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Abstract ; Desertification is one of the most serious ecological problems in the Maqu alpine meadow. It is helpful to provide

scientific reference for monitoring and prevention of desertification by understanding the dynamic changes of plant
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communities and soil surface environmental factors in different desertification stages in this area. Our study clarified the
distribution pattern and vegetation changes in potential, slight, moderate, severe and extremely severe desertification stages
by sample survey method and the application of variance analysis and canonical correspondence analysis. Furthermore, their
relationships with the soil surface environmental factors were explored. The results showed that; (1) with the development
of desertification, the soil moisture and conductivity of the soil surface decreased significantly ( P <0.05). The soil
temperature decreased firstly and then increased, the lowest was in the slight desertification stage (24.32 °C) while the
highest was in the severity stage (30.79 °C). (2) The coverage and abundance of vegetation decreased significantly with
the development of desertification (P<0.05). All the species richness, Shannon-Wiener index, Simpson index and Pielou
index showed dynamic increases from potential to slight phase of desertification and then gradually decreased along
moderate, severe, and exiremely severe desertification stages. (3) The Canonical Correspondence Analysis (CCA) showed
that soil surface moisture, temperature and conductivity could explain 31.10% of species composition in communities, and
the influence of soil surface water and conductivity on community composition reached extremely significant level ( P<
0.01). In the potential and slight desertification stages, the variance interpretation rates of the first two axes of the CCA
were 71.91% and 55.25% , respectively. The soil surface environmental factors could better describe the changes of plant
community characteristics and diversity levels. In the moderate, severe and extremely severe desertification stages, the
variance interpretation rate of the first two axes of CCA was less than 40%. The soil surface environmental factors were
difficult to effectively reflect the plant community characteristics, indicated that the impact of grazing and other human

activities in the middle and late stage of the sanding succession was more prominent.

Key Words: desertification stage; alpine meadow; soil surface environmental factor; plant community characteristics;

canonical correspondence analysis
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F1 FEMAMELE
Table 1 Distribution and types of plots
R DOERE e oy e
Plot number Desertification Longitude Latitude Dominant species Area
stages
1 WTE 101.781362 34.051479  H#E R Carex moorcrofiii Fkdir & Hem
2 TEAE 101.780837 34.051696  FHFLE . Carex moorcroftii - ZEWE 3K Potentilla bifurca T B 41
3 BEE 101.780927 34.051513  HEE . Carex moorcroftii W% Leymus secalinus
4 BEE 101.779724 34.051634  FFHEEL Carex moorcrofiii FEFIEINEL Elymus nutans
5 H 101.782485 34.051305 HIE 5 Carex moorcroftii FEREPEHR T Elymus nutans
6 i 101.782174 34.051414 TEREPER . Elymus nutans (5598 & . Carex moorcrofiii
7 Gy 101.781729 34.051557 HE Leymus secalinus
8 Giviy 101.781435 34.051229 B Leymus secalinus 798 & W Carex moorcrofiii
9 WE R 101.782075 34.051174 i Leymus secalinus
10 e T 101.781512 34.051136 B Leymus secalinus
11 TE 102.210388 33.772893  THME L Carex moorcroftii SHMS
12 WA 102.210236 33.773435 HIE B Carex moorcrofiii ] P {00 7y b
13 U35y 102.210019 33.773679 HIE B Carex moorcroftii JHE. Leymus secalinus
14 L35y 102.209783 33.773753 HIE . Carex moorcrofiii JEREPEHRE Elymus nutans
15 hEE 102.209126 33.774032  TEAEPEHNE Elymus nutans T 5 Carex moorcroftii
16 rhE 102.209244 33.773788  TEHKE L Carex moorcroftii FEFREL Elymus nutans
17 e 102.209518 33.773729 TS Carex moorcroftii JHH. Leymus secalinus
18 omF 102.208702 33.772011 3 Leymus secalinus | 75 FIREE Carex moorcrofiii
19 o 102.208369 33.771439 3 Leymus secalinus TR & 5 Carex moorcrofiii
20 Gigis 102.208188 33.771055 HEL Leymus secalinus
21 WEE 102.208046 33.770948 HH B Leymus secalinus
22 T 102.207881 33.771201 YA Prilagrostis mongholica Fi % Leymus secalinus
23 WL 102.147516 33.434932  FFEH Carex moorcroftii I EFK Poa alpina S HTLS M
24 e 102.147609 33.434427 T H 5 Carex moorcrofiii , 2325 B 2% Potentilla bifurca  [ALHRHYHL
25 A 102.147707 33.434422 TS Carex moorcrofiii TR INEL Elymus nutans
26 L%Y5 S 102.147821 33.438335 HIMEE Carex moorcroftii  FEFE Bl Elymus nutans
27 B 102.147971 33.440322 Hi & 5 Carex moorcroftii 1% Leymus secalinus
28 B 102.148192 33.440379 TIE L Carex moorcroftii FEMPLINFE Elymus nutans
29 fEE 102.148944 33.440426  FEAEPEHIHN Elymus nutans B E 5 Carex moorcroftii
30 g 102.149195 33.440846 B Elymus nutans |75 HIM S Carex moorcrofiii
31 i 102.149406 33.440994 i Leymus secalinus |5 HIEH Carex moorcrofiii
32 HE 102.146845 33.444016 ifi Leymus secalinus HIRBE Carex moorerofiii
33 EiyE s 102.146018 33.444743 i Leymus secalinus HIRBE Carex moorerofiii
34 HE 102.146776 33.445017 W Leymus secalinus J&HSE Corispermum tibeticum
35 T 102.145455 33.444972 HE Leymus secalinus
36 &y 102.145089 33.444471 FAEE Leymus secalinus
37 e T 102.145232 33.444361 L Leymus secalinus | #5117 % Kobresia pygmaea

