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Spatial pattern of plant communities along wetness gradient in Alpine grassland of

Xizang and their driving factors
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School of Grassland and Science , Beijing Forestry University , Bejjing 100083, China

Abstract: Xizang Plateau is one of the regions with extremely concentrated ecological system types and biodiversity in
China’s alpine ecosystem. The high-altitude typical grasslands and alpine meadows are the main grassland ecosystem types.
Due to its weak system vitality, organization and resilience, it is strongly vulnerable to the impact of global climate change.
For many years, the studies on the distribution of plant communities and their changes and responses to various
environmental factors in the grassland ecosystem of Xizang Plateau have been focused on site scale or transect scale, but the
results are still uncertain. We selected 14 sample plots of alpine grassland areas along different wettability gradients in

Xizang region. Through investigation of vegetation community and analysis of soil physical and chemical properties, we
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explored the response characteristics of spatial pattern of herbaceous vegetation community to climate factors and its main
driving factors. The results provided basic scientific data support for the protection and sustainable utilization of natural
grassland on Xizang Plateau. The results show that; (1) the research region can be divided into arid zone, semi-arid zone,
semi-humid zone, and humid zone. The aridity degree in the northern part was gradually decreasing from 1971 to 2021,
while that in the southern part was gradually increasing during 1991—2010. The humidity index of the whole study area was
decreasing. (2) The investigation of plant community found that the changes of different plant functional groups were
different. The aboveground biomass of Cyperaceae increased with the increasing humidity,, while that of Miscellaneous grass
showed a unimodal trend, the other community had no obvious regularity. The Shannon-Wiener diversity index, Simpson
index, richness index, and evenness index of plant community in semi-humid zones with higher humidity were higher than
those in other humidity zones. (3) The analysis of soil physical and chemical properties found that the soil moisture
content, total nitrogen, nitrate nitrogen, ammonium nitrogen, and available phosphorus content in high-humidity areas were
the highest. Based on the correlation and principal component analysis of various environmental factors and plant community
characteristics, the structural equation model was established. The factors that directly affected the changes of plant
community characteristics in alpine grasslands on Xizang Plateau were wettability, soil moisture content, and soil pH,
showing the significantly negative effects ( P<0.05). However, wettability had significantly positive effect on soil water
content and soil total nutrient ( P<0.05) , which further affected the distribution, diversity and aboveground biomass of

different plant functional groups in alpine grasslands on Xizang Plateau.

Key Words; Xizang alpine grassland; wetness; plant community characteristics; climatic factors; soil physical and

chemical properties
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Table 1 Wettability grading

i e e S?)Ejfji | e i i Hzi " f n

Wettability grading Wettability Jandscape Wettability grading Wettability natural landscape

.+ Hyperarid <0.3 Bl Wi Moist 1.2—15 TR B B

T8 Arid 0.3—0.9 RS L B3 Damp 1.5—2.0 FRAK K]

{#F Semi-arid 0.9—1.2 MY J5T R Humid >2.0 AR Ffa) | R

x2 HMEEES R
Table 2 Classification of sample wetness
bl v ez il i REIREE R
Plots Longitude Latitude Dominant function Wettability Wetta}'nhty
group grading
A% £ 8 Amdo, Nagqu 91.69608° 31.97226° R 1.53298 T X
AR 17 {4 2 X Seni District, Nagqu 92.16632° 31.24853° PHE 1.50880 TR X
AR 2% & Bagén, Nagqu 94.11146° 31.93113° Fefm 1.42033 Tl X
AR PR E Baingoin, Nagqu 90.03650° 31.44326° RAEL 1.28376 T X
PLBRT 2442 Dangxiong, Lhasa 91.13319° 30.45988° FIHE 1.26244 O X
;‘i’izfiﬁj Lii 91.91079° 29.71824° PHE 1.23125 TR X
E #8775 £ Dengén, Qamdo 95.62711° 31.36058° FeIHE 1.16819 T IX
1IFg TR TE Nagarze, Shannan 90.51013° 28.76015° TR 0.91906 X
H % M AT T A E Gyantse, Shigatse 90.09871° 28.80727° Fefm 0.91744 T IX
F e )77 534~ B Ngamring, Shigatse 87.11805° 29.23349° PERL 0.91144 X
H U 717 ff B B Zhongba, Shigatse 84.15590° 29.87508° RAR} 0.74735 FRIX
gii& %iﬁi focture 85.12619° 30.93083° SR 0.73635 TRIX
ifeﬂ?gimgie e 83.21255° 32.43132° RAE 0.56043 TR
5] B 4 [X 16 SR EL Gar, Ngari Prefecture 80.86046° 31.16979° FeREE 0.46875 TREX
#3 BEHERETAREYNEHEVENER
Table 3 Biomass difference of plant functional groups under humidity gradient interval

