun-Kun ZHU Ya-Jie WANG Sheng-Kun
(Chinese Academy of Forestry Tropical, Forestry Research Institute, Guangzhou, Guangdong 510520, China)

Abstract: [Objective] Aiming to screen out Bacillus strains which promoted growth of Eucalyptus
seedlings, estimate relationship between ACC deaminase activity and seedling growth performances,
and reveal preliminarily mechanism of growth promotion by Bacillus strains. [Methods] Pot
experiment was conducted for Eucalyptus seedlings inoculated by 32 strains of Bacillus which were
isolated from the soil under Eucalytus plantation in Yangjiang and Guangzhou City, Guangdong
Province, and ACC deaminase activity of the strains as well as nitrogen and phosphorus contents of
the seedlings were measured. [Results] The results showed that inoculations of strains 2306, 2301
and 2403 could increase significantly height and biomass growth of Eucalyptus seedlings, and strain
2306 was the best, relevant seedling height and biomass were 53.1% and 190.2% higher than control.
[Conclusion] ACC deaminase activity of Bacillus strains was remarkably correlated with seedling
height and biomass, and these three strains could also increase nitrogen and phosphorus contents of
Eucalyptus seedlings. The findings will increase growth-promoting microorganism germplasm
resources of Eucalyptus plantation and facilitate development of microbiological fertilizers for
Eucalyptus.
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Table 1 Nutrient contents of soils sampled for isolation of Bacillus strains under Eucalyptus plantations

KA A pH fi AL 4N 4 K AN AR P ARK
Sampling et Organic matter Total N Total P Total K Effic. N Effic. P Effic. P
sites (g/kg) (g/ke) (g/kg) (g/ke) (g/kg) (g/kg) (g/kg)
V‘I
i { 5.03 41.670 1.123 7.243 105.24 9.90 37.84
Yangjiang
PM
5.03 24.731 0.857 44.226 47.94 2.07 36.61
Guangzhou
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SAM T R 3229 Jotk R (BB E 4% Eucalyptus
urophyllaxE. grandis)ZH 517, M4 RV EH
rb Rt BRI A E R B RO N K
by, BAA TR IR 2 N4 40-45 em &b, 3T
% (7 M FLA2 A 5 mm)J 45
1.2 RIEHZE
1.2 FFENRLE: KR E R Y 32 BREEAUAT IR HERD
THA 100 mL 4= R I RIBA S SR 09 250 mL
S, 28 °C R H5FE 24 h, #4538 200 r/min,
il B R o S EAR R 12 om RYIIRIZL, &
JEHRBCBUZUE AR, AR B 1.5 om b,
IR S 3 PR AR AL R 330 B, FHZR IR ACRAR
TRBUNEE U T e AR P T B0 1k
TR | MY, BB R IS R
B, BEk | AR TER, A NEA LIRS
W (BEARYE A 10° CFU/mL) 10 mL. 3256 5% FH 2. 5]
REEMLIX AT, fUdh CK (RERHIENIE 33 4
AhEE, BEANALEE 10 IRER .

1.2.2 HRRGEFIME: WA ERMN 3 A
J& . FHE R E TSRS, A SR 5 43 3
BRI b R A, BT 70-80 °C
M, e s E AR T E, RS
PREAEY R, BEIE . A4 N, 2
P &, &N SERAVEENE, 2P FEX
FARBET H ki 2

1.2.3 E#k ACC B & EgE N4 SR el =l kb
LI E ACC I & BEHE TEN, B 5 I B bk b 22
4 mL 4= REE A RE AR T, 28 °C. 200 r/min
IR TR 8-12 h EXHEChE s EW; H Mo
TLRIEFRWIER 2 WG T Mo-ACC Ki Rl h R 57
40 h; ffl pH 7.6 114 0.1 mol/L Tris-HCI 2% M L 2
W, BE FIHRIE N 600 pL A9 0.1 mol/L Tris-HCI
ZE(pH 8.5)E W= TF)E, MA 30 uL HE, fl
FURY 30 s 5, BU1 mL B3, JA 800 pL
0.56 mol/L HC1 1 300 pL 2,4- —f3EAEME, 30 °C
%35 30 min, LA 2 mL 2 mol/L NaOH, [f] SP-721E
TSR SEFERE TG I SN YAE 540 nm Kb 6% FE(EL

