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Abstract: [Objective] This paper explores the diversity of soil nitrogen-fixing microorganisms, community
structure composition, and environmental influencing factors in desert leguminous scrubland at the
community level. [Method] Fluorescence quantitative PCR and Illumina high-throughput sequencing
methods were used to study the abundance of nifH gene, nitrogen-fixing microbial diversity and community
composition in soils of four typical legume scrubland (Ammopiptanthus mongolicus, Oxytropis aciphylla,
Caragana korshinskii, and Caragana tibetica) in Ningxia desert grassland of northwestern China. Pearson
correlation analysis and redundancy analysis were used for environmental factor correlation analysis.
[Result] (1) There were differences in the abundance of nifH gene and diversity of nitrogen-fixing
microorganisms in soil of four types of scrubland. The abundance of nifH in rhizospheric soil of Caragana
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korshinskii was significantly higher than that in soil of Ammopiptanthus mongolicus, Oxytropis aciphylla
and Caragana tibetica forestland (P < 0.05). The richness of nitrogen-fixing microbial communities in soil
of C. korshinskii and A. mongolicus forestland were significantly higher than that in O. aciphylla and C.
tibetica soil (P < 0.05). The community diversity was significantly higher in C. korshinskii soil than that of
A. mongolicus soil (P < 0.05). However, there were no significant differences in diversity of nitrogen-fixing
microbial communities in soil of O. aciphylla , C. tibetica and A. mongolicus forestland. (2) A total of 5
phyla, 15 families and 19 genera of nitrogen-fixing microorganisms were detected in soil of legume
scrubland. Proteobacteria was predominant phylum with relative abundance ranging from 91.13% to
97.79%. Rhodospirillaceae was common predominant family in rhizospheric soil of the four shrubs, relative
abundance accounting for 59.56%—79.68%. At genus level, Skermanella, Azospirillum and Azohydromonas
were common dominant genera. The composition of nitrogen-fixing microorganisms in soil of A.
mongolicus differed significantly from the other three types of soil, with a large number of distribution of
genus Azotobacter (accounting for 25.09%). (3) Correlation analysis showed that the abundance of
nifH gene, richness index, and P diversity of nitrogen-fixing microorganisms were significantly
positively correlated with soil pH. Soil available phosphorus, available potassium, pH, total nitrogen, and
total phosphorus significantly affected the composition of nitrogen-fixing microbial communities.
[Conclusion] The abundance of nifH gene, richness and diversity of nitrogen-fixing microorganisms in
rhizospheric soil of C. korshinskii are higher than those in other scrubland soils. Soil microbial functional
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communities of C. korshinskii display stronger nitrogen accumulation and transformation abilities.

Key words: rhizosphere soil; nifH gene; nitrogen-fixing microorganisms; community composition
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Tab. 1 Soil physicochemical properties and nifH gene abundance of different shurbs
g Fro% AT BRI Bl
Physicochemical properties of soil Caragana korshinskii ~ Ammopiptanthus mongolicus ~ Caragana tibetica  Oxytropis aciphylla
pH 8.09 £0.35a 8.01 £0.33a 7.907 £ 0.15a 7.92+0.22a
A HLF Organic matter (SOM)/(g'kg ") 571+ 1.24a 4.71+1.4% 5.58+1.31a 4.12+0.8%
4% Total nitrogen (TN)/(g-kg ™) 0.52 +0.08a 0.44 + 0.06a 0.43 + 0.06a 0.32+0.0la
4% Total phosphorous (TP)/(g-kg ") 0.35+0.03a 0.32+0.01a 0.33£0.02a 0.29 +0.02a
44 Total potassium (TK)/(g-kg ") 17.10 £ 0.19a 16.74 +0.23a 16.80 £ 0.30a 16.57 £ 0.09a
4 Nitrate nitrogen (NO3 -N)/(mg-kg ") 40.15+11.10a 22.23 +5.29ab 16.81 +5.19b 7.25+0.99¢
#:A58 Ammonium nitrogen (NH -N)/(mg-kg ") 4.50 +0.29a 4.06 +0.34b 4.19+031ab 3.05 + 0.40b
A %5 2 Nitrite nitrogen (NO; -N)/(mg-kg ") 39.68 £2.87a 16.49 + 1.76b 20.22 + 1.84b 11.33+£1.43¢
L% Available phosphorous (AP)/(mg-kg ) 5.46 + 1.86a 3.20 +0.87a 3.72+0.73a 2.57+0.14a
AR Available potassium (AK)/(mg-kg ™) 13325+ 18.14a 115.84 + 17.47a 113.24 + 8.74a 108.45 + 8.12a
nifHF % Abundance of nifH/(10 copies'g ") 243 +0.24a 1.39+0.53b 0.70 +0.07b 0.70 + 0.04b

1 AR RER R AL 2 (B 7E0.057K F L 22 57 {3 . Note: different letters indicate significant differences at the level of 0.05.
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Fig. 1

Alpha diversity index of nitrogen-fixing bacteria in rhizosphere soil of leguminous shrubs
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Fig. 2 Nonmetric multidimensional scale analysis of nitrogen-fixing microbial communities in rhizosphere soil of shrubs
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ERNE ARG 75 FEEE AR L8 nifHL TR = 13 o U E B4 2L URHAE 49
x2 niH FERSHEIEEES BB R Pearson HHX 13T
Tab. 2 Pearson correlation analysis between abundance of nifH gene and diversity index with soil physicochemical properties
Ei=id g A AR EAR BESER THRSBE RN s fAHUER
Index TN TP TK  NO;-N  NH}-N NO; -N AP AK SOM pH
nifH= £ nifH abundance 0.565  0.447  0.567 0.507 0.343 0.144 0.521 0.658*  0.381 0.821%*
FHAEH Shannon index 0.552 0.538 0395  —0.177  —0.058 0.087 0.283 0.531 0.689*  —0.021
AceffH Ace index 0235  0.132 0304 0.140 0.222 0.083 0.228 0.417 0.164 0.756%*
Chaoff ¥ Chao index 0357 0252 0361 0.242 0.260 0.066 0.315 0.519 0.277 0.796%*
B ZHEYE B diversity 0.579* 0286  0.526 0.287 0.126 0.413 0.399 0.424 0.51 0.669*

VE: SRR R nifH - & 2 FEME SR 20 LA M B B 25 AH 2 (P < 0.05) FIAR 2 3 A 55 (P < 0.01); Notes:* and ** indicate abundance and diversity
index of nifH are significantly correlated (P < 0.05) and extremely significantly correlated (P < 0.01) with soil physicochemical properties.
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Fig. 5 Correlation analysis between nitrogen-fixing bacteria and environmental factors
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