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Isolation of Nitrogen-Fixing Bacteria and Phosphate-Solubilizing
Bacteria from the Rhizosphere of Mangrove Plants and Their
Enhancement to the Growth of Kandelia candel Seedlings

HE Xue-xiang', LI Mei *, LIAO Bao-wen’
(1 Guangdong Forest Research Institute, Guangzhou 510520, China; 2 The Research Institute
of Tropical Forest, Chinese Academy of Forestry, Guangzhou 510520, China)

Abstract ; Fifty nine isolates of nitrogen-fixing bacteria and phosphate-solubilizing bacteria were isolated
based on the characteristics of morphology and growth of the bacteria on the selective growth media from
the rhizosphere of mangrove plants including Bruguiera gymnorhiza, B. sexangula, Kandelia candel,
Rhizophora stylosa, Sonneratia apetala and S. caseolaris in Zhanjiang and Zhuhai, Guangdong Province
and Dongzhai harbor, Hainan Island. Among them 7 isolates of nitrogen-fixing bacteria and 8 isolates of
phosphate-solubilizing bacteria were screened as propagule inoculants of K. candel in a series of potted
experiments to examine their capability to promote the growth of plants. The results showed that the inoc-
ulation with a single isolate of phosphate-solubilizing bacteria He4# resulted in a significant increase in
plant height, root mass and total biomass at the rate of 58.4% , 132. 1% and 133.2% , respectively.
The enhancement of isolate He4# on the plant growth is more significant than that of an alien isolate ( Ba-
cillus lichenciformis). The root biomass and total biomass of K. candel inoculated He4 # increased by
72.7% and 90. 2% than those inoculated B. lichenciformis. All pure inoculations with 7 different isolates

of nitrogen-fixing bacteria showed positive response to the plant growth, and the inoculation with isolate
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Ngqq-R14 resulted in the maximum increase in plant height, stem diameter, stem dry mass, root dry
mass and total biomass at the rate of 38.36% , 16.19% , 75.46% , 51.55% and 59.31% , respective-

ly. Dual inoculations with 7 mixtures of one isolate of nitrogen-fixing bacteria and one isolate of phos-

phate-solubilizing bacteria could result in synergistic effect on the growth of the seedlings of K. candel,

and the increase of plant height, stem dry mass, root dry mass and total biomass were 21. 1% -69.4% ,
70.7% -271.3% , 27. 1% —111.3% and 66. 9% —123. 8% respectively. It can be concluded that u-

sing mixed cultures of microorganisms is advantageous over pure cultures, and the inoculation of man-

groves with phosphate-solubilizing bacteria and nitrogen-fixing bacteria will promote the growth of man-

grove plants.
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1.1.3 @#R &7 E ERBULAZS 100
mL i W P16 B M 1 9% SE (SRSMIL it R 14 85 5%
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WRIRAE SRSMI K532 35 (16 ¢ - L™ [ 5U0R) TR I,
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WRIEFE R 28 ~30 °CF 150 t/min #5555 3 ~
5d, -80 C%Af.

1.2 EREEEEE XTI/ A4 &R Ie
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2.2.1 5 BMMAERAKSE IR ARG AELRK
i BRI 1 AR TE (D Hed#) SIS
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B AR I A —E AR HEAE . Hed# HeRh it v sy AR
AP RS A YR SR R A R B 2 5 (P <
0.05) 433 L % BB 58.4% 132. 1% Fi1 133.2% 4
SIEGRR B. licheniformis 57 A RKA B o R AR Y
L A2 9 A ) L X BRI 56.6% | 34. 4% Al
22. 6% . A} UL o3BG 20 ) Ak B2k T L I A0 | T R 0
AERCREGF  HiE AR A= Wy i AL AR W i LSS 0 )
WK 72. 7% F1190. 2% .
2.2.2 S HGBEREARTREGHOREZLR T
[#i] 260 B AR RO 6 S i Y AR AR AR I B 45 2R R
(F2),7 PRIEVRE X v i A A A AN [6) 72 B A 2
YET, Hoh B bk Neqq-R14 5200 B9 42 28 B0R 6 &
th. 22225 W E I, BBk Ngqq-R14 ER0 Y AR K
TEARAVEY) R B & T X IR (P <0.05) , Hil &
AR ZE B E AR T R AR W a0 ) b XS R
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Tab.1 The promoting efficiency of one native isolate of phosphate-solubilizing bacteria and Bacillus licheniformis introduced

from abroad on the growth of seedlings of Kandelia candel

e i om R {7 em Mot A fﬁi%% B4 éi%%
K/ % KR/ % Wy KRR /g HBRE/%

i e 17.11 £4.19b 0.43 £0.05a 2.18 £1.10b 10.12 £3.57b

Hed# 27.11£4.19a  58.4  0.53+0.02a 23.3  5.06+1.25a 132.1 23.60+6.23a 133.2

Bacillus licheniformis  26.80 £3.91a  56.6 ~ 0.56+0.07a  30.2  2.93+1.05b  34.4 12.41+3.99b 22.6

