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Effects of Different Grazing Patterns on Soil Nutrients and Enzyme
Activities in Alpine Grassland
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2. Key Laboratory of Alpine Grassland Ecosystem in the Three-River-Source , Ministry of Education, Xining, Qinghai Province 810016, China)

Abstract: Grazing is one of the main ways to utilize grassland. A reasonable grazing method can achieve sustain-
able utilization of grassland. However, most studies focus on grazing of a single livestock species or fixed-
proportion mixed grazing, lacking exploration of the impact of different proportion mixed grazing on grassland
ecosystem. This study investigated the effects of different herbivore assemblage grazing on soil nutrients and
enzyme activities based on the alpine grasslands of the Qinghai-Tibet Plateau. The experiment was established
including a control (CK) , yak-only grazing (YG) , Tibetan sheep-only grazing (SG), and mixed grazing of
yaks and Tibetan sheep (MG1:2, MG1:4, MG1:6). Plant and soil samples were collected from the experi-
mental plots from the 6th to the 8th year of grazing to analyze changes in grassland plant biomass, soil total
nutrients (total carbon, total nitrogen, total phosphorus), and the activities of enzymes related to carbon and
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nitrogen cycles (nitrate reductase, nitrite reductase, urease, hydroxylamine reductase, amylase, and neutral
protease). The results showed that both grazing patterns and experimental year had significant interactive

effects on the activities of carbon- and nitrogen cycle-related soil enzymes. Soil nutrients and enzyme activities

exhibited significant interannual dynamic characteristics. Mixed grazing had distinct effects on soil nutrients and

enzyme activity compared to single-species grazing. As the grazing duration increases, the mixed grazing

system with a yak-to-Tibetan sheep ratio of 1:2 or 1:4 gradually restores the soil nutrients and enzyme activity
of alpine grasslands to levels closer to those of natural grasslands. The results suggest that grazing with different

livestock combinations is more conducive to maintaining the stability of grassland ecosystem functions.

Key words: Herbivore assemblage grazing; Soil ecological stoichiometry; Grazing management; Soil enzyme

activity
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Fig.1 Effects of grazing treatments on plant aboveground biomass in different grazing years
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Note: SG denotes Tibetan sheep single grazing treatment, YG denotes yak single grazing treatment, and MG1:2, MG1:4, and MG1: 6 denote

mixed grazing treatments with cattle-to-sheep ratios of 1:2, 1:4, and 1:6, respectively. “ns” indicates no significant difference (P>>0.05), * P<C

0.05, *#* P<C0.01, and *** P<<0. 001
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Fig. 2 Effects of grazing treatments on soil total nutrient contents and their ratios
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Fig. 3 Effects of grazing treatments on nitrogen cycle-related enzyme activities
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Fig.4 Relationships between grazing treatments and soil nutrients as well as soil enzyme activities in different grazing years
T () 2019 CHUCER 6 4F) , () 2020 CHUBUES 74F) , (o) 2021 4R OBUHCES 84F) o C O 34, N L3, P oy L M4, NR Oy i i 16 L1
NiR 4 Wi 2 38 JE i , Urease 4 IR B, HR 32 1% 18 R s Amylase 36 43 il , NP Oy PR LR, AGB O L A=

Note: (a) 2019 (the 6th year of grazing) ; (b) 2020 (the 7th year of grazing) ; (¢) 2021 (the 8th year of grazing). C, soil total carbon; N, soil

total nitrogen; P, soil total phosphorus; NR, nitrate reductase; NiR, nitrite reductase; Urease, urease; HR, hydroxylamine reductase; Amy-

lase, amylase; NP, neutral protease; AGB, aboveground biomass.
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