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Abstract

Aims Understanding the mode of nutrient limitation on ecosystem net primary production is an important issue
of modern ecology. Nutrient availability is a key determinant of ecosystem dynamics, but the relationships
between soil resource availability and ecosystem nutrient limitation are still unclear.

Methods A series of nitrogen and phosphorus nutrient addition experiments were set up in four types of alpine
grasslands (alpine meadow, alpine meadow-steppe, alpine steppe and alpine desert-steppe) along the precipitation
gradient in the Northern Xizang, to systematically study the effects of nitrogen and phosphorus addition on dif-
ferent types of alpine grasslands, and to explore the nitrogen and phosphorus limitation models of different alpine
grasslands.

Important findings The results showed that: (1) The effects of nitrogen and phosphorus addition on different
alpine grasslands varied. Nitrogen addition significantly increased the aboveground biomass of alpine meadows
and alpine meadow grasslands, but had no effect on alpine meadows and alpine desert grasslands. The addition of
phosphorus alone had no significant effect on the four alpine grasslands, while the addition of nitrogen and

WeHs H #HReceived: 2020-05-08 5% H # Accepted: 2020-08-10
FETH: [E 5K E SR TRI(2017YFA0604802 12016 YFC0501803) . [E]5% [ 4R} 2% 52 42 (31870406 F141703079) FlI 55 — Yk 5 78 o R 45 & BH# % 5200t
FLI01 H (2019QZKK0302)» Supported by the National Key R&D Program of China (2017YFA0604802 and 2016YYFC0501803), the National Natural Science
Foundation of China (31870406 and 41703079), the Second Tibetan Plateau Scientific Expedition and Research (STEP) Program (2019QZKK0302).

* J# {5 1F# Corresponding author (shipl@igsnrr.ac.cn)



2 THYEZ R Chinese Journal of Plant Ecology 2020, 44 (*): 00-00

phosphorus had a promoting effect on the aboveground biomass of the four alpine grasslands. (2) With the
decrease of preciptation, the nitrogen limitation index of the alpine grasslands gradually decreased from 1.18 to
0.52-0.64, and the nutrient limitation mode transitioned from nitrogen limitation to co-limitation by nitrogen and
phosphorus; the phosphorus limitation index was negative in the alpine meadow-steppe and alpine steppe,
indicating that phosphorus addition alone has side effects on these two grassland types. These results suggest that
alpine meadow is mainly limited by nitrogen availability, and phosphorus addition alone has side effects; the
alpine meadow-steppe is between the nitrogen limit and the joint nitrogen and phosphorus limitation, and
phosphorus addition alone also has side effects; the alpine steppe is limited by both nitrogen and phosphorus
availability, and the addition of phosphorus has side effects; the alpine desert-steppe is jointly limited by nitrogen
and phosphorus availability. These results show that nutrient limitation mode transits from nitrogen limitation to
nitrogen and phosphorus co-limitation with the decrease of preciptation. This study implies that the impacts of
increasing nitrogen deposition under future climate change on different types of alpine grasslands may be
different. Additionally, the differences in nitrogen and phosphorus limitation mode should also be taken into
consideration when nutrient addition is used to restore different types of degraded alpine grasslands.
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Fig. 1 Biomass response patterns of the four main types of nitrogen and phosphorus co-limitation. Assuming that nutritional add-
itions have no negative effects. CK, control (no resource addition); +A, adding resource A; +B, adding resource B; +AB, adding A

and B together.
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Table 1 Description of study sites in alpine grasslands on the Northern Xizang Plateau

WL s Study site

Ty R ) oy ) R [EESE [SES RN
Alpine meadow Alpine meadow-steppe Alpine steppe Alpine desert-steppe
Eayadics 31.57°N, 92.57°E 31.38°N, 90.23°E 31.78N, 87.23°E 32.37°N, 82.27°E
Latitude and longitude
R Altitude (m) 4570 4590 4580 4520
PR -0.9 -1.0 -1.4 1.4
Mean annual air temperature ('C)
FERFKE 4449 3354 3274 175.2
Mean annual precipitation (mm)
BEJETRE Coverage (%) 70%-80% 40%-50% 20%-30% 15%-25%
PR TR o L1 AR En Bk AR . AN

Dominant species Kobresia pygmaea

Stipa purpurea, Carex
montis-everesti

Stipa purpurea Stipa purpurea, Oxytropis

microphylla
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Fig. 3 Effects of nitrogen and phosphorus addition on the aboveground biomass of different plant functional groups of alpine
grasslands. Different uppercase letters in the same year represent significant differences among fertilization treatments. F and P
values represent the differences in different functional groups among fertilization treatments. A-C, alpine meadow. D-F, alpine
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Table 2 Using year as the repeated factor, Repeated Measure ANOVA analysis of the effects of nitrogen and phosphorus addition on the aboveground biomass

of different types of alpine grasslands
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Fig. 4 Relative co-limitation index of nitrogen and phosphorus for different types of alpine grasslands. ADS, alpine desert-steppe;
AM, alpine meadow; AMS, alpine meadow-steppe; AS, alpine steppe. RCIn, nitrogen limitation index; RClp, phosphorus limitation

index. Different uppercase letters in the same year represent significant differences among grassland types.
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Fig. 5 Relationships between relative co-limitation index and preciptation as well as soil nutrient content in alpine grasslands on the
Northern Xizang Plateau. RCln, nitrogen limitation index; RClp, phosphorus limitation index.
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