(1) Ok

b, S RETT IR,

(2) EEH

(3) Shannon-Wiener ZF£4 if’lﬁﬁ(

= (FEXTEERE + HXRRR + X2 E) /3

http ; //www.ecologica.cn



6854 JAE = 40 %

H=-3 PlnP,
i=1

Kb, N B A R EEAE N ﬁﬁﬁﬁﬁéﬂﬁ%ﬁﬁﬁZﬂlo TR A Shannon-Wiener $5%
(4) Simpson 4= AL FEE 5%

D=1- 2 P’
Simpson A= L HEFRE( T CHTHRA Simpson ?'ET’%I_) Bl T REGEAC S TP R AL AR O, T8 BB, Yrib ] fE
FHE 22 BN R AR KPR
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T SCHREIFR A Pielou F8 4%

K H EXCEL 2016 F1 SPSS 20.0 #4744 /0471 , 2R M8 8088 R 3.5.2 11 vegan” )74 diversity PRELIR
15, W ER R 2R 5 2253 BT (one—way ANOVA ) Xf AN [R] V046 A= 53 vh Al W) B 7 Je IR BE 46 b i AT 22 53 Wl 35 1k 40 i
(«=0.05) , ZH WHCRBUR/INE E V22 5702 (LSD) |, Ir A BUE S LIS YE s R 22 19 7 :U3K s . [ Canoco
5.0 BRAFE B AT e IR EE X R VR AL SRR RS2, 1 S BE S A T B A A B 2T ( Detrended
correspondence analysis, DCA) , FREAYHE 7 JlEh B4 B ( The length of the gradient axis, LGA) fEWS R AEHE/A +5
PRIV . Y LGA<3 B dieid F FARMARAL; LOA >4 B FUR FBRIGASEAY  LGA A F 3 il 4 Z [RIA, 1
FBERIBE B ASBIFFEAS IRV LB B v i HE e Aot 3 die KA A 3.9, FLAE X et 2 RUBE I, BRI S R 4
KA BEE S5 BE VD PO IR R & 2F TS () I 52 (PR B 2E B8 A8 A R BB 2 ) 200 b ok, 7 35k e 3 L i A 5
B4 HL Y X W 43 M7 ( Canonical correspondence analysis, CCA)

3 ZBRES

3.1 AV B i FE R ) AH ARV 4

UEAL B BEARTR], DR B AR S A IR AR TR, 3 2 TR T e FE ) VD AL 45 B BRI 14 20 A 2354 5 E 2
B, WEAEVD AR B AR ) 22 Ffr | B0 SR 20 2 75 960 & B TR Bl e | AR B SR R AR B
HEAHM L BIR 43.97% , 52V ALB BO W) R BRI E B B st b, o 24 B Horh SR i 2 ot 2 RN
Y R LR BB T R 44.07% , BB, BEVE I 19 R, SRR T 980 | TR
FFRE ( Euphorbia fischeriana ) , T EAH &7 LA 54.15% , FEBYEL, A 16 FAHY) , 0 H P02 T 9 & FRfH
HEE N L 52.26% , HREE BE R B AEP RSB 8 B, FLrb i B A XL A, B — W A EE A N Lk
61.52% ., Zi A PEREVD AR K J | SR bl il v S DL 3P E A0 iR IR B S5 i B R AREVR O BRI 25
RV AE B P ) B AR DL r R B sE T AR ST e Oy, R ih b s iy
VR I O
3.2 AP B i FE R ) 3R L A R AR (L RRAE

