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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 akey determinant of ecosystem dynamics, but the relationship between
soil resource availability and ecosystem nutrient limitation is still unclear.

Methods A series of nitrogen and phosphorus nutrient addition experiments were set up in four types of alpine
grasslands (a pine meadow, alpine meadow-steppe, apine steppe and al pine desert-steppe) along the precipitation
gradient on the Northern Xizang, to systematically study the effects of nitrogen and phosphorus addition on dif-
ferent types of alpine grassands, and to explore the nitrogen and phosphorus limitation models of different apine
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 apine meadows
and alpine meadow grasslands, but had no effect on alpine meadows and al pine desert grasslands. The addition of
phosphorus alone had no significant effect on the four apine grasslands, while the addition of nitrogen and
phosphorus had a promoting effect on the aboveground biomass of the four alpine grasslands. (2) With the
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decrease of precipitation, the nitrogen limitation index of the apine 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 apine meadow-steppe and apine 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 precipitation. 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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Table1l Description of study sitesin a pine grasslands on the Northern Xizang Plateau

7T A Study site

[HE R [HESSR e [SESTAEN
Alpine meadow Alpine meadow-steppe Alpine steppe Alpine desert-steppe
GH 31.57°N,9257° E 31.38° N, 90.23° E 31.78° N, 87.23° E 32.37°N, 82.27° E
Latitude and longitude
R Altitude (m) 4570 4590 4580 4520
PR 09 -1.0 -1.4 -14
Mean annual air temperature (‘C)
EREKE 444.9 3354 327.4 175.2
Mean annual precipitation (mm)
&5 E Coverage (%) 70-80 40-50 20-30 15-25
PRI o L AR, R 32 HACE S AN

Dominant species Kobresia pygmaea

Stipa purpurea, Carex
montis-everesti

S purpurea S purpurea, Oxytropis

microphylla
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VANSEAR Ay R T, I 2 S0 5 22 0 RS IS0y S [ B M 2R 2 v 8 B M A A D RE AR 327 T A 2

Table2 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

LhRERF F0y it e FEHbRTY SRR SR X B B it T APy > BL i AT
Functional group Y ear Fertilization Grassand Year x Year x Grassland x  Year x Grassand x
Fertilization Grassland Fertilization Fertilization
df =2 df =3 df =3 df=6 df =6 df=9 df =18
F p F p F p F p F p F p F p
7% Community 1481 <0.001 2470 <0.001 33691 <0.001 0.83 0.55 2.92 0.014 278 0.016 0.77 0.73
RE Grasses 1698 <0.001 3360 <0.001 3068 <0.001 564 <0001 1259 <0001 6.92 <0001 4.19 <0.001
PE Sedges 263 0080 382 0019 40375 <0001 053 0.79 207 0069 3.04 001 056 0.91
TEl Legumes 11.57 <0.001 3.64 0.023 2466 <0001 0.92 048 11.34 <0.001 681 <0.001 129 0.48
FHKHE Forbs 6.49 0.003 7.38 0.001 5269 <0.001 215 0.060 7.23 0.003 144 0.21 3.27 <0.001

T R T R JE 0 R B ) O 2 5 e (181 3G-3L, p >
0.05). B INTE T A L i 350 R FERE ) 6 .35 52
M (13, p > 0.05) . ZUI ¥R X ey 2 e A vy FE i
ORBCAEY) IO IR 2 R0, T ik 35 o v € i) L J5 AN
T FE O JFUR SR A M AR S, 8 E s 43 5
J2:13%— 370%F167%—239% ([&13).

FEP NI 5 A A PR S R e AR B
W25 (ER2, KI3). Mk, xR, fERT
A IR b R RIS TR A D V5 A A kb
AP I TR S, T AN I Y B e v TR
2] 1 o FE T S S A A B AR S, B el

43 5] J2 8%—85% 126 206—-288%; ATl Vs I i 35 42 v/
7o € B ) 1 JF 2015 411 20164 75 B AR M3t b A 77,
B0 LA 23 ) 7% A 774%, 111 % 20144F TG & 3 5
Wi, ZEUR VNS ot v € R S Yb B R P A7 e
ES AR
BRI GRME M A 2 77 B 5 AT A 4
B [ AL M R R [R] 1) 22 7 (R 2, KBI3). SRR, 5
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