(ODs40) o MRAEARUERE o T FR UK BE 5% 13 Y ODsao
HIEbRAERZE . ORI R B WO A ACC i)
ODsao ik 2 H AT HRAL BB ALY ODsqg, fRARR
WM, TR R] ACC REH#EIE ACC
A o~ TR, BRSO, A1 pmol/min
FoR U R BT G R DL A AR 1R R RIS
(U/mg), NEE22 va 8 1T (BTG ) S, 30R
ACC i g 10,
1.3 B

iz Ff SPSS 17.0 B4 X i i ds b4 1 P &
ZEOTNTRIZZE A, PR IR AR R ) ACC R 2 g T
P SRR R A P22 RIS S M (AR )

2 HR548H
2.1 EMFRITETIEM A E SIS RN

PR Al B 2R AT IR 3 AN R R R
Pk 2. & 2 vILLEH, A 21 P HEbkaE
R s E K MAEY R R, K&, EYES
xR B e A ¥E T 3.0%-53.1% F
3.5%—190.2%, SR WAL Pk 2306 X i &5 LA K 2306,
2301, 2403 X AE Y5t i 4 SE A4 Ok 3 B 25 K F-
(P<0.05). A 11 BRI RAR LI 14 K Iefe ik
ER, AFFETEMMEAERMNESR . BMEZ,
AT LA E B PR 2306, 2403, 2301 HAT B 2R
TERE, DATERE 2306 MR AR AE, e . A&

AT E BB I 53.1%F1 190.2%

22 EHE ACC BEMEMEESEMOEE
KB X

XF BARAEAE T 21 BREZFHLFF 4T ACC A
TP, 25 3. MR 3 n, XUEZEL
FFE ACC 2 LG 714 0.012 7-0.019 8 U/mg,
T5c 95 B R 4 B A PRI AR B N TR 4 358 v ) B
2306, Tk E MBS A ) MR T AR 3 b ) 8
Pk 1404,

21 BREFFFFEE R, A 13 B4 ES B BRI A
TR, A 8 MR B AR TR, Hop B2
PR AE SR T R 2306, 2403, 2301 54385 { BT,

http://journals.im.ac.cn/wswxtbcn



2032 WA 4 Microbiol. China 2014, Vol.41, No.10

H.2306.2403 W4~ BRI ACC i 2 8 HL TS 1130 2301 e L 20 PR A AR A= K O TR
MR 2301 B9 ACC B &8l F il 714, DA Rk AR, nTREE o = e /e LR e A A K

K2 EMEFRTE 3 A REMGENERKSRI

Table 2 Growth performance of Eucalyptus seedlings in three month after inoculation by 32 Bacillus strains

s T Seedling height A ¥t Biomass
Strain ot VR A P Ly R
Seedling height (cm) Height increase (%) Biomass (g) Biomass increase (%)

2306 30.93+6.29a 53.1 1.81+£0.85 a 190.2
2307 29.86+7.18ab 47.8 1.09+0.52 be 75.1
2403 28.60+4.72ab 41.6 1.25+0.56 b 100.5
1304 28.09+5.92ab 39.1 0.71£0.41 cd 13.5
2204 27.78+5.09ab 37.5 0.87+0.42 be 40.5
2309 27.69+6.15ab 37.1 1.12+0.72 be 80.4
2402 27.36+7.12ab 35.4 0.94+0.46 be 51.4
2203 26.80+6.26ab 32.7 1.08+0.48 be 73.2
2303 26.18+3.42ab 29.6 0.72+0.27 cd 16.2
1201 25.80£6.60ab 27.7 0.95+0.64 bc 53.1
2301 25.78+3.83ab 27.6 1.39+0.62 ab 123.8
2304 24.87+6.81b 23.1 0.78+0.60 ¢ 25.9
1308 24.85+6.38b 23.0 0.69+0.39 cd 10.1
1306 24.71+£5.28b 22.3 0.80+0.42 ¢ 27.8
1202 23.93+7.74bc 18.5 0.86+0.64 bc 37.8
2201 23.75+3.04bc 17.6 0.96+0.54 be 53.7
1301 22.79+7.25bc 12.8 0.69+0.49 cd 11.3
2202 22.31+9.58bc 10.5 0.76+0.78 cd 22.3
1404 22.28+6.94bc 10.3 0.69+0.49 cd 11.3
1307 22.02+3.11bc 9.0 0.68+0.30 cd 9.6
2302 20.77+5.39bc 2.8 0.5440.29 cd 3.5
CK 20.20+0.42bc = 0.62+0.62 cd -
2305 20.09+6.07bc 0.5 0.56+0.47 cd -10.3
1305 19.66+7.93bc —2.7 0.71£0.59 cd —2.1
2205 19.04+4.33¢ =57 0.46+0.21 cd —26.7
2208 18.35+4.83cd 9.2 0.39+0.20 cd =37.5
1303 18.31£7.52cd -9.4 0.48+0.49 cd =232
2308 18.03+4.32cd —-10.7 0.67+0.33 cd —0.6
1403 17.92+7.41cd —-11.3 0.57+0.50 cd -8.5
1402 16.99+6.04cd -15.9 0.4740.46 cd —24.1
2207 16.17+3.69cd —20.0 0.3740.17 cd —41.2
1309 13.27+£5.22d —34.3 0.32+0.30 d —48.7
2206 11.83+11.83d —41.4 0.23+0.15d —63.0

