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45") STEAR 7.6 J7 km® . W] FH R4 1 AR 585. 6
i hm®, Horpom FE ) i 56. 3005 4N 1 i 4K
4200 m, KA E A U - TH 1 60 20 5 3% M
Ja e i R i R A AR IR 25 K AR R AR 1Y
M —4 CLAEB KR 513, 2 mm, AE 2 K B
1462, 4 mm,F¥ H BT 2 260, 3 h, £4FE T4
MO U SR U B A RUIR YN G RSP INE AN ]
FI 7 2 AR M 5 4 05 5 BT 1N i 8 T ) T M AR W R T
Fryb 2R B L& B (Kobresia pygmaea) % 8 I8
(Kobresia humilis) %5 AR EFN , £F 48 Fh LL R A B
(Gramineae) . 3§ F} (Compositae) . Jg JHE} (Genti-
anaceae) . 1% 7% #} (Rosaceae), & £} ( Legumino-
sae) SFARYI N A 5 Ry E ) Ml b RS A DL 1l
B Lo fiRZ.
1.2 HigE

e B AT AR 15y 8 B A R AE 00 R0 M 300 B
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HuZE AL | - AR D BUIR LWk S W 18 SR LR S
PEUAE AR AR B . BF SRR b A T P B
11°~21°; g ey ol s B b R0, 22 9 o8 v L
B R R B (Kobresia capilli folia) | TE
THEYE 08 2 (Elymus nutans) 555 + 88 Ry & 1L ¥ )
50k 4 PR AR, B . KR b Cun-degrada-
tion, UD) . %% B 1k (light degradation, LD) ., {3
JF i 1k (moderate degradation, MD) #1 H J& i {k
(heavy degradation, HD) , &AW 5% Ff Hu K /N A
50 m>X 50 m, 75 R FE i A AT A P R 7 R A
AUE O8I0 B i AL 35 LI AE Ty B 6 IR
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Table 1 Basic characteristics of plots

. ‘ﬁ IR . - b 2 1-_,-//0 - = 2
FE 5 o4 Dt-gfijilt%)n Z 24 HE/m *E\/ﬂcigﬁ Eior? = J:/\déj?eﬂir/o(u%l/dm ’
Plot No. Location d o Longitude Latitude Altitude N ves

egree coverage blomass
1 MQ UD 100°24'23" 34°38'48" 3 825 91.5 563.70
2 MQ LD 100°16'09" 34°24'23" 3748 89.9 537.96
3 MQ MD 100°17'26" 34°16'32" 4 020 67.3 325. 35
4 MQ MD 99°26'05" 33°58'54" 4226 77.7 379. 37
5 GD UD 100°12'18" 34°08'54" 4025 93.4 619.72
6 GD UD 100°11'29" 34°09'32" 4031 90.5 561. 65
7 GD LD 99°31'08" 33°58'15" 4051 87.8 511.78
8 GD LD 99°52'10" 33°55'10" 4 049 85.9 474. 82
9 GD MD 101°2'26" 33°39'11" 4107 71.6 348. 01
10 GD HD 101°01'39" 33°48'21" 4076 49.1 213.01
11 GD HD 101°12'43" 33°05'17" 4 083 45. 4 187.93
12 DR UD 100°01"39" 33°32'10" 4201 92.1 587. 48
13 DR UD 100°26'27" 33°16'21" 4179 91.6 572.92
14 DR LD 100°50'13" 33°36'32" 3972 87.0 502. 60
15 DR LD 100°52'54" 33°22'54" 4 536 82.1 460.78
16 DR MD 100°4'33" 33°40'54" 4210 68.5 312. 14
17 DR MD 101°18'3" 33°21'49" 4 037 64.0 283.93
18 DR HD 100°14'20" 33°44'43" 3914 37.7 119. 79
19 DR HD 100°36'46" 33°21'49" 4 334 42.2 165. 41
20 DR HD 101°25'48" 33°23'27" 3892 40. 8 136. 32
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FOAE R — R AT UAR . Ko
FRECHE S 26 FhAE ) 46 HE R 26 X 20 4k 55 ZAH 4
W 5 3B Al i - e 2 B I R A 13 <20 4+
SIS R 46 [, 40 4% A Pl (soil organic car-
bon, SOC) . & A (total nitrogen, TN) ., H 3k &
(available nitrogen, AN) ., 4> #§ (total phosphor-
us, TP) . & % # (available phosphorus, AP) . 4>
# (total potassium, TK) .4 %% #F (available po-
tassium, AK) . 5 §i & (bulk density,BD) | - 8 &
JK & (soil water content, SWC) . 1 HE & FF (soil
temperature, ST) . K ki Lb 5] Cclay, DL & F% Kl
R KL HE Bl (sand, DLF fAf R V0 kD) L pH 6 13
ANFERR . BEAT U4 S0 M sk %k 3 Ak R e R e B dh
HEAT A AR HE AL  HE P Bl R AR (5 R B Monte
Carlo permutation test ¥ ¥ o 35 P4 ; 18 13 17 1] 1%
$f 1 (forward selection) Monte Carlo permuta-
tion test BEHLE #t 999 AL 13 4> LN 74
FRAE H (marginal effects) ™, DLt iz e -+ 458 A 7
Xof AR Ak b AT R R e ) e 3 M O i RO RR R
(eigenvalues) #F 17 8 B P HEF ; Cano Draw £ il
Hipk — TN RDA —4iHE)¥ & ; SPSS 20. 0 #
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Table 2 Species composition and important value of alpine meadow plants on different degraded grassland

