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Cultivable diazotrophic community in the rhizosphere of
three desert shrubs and their nitrogen-fixation and
siderophore-producing capabilities

YANG Hong-Ru' YUAN Bo®> ZHAO Xia' GAO Min' YANG Shan-Shan' LI Heng'
MENG Jian-Yu' FENG Fu-Ying""

(1. Institute for Applied & Environmental Microbiology, College of Life Sciences, Inner Mongolia Agricultural University,
Hohhot, Inner Mongolia 010018, China)
(2. College of Life Sciences, Inner Mongolia Normal University, Hohhot, Inner Mongolia 010018, China)

Abstract: [Objective] To reveal the cultivable diazotrophic communities in the rhizosphere of three
relict shrubs of Tetraena mongolica, Ammopiptanthus mongolicus and Nitraria tangutorum in
Western Ordos and the bacterial capabilities for nitrogen-fixation and siderophore-producing, and
finally to provide basis for understanding and utilizing the desert plant growth-promoting
rhizobacteria. [Methods] Using Ashby medium nitrogen-free, the nitrogen-fixation bacteria strains
were isolated and purified by the plate spread and streak technique; 16S rRNA gene was applied to
classify the isolates and reveal the community composition. The nitrogenase activities of
rapid-growing strains were analyzed through acetylene reduction assay. To screen
siderophore-producing strains and their capability of siderophore production, chrome azurol S (CAS)
blue plate and spectrophotometer were used for qualitative screening the strains and quantitative
determination of their products, respectively. [Results] A total of 22 rhizospheric diazotrophs were
isolated and classified into 3 phyla and 9 genera and they were predominated by the phylum
Proteobacteria (82%) and the genus Pseudomonas (27.27%). The genus Rhizobium and Bacillus was
solely found associated with Ammopiptanths mongolicus and Teraena mongolica respectively,
whereas Enterobacter, Stenotrophomonas and Paenibacillus only with Nitraria tangutorum. Ten
strains could rapidly grow on the nitrogen-free medium and they possessed nitrogenase activity in the
range of 871.71 to 3 383.09 nmol C,H4/(H-Culture). Seven of the 10 strains could produce
siderophore and the producing capability (A/A; value) was ranged from 0.35 to 0.79. [Conclusion]
The cultivable rhizospheric diazotroph in the rhizosphere soil of the relict shrubs in Ordos desert was
highly diverse and markedly different between the shrubs. Most of these diazotrophs have both high
nitrogen-fixation and siderophore-producing capability. Thus, they could be useful as plant
growth-promoting rhizobacteria.

Keywords: Diazotrophs, Acetylene reduction assay, Siderophore producing ability
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Table 1 Generic composition of the isolated nitrogen-fixing bacteria

Generic name

Tetraena mongolica  Ammopiptanthus mongolicus  Nitraria tangutorum The proportion of the total strains (%)

Ensifer 42.85 11.11
Rhizobium 28.57 -
Ochrobactrum 14.29 22.22
Enterobacter = =
Stenotrophomonas - -
Pseudomonas 14.29 33.33
Paenibacillus = =
Bacillus = 11.11
Streptomyce = 22.22

- 18.18
- 9.09
16.67 18.18
16.67 4.55
16.67 4.55
33.33 27.27
16.67 4.55
- 4.55
- 9.09

Note: —: None detected.
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Figure 1 Phylogenetic tree based on 16S rRNA genes
GenBank (Chloroflexus aggregans)

16S rRNA 06 05 03 .

Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled date sets; Bar 0.05 represents sequence divergence; With Chloroflexus aggregans 16S rRNA
gene sequences as out-group; Strain number in the first two digits of 06, 05, 03 represent the strains isolated from Tetraena mongolica,
Ammopiptanthus mongolicus and Nitraria tangutorum, respectively.
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Table 2 The nitrogenase activity of the isolates

ARA (nmol « 5
Sampling site Code of strain ~ CoHa/(H-Culture)) s

SN0603 235598 [18]
Tetraena mongolica SN0605 2 464.45 7]

SNO611 2 027.57

SN0501 871.71 [19]
Ammopiptanthus SN0502 3 383.09
mongolicus SN0510 287427 200 mm

SN0302 1668.21 2 500-3 000 mm
Nitraria tangutorum SN0303 2 039.08

SN0304 3062.10

SN0305 1070.71 (Proteobacteria)

23 PRk EIKEE (Pseudomonas) Kumar
CAS Haryana
Firmicutes (80%) Bacillus
Bacillus
10 2022 :
. [20-22] Bacillus
11.11%
« 3 ’ [19,23]
SU 23%-64% AJA;
0.35-0.79 SN0603  SN0302
AJA, 0.39 0.36