T RPBE R I EAARETT 22, RSN RA R/ NG FHE30R 5% K225 3

Notes: Values are means+standard errors. Different small letters represents significant differences at 0.05 level.
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B AR B (RP=0.944), SR 4 E AR Wikt B
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B P s $EFh 2403 EARAE A AR S A 2
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TR 2301 FRARAERH B4R = T840 P it

H13¢ 4 i8] LU Y, AR 4 b 3 0 A B i
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Table 3 ACC deaminase activity of 21 Bacillus strains with growth-promoting effect on Eucalyptus seedlings

ACC AR ACC i

WA e Mrgf%wéﬁﬁﬁ% b S ks wibkn iy
Strain Strain origin  ACC deaminase ! Strain Stfa?n ACC deaminase | Strain St?a%n ACC deaminase
number activity (Umg) | U0CT  OHEIL iy (Uimg) | UOSTOHEIR ity (Uimg)
2306 BT, 0.0198 | 2309 BT, 0.0166 | 1202 Il 0.0142
2307 BT, 0.0184 2402 BT, 0.0165 2202 EPAN 0.0139
1304 M 0.0180 1308 I M s 0.0163 2201 EPAN 0.0139
2204 FHL 0.0179 1306 S 0.0161 1301 M 0.0138
2403 BHYT. 0.0176 2304 BHYT. 0.0159 1307 M 0.0136
1201 M 0.0171 2203 BT, 0.0159 2302 FHYT. 0.0133
2303 BT, 0.0167 2301 BT, 0.0143 1404 Il 0.0127

x4 BEMARZEREEANINERPEMIEEHSE

Table 4 N and P contents of Eucalyptus seedlings after inoculation three Bacillus with good growth-promoting effect

i EER AR HHFRTA Hh 5 U HR 5
[l = ks Aboveground N Underground N Aboveground P Underground P
Strain i W Tt ik o i o i
number Content Increase Content Increase Content Increase Content Increase
(g/kg) (%) (g/kg) (%) (g/kg) (%) (g/kg) (%)
2306 13.32 54.53 6.07 36.98 0.48 14.80 0.59 95.71
2403 13.33 54.58 6.44 45.37 0.43 2.86 0.36 19.14
2301 10.98 27.30 5.86 32.18 0.42 0.24 0.51 67.99
CK 8.62 = 4.43 = 0.41 = 0.30 =
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AWFFEIN 32 PREZFFUFF R i s 3 A TRiAk
2306, 2301, 2403, BEWS W EMEIAER LI ET M A K
FAYRE L 2306 BRRAIEAESCR B0
ACC A MGEEIEW L 2306 Hikk ke, H ACC
s LT 110 0.0198 Uimg, RS FAL £t
fRIE M E RIBATF A AS (0.018 6 U/mg)FI7EJEHEY)
FHICHE CS (0.016 7 U/mg). ZFAIFHE ACC Hit &
TP S5 MR 4 T 1 T e AN B S A G
T L i 2508 A ORI AR 34 40 85 A BRI, DA 2
FFF B ACC Mt 2B 1T R 55 43 B i S+
SRR RR, LA AR, & N
MIP, AZN P & EImE T MEE 1.

WANKEAF T R, BA R A A K AR
LAY, AR FPLRE a2 A ek . A
KRS Ry A KIS AWF5T o i ok i
2306, 2403 A1 2301 FEREXHHER 4 v HAT 25 f 42
AVE . FERE 2306 BENE W 34 AR 41 H 3
I N M N P& at, Wbk 2403 RER B 42
FAERT A N SR, DI P R AE A IR E
FER 26 N sk P Al i HL ACC B 2 i
P R U B A ] 3 A R 2 A O T AR T AR
A TRl 2301 PRRERY ACC I 2 it 176 14 44
ik, HEEM R TIPS, AfFEE
B AR AR IR, O R A AL ST FR A T
Z ST RE, T A T R AT SN AR 2 1)
RETE IR TT & o 2488, X SE R PR 2 A LB
W Ff iE— SR .
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