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F 1. ERSEEFE
Table 1. Characteristics of bacteria and colonies
Strain Cell morphology  Gram stain ~ Colony characteristics
DHD-1 Spherical or oval + Small, white, uniform texture, wet, smooth, easy to pick it up.
DHD-2 Rhabditiform - Large, dense, dry,translucent,grayish brown, creased, easy to pick it up.
DHD-5 Short clavite + Small, white, smooth surface and edge, uniform texture,wet, easy to pick it up.
DHD-6 Short clavite - Small, round, white.
DHD-8 Spherical + Round, white, easy to pick it up.
DHD-9 Oval + Round, wet, white.
DHD-10  Oval + Large, thick, beige, round edges, easy to pick it up.
DHD-11  Oval + Round, white.
DHD-12  Rhabditiform - Small, thin, transparent, uniform texture, easy to pick it up.
DHD-13  Short clavite - Small, ivory, round edge, uniform texture, smooth surface, thick, easy to pick it up.
DHD-15  Short rod + Small, margin and surface smooth, sticky, easy to pick it up.
DHD-20  Short clavite - Small thin, white, wet, uniform texture, easy to pick it up.
DHD-b Short clavite + Small, translucent, uniform texture, not easy to pick it up.
DHD-c Short clavite + Slightly transparent, colorless.
DHD-e Short clavite + Round, white.
DHD-h Oval or shortrod + Large, ivory, smooth surface, wet, easy to pick it up.
DHD-n Circular or oval + Small, ivory, protruding, smooth surface, easy to pick it up.
DHD-L Short rod + Small, ivory, thicker, wet, sticky, easy to pick it up.
*2. BERESEEAEUFENESR
Table 2. Determination of physiological and biochemical characteristics of nitrogen-fixing bacteria
Strain Enzymatic Citrate test Indole test Methyl red test ~ Trisaccharideiron agar test ~ Gelatinliquefaction test
DHD-1 - + + + + +
DHD-2 - - - + - +
DHD-5 - + + - + +
DHD-6 + - + + - +
DHD-8 - - - + - -
DHD-9 - - - - - +
DHD-10 - - + + - +
DHD-11 + + + + + +
DHD-12 - - + + + +
DHD-13 - - - + - +
DHD-15 - - + + - +
DHD-20 - - + + - -
DHD-b - - + - - -
DHD-c + + + + + +
DHD-e - - + + + +
DHD-h - - + - + +
DHD-L - - + + + +
DHD-n - + + + + +
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PR A LR, DHD-2 fEALIANE, DHD-b
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RE 73 i 25 LR 0 LB IR ™ AR s Wi, BB i 2
G IR 5 AR O i A LR, b DA

DHD-c R RE Jifmsik . 6 Jik IRz R34 4 FH
ifif DHD-12 .DHD-e #l DHD-L H{CilRE /1 s,
YIRe 0 i 2 b 0 (R 7 AR s W, BB A A

W53 ik R VN TR s P05 43 F S A DL, e i
WAL, kBN i Ry B

B FIRATAL, ASSFTE e 0 R RE B,
JT 53 S A U ) S 2 AL, RO BV AT IR
Ja | BRI A e N 2 TR TR Y R P e
grauRe o, RIRE 1B R R S R R
AT JeE A P A1 R 1 o] SR PR R o
2.2 FERAER 16S rRNA ZEEE 73 X fFp#Eo
Zitigiin

26 3 AT A5, B 16S rRNA K [K 41 il % &%
5 Ezbiocloud %04 & ¥ 41 EL X, 45 A
i 16 B bk 5 B R i BN R R B —
FIRIE T, FAUE R 99%-100%, 4@ T 6 4
J& 9 Fift,

