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Community structure and diversity of diazotrophs in biological
soil crusts and soil underneath crust of Hunshandake deserts

TANG Kai GAO Xiao-Dan JIA Li-Juan XU Hui-Xin LI Heng MENG Jian-Yu
TAO Yu FENG Fu-Ying

(Institute for Applied & Environmental Microbiology, College of Life Sciences, Inner Mongolia Agricultural
University, Huhhot, Inner Mongolia 010018, China)

Abstract: [Background] Desertification is a major environmental problem, biological soil crusts
(BSCs) can inhibit desertification, and the diazotrophs play an important role in the formation and
development of BSCs. However, the community structure and diversity of diazotrophs in BSCs are
not clear enough. [Objective] To clarify the community structure and diversity of diazotrophs in
different types of biological soil crusts (BSCs) and soils under them and the effectors of soil
environmental factors. [Methods] Using dilution heat method and alkali solution diffusion to
measure the content of organic matter (OM) and the available nitrogen (AN) of soil, respectively;
nifH gene was sequenced via the high-throughput sequencing platform, and the community
structure, diversity and the variance analysis of diazotrophs were analyzed by bioinformatics
analysis; Canonical Correlation Analysis (CCA) were used to analyze the correlation among the
community structure, samples and the physico-chemical parameters of soil. [Results] Dominant
phylum were Proteobacteria and Cyanobacteria in moss crusts (HSM), Cyanobacteria in the other
types of BSCs; the class of Alphaproteobacteria and Betaproteobacteria accounted for the most fraction
in the soil underneath moss crusts (nifH was only detected in soil underneath moss crusts, HSMs);
significant differences existed in community structure at genus level, algae crusts (HSA) was
predominated by unclassified f Nostocaceae (90.99%), Lichen crusts (HSL) by Scytonema (45.85%)
and unclassified_f Nostocaceae (44.14%), HSM by unclassified f Nostocaceae (29.21%), Scytonema
(22.57%), Nostoc (15.34%), Skermanella (14.74%), unclassified_o_Nostocales (10.60%), and HSMs by
Skermanella (33.80%), Azohydromonas (25.66%), unclassified p_Proteobacteria (18.20%) and
unclassified_c_Alphaproteobacteria (10.62%). [Conclusion] The community structure and
diversity of diazotrophs in Algae, Lichen and Moss crusts and soil underneath crusts were markedly
different, and the community species and the diversity increased with the development of the
BSCs. This study provides a basis for appreciation and utilization of the diazotrophs in the BSCs.

Keywords: BSCs, Diazotrophs, nifH, High-throughput sequencing, Diversity
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HSL HSM
HSMs
HSA 3.36 g/kg HSM
HSMs 4.12 HSM

(172.67 mg/kg) HSMs (145 mg/kg) HSA
(138.83 mg/kg) HSL (115.50 mg/kg)
2.2 BSCs HEIRERH &SN

3 BSCs nifH
HSAs  HSLs nifH
nifH 4
HSA HSL HSM HSMs
nifH
3 6 16 ( 2
Cyanobacteria HSA HSL
Proteobacteria HSM  HSMs
HSM HSA  HSL
21.02% 16.73% Actinobacteria HSMs
(0.11%)
HSM HSMs

Alphaproteobacteria Betaproteobacteria Gammaprote
obacteria/unclassified_p_Proteobacteria
20.05% 0.06% 0.07% 0.93% 49.59% 25.66%

0.47% 18.20% (0.11%)
Actinobacteria HSMs HSA
HSL Cyanobacteria (Norank_p_
Cyanobacteria) 99.90%

95.17% HSA Proterobacteria

Alphaproteobacteria HSL
HSL HSA (0.01%)
Betaproteobacteria HSM HSL
Gammaproteobacteria  (0.07%)
( - - )
(Alphaproteobacteria-Betaproteobacteria-
Gammaproteobacteria) HSMs

5%
HSA Unclassified f Nostocaceae (90.99%)
Scytonema (6.68%) HSL Scytonema (45.85%)
Unclassified_f_Nostocaceae (44.14%) HSM
Unclassified_f Nostocaceae Scytonema Nostoc
Skermanella Unclassified o Nostocale
29.21% 22.57% 15.34% 14.74% 10.60% HSMs
Skermanella Azohydromonas Unclassified p_

Proteobacteria  Unclassified_c_Alphaproteobacteria

33.80% 25.66% 18.20% 10.62%
HSM HSMs Skermanella
14.74% 33.80% Azohydromonas  HSMs
(25.66%)
2.3 [ERE Alpha Z MRS
Alpha
Ace  Chaol
Shannon  Simpson
Shannon
Simpson 3 Ace
Chaol 13.53-31.00
13-31 HSA
HSMs (HSA HSL HSM)

*1 EYTIEEREBUSH
Table 1  Physiochemical parameters of biological soil
crusts and soil underneath crusts

pH Organic matter Auvailable nitrogen

Samples

(9/kg) (mg/kg)
HSA 6.89 36.67 138.83
HSL 6.26 113.70 115.50
HSM 6.99 137.49 172.67
HSMs 7.07 33.41 145.83

HSA HSL HSM HSMs
nifH

Note: HSA, HSL, HSM and HSMs represents algae crusts, lichen
crusts, moss crusts and soil underneath moss crusts, respectively;
Only determined physico-chemical properties of soils under
crusts that amplified the nifH gene.
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Table 2 The diazotrophs community structure of the BSCs in phylum, class and genus

