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Effects of Nitrogen Addition on Soil Microbial Community in an Alpine
Meadow of the Fenghuo Mountain Permafrost Region

XU Jing', YANG Shi-mei', ZHAO Qiu-mei', WANG Gen-xu’, MAO Tian-xu’, ZHANG Tao"
(1. College of Agriculture; Guizhou University, Guiyang, Guizhou Province 550025, China; 2. College of Water Resource and Hydropower, Sichuan

University, Chengdu, Sichuan Province 610065, China; 3. College of Forestry, Guizhou University, Guiyang, Guizhou Province 550025, China)

Abstract: To investigate the responses of soil microorganisms in alpine ecosystems under the context of increas-
ing global nitrogen deposition, this study was conducted in an alpine meadow located in the permafrost region of
Fenghuo Mountain, Qinghai Province. Five nitrogen addition levels of 0, 1, 3, 6, and 9 kg-hm ™ *+a™' were
established (denoted as Ny, Ny, N;, Ng, and Ny, respectively). The results showed that compared with the N,
treatment, the N, and N treatments significantly increased soil organic carbon content and the soil C/N ratio,
whereas the N; treatment significantly reduced soil total nitrogen and microbial carbon content (P<C0.05).
Nitrogen addition increased the relative abundances of bacterial phyla Proteobacteria and Bacteroidota but
decreased the abundances of the fungal phylum Ascomycota and the archaeal phylum Thaumarchaeota. The Nj
and N, treatments significantly increased the Sobs and Shannon indices of bacterial communities (P<Z0. 05).
Mantel tests indicated that soil C/N ratio and total nitrogen were key environmental factors influencing bacterial
communities, while microbial carbon content, urease, sucrase, and phosphatase activities significantly affected
fungal communities (P<C0.05). In summary, different microbial groups exhibited distinct responses to nitrogen
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addition. The diversity of bacterial community was the most sensitive to nitrogen addition, whereas fungal and
archaeal communities responded more stably. This study provides a scientific basis for understanding the effects

of nitrogen deposition on soil microbial communities in alpine ecosystems.

Key words: Nitrogen deposition ; Qinghai-Tibet Plateau; Microbial community ; Alpine meadow
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Table 1 Soil nutrients under different nitrogen addition treatments
+ 3 5% 4> Soil nutrients N, N, N, N, N,

pH 4 7.9040.05" 7.8840.05" 8.0640.14" 8.0540.06" 7.9540.07"

A HLEE Organic C/ (g-kg ") 35.3940.56¢ 41.21+1.07" 40.98+0.79" 39.4340.21% 37.03+1.26™

4% Total N/ (g-kg ") 2.074+0.07" 1.9240.08" 1.72+0.07" 2.0824-0.04" 1.9740.09"

WA C/N ratio 17.16+0.66" 21.52-+0.70" 23.86+0.71" 18.97+0.43" 18.91+1.13"

2 Total P/ (g-kg™ ") 0.50+0.04" 0.48+0.05" 0.45+0.01° 0.45+0.02° 0.4540.01°

#2454 Ammonium N/ (mg-kg ') 9.52+1.93% 8.50+0.42% 6.01+0.61" 11.0041.61" 6.5640.98"

it 45 % Nitrate N/ (mg-kg ") 38.86+7.96" 36.804-4.15" 42.64+6.08" 29.7646.99" 39.3142.31°
2 ¥ 8% Microbial biomass C / (mg-kg™ ") 539.20+66.51°  287.91+73.48" 372.59+23.69" 424.08426.61" 347.15+16.63"

f#4E ¥ A Microbial biomass N/ (mg-kg ™) 81.52+16.56"  39.73+8.37" 55.72+3.94" 67.15+4.79" 55.97+3.23"
HEMEAS Sucrase/ (mg-g '*h™ ") 326.46-56.46"  220.91486.7°  241.51+-36.48" 304.51+6.21" 266.4+38.52°

fik i Urease/ (mg-g '+h™ ") 6.00+0.73" 4.234+1.17° 4.8440.15° 5.2974-0.36" 4.494-0.50"

Tl 'k W5 2 1 Phosphatase/ (mg-g™'+h™") 0.7340.07® 0.5540.10" 0.6940.05" 0.7840.01" 0.6540.04"
it 41k AU Catalase/ (mg-g "*h™ 1) 10.0240.61" 9.4940.42" 9.2640.50" 10.0640.19" 9.4240.54"

T AN TE /NG g2 7R AN [ A Ak B ) 2% S5 4k 25 (P<<0. 05), R[]

Note: Different lowercase letters indicate significant differences among nitrogen addition treatments (P<Z0.05) , similarly for the following tables
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Fig.1 Soil microbial alpha-diversity under different nitrogen addition levels
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Note: The dots in the boxplot represent the mean values, the whiskers indicate the maximum and minimum values, and the horizontal line repre-
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Fig.2 Principal coordinates analysis of soil microbial communities under nitrogen addition treatments
T (a—c) 23 5 327 40 TR EL TR R B RRE O o B S MO0 AR R — R A AN TR) 21 65 3 7 AN [) Kb B, A 081 DX 32 7 45 2L B9 9526 B IX 8], 2
IF] 6 PR 2 S () GE 12 B 5 M i B 4 2 70 07 22 40 BT (PERMANOV A) BEFT R 98, P<<0. 05 3 W] 4[] 7 v 45 480 7 10 B 35 2 53

Note: Figures (a-c) represent bacterial, fungal, and archaeal communities, respectively. Each data point represents an individual sample, with

colors indicating different treatment groups. The ellipses represent the 95% confidence interval for each group, the statistical significance of the

overall differences between groups was tested using permutational multivariate analysis of variance (PERMANOVA) , with P<<0. 05 indicating a

significant difference in community structure among the groups
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Fig. 3 Soil microbial community composition at the phylum level under different nitrogen addition treatments
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Fig.4 Variations in soil microbial community composition at the genus level under different nitrogen addition treatments
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respectively. Asterisks (*) indicate significant differences in the rela-

tive abundance of the species among different nitrogen addition treatments. *, **, and *** represent significance levels at P<<0. 05, P<C0.01, and

P<20.001, respectively
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Fig.5 Correlation between soil microbial communities and environmental factors under different nitrogen addition treatments
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Note: (a) The width of the connecting lines represents the Mantel”s r value, and the line color indicates the significance level. Solid lines denote

positive correlations, while dashed lines denote negative correlations. (b-d) Correlation analysis between the relative abundance of dominant

microbial phyla (for bacteria, fungi, and archaea, respectively) , community richness (Sobs index) , community diversity (Shannon index) and

soil physicochemical properties, * indicate significant correlations between microbial phyla and soil factors: *P<20. 05, **P<20. 01, ***P<Z0. 001
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