IRERE YR ANTERRE B X [6] Different wettability levels

Functional group biomass TRX X T X T X

Z4ZE B Miscellaneous grasses 2.48+1.15a 8.46+1.90a 27.72+3.09a 6.94+1.26b

PHHE} Sedge 0.60+0.40a 3.27+0.79ab 4.36+1.40b 10.82+2.20a

AAF} Gramineae 1.74£0.83a 0.00£0c 2.12+1.15b 0.00+0c

R Leguminosae 0.82+0.36a 0.66+0.35b 0.33+0.22b 0.00+0c¢

F B AR AR ; [R5 (RS 6] -0 3 35 7K F 34 31 P<0.05
2.3 VR BERL R T AH YIRS 2 e S AR T A RRAE
TEAAI G H A [R) R ) B B ) % 2R M 40 A FR1E 38 1 Shannon-Wiener 8 %% \Simpson PRIE FE
WS B USRS AT RN o A5 A3, i B o T 5 55T X8R AT Shannon-Wiener $5 4000 3% 22 7
(P>0.05) , {03 & /N IX A F i #E7% Shannon-Wiener $5 50 2 FEMETES(P<0.05) , {3 X 0] F A RETE
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Shannon-Wiener 880 Z K T HE =4 X8 ( P<0.05) . #IE X 0] T #Y Simpson #8408 2 & T 1 5 X [8] f1{%
THIX(P<0.05) B 55T X BT s U 800 3% 22 5% (P>0.05) . T 5 X [A] T X a] R X 6]
f=F 5 B /N TR0 X 8] R A9 328 (P<0.05) , AS[EIREE BEAR B R e 5 K B A HLRR & &
T AR A RFINT RIX ) B EET HA =X, (P<0.05) , BT fd JRimE X 8% 22 7 (P>0.05) .
R XA DX Y A A S AR B IR T A M DX [ s A DX 1) A S R B S V X A A
2R (P<0.05) o A[FEREIEBEA N H 3 S /S e T R X SR ORI X G 3% 22 5% (P>0.05) ,
B 2RI X (P<0.05) , T 5 IX 3 & & o 28 5 T T IX (P<0.05) (- 510 323 X T 6 i
FXF(P>0.05) , HHEHABERI T2 ST 0 X ] TR X R ( P<0.05) |, [A] B oAt = A~ i
FERREE T B LB S AR R E 2 (P>0.05) (3R 4) Ll g5 SR, W i B 25 5 0 482 X0 VO i /=y JE L
JE TR T4 22 REVE 023 )RS Joy AN 4% e B o 7 A 2 5 i

R4 DEMERETENHESHES THREBELER

Table 4 Plant community diversity and soil physicochemical properties under humidity gradient

YR Z B 13 T N[ B X ] Different wettability levels

Diversity and soil factors FRK MK PO IX W X
Shannon-Wiener %% Shannon-Wiener index 1.27+£0.07b 1.04+0.13b 1.59+0.07a 1.11£0.15¢
Simpson 5% Simpson index 0.48+0.03a 0.41+0.05a 0.60+0.03a 0.44+0.05a
Y51 Evenness index 0.43+0.03a 0.34+0.03a 0.39+0.0.2a 0.37+0.02a
F & ¥ Richness 3.00+0.21b 3.00+0.21b 4.25+0.25a 3.00+0.37b
L3 /KA Soil water content 7.05+0.67b 21.40+1.98a 18.58+2.96a 24.94+1.67a
FHEAHLIK Soil organic carbon 8.85+0.80b 16.40+1.79a 14.95+2.06a 17.27+2.20a
34 A Soil total nitrogen 1.09+0.09b 2.48+0.19a 2.68+0.31a 2.69+0.30a
T HEASAS A Soil nitrate nitrogen 4.01+0.34¢ 14.47+4.81c¢ 34.96+7.97b 61.65+7.83a
+ 385 % Soil ammonium nitrogen 1.02+0.52b 2.65+0.94ab 3.56+1.78ab 5.47+2.13a
AL Soil available potassium 179.95+23.83a 102.13£19.47b 167.42+20.93ab 155.42+11.44ab
LB Soil available phosphorus 14.97+3.74b 17.71+3.28b 25.73+3.53b 61.55+20.51a

