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Effects of different phosphorus additions on soil nutrients and enzyme
activities in the alpine grassland of Sejila Mountain, Xizang

CUI Zhipan,ZHANG Xizhe ,ZHANG Shaobing, HAN Yanying, WU Zheng,
TONG Lingchen, YE Yanhui”

( College of Resources and Environment, Xizang Agricultural and Animal Husbandry University, Nyingchi, Xizang 860000, China)

Abstract: Rising atmospheric phosphorus inputs in recent years have brought uncertainty to the phosphorus dynamics and ecological
functions of alpine grasslands, but the mechanisms by which soil physicochemical properties and enzyme activities respond to different
levels of phosphorus inputs remain unclear. In this study, a two-year field gradient phosphorus application experiment was conducted in
the alpine grassland of Sejila Mountain, Xizang. Four gradient treatments (0, 50, 75, 100 kg-hm™/a, calcium superphosphate) were
set up to determine the soil physicochemical properties, denoted by P, P, P.,, P, microbial biomass (MBC) in the 0~ 10 cm
soil layer, (MBN) and enzymes related to carbon and nitrogen cycling and oxidative degradation ( cellulase, amylase, sucrase, B—glu-
cosidase, urease, and polyphenol oxidase, peroxidase) were determined in the 0~ 10 c¢m layer, and correlation and cluster analyses
were performed. The results showed that phosphorus application generally decreased pH (1. 6% ~2.5% ) with no significant change in
SOC, while ROC increased by 77.2% and 47.9% at P,  and P, respectively. Nitrate nitrogen was significantly increased by all three
phosphorus applications, with an increase of 1 219.3% at P, and TP (22.9% ) and AP (147.9% ) were significantly increased at
P ., while MBC and MBN were significantly decreased by all phosphorus applications (MBC: 52.6% ~ 64.9% ; MBN. 29.1% ~
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49.1% ). For enzyme activities: P, significantly increased sucrase and B-glucosidase (74.0%, 21. 7% ) and urease (55.3%); P
and P, significantly increased peroxidase (61.8% , 55.5% ) ; and P, caused cellulase to increase by 117.3%, while amylase was
elevated under all three treatments ( maximum 90.0% at P, ). Correlation and clustering showed that oxidases responded synergistical-
ly with pH and exchangeable cations, hydrolases were tightly coupled with ROC and fast-acting nutrients, and microbial load was sepa-

rated from most enzyme clusters. P, alleviated P limitation and amplified nitrogen cycling and hydrolase activity; P,s showed diminish-

75
ing marginal benefits; induced acidification and microbial population decline; community metabolism was biased towards oxidase secre-
tion; and there was a risk of 'phosphorus-induced carbon release’. In summary, alpine grassland showed a nonlinear and threshold re-

sponse to exogenous P inputs. This study provides an important scientific basis for the health and management of alpine grassland soils

under phosphorus enrichment in the future.
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Table 1 Methods for determination of soil physical and

chemical properties and enzyme activity
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Figure 1 Mean values of soil pH under different
concentrations of phosphorus treatment
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Figure 2 Mean values of soil nutrient content under different concentrations of phosphorus treatments
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Figure 4 Mean values of soil enzyme activities under different concentrations of phosphorus treatments
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