3 i
3.1 IRFREIRMAERIEEE

[17]

3.2 RERERME R E RAN SR K RE
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Table 3 Siderophore-producing capabilities of the 10 Asbay
isolates
suU 3 000 nmol C,H,/(H-Culture
. . D o0 AJA Activity H/( )
Isolating source Strains (%) [10] [24]
level
SN0603  1.59 6140 039  ++++ Kumar 9
Tetraena
mongolica SN0605  1.88 27.50 0.72 ++
SNO0501 1.67 28.30 0.72 ++
Ammopiptanthus SNO0510 1.42 3420 0.79 4HF
mongolicus : : :
[25]
SN0302 155 6450 036  ++++ Kloepper
Nitraria SN0303 1.24 2390 0.76 ++
tangutorum SN0304  1.67 4200 058  +++

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2372

AEY) 4R Microbiol. China

2016, Vol.43, No.11

[3]

[4]

(3]

(6]

Tel

[26-27]

(28]

[29]

70% 43%

( et )

PGPR

% 3wk

Hartmann A, Rothballer M, Schmid M. Lorenz Hiltner, a pioneer
in rhizosphere microbial ecology and soil bacteriology
research[J]. Plant and Soil, 2008, 312(1/2): 7-14
Chauhan H, Bagyaraj DJ, Selvakumar G, et al. Novel plant
growth promoting rhizobacteria-prospects and potential[J].
Applied Soil Ecology, 2015, 95: 38-53
Xu ZJ, Luo M, Wang WX, et al. The molecular diversity of
endophytic diazotrophic bacteria from three typical desert shrubs
and PCR-RFLP analysis of their nitrogenase gene nifH[J]. Journal
of Desert Research, 2014, 34(2): 472-480 (in Chinese)
s s , .3
nifH [J1. ,2014, 34(2): 472-480
Zhan YY, Xue ZY, Ren W, et al. Characteristics of nitrogen
content between rhizosphere and bulk soil under seven shrubs in
arid desert area of China[J]. Acta Ecologica Sinica, 2009, 9(1):
59-66 (in Chinese)
[J]. , 2009, 9(1): 59-66
Zhang YJ, He YY, Wang SQH. Soil nutrition in rhizosphere of
four desert rare shrub species in western Ordos[J]. Bulletin of Soil
and Water Conservation, 2012, 32(2): 52-55 (in Chinese)
s s . 4
1. ,2012, 32(2): 52-55
Su JH, Liu FY, Wang L, et al. Conservation on biodiversity in
enrichment zone with relict vegetations between farmland and
grassland-a case study in  Eerduosi[J]. Journal of
Agro-Environment Science, 2006, 25(S): 285-289 (in Chinese)

5 s s

[J]. ,

(7]

(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

2006, 25( ): 285-289

Garbeva P, van Elsas JD, van Veen JA. Rhizosphere microbial
community and its response to plant species and soil history[J].
Plant and Soil, 2008, 302(1/2): 19-32
Sen M, Sen SP. Interspecific transformation in Azotobacter[J].
Journal of General Microbiology, 1965, 41(1): 1-6
Xi LQ, Yao T, Yang JJ, et al. Porperty of associative
nitrogen-fixing bacteria producing IAA and its promoting growth
of oat[J]. Grassland and Turf, 2005(4): 25-29 (in Chinese)
[J]. ,2005(4): 25-29

Xie GH, Cai MY, Tao GC, et al. Cultivable heterotrophic
N,-fixing bacterial diversity in rice fields in the Yangtze River
plain[J]. Biology and Fertility Soils, 2003, 37(1): 29-38
Louden BC, Haarmann D, Lynne AM. Use of blue agar CAS
assay for siderophore detection[J]. Journal of Microbiology &
Biology Education, 2011, 12(1): 51-53
Payne SM. Detection, isolation, and characterization of
siderophores[J]. Methods in Enzymology, 1994, 235: 329-344
Chen SX, Zhao X, Shen P, et al. High-sensitive detection method
for siderophores from Pseudomonas[J]. Microbiology China,
2006, 33(3): 122-127 (in Chinese)