AEY AR By BE i FE i) 36 MBS IR F 1 sh 87284k N3 3 FroR, 6 AR ZE VR ZE VD AL B B ik 2 08 A,
19.72% , % 3 15 T AWV FY Bt (P<0.05) , FEREV AR 52 5 v B | o B R o0 132 B B 1) 28 /K ARy
12.94% 11.62% 9.26%F1 10.51% ,FH H.[8) 22 5 A .35 (P>0.05) o 2% I B 1Y 22 A e 50K 73 A el B v 4k
T 2 b, AR R I BEERAIG, R 24.32°C W EE BE I BE AR R L, 34 30.79°C  BRIGTE R EERY B, A&
TRAE P BRI B I BN, AR B B 22 71k B i 5 K (P<0.05) 26t HL S 3R 28 AR 1) 5 7K 43 AR AL,
LRV K R TG AL T B sh AR, FAETEAE By B B f5 i, 35 0.1051 ms/em, H 5 R4 By B i) 22 57
3 (P<0.05) o ZrAT ] UL, FERE VAL IR, 26 17K 3 R e 20 D REAIR , 3R RS T 1, = JE By S 3
HBE Tk,
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R2 ARDUMBESEEAHENYHEARSEER

Table 2 The species composition and important value of the communities of alpine meadow in different desertification stages

WAL REVEL T EEAL HEWEL WE I FEAL

?}J)fjies Polf.erlllial. Sl-ig.,hl - Moqe;rate: Se‘v-ere ‘ Exl.r(?me‘
desertification desertification desertification desertification desertification
T E B Carex moorcrofiii 16.63 12.38 20.38 27.68 10.52
HHEL Leymus secalinus 8.35 15.10 10.71 24.58 61.52
= 11 B Kobresia pygmaea 1.99 4.14 8.19 4.27 10.10
TRATBFE Potentilla bifurca 8.55 3.31 1.09
T F bl B A Elymus nutans 10.45 16.60 17.64 5.88
W EB WA Gentiana veitchiorum 7.14 3.84
WA E Ligularia virgaurea 1.67 0.94 5.29
B Artemisia scoparia 291 1.42 2.32 1.36
5 R M Anemone rivularis 7.62 2.36
AR FAE Dracocephalum heterophyllum 2.11 0.78 2.38
FHLEEFT Anaphalis lactea 4.56 4.24 6.88 0.92
DIEK 148 Gueldenstaediia verna 1.56 1.99 0.36 3.79 1.68
i K\ Saposhnikovia divaricata 3.47 1.50 0.76
LK E Astragalus polycladus 3.36
ETHEZBEZE Potentilla saundersiana 1.19 2.92
WK Poa alpina 2.46 2.21
JIHHE AL Taraxacum lugubre 1.32 1.73
ZER Plantago asiatica 2.43
L5 Kobresia capillifolia 3.90 2.95 1.90
A 3 Prilagrostis mongholica 6.56 2.57 5.20 5.80
MG Heracleum millefolium 1.06 3.80 3.11
REE Euphorbia fischeriana 4.94 5.21 16.13
FEF3E Swertia bimaculata 2.24
B3 Sonchus arvensis 1.16
H I EELE Heteropappus bowerii 1.73 3.21
“KHE Carduus nutans 1.27 2.82
[a)3f] Equisetum arvense 0.53 2.34
23 Festuca ovina 2.85
B Elymus sibiricus 2.13
¥ET3E Galium verum 1.60
JiFEL Brylkinia caudata 1.01
WKERFE Chenopodium glaucum 1.43
-2 Chenopodium foetidum 0.70
TUFLEE Microula sikkimensis 2.23
WEHLSL Corispermum tibeticum 8.69
3SR Ixeris polycephala 0.68 2.53
BEFFEE Bothriospermum chinense 0.73
PEAAAIESE Polygonum sibiricum 5.52
F3 AEVHMEBEESEEGRTINEEFEHHE
Table 3 Change characteristics of soil surface environmental factors of alpine meadow in different desertification stages
IR T ?’&EY’/"‘Z%% %Tg@?ﬁ% Y RAL HEVEAL e VAL
Soil surface environmental factors Poltlzr‘mal‘ bl}g‘hl R MO(%e:ralej Se}/t-ere . Exl-r(?me-
desertification desertification desertification desertification desertification
7K43 Soil moisture/ % 19.7200+4.37a 12.9400+1.15b 11.6200+2.01b 9.2600+2.86h 10.5100+2.43h
HRE Soil temperature/C 26.4200+2.94bec  24.3200x1.71c 25.7500+2.19bc  27.9500+1.42b 30.7900+2.61a
1, 53 Soil electric conductivity/ ( ms/cm) 0.1051+0.0558a  0.0412+0.0146b  0.0215+0.0076bc 0.0089+0.0065¢ 0.0076+0.0051¢

