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Abstract; In recent years, overgrazing and an increasingly warm and dry climate have resulted in significant degradation of
the alpine grasslands in the source region of the Yellow River, which has seriously harmed both the sustainable development

of local animal husbandry and the environment. After degradation, the interaction between vegetation productivity, species
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diversity, and soil nutrients can aggravate the degradation of alpine grasslands. Most previous studies have focused on
community productivity, species diversity, and their relationships after degradation; however, the change in soil elements in
the process of degradation is often neglected. Exploring the relationship between vegetation community productivity, species
diversity, and soil nutrients has important practical significance to understand the degradation process of alpine grasslands
and their restoration. In this study, the method of spatial distribution or temporal succession was used in the source region of
the Yellow River. Five degraded gradients from intact to very severely degraded alpine steppes were selected based on the
vegetation cover and the dominant species to explore the relationship between vegetation community productivity, species
diversity, and soil nutrients. Our results showed: 1) with the aggravation of the degradation degree, the aboveground and
belowground biomasses of the community showed a non-significant trend towards a decrease, reaching the maximum in the
slightly degraded stage, and was significantly reduced in the severely and very severely degraded stages; 2) the Shannon-
Wiener diversity index increased by 20% and 15% in the slightly and moderately degraded stage, respectively ( P=0.025
and P=0.039, respectively) ; the evenness index showed a no-significant change from the intact to severely degraded stage,
and the species diversity index decreased significantly in the very severely degraded stage; 3) soil moisture, organic
carbon, total nitrogen, ammonium nitrogen, and nitrate nitrogen at first showed a trend towards non-significant change and
then decreased, and soil bulk density increased significantly with the aggravation of degradation; 4) community biomass
and species diversity were positively correlated to soil nutrient levels and was negatively correlated to the soil bulk density;
redundancy analysis results showed that soil bulk density, nitrate nitrogen, and organic carbon were the main soil factors
driving changes in vegetation factors during degradation. Therefore, different restoration and management measures should
be adopted for different degradation stages, especially to improve soil nutrients and physical properties in the severely
degraded and very severely degraded stages. At the same time, more attention should be paid to the two key stages of

moderate and severe degradation.
Key Words: Qinghai-Tibet Plateau; vegetation degradation; soil degradation; biomass; degree of degradation
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Table 1 Indicators and criteria for grassland classification of different degradation levels
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Ehr KBk s .
Indicat Intact Slightly Moderately Severely Very severely
nicators e degraded degraded degraded degraded
¥ Plant coverage/ % 90—100 >80 50—80 30—50 <30
AR <s <5 520 20—50 >50
Bare ground coverage/ %
DRBHHRARL BT G L E >80 50—80 30—50 30—10 <10

Sedge and grass percentage/ %
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Table 2 The F value of vegetation and soil properties under the multivariate analysis of variance in degraded alpine steppe

RN . — \ AR BfxkEsT REEXREAT RAEIREE XA
. 14 W FERL . ) ) .
Coefficient . . . DegradationX ~ DegradationX  Soil depth X DegradationX depthx
. Degradation ~ Soil depth  Sample site . . ) . .
of variation Soil depth Sample site Sample site Sample site
Hb 1 £ Aboveground biomass 59.91 *** 4.18" 0.51
F & BEE 5L Richness index 14.84 *** 0.80 0.42
Shannon-Wiener ZFEHETREL .
.86 """ 0.81 0.56

Shannon-Wiener diversity index 21.86
Piel ¥oa E : Piel

o B SRR Pl g 5827 116
evenness lHdCX
N Bulk density 12.36 " 0.84 0.66
FHK 53 Soil moisture 8.65 """ 0.24 0.98
T A= ¥y Belowground biomass 26.95 " 242277 266" 6.88 """ 1.33 3.68 " 4.03"
FHLBK Organic carbon 21947 1325*** 2.56* 1.22 312" 411 241*
M Total nitrogen 23.54%%* 12,01 *** 2.14* 0.89 3.59** 2.35*% 0.99
#:Z5% Ammonium nitrogen 21.16 """ 346" 3.02" 1.57 6.99 *** 4.04"" 0.91
A% Nitrate nitrogen 4.65 *** 2.67% 0.86 0.57 2.80%" 1.50 1.16

w, P<0.05; * x, P<0.01; * % x  P<0.001
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Table 3 Explanatory power and significance level of soil environmental factors in degraded alpine grassland

i BT SRERIAIFF Rt
ST fil R I BEHE Y il ?ﬁﬁﬁ?ﬁ;
. Rank order of Variance explains of F P
Environmental factors .
explanatory environmental factors( % )

BD 1 717.6 28.4 0.001 **
NO3 2 14.8 6.5 0.024 "
soc 3 6.4 3.0 0.093"
NH; 4 0.8 0.4 0.546
TN 5 0.3 0.1 0.73
SM 6 <0.1 <0.1 0.902

BD: & H Bulk density; SM: 37K 4} Soil moisture; SOC; A HLIK Soil organic carbon; TN: B %l Total nitrogen; NH} : # &% Ammonium

nitrogen; NO3 : fifZS%&( Nitrate nitrogen, T, P<0.1; #*, P<0.05; #* * , P<0.01

o S ) IR 32 B AR A =5 T — AR IR A, AR A 7 IR, VR S5 A AL T
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Fig.7 Soil nutrients in 0—50 cm at overall and each sample site under different degraded stages
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