1) B3 #¥EE , LEH —AN DB LFHAME F & T4 0.05 K-F £ F R 2% (Duncan’s 7 % ).
x2 ERHBEEEEERSEEKNEm

Tab.2 The promoting efficiency of inoculants of single isolate of nitrogen-fixing bacteria on the growth of seedlings of Kan-

delia candel

g VO BREK  FHB WRM PHET BTRE  PHR RTRE FHEE BERE
" Biem /% R/ RR/% Rig WEF/% TR KRR Wi KRR
Xif e 10.48 £2.09¢ 0.42 £0.05¢ 0.38 £0.11¢ 0.77 £0.22b 2.36 £0.06¢
Ngwb-Y1 12.48 £1.89b 19.08 0.44 £0.03bc 4.76  0.57 £0.12b 48.53 1.17+0.28a 51.55 3.48 £0.54ab 48.74
Ngwh-Wyl 11.74 £2.52bc 12.02  0.44 £0.04bc  3.33  0.49 £0.15bc 28.95 1.06+0.22a 36.56 3.21 +0.61b 37.50
Nlqq-Wy4 11.76 £1.42b  12.20 0.44 £0.04bc 2.83  0.45+0.08¢ 17.17 0.83+0.16b  7.68 2.83 +0.39bc 21.10
Nlqq-W14 11.04 £1.88¢  5.34 0.44£0.04bc 3.33  0.40+0.08¢ 4.77 0.81x0.15b  3.96 2.60+0.40c 11.17
Ngwh-W14  12.62 £3.30b 20.44 0.47 £0.04ab 11.90  0.52+0.15b 36.71 1.02+0.26a 31.33 3.17+£0.67b 35.49
Nghh1-R14  12.16 £1.88b 16.03 0.48 £0.02a 12.86 0.52+0.06b 36.94 1.06+0.13a 36.24 3.23+0.32b 38.08
Ngqq-R14 14.50 £1.30a 38.36 0.49£0.0la 16.19 0.67 £0.06a 75.46 1.16+0.15a 49.97 3.73+£0.24a 59.31

D) R 3 #4EE, LER—NINERLFFAME H % 7 0.05 KF £ %R 2% (Duncan’s 75 ik ).

2.2.3 BEREALBERA MBS E T
AR RIS R (R 3) R M6 M HREA M
HAEFABON R S e I B K. 225 8
FEVEOHT YR K (P <0.05) , b DU AU
Nlqq-W14 5w pa PS Y EC 46 X i 2B K a4
PERSORARAE , HEX BRI K 69. 4% | i HoAd 2 4 b X IR
B 21.1% ~35. 1% . %2406 HRh i Rk it 25 T T
R TR AR AE Y Ho R TR . 25T R
AR K 70. 7% ~271.5% . 2255 5 P4
B, A 6 ANELA R ZET i 5 AL AR L 25 55 1o 2,

HA 2 1 (Ngwb-Wyl + P6) Fi14H 5 (Nlqq-W14 + P5)
ARG R e, 4300 271, 5% F1218. 9% ;AR T it
FEXf A 27. 1%  ~ 111, 3% 20 5 ey, R
I 2 (Ngwb-Y1 + P7) f12H 3 (Ngqq-R14 + P2). 444
BB BB R AR W L R K 66.9% ~
123.7% , Hr DI4H 4 (Nlqq-Wy4 + P12) J i, Hik
HLS FIAH 2. 255 AR A K AR AR R I, 20 5 1)
PR AERCR S A, AL b 19 [ AU Nlgq-W14 75 [
R PR P A A O e 22 (LR 2) , HwT
REIRLH 2 PS 5 Nlqq-W14 Z[RIFF7EHIRLAE R
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Tab.3 The promoting efficiency of inoculants of mixing nitrogen-fixing bacteria and phosphate-solubilizing bacteria on the