% 3. E&RE 16S rRNA HIFEFIH#r

Table 3.  Sequence analysis of 16S rRNA gene of nitrogen-fixing bacterial strains
Representative strains Closest match GenBank accession No.  Similarity/%
DHD-1 Acinetabacter lactucae CP020015.1 99.93
DHD-2 Alteromonas macleodii LT963558.1 99.93
DHD-5 Psyctrobacter alimentarius MH368408.1 100.00
DHD-6 Pseudoalteromonas gelatinilytica NR_152003.1 100.00
DHD-8 Alteromonas macleodii MK680202.1 99.93
DHD-9 Oceanimonas doudoroffii NR_114185.1 100.00
DHD-10 Bacillus megaterium MK618596.1 99.11
DHD-11 Acinetabacter pittii MH144322.1 100.00
DHD-12 Bacillus subtilis MK263004.1 100.00
DHD-13 Bacillus subtilis JN707686.1 100.00
DHD-15 Bacillus velezensis MK859954.1 99.93
DHD-20 Bacillus subtilis KF017557.1 100.00
DHD-b Alteromonas macleodii LT963558.1 100.00
DHD-c Bacillus subtilis KX713159.1 100.00
DHD-e Bacillus subtilis MK450454.1 100.00
DHD-h Acinetobacter pittii MG462705.1 99.03
DHD-L Bacillus subtilis KX713159.1 99.93
DHD-n Acinetabacter pittii MG462705.1 100.00

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



364

Jiaxin Chen et al. | Acta Microbiologica Sinica, 2020, 60(2)

i MEGA 6.0 21 7 18 BRI EE I R G K
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2.3 BERBEIRAERER T
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71, fEERRES i R E/IMKY N DHD-h, DHD-11,
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DHD-h A4l ok, fif 81 BE 1 455t 5 T #k DHD-5
PP RE ) i 55 . BARTRIE S A
B R A BB BT PEAT AR AT WL, Hrh 3 2 oA
AT PEERBEIR, AR WO Y BRI
PRI, I B 1% fPe 0 ] 0 T A AL R A B A A
AR HIAEF]
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D\— QOceanimonas doudoroffii NBRC 103032 (NR_114185.1)
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100, DHD-10

100
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DED
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DH

4 Bacillus velezensis LAB1 (MK263025.1)

DHD-

100 Blg)cl'flfl{)ﬁsl grbnhs KtRA5-91 (KF017557.1)
60/ Bacillus subtilis ANCA3 (MK263004.1)
59| Bacillus subtilis 042 (KY6352941.1)

-¢
85 -DHD-13
88'Bacillus subtilis AB7 (JN707686.1)

1. #R#E 16S rRNA EE F5#512 1 18 tkERMHM R KL M
Figure 1. Phylogenetic tree of 18 strains of nitrogen-fixing bacteria based on 16S rRNA gene sequence. The
number at each branch point is the percentage supported by bootstrap; Bar: 0.02 substitutions per nucleotide

position.
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2. AN EMIKEERE

Figure 2.

M & 3 FdErT # kR DHD-12, DHD-13,
DHD-L .DHD-8 .DHD-b,DHD-15,DHD-h , DHD-¢
1 DHD-10 ¥JAl /= A R g, 7RERE T B R F/
#¥kF} DHD-12, DHD-13. DHD-L. DHD-8.
DHD-b, DHD-15, DHD-h, DHD-c il DHD-10.
EOHE TR, RELEW R TAHZ
—, NFMRILTTIZ o H R R A )
mR, UEERE iR, AR 5T EE MR,
SYES Al kTR B, AR R 7 R P A R
AR g B e A 4 F A B A B A H Y

& 4 FdE el F R DHD-12, DHD-h,

Qualitative test results of potassium dissolving capacity.

DHD-15, DHD-L, DHD-13 1 DHD-c 1] =4
YER . YR TR RE T R B/ IMKIK
DHD-12, DHD-h, DHD-15, DHD-L., DHD-13
1 DHD-c; 1 1 19 £ 4 2 il T LAAR G b g A
YA Ji) BB 0 21 4 3R 0 e Ry vl I P ) B0 1
ERESE /N T, A B TR A WO R,
HAEYI R AR KT ; W shP kb, ) i 5
P v S Wy R I AL SRR R, (RS
Ao BB, AR A R R0 £ 4E 3R Tl Y [ A
TR TE AR AE W A0 3h W) 1 3% 55 5 T A BRI & B
LY QAS

B3 FEAElBRERE
Results of protease production test.

Figure 3.
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4. FrAHEZRMREERE

Figure 4.