[J]. , 2006, 33(3): 122-127
Persmark M, Expert D, Neilands JB. Isolation, characterization,
and synthesis of chrysobactin, a compound with siderophore
activity from Erwinia chrysanthemi[J]. The Journal of Biological
Chemistry, 1989, 264(6): 3187-3193
Lane DJ. 16S/23S rRNA sequencing[A]/Stackebrandt E,
Goodfellow M. Nucleic Acid Techniques in Bacterial
Systematics[M]. New York: John Wiley & Sons, 1991: 115-175
Diallo MD, Willems A, Vloemans N, et al. Polymerase chain
reaction denaturing gradient gel electrophoresis analysis of the
N,-fixing bacterial diversity in soil under Acacia tortilis ssp.
Raddiana and Balanites aegyptiaca in the dryland part of
Senegal[J]. Environmental Microbiology, 2004, 6(4): 400-415
Tai XS, Mao WL, Liu GX, et al. High diversity of nitrogen-fixing
bacteria in the upper reaches of the Heihe River, northwestern
China[J]. Biogeosciences, 2013, 10(8): 5589-5600
Schlesinger WH, Pilmanis AM. Plant-soil interactions in
deserts[J]. Biogeochemistry, 1998, 42(1/2): 169-187
Kumar V, Kayasth M, Chaudhary V, et al. Diversity of
diazotrophs in arid and semi-arid regions of Haryana and
evaluation of their plant growth promoting potential on Bt-cotton
and pearl millet[J]. Annals of Microbiology, 2014, 64(3):
1301-1313
Koberl M, Miiller H, Ramadan EM, et al. Desert farming benefits
from microbial potential in arid soils and promotes diversity and
plant health[J]. PLoS One, 2011, 6(9): 24452
Minaxi NL, Yadav RC, Saxena J. Characterization of multifaceted
Bacillus sp. RM-2 for its use as plant growth promoting
bioinoculant for crops grown in semi arid deserts[J]. Applied Soil
Ecology, 2012, 59: 124-135
Gong RH. Diversity of plant growth promoting bacteria related
with primary plant dominant species in the desert steppe of
Siziwang banner[D]. Hohhot: Master’s Thesis of Inner Mongolia
Agriculture University, 2014 (in Chinese)

[D].

,2014
Bhattacharyya PN, Jha DK. Plant growth-promoting rhizobacteria
(PGPR): emergence in agriculture[J]. World Journal of

Microbiology and Biotechnology, 2012, 28(4): 1327-1350

Zhou GY, Tang DW, Chen X, et al. Studies of the associative
diazotrophs from woody plants: segregation identification of
associative nitrogen-fixing bacteria and theirs activity[J]. Journal
of Central South Forestry University, 2002, 22(1): 23-26 (in

: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2373

[25

—

[26

[}

[27]

Chinese)
— [J1.
,2002, 22(1): 23-26

Kloepper JW, Lifshitz R, Zablotowicz RM. Free-living bacterial
inocula for enhancing crop productivity[J]. Trends in
Biotechnology, 1989, 7(2): 39-44

Farina R, Beneduzi A, Ambrosini A, et al. Diversity of plant
growth-promoting rhizobacteria communities associated with the
stages of canola growth[J]. Applied Soil Ecology, 2012, 55: 44-52
Rana A, Joshi M, Prasanna R, et al. Biofortification of wheat
through inoculation of plant growth promoting rhizobacteria and
cyanobacteria[J]. European Journal of Soil Biology, 2012, 50:

[28]

[29]

118-126
Lin TX, Tang M, Huang MY, et al. Screening and identification of
a high yield sideropho-resproducing bacteria SS05 isolated from
cotton soil[J]. Microbiology China, 2012, 39(5): 668-676 (in
Chinese)
[J1. ,2012, 39(5): 668-676

Gu J, Meng LY, Sun LN, et al. Mechanisms of plant growth
promotion of Azotobacter spp of rice PGPR on rice seedling[J].
Journal of Anhui Agricultural University, 2012, 39(3): 426-429
(in Chinese)

, , , . .

,2012, 39(3): 426-429

SS05

RY Y R HRY Y HRY Y R Y R AR Y HRY Y R oY) R HRY Y R Y Y AR Y AR oY Y oY Y HRY Ky R oY) Y ARY oY) R Y Y oY Y AR HRY R oY) Ry HRY Ry R oY) Ry oY Ry R oY Y Y Y

(

33

3.3.1

p.2365)

IE F& oA

1))

5)

332

4.1

4.2

4.2.1

DNA RNA

(Accession No.)

422

423
424

43

43.1

432

1 3

Tel 010-64807511 E-mail tongbao@im.ac.cn

2)
3) 4)
DNA ATP 6)
EMBL ( ) GenBank ( ) DDBJ( )
)
2 E-mail

(100101)

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

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