growth of seedlings of Kandelia candel

- . [z Em ETRE UisE REmE By B

AT Hi =5/ cm . X o X o .
K&/ % /g WRE/% By HKE/% /g WA/ %

it 12.04 £1.56d 0.161 +0.06c 0.475 £0.21c 0.6359 £0. 18¢
Ngwb-Wyl +P6(#411) 1531 £4.57b  27.2  0.597£0.60a  271.5  0.604£0.21bc ~ 27.1  1.201£0.74ab  88.9
Ngwb-Y1 +P7(#412)  16.27 £2.87b  35.1  0.397+0.13b  147.5  0.934x0.28ab  96.5  1.3315£0.32ab 109.4
Ngqq-R14 +P2(413)  16.19 £4.13b  34.5  0.274x0.15hc ~ 70.7  0.920£0.65ab  93.6  1.1944+0.69ab 87.8
Nlgq-Wyd +P12(414)  14.58+5.16c  21.1  0.419%0.23b  160.8  1.004x0.36a  111.3  1.423:0.45a  123.8
Nlgg-W14 +PS(415)  20.40+5.02a  69.4  0.512%0.27a  218.9  0.847x0.19ab  78.3  1.3596+0.38a 113.8
Nghhl-R14 +P8(#416)  15.72+3.75b  30.6  0.348%0.15h  116.9  0.775x0.33b  63.1  1.1237£0.42b  76.7
NGWB-W14 +PI(417) 14.98+3.82bc  24.4  0.357+0.15h  122.6  0.704x0.26h  48.2  1.0617+0.33b  66.9

1) B3 #4855 , LEKH - B LFHAR 4 & T4 0.05 K-F £ F K 2% (Duncan’s 7 % ).
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AR VR I . AR SN, ] Hed# 6
AN TR 0 B AR A ) RN S A A A 3 ) L X
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mis BT e AR AR 9 A0 A ) 43 ) B ) BE 4 6
56. 6% 34. 4% F1 22. 6% . %3 FhiR 5 45 5B 5 2=
25U A BIFSE A — B B AR RIF ST R bR Hed# 042 A2 3%
SR AR 43 B A £ AR AR B i
X TR0 0 ) i e AR L A Bt 5 3 AR T A B 1) S
Bl 430 S5 A ML TR R HC A 49y o i) 5 o RN D 28 5 0
VAR AR R 1 205 M R B A T A T ) i
WAL 3 75 S — 20 B it

AL AR AR BR 23 2 H A [ 220 B % Bk i 2B
WA I AR AR . o 2R 5 SR AT I, B2 A AN [
) i 0 A X T AR K B R AR A, 50 JEURE L R
SO ZE TR ARA T BT R AR A ) A BRI
BEREAN. b B R B AR Ngaq-R14 J5, BROi B &
B ZETFaE AR T T AL A i 43 ) X B K
38.36% .16. 19% .75.46% .49.97% F1 59.31% . L)
FERFSR CAESE , [ A S — AR Y A AR T8, B [ =5
P RS E IR A R AT AV A W R FH A 2
DA IR W A A K Z Yo, R BAE Y
A R - R 2 R 4 0R 1- HEAE O AR SRR AR
K B i B AR e AR SO
WFFE A5 BRI AT 3 500 Agf 1 260 TR o ot T
FERRIRIO 8 AR S AT T N A AR R, B
PR AR AR RSOR. R W TE 1 B P s S AR T
BRI 52 B - IR S Z R 52, & 5 1
e T JRAT I A2 A TR PR AR ZE P A0 2 N i B L AR K
TR e SIEAR.

WL F A0 R B, DT WA AR B 0 15 1 7

R[] 2R TR TG 18 B 42 b i 5 i e TR JRC X 42 B, S8 0 Bk
HE AR S A i B — 2 AR R . 43
SR 7 ke 1 60 BT e XoF Bt i 2R AT B D, e 6 A
HIEMOmEH & e 25+ e AR B E AR
W B HE X B B K 5.34% ~ 38.36% .2.83% ~
16.19% . 4.77% ~ 75.46% . 3.96% ~ 51.55% FiI
11.17% ~59.31% ;M3 7 B [ 5008 A 7 PR Af: 1l 127 i
XFE T A AR RO R AT B AR TR
S A & oy ol B R K 210 1% ~ 69.4% |
70.7% ~ 271.5% . 27.1% ~ 111.3% Fl 66.9% ~
123. 8% , H i ik Bk i AR K I e AR AL A 2
Nlqq-Wy4 + P12, 5056 # BH | [ 50 5 i 0 IR 5 42
Fofr L 31 220 AT B AR 2 P () A1 A A R T . 2 B
(B FEAE PR3 R T, X 5 [ 9 AP A DGR & #EFh
FORIFTE 28 SRARARL 1122 R A R S S R e
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