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Abstract: Alpine grassland is one of the important components of the alpine ecosystem on the Qinghai-Tibet Plateau. Its
degradation has seriously affected the sustainable development and the grassland restoration of the plateau. Grassland
degradation contains above-ground vegetation degradation and soil degradation, and these two forms interact each other.
Studies on degradation of Tibetan Plateau mainly focused on the soil degradation, the variation of plant community biomass
and soil carbon pool, and the driving mechanisms. However, the results exist large differences among these researches
because of the measurements and temporal-spatial gap. This study collected the results of 64 studies on the Qinghai-Tibet
Plateau alpine grassland degradation from 2004 to 2022, including 1403 datasets on 16 indicators such as soil organic
carbon, biomass, and diversity index. Meta-analysis was used to analyze the effects of grassland degradation on soil physical
and chemical properties, vegetation productivity, and species diversity. Meanwhile, the soil physical and chemical
properties and plant biomass of heavily degraded grassland were analyzed by linear regression. The results showed that soil

organic carbon, total nitrogen, total phosphorus, available nitrogen, available phosphorus, available potassium, soil water
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content, above-ground biomass, underground biomass, and vegetation height significantly decreased with the aggravation of
grassland degradation, while soil bulk density significantly increased. However, soil pH and total potassium showed no
significant difference in each degradation stage. Shannon diversity index, Pielou evenness index, and Margalef richness
index showed the decreasing trend overall. Soil organic carbon, total nitrogen, total phosphorus, available nitrogen,
available phosphorus, available potassium, and soil water content were positively correlated with above-ground biomass and
underground biomass, while soil bulk density was negatively correlated with above-ground biomass and underground
biomass. Nevertheless, soil pH was negatively correlated with both above-ground biomass and underground biomass, but the
correlations were insignificant. Therefore, the degradation of alpine grassland on the Qinghai-Tibet Plateau changed the
above-ground community diversity and biomass by changing the physical and chemical properties of soil. Among the soil
nutrients, soil organic carbon dominantly influenced grassland degradation, followed by total nitrogen, total phosphorus,
and total potassium. Nitrogen and phosphorus contents showed closely associated with plants biomass. Therefore, nitrogen
and phosphorus addition could be an useful way for grassland degradation reconstruction, in order to reduce the nutrients’
run off and prevent grassland deterioration. Our results provided a scientific basis for elucidating the mechanism of
vegetation and soil characteristics in response to grassland degradation. And it further assisted the local government to

formulate grazing policy and further restore the degraded alpine grassland.

Key Words: Qinghai-Tibet Plateau; grassland degradation; plant community; physical and chemical properties of soil ;
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Table 1  Classification of vegetation and soil features
#3 Hahr #31 b
Category Indicators Category Indicators
TEYEE Mo b A=Y (AGB) e IR HLIK (SOC)
Vegetation attributes A (BGB) Soil properties FHELZ(TN)
FERE 5 (H) T IHABE(TP)
Shannon ZFEPEFEEL(D) F 3 (TK)
Pielou ¥4 EEHE B () THARA(AN)
Margalef + & BEFE 4L (R) IR (AP)
AR (AK)
TIRATE(BD)
T IERRHHE (pH)
HIEEKE(SWO)

AGB; #1_| /E= # 8 Above-ground biomass; BGB: i 2 4 Below ground biomass; H; I8 /5 J& Vegetation height; D; Shannon £ k¢ 1 15 %
Shannon diversity index; E: Pielou 342 £ #8 41 Pielou evenness index; R ;: Margalef =F & J& 154X Margalef richness index; SOC ; + 345 HLEK Soil organic
carbon ; TN ; 134> Soil total nitrogen ; TP T34 Soil total phosphorus; TK ; 13424 Soil total potassium; AN : + 345 ZA Soil available nitrogen ;
AP ; +3EA7 3 W Soil available phosphorus; AK ; 4645 %41 Soil available potassium;BD ; 4% Soil bulk density ; pH ; T ERRHKE Soil pH;SWC; 1

i & 7K 42 Soil water content
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Fig.1 The mean annual precipitation distribution map of study sites
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Fig.2 The mean annual temperature distribution map of study sites
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Table 2  Classification of alpine grassland degradation

. " B . " H R i
R MBI | e M BERL
R Vegetation R Vegetation
Degradation degree Degradation degree
cover/ % cover/ %
FIBIEFHL(ND) Non-degraded grassland >90 R R (MD) Moderately degraded grassland 30—60
BRI E L (LD) Lightly degraded grassland 60—90 AR E ML (HD) Heavily degraded grassland <30

ND: KR L FH Non-degraded grassland ; LD - 52 B2 iRk %1l Lightly degraded grassland ; MD ; HF iR fE 75 3th Moderately degraded grassland; HD ; T
BEIRIEF M Heavily degraded grassland

LSCHR R EbREIR SE FIREAS Y n i AR B SU6HhniE2E SD MEAT G .
SD=SEx Jn (2)
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Sunderland , USA ) #4525 W0F 58 A B2 (R AL 501 ) RN HR A (AR Ak s b ) 79 - 3548, B XTI i b
HEZEFREA R 52253 RR F1 InR AT .
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RR =1nR = 5 - InX, — InX, (3)
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W= (5)
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InR,, = M (6)
Z w;
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Fig.3 Response of soil feature to grassland degradation
SOC ; F3EA HL% Soil organic carbon; TN ; 1342 Soil total nitrogen; TP ; 134§ Soil total phosphorus ; TK ; 3344 Soil total potassium; AN
34 %A Soil available nitrogen; AP ; 1347 A48 Soil available phosphorus; AK ; 13247 54 Soil available potassium;BD; T34 TE Soil bulk
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Fig.4 Response of grassland vegetation indicators to different degree of degradation
AGB . # -4E¥) & Above-ground biomass; BGB: 1 F 4= #J % Below ground biomass; H: ## #% 5 J& Vegetation height; D ; Shannon £ #£ M35 %
Shannon diversity index;E : Pielou 2% B35 %1 Pielou evenness index; R : Margalef 3= & 45 %4% Margalef richness index
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