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Abstract The significance of nitrogen-fixing bacteria in the soil nitrogen cycle is critical. This study aimed to
investigate the characteristics of the nitrogen-fixing bacterial community in farmland soil and its relationship
with the soil physicochemical properties in the Panzhihua area of Sichuan, China. Tobacco planting soil
at different altitudes (1 600 m, 1 800 m, and 2 000 m) in Miyi County was used as the research object, and
high-throughput sequencing of nifH gene was performed to reveal the community structure and diversity of
nitrogen-fixing bacteria. The findings showed that nitrogenase activity gradually decreased with elevation and
was strongly positively correlated with soil organic carbon and total nitrogen (P < 0.01), with the nitrogen-fixing
bacterial community diversity reaching its maximum at an altitude of 1 800 m. A total of 1 159 980 high quality
sequences of nitrogen-fixing bacteria were obtained from three elevations, belonging to 4 phyla, 11 classes, 19
orders, 29 families, and 40 genera. Proteobacteria were the dominant nitrogen-fixing bacteria at all elevations,
whereas Cyanobacteria were the dominant group only at an elevation of 2 000 m. At the genus level, the
relative abundance of Burkholderia and Klebsiella was the highest at 1 800 m and 2 000 m, respectively, while
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Paraburkholderia were the dominant bacteria at all soil elevations. Random forest analysis was used to evaluate
and screen marker species, confirming that Azohydromonas has an important influence on differences in the
community structure of nitrogen-fixing bacteria. The results of Pearson correlation and redundancy analyses
showed that soil moisture content, nitrate nitrogen, alkaline-hydrolyzable nitrogen, and available phosphorus
were the key environmental factors that altered community features at different elevations. According to previous
studies, the altitude gradient as well as the soil physicochemical properties that alter in reaction to it, has a
greater impact on regulating the community structure and diversity of nitrogen-fixing bacteria.

Keywords elevation gradient; high-throughput sequencing; soil physicochemical property; nifH gene; diversity;
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Table 1 Soil physicochemical properties at different elevations
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1800 m. 2 000 m) , KAEX JEHH T A A = W87, HH JHA R
TE104ELL . R T OB E R H LR, AR 3N
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WRAFTR, ATALE R ) 2 M, k2 000 mtE 4
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W SES B S T HAWA K.

1.3 BE&RES S K EREEMHNE
(] G B v A 0 SR 2 b SR gk AT s U B Y

W AR e HHLH Py T Y o NN

Elevations MC pH TC SOC TN AN AP AK 3 4 A
(him) (wi%) (wigkg') ~ (Wigkg”)  (wigkg') (wimgkg') (Wmgkg") (wmgkg?) ~WMIke)  Wmgkg)
1600 28.27+191a 554+0.04a 12.23+116b 3415+213a 1.21+0.10a 59.27 +5.71a 32.92+6.93a 141.91 +14.56a 15.23+2.85b 23.90 +2.39a
1800 2966+281a 6.06+0.38a 7.67+1.08c29.02+3.87ab 112+0.16a 62.77 +742a 39.74 +8.45a 99.50 +20.47ab 28.60+2.01a 23.47 +1.71a
2000 2541+261a 579+0.23a 17.85+1.43a23.57+2.43b 0.91+0.09b 49.47 +5.89a 28.68 +744a 68.25+6.99b 11.86+1.83b 22.82+4.19a

RHFGIAFR/NG TR EIR A 5 2257 (P>0.05).

MC: Moisture content; TC: Total carbon; SOC: Soil organic carbon; TN: Total nitrogen; AN: Available nitrogen; AP: Available phosphorus;
AK: Available potassium. The different lowercase letters in a column indicate significant differences among the data (P > 0.05).
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Fig. 1 Soil nitrogenase activities at different elevations. Different
lowercase letters indicate significant differences (P < 0.05).
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Table 2 Correlation between nitrogenase activity and soil physicochemical properties

kb H AHBR  BKE K AR AR A et NO.-N  NH,-N
Physicochemical property P sSoC MC AN AP AK TC s 4
ISRl -0.333 0.717** 0295 0643 0341 -0448 0544 -0470* 0164 0.141

Nitrogenase activity

R0 AR R AE0.05F10.017KF b 25 AR K.

SOC: Soil organic carbon; MC: Moisture content; TN: Total nitrogen; AN: Available nitrogen; AP: Available phosphorus; AK: Available
potassium; TC: Total carbon. * and ** represent significant differences among the treatments at the 0.05 and 0.01 levels, respectively.
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Fig. 3 Venn diagrams of soil samples OTUs distribution at
different elevations.
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Table 3 Alpha-diversity of soil nitrogen-fixing bacteria communities at different altitudes

R Chao1{5# - BN TREL FE AR Pieloufs# i
Elevation Chao1 index Shannon-Wiener index Simpson index Pielou index Coverage (/%)
1600 380.59 + 14.52b 3.63+£0.29b 0.85 + 0.06ab 0.46 + 0.02b 0.996
1800 516.14 + 31.47a 4.64 +0.38a 0.87 £ 0.07a 0.53 +0.09a 0.995
2000 380.04 + 53.30b 3.10+ 0.53b 0.76 £ 0.07b 0.37 + 0.04c 0.996
[E] —FAN[F) NS - RE R R A A A 27 5 R 3% (P < 0.05) .
Different lowercase letters within the same column indicate significant differences among different treatments (P < 0.05).
(A) 100 (B) 100 o
[ Stanieria
N i - 0 Zseudp(l?onas
S 80 [ Actinobacteria o EMZe?ﬁﬁ;gn%Za
a [ Firmicutes S DAzoarcus
8 Il Cyanobacteria 8 [ Azohydromonas
= C 60 [] Proteobacteria WS 60 [Frankia
Ho Il Others 4 o W Desulfovibrio
= § o E % gl((aobacter”
= = ermanella
=~ 40} = 40r [ Paenibacillus
2 = [ Bradyrhizobium
K] © W Klebsiella
& 20 & 20 W Paraburkholderia
[ Burkholderia
W Others
0 0

1600 1800 2000

Wk Elevation (h/m)
B4 FRIGHSEET] (A) 58 (B) K FEHNERAREEHK.

1600 1800 2000

##4k Elevation (h/m)

Fig. 4 Nitrogen-fixing bacterial community composition based on phylum (A) and genus (B) levels at different elevations.
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Fig. 5 Random forest analysis of soil nitrogen-fixing bacteria
communities at different elevations. The heatmap on the left
illustrates the distribution of species abundance, while the histogram
on the right ranks the importance scores of each marker species.
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Fig. 7 Heatmap of correlation analysis between soil physicochemical properties and relative abundance of soil nitrogen-fixing bacteria.
SOC: Soil organic carbon; MC: Moisture content; TN: Total nitrogen; AN: Available nitrogen; AP: Available phosphorus; AK: Available

potassium; TC: Total carbon. * P < 0.05; ** P < 0.01.
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Fig. 8 Redundancy analysis between the soil nitrogen-fixing bacteria and soil physicochemical properties based on phylum (A)
and genus (B) levels. Lo: 1 600 m; Mi: 1 800 m; Hi: 2 000 m. SOC: Soil organic carbon; MO: Moisture content; TN: Total nitrogen; AN: Alkali
hydrolyzed nitrogen; AP: Available phosphorus; AK: Available potassium; TC: Total carbon.
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