F RO R B R EDR ; AT 1) ) PR 3R B2 KA B P<0.05

2.4 HYITIReRE 2R A R A BT A AR

ARG PSR D RERE AR 40 A - AiE 18 5 Shannon-Wiener 75§ %% Simpson 840, 3 & & 4 5) X U
ANERRIEAT RN . WFSE R B, GRHEEYA A Shannon-Wiener F8 801 & & i 2 & R HA =N IhRERE ( P<0.05)
M7 Simpson $& KM 5 BEPURNRET 0 B35 25 5 (P>0.05) , IR RHER M2 LRl B3 m TARAR G
B, VP RRIEE B8 = T 242 5 HEE (P<0.05) . DUAPRES A9 3 pH L E M2 5 (P>0.05) , RAFR
FET L 0 B 2 i T =AY (P<0.05) oAt =P f % 2 [H) JC 1 35 25 5% (P>0.05) , 22 B fFIE Y 1
KAV S EM2E & ios, 03w TARABA S BHEE (P<0.05) , WERH LS 1 LA
i fm S AT RERE I B E 2 7 B3 (P<0.05) |, T RARIHE A 38 sl i & 1 i 2 5 T ORI
(P<0.05)(#£5),
2.5 WEEE | IR R 5P FE TR A OGRS B

MR EE | TR bR SRS AR A G E o A b R B (R 3) R s AR Wi R | RS A
Z A ZE AR, (P<0.05) 5 T E M B 2& UG (P<0.01) , RARES A ¥ i 5 Shannon-Wiener 54K |
Simpson FE4L 3451 AR AL 1 pH Z [AIFFEIEA G, 5 RSk | B R B 3 T 5 (P<0.05) , 15 10
A LR A 5 25 7R DG (P<0.01) PR ERHE IS A= Wi SRR R B | B Ak i B AR R A) B 2 T AR G
(P<0.05) , 5 T3 pH RAF K Y & WA R ARG, R m A Wa 585
Shannon-Wiener 84§ . Simpson $84% . F & & &% W E SR ZEAEEIEMG, SWEBIHEEYE A
HUbk R SR s 2 0] B 3 FAH G (P<0.05) , HIESA S FES/KE  HIEA IR MAREZ
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[ AFTER 0 25 I IE AR G E R (1 3)
x5 EYIhAER SN TEEAER
Table 5 Plant functional group diversity and soil physicochemical properties
WFh 2 RE: - R AEAEYI DI REREREYE Community of different plant functional groups
Diversity and soil factors RAFL IR g Ju B
Shannon-Wiener #8541 Shannon-Wiener index 1.45+0.05a 1.04+0.15b 1.29+0.02ab 1.33+0.10b
Simpson F5%X Simpson index 0.56+0.03a 0.40+0.06b 0.47+0.03b 0.54+0.03a
5] Evenness index 0.44+0.02a 0.31+0.02b 0.43+0.05b 0.39+0.02b
F & Richness 3.33+0.17a 3.33+0.36a 3.17+0.31a 3.47+0.27a
+ 55 7KL Soil water content 8.3420.77¢ 25.31£1.78a 9.69x1.27¢ 18.47+2.47b
L HEAHLIK Soil organic carbon 8.94+1.09¢ 14.89+2.20ab 11.16+1.61be 17.33+1.40a
+3E4 2 Soil total nitrogen 1.48+0.21b 2.26+0.23ab 1.65+0.33b 2.73+0.28a
- IEAHASA Soil nitrate nitrogen 14.81+5.30b 32.02+9.69a 9.88+2.93¢ 28.97+7.42a
A2 Soil ammonium nitrogen 1.20+0.67b 6.71+1.87a 0.67+0.24b 1.6120.47b
YRR Soil available potassium 188.48+32.61a 122.63+12.24ab 105.09+£19.53b 168.53+£19.69ab
LB Soil available phosphorus 22.52+5.03b 37.09+12.28a 20.42+6.27b 19.99+3.23h
FRBBE pH 7.13+0.19a 6.17+0.13a 7.09+0.24a 6.46+0.24a
HL 53R Electric conductivity 766.31+£456.41a 153.60+£29.95b 63.45+8.86b 120.75£23.21b
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Fig.3 Correlation analysis of climatic factors, soil physicochemical indexes and plant community characteristics
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Fig.4 Structural equation models of wettability, soil physicochemical properties and plant community characteristics
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