Genus level Class level Phylum level
Samples
Name of Genus Abundance (%) Name of Class Abundance (%) Name of Phylum  Abundance (%)

HSA Skermanella 0.06 Alphaproteobacteria 0.09 Proteobacteria 0.09

Unclassified_f 0.02

Rhodospirillaceae

Unclassified_c_ 0.01

Alphaproteobacteria

Unclassified_f 90.99 Norank_p_ 99.90 Cyanobacteria 99.90

Nostocaceae Cyanobacteria

Scytonema 6.68

Unclassified_o_ 1.97

Nostocales

Nostoc 0.21

Trichormus 0.05

Others 0.01
HSL Skermanella 2.00 Alphaproteobacteria 4.12 Proteobacteria 4.38

Unclassified_c_ 1.26

Alphaproteobacteria

Unclassified_f 0.68

Rhodospirillaceae

Rhodopseudomonas 0.15

Unclassified_o_ 0.02

Rhizobiales

Rhizobium 0.01

Azohydromonas 0.01 Betaproteobacteria 0.01

Unclassified_p_ 0.25 Unclassified_p_ 0.25

Proteobacteria Proteobacteria

Unclassified_f 44.14 Norank_p_Cyanobacteria 95.17 Cyanobacteria 95.17

Nostocaceae

Scytonema 45.85

Trichormus 3.50

Unclassified o _ 0.94

Nostocales

Nostoc 0.74

Others 0.45
HSM  Skermanella 14.74 Alphaproteobacteria 20.05 Proteobacteria 21.11

Unclassified f 2.23

Rhodospirillaceae

Unclassified_c_ 1.69

Alphaproteobacteria

Bradyrhizobium 1.32

Rhizobium 0.04

Rhodopseudomonas 0.03

Azohydromonas 0.06 Betaproteobacteria 0.06

Klebsiella 0.07 Gammaproteobacteria 0.07

(G
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(2
Unclassified_p_ 0.93 Unclassified_p_ 0.93
Proteobacteria Proteobacteria
Unclassified_f_ 29.21 Norank_p_ 77.78 Cyanobacteria 77.78
Nostocaceae Cyanobacteria
Nostoc 15.34
Scytonema 22.57
Unclassified_o_ 10.60
Nostocales
Trichormus 0.06
Others 1.11
HSMs  Skermanella 33.80 Alphaproteobacteria 49.59 Proteobacteria 93.92
Unclassified_c_ 10.62
Alphaproteobacteria
Unclassified_f_ 3.42
Rhodospirillaceae
Unclassified_o_ 0.93
Rhizobiales
Rhizobium 0.54
Rhodopseudomonas 0.22
Bradyrhizobium 0.06
Azohydromonas 25.66 Betaproteobacteria 25.66
Klebsiella 0.47 Gammaproteobacteria 0.47
Unclassified_p_ 18.20 Unclassified_p_ 18.20
Proteobacteria Proteobacteria
Scytonema 2.78 Norank_p_ 4.73 Cyanobacteria 4.73
Nostoc 147 Cyanobacteria
Unclassified_o_ 0.47
Nostocales
Unclassified_f_ 0.01
Nostocaceae
Frankia 0.11 Actinobacteria 0.11 Actinobacteria 0.11
Others 1.24

HSA HSL HSM  HSMs

Note: HSA, HSL, HSM and HSMs represents algae crusts, lichen crusts, moss crusts and soil underneath moss crusts, respectively.

&3 ERERE Alpha Z 14455

Table 3 Alpha diversity indexes of diazotrophs community

Ace Chaol Shannon Simpson
Sample Ace index Chaol index Shannon index Simpson index
HSA 13.53 13 0.42 0.83
HSL 22.00 22 1.47 0.30
HSM 26.28 26 2.08 0.16
HSMs 31.00 31 2.39 0.13

HSA HSL HSM  HSMs

Note: HSA, HSL, HSM and HSMs represents algae crusts, lichen crusts, moss crusts and soil underneath moss crusts, respectively.
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mimosarum 2 HSA HSL HSM
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69.23% 40.91% 34.62% 29.03% HSMs
BSCs
25 CCA#th
(Canonical correlation analysis
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Figure 1 Hierarchical clustering tree of the samples (A) and the Venn of samples (B)
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1.5
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s S HSL H ) ( ) ( )
% ' Proteobacteria
-~ 0.0 .
= Proteobacteria
21 -0.5
S ok Skermanella Nostocaceae
15k (29.21%) Scytonema  (22.57%)
-2.04 : . . L L : 14.74%
-1.5 1.0 -05 0.0 0.5 1.0 1.5 ]
CCA1 (66.98%) (HSMs) nifH
2 HEEKTE CCA N HSMs Skermanella (33.80%)
Figure 2 CCA analysis on genus level of samples Azohydromonas (25.66%) Proteobacteria
Note: 1: Unclassified_f; 2: Trichormus; 3: Scytonema; 4: 0
Unclassified_o; 5: Bradyrhizobium; 6: Nostoc; 7: Unclassified_k; (18.20%)
8: Rhodopseudomonas; 9: Unclassified_f; 10: Skermanell; 11:
Unclassified_c; 12: Klebsiella; 13: Rhizobium; 14: Unclassified_p;
15: Azohydromonas; 16: Frankia.
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