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Abstract: [Objective] Nitrogen-fixing bacteria and ammonifying bacteria are the key initial links of
nitrogen cycle to produce bioavailable nitrogen, which directly affect the growth and spread of invasive
alien plants. However, the culturable nitrogen-fixing bacteria and ammonifying bacteria in the
rhizosphere of typical invasive plant Mikania micrantha H.B.K. have been rarely reported, which
restricts our understanding of the efficient nitrogen transformation mechanism therein. [Methods] The
culturable nitrogen-fixing bacteria and ammonifying bacteria in the rhizosphere soil of M. micrantha
were isolated and purified by traditional culture method, and the inoculation experiment was carried out
for verification. [Results] The density and nitrogen transformation rate of nitrogen-fixing bacteria and
ammonifying bacteria and their nitrogen fixation efficiency and organic nitrogen mineralization
efficiency were all higher than those of two co-occurring native competitors, Persicaria chinensis and
Paederia scandens. Phylogenetic tree indicated that the nitrogen-fixing bacterial strains in the
rhizosphere of M. micrantha were classified into five genera, including Burkholderia, Enterobacter,
Phytobacter, Kosakonia and Rhizobium, and ammonifying bacterial strains fell into seven genera,
including Serratia, Acinetobacter, Pseudomonas, Bordetella, Stenotrophomonas, Ochrobactrum and
Chryseobacterium. Both Burkholderia and Rhizobium of the nitrogen-fixing bacteria and Serratia of the
ammonifying bacteria were the dominant functional bacteria of M. micrantha. The greenhouse pot
experiments of inoculation with the culturable functional strains demonstrated that the two groups of
bacteria significantly promoted the growth of M. micrantha seedlings. Amongst them Rhizobium
YHAzMm-21 of nitrogen-fixing bacteria and Ochrobactrum YHAmMMm-14 of ammonifying bacteria
had the best growth-promoting effects, which were expected to be developed into microbial fertilizers
or engineering microorganisms. [Conclusion] The density and nitrogen transformation efficiency of the
culturable nitrogen-fixing bacteria and ammonifying bacteria in the rhizosphere soil of M. micrantha
outweighed those of the native species, which promoted the plant growth. These results clarified the
contribution of the culturable flora in the rhizosphere soil of M. micrantha to nitrogen cycle, and
provided an ideal material for screening functional strains with high nitrogen cycle rates.

Keywords: Mikania micrantha; culturable microorganisms; nitrogen-fixing bacteria; ammonifying
bacteria; growth-promoting effects
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Figure 1

Density of cultural nitrogen-fixing bacteria (A) and ammonifying bacteria (B) in the soil of M.

micrantha thizosphere and its two companions (AV£SE, n=5). Mm: M. micrantha; Pc: P. chinensis; Ps: P.
scandens. Different letters above bar plots indicate significant differences (Duncan-test, P<0.05).
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Table 1 Nitrogen fixation efficiency of cultural nitrogen-fixing bacteria and ammoniaficaion efficiency of
cultural ammonifying bacteria (n=3)

) TN/(mg/L) NH, " -N/(mg/L)
Soil samples
20-40 40-60 60-80 80-100 Total 0-50 50-100 100-150 150200 Total
M. micrantha 23 4 0 1 28 0 24 20 2 46
P. chinensis 5 0 1 0 6 0 6 2 0 8
P. scandens 0 0 0 0 0 1 3 0 0 4
YHAzMm-7
YHAzMm-9
YHAzMm-6
Burkholderia pyrrocinia (CP011503)
100 Burkholderia stabilis (CP016444)
YHAzMm-5
— Burkholderia stagnalis (LK023502)
YHAzMm-8
61|, YHAzMm-22
7811 Burkholderia contaminans (LASDO1000006)
854 YHAzMm-24
YHAzMm-30
Phytobacter ursingii (FJ611881)
100 — YHAzMm-10

Enterobacter tabaci (KP990638)
971 YHAzMm-11
YHAzMm-1
80 Kosakonia oryzae (CP014007)
Kosakonia radicincitans (CP018016)
100} yHAZzMm-2
YHAzMm-3
Rhizobium radiobacter (AJ389904)
o

80 — Enterobacter muelleri (KP345900)
6| o+

YHAzMm-19
Rhizobium larrymoorei (JADWO01000071)
YHAzMm-20
YHAzMm-21
42 YHAzMm-23
YHAzMm-26
YHAzMm-27
YHAzMm-28
YHAzMm-29
YHAzMm-31

0.02
2 ERENRGLESE
Figure 2 Phylogenetic tree chart of nitrogen-fixing bacteria. Numbers at each branch point indicated the
percentage supported by bootstrap values based on 1 000 replications. GenBank accession numbers were shown
in the parentheses. Bar: 0.02 sequence divergence.
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AEMILAE ., 00 d T 40.91%F1 36.36%. 1
HAMPR 3% 19 tRaEfbanmitL2es 7 Mg
(Kl 3), AR R ICHE (Serratia) 9 ¥k . HEF7

97

Pt IR & (Stenotrophomonas) 3 Bk . & FFFEE
(Ochrobactrum) 3 ¥k . ANsh¥T 1 & (Acinetobacter)
1 #k . R AR (Pseudomonas) 1 ¥k . THAEERIT
J& (Bordetella) 1 #k Db J & % M W )&
(Chryseobacterium) 1 #f; HAVEKHE X
LR MEAMEIILE S, & 47.37%.