RRBAE NI + A2 BT R PR 30K B35 KF 1A F] P<0.05
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3.3 AFEVLBY B = FE R AH Y R RRE S Y R 2 R AR b

MR VDAL K A FE 7 25, PH I 2 JE S f) VD A RE B A i), ML) 55 5 2 B R b = & B SR R RE B 1)
TR (R 4) , HY) S EERAE R BRI 94.75% , bl T [ BENAT 4.00% , 53 0 B RRR 2 22 ], oAy
ALY Bt R) 22 573 .35 (P<0.05) . YRl =5 BEAE % B B Bak B0, 4 9.00 , 1% 76 B i Be e AIX, AUA 2.25, 40 F
A Y R e RO TE T S E R B, VB IE R R MY 2 R R IR B RIZL R
BE R R B B TR AE Y By I R T 60.66% .65.08% (87.21% F1 95.60% , T AL EE 1k 3] B & K
(P<0.05) , VR & I AT LYk i 7= A R PR (0 B2 ] R 3 S5 40 7 1 o B b, LA 45 B Bt (R AL 0 ke v
ZRAEE(P<0.05),

R4 TRDEMRSEEDENEEIE

Table 4 Characteristics of plant communities of alpine meadow in different desertification stages

e EAL REVEL VAL HEWEAL WEEVFEAL

F LG T

- . Potential Slight Moderate Severe Extreme
Soil surface environmental factors . D . L .
desertification desertification desertification desertification desertification
TJE Coverage/% 94.75+2.75a 60.01+16.42h 36.33+12.81c¢ 10.75+4.31d 4.00+3.56d
YFf £ & B Species richness 8.25+2.44a 9.00+1.43a 5.25+1.04b 3.17+1.64c¢ 2.25+1.50¢
£ % Abundance 289.75+43.60a  114.00+30.55b 101.17+42.66b 37.05+15.27¢ 12.75+10.02¢
KR Plant height/cm 14.15+5.91ab 22.45+3.80a 15.28+8.00ab 16.99+6.79ab 12.07+2.56b

RPBE A + P22 R IAR [R) 7 R 30K 25Kk 5] P<0.05

VDAL A0 ey FERE A AR WA I () W A Z2 R D3RR R 45 BE 2R B 3% (P<0.05) , H. 3 & 18] 1y 28 A AL
— 3 BRI R R B R, Z SRRV INRE AL T R SIS RRE (B 1) o SRS ST
BRpE R ORI T B BE Shannon-Wiener $8 8073 1 J& 1.25.1.54 1.12,0.68 ,0.43 ; Simpson 15 £k % N
2.56.3.52.2.65 .1.74 F1 1.49; Pielou 55043 %K 0.58 .0.75.0.71 ,0.50 1 0.36, Z& b 0] W, 7E vk B | B
7% R Z R KA BTSN AH BE A AR AR RS , 2R KOP VT B T8 119 25 ) S B 1 i AL 5
3.4 R[EITP AR B e FE ) % A PR BT R i 2 ) 5

HEFP BT REAS EOVLAY Rl R W R 28 CTE B8 v i B 2 AR Ak, W B X 1 43 BT (CCA) |, T 3RAS RIA A W 1
VRS R PRI AR A AR IR (181 2) o S55RERWT, CCA 25 1 R STRRARIE 44.93% , 55 2 fih A 5T
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Fig.1 Shannon-Wiener index, Simpson index and Pielou indexes of alpine meadow in different desertification stages
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Table 5 Contribution and explained variation of soil surface environmental factors to community composition

xLHER T J5 2 MRER % B 1 5Tk R % - P
Soil surface environmental factors Explained variation Contribution

7K 43 Soil moisture 14.34 46.10 2.9 0.002
1L 53 Soil electric conductivity 10.89 35.00 2.3 0.004
HBE Soil temperature 5.87 18.90 1.2 0.144
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PR YRI5 SR A 2 BT D X ) A v R A AR R T A OG5 AR 4 AN TR R 9 A8 4k
(K 3) . WHETM LB BE, CCA TP )y 22 B h 71.91%  HEIF AR RAF 38+ IR B R 7 X R ) B 0
ik K Z VK F B i RERE 0 8ot . BREBE I b, R A OK o S SR E B IEAN G, 53R R E B A E,
Shannon-Wiener £ % Simpson 5 805 ¥R 4= 5 B2 S5 45 A AT B K 23 55 L SR i g iy i 4, ) 3
Ji 5 22 P [ 3 L S AR A B TEAHOC , T -5 328 K 23 A B JC B AR OC I o ok ves U 15 2 i B2 ) 52 2 B2 1 TEAH
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Fig.3 CCA ( Canonical correspondence analysis) ordination diagram of plant community characteristics and soil surface environmental

factors of alpine meadow in different desertification stages
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