2.4 R4

by, TTAERSEE, B HBEY, —
AEDUZE AR, TR RSy IR R E IR BAL Y 0% b
ARKRL, BREMTWRREZ — KE2
25 P2 o i Y A A ML R e 3 5 it o 155 5 TR
PRod A S PREE R AL AE PR, R R AR
whERVEYIHIME . A S A kit F A 4 LR
JEUE R IAA, GA K ZFRhYErE K%Y
i, YT A AR . RIERTAL, AR
Ve S ORI R A B I 260 ) 3 o el S0 AR B
ARSI ALY, (RIFRRAER . I
A, TEIE LA AR ) v s A R R A R AT
YR EGFAYT, AR S O AR, 1
SEAH AR AR R T T o

AN TRV 2 A 1 TR 0T 280 A 1 2 B B R —
wE 5 R, e B, BT, ASIE
H LK R 11.67% ., 5.67%. 1.67%. 5.67%
1 12.67%, HAMKIK 2% 29.88% ., 14.94% .
16.09% . 20.69%711 18.39%; A FI| D ZH iy 25k K
4 50.00%. 50.00%. 30.00%71 30.00%. 7E45
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Te KK 6.25% . 26.56% . 30.47%7F1 21.09%;
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41.67%. 1%, ANIREIAA B S0 A R A K
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Results of cellulase production.

BhR A #ERCR AR, 722 S dEbs |, B.D M E
ML ERCR et 7EZEMAEFR E, C. D M1 E
WA RO B it s FERcRM BidEdr b, C. D
M E AP A RO et s fERORHR AR |, AL
D # E A R8O It 258 BIREE R AT,
D Fl E 4LIRA W M A RO e fE . AR AT
¥kH#, DHD-12, DHD-13, DHD-15. DHD-c #i
DHD-L J& T Bacillus, DHD-1. DHD-n #i1 DHD-h
J& F Acinetabacter , [H It % B, Bacillus #I
Acinetabacter B HK L B B4 bk, XF {2 gt
KO AERA BESCR, MROMEREFRE
BAEH
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N H 3 AR B AR PP O 0 1 18 ol o] 20T
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HAYIE R A e 2 1T 6 N, HAR AR
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Figure 5.

combined bacterial solution on Stem height of Brassica campestris L; b: Effect of combined bacterial solution on
maximum Leaf width of Brassica campestris L; c: The effect of combined bacterial liquid on the maximum leaf
length of Brassica campestris L; d: The effect of combined bacterial liquid on the stem of Brassica campestris L.

CK: control group; A, B, C, D, E: five groups of different combination of bacteria, combination types as shown in

the above 4. Assays were performed in triplicate and data were reported as meanszstandard deviations.
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Diversity and growth promotion of nitrogen-fixing bacteria
isolated from the offshore of Donghai Island in the South China
Sea

Jiaxin Chen, Huijuan Tan, Nan Lin, Shilin Tan, Haibin Zheng, Xiaoyan Zeng,
Hongxu Yuan, Dongmei Lu”
Life Science & Technology School, Lingnan Normal University, Zhanjiang 524048, Guangdong Province, China

Abstract: [Objective] We studied the diversity and crop-growth promotion of marine nitrogen-fixing bacteria and
screened for excellent plant rhizosphere-promoting strains. [Methods] We identified the representative strains by
morphological, physiological and biochemical characteristics, and 16S rRNA gene sequence alignment analysis.
We used strains with excellent properties as the combined bacterial liquids in the pot-planting test. [Results] We
isolated a total of 18 nitrogen-fixing bacteria from the offshore of Donghai Island in the South China Sea, which
were classified into 9 species of 6 genera, belonging to 4 strains of the genus Acinetabacter, 1 strain of the genus
Pseudoalteromonas, 8 strains of the genus Bacillus, 1 strain of the genus Psyctrobacter, 1 strain of the genus
Oceanimonas and 3 strains of the genus Alteromonas. The seedlings of Chinese flowering cabbage were irrigated
by combined microbial agents. Among them, the strains of the genera Bacillus and Acinetobacter had a key
promoting effect in the growth process of Chinese flowering cabbage, and showed the best growth promoting effect
on Chinese flowering cabbage. [Conclusion] This study provides an important basis for the targeted utilization of
marine microbial resources and the pollution-free production of vegetables.

Keywords: nitrogen-fixing bacterium, South China Sea offshore, population and species distribution, growth
promotion
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