YHAmMm-5
YHAMMm-7
YHAmMm-4
YHAmMm-3
YHAmMMm-23
YHAmMMm-10
YHAMMm-8

— Serratia marcescens subsp. Marcescens (JMPQO1000005)
14— YHAmMm-25

14\_E
-
73\@|:

Sermtia marcescens subsp. Sakuensis (AB061685)
Serratia nematodiphila (JPUX01000001)
YHAmMMm-21

Serratia entomophila (AJ233427)

Serratia ficaria (LT906479)

Serratia vespertilionis (KJ739885)

Serratia odorifera (ADBY01000001)

Serratia rubidaea (AB004751)

YHAmMMm-24

Acinetobacter indicus (K1530754)

100 Acinetobacter variabilis (KB850112)
Acinetobacter refrigeratoris (KF709454)

— YHAmMm-19

100L— Pseudomonas hunanensis (1X545210)

82

70

100

84
32

100':

100

62 56

92

51
28

YHAmMMm-11

Bordetella parapertussis (LRII01000001)
Stenotrophomonas indicatrix (KJ452162)
Stenotrophomonas lactitubi (LT222224)
YHAmMMm-13

YHAmMMm-12

YHAmMMm-17

Ochrobactrum oryzae (AM041247)
Ochrobactrum pseudintermedium (DQ365921)

Ochrobactrum daejeonense (HQ171203)

Ochrobactrum ciceri (DQ647056)
YHAmMMm-20

Ochrobactrum intermedium (ACQA01000003)
YHAmMMm-14

YHAmMMm-16

— YHAmMm-22

100L— Chryseobacterium tructae (FR871429)

3 AHAERNRGLEINE

Figure 3 Phylogenetic tree chart of ammonifying bacteria. Numbers at each branch point indicated the
percentage supported by bootstrap values based on 1 000 replications. GenBank accession numbers were shown

in the parentheses. Bar: 0.02 sequence divergence.
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Figure 4 Positive effect of nitrogen-fixing bacteria (A) and ammonifying bacteria (B) on M. micrantha

seedlings growth (n=06).
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Table 2 Effect of nitrogen-fixing bacteria and ammonifying bacteria on the growth of M. micrantha seedlings

(AVZSE, n=5)
Microflora The main root Main stem Root Stem Leaf Aboveground Total biomass
length/cm length/cm biomass/mg  biomass/mg biomass/mg  biomass/mg  /mg

Nitrogen- CK 27.96+1.56a  9.12+0.55¢ 109.40+3.66c  25.0042.61c  93.80+£3.67c  118.80+£5.34d  228.2048.53¢

fixing YHAzMm-21 26.66+1.79a  29.52+1.15b  210.40+9.63a 114.40+6.14a 205.80+21.98a 320.20+23.38a 530.60+31.30a

bacteria YHAzMm-22 2520+1.70a 42.42+4.18a  148.60+8.28b 109.80+5.62a 158.00+£10.47b 267.80+£9.20b 416.40+17.13b
YHAzMm-28 28.56+2.04a 39.90+2.15a  148.20+£3.98b 77.20+1.62b  144.4049.44b 221.60+8.93¢c  369.80+11.51b

Ammonifying CK 6.30+:0.42¢ 40.534£2.15¢  89.00+£5.51d  187.00+8.19¢  380.00+20.23¢ 567.00+26.65¢ 656.00+29.44¢

bacteria YHAMMm-13 11.10+0.55b  127.63£13.32a 148.33£7.17c 412.67+12.84a 682.00+20.65¢ 1094.67+23.21c 1243.00£27.39¢c

YHAmMm-14 13.60+0.51a
YHAmMMm-19 12.33+1.18ab
YHAmMMm-24 11.33+0.23b

81.27£3.55b  235.67+9.70a
68.87+1.98b  196.67+7.51b
73.80+6.87b  156.33+4.33¢

435.33+14.38a 863.67+5.04a  1299.00+16.64a 1534.67+26.34a
432.00+13.53a 763.67+16.95b 1195.67+22.66b 1392.33+17.91b
295.00+6.08b 436.67+7.31d  731.67+12.72d 888.00+9.07d

Data with different letters in the same column within the same microflora indicate significant difference (Duncan-test, P<0.05).
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