1 T L f) AL B

Alpine meadow

Species code

W H %l Importance value

plant community UD LD MD HD
m 5 Kobresia pygmaea S1 27.42 13.09 10. 87 /
K& 5 Kobresia humilis S2 15. 56 17.42 4.03 2.38
B Kobresia capilli folia S3 4,96 1.19 / /
FHIK & X Carex moorcro ftii S4 7.15 2.02 1.85 /
e FE LB 5 Elymus nutans S5 6.91 3. 65 2.89 2.45
o R BOR Poa pratensis S6 1. 46 1.85 3.29 /
KT EE Saussurea pulchra S7 2.85 3.22 6.02 3.52
HLEFH Anaphalis lactea S8 2. 04 2.66 3.58 2.81
¥R Leontopodium nanum S9 1. 65 2.17 3.02 2.56
235 Ajania tenui folia S10 1.11 1.25 2.32 8.06
ETHEZ B Potentilla saundersiana S11 2.15 2.73 3.82 /
= WKAGAE L Parnassia trinervis S12 2.27 3.27 / /
EENEL Thalictrum al pinum S13 2.23 2.95 2.95 /
B FEZE Polygonum macrophyllum S14 6.05 4.32 2.87 2.17
WA 24 Lonicera minuta S15 / 2.18 2.95 8. 60
MG Meconopsis integri folia S16 / 1. 44 1.78 8.79
JET R R B 5L Saxi fraga tangutica S17 1.99 2.13 2.62 7.92
SR H B Lagotis brachyatachya S18 / 2.06 3.10 6.53
W 2T Ligularia virgaurea S19 / 2.5 4.54 12.92
Hl D 5e# Pedicularis kansuensis S20 / 1.68 3.70 6.17
HeWi ik Aconitum pendulum S21 / 2. 80 3.24 6.32
FRAETL Gentiana straminea S22 / 2.08 2.98 /
H B 5 Ajuga lupulina S23 / 1.61 3.44 1.23
AL S Oxytropis ochrocephala S24 1.55 1. 84 3.07 7.51
HM S Oxytropis kansuensis S25 / 1.97 3.40 /
B IE T3 B Astragalus weigoldianus S26 1. 80 1.85 2.53 /
Y b B Total 17 26 24 16

/7 oz AR .

Note:*/” Species did not appear.
25 1 aA Y v 5 ) B b SR ] B A
rh b BB B A ) LE R I T 0 O A b 7 2 1 B
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Brogl SR80 1058 2 HE R B 10 (8 2 5 o
0.504.0. 240, 2 HEJF 5l L BE 74. 5 %6 (1) B A
PEARfE AN 83. 200 MU AE B — L HE T O R . A
55155 2 HE A il g i Sz e 3B Ak R M A S

AR PR R, BRI AR5 R A G
REAES 155 2 HEp il 23 00 2 0. 995.,0. 982,
AR fb 5 b A 96 5 £ 8K 3¢ & % U) s Monte
Carlo permutation test LR 1 HEp i L Fr
HE 7 %l S W i) 3R 7 b A Bk 5 - HE DR (] 2 A
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Fig. 1
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RDA two-dimensional ordination diagram

of plots and vegetation
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Table 3 RDA results of soil factors and degradation grassland vegetation

M — A B b B Y — L HEH AL L R Monte carlo permutation test
e R K 4 56 R 8L BESH/ % SRE S/ % FEAEELER  AE (R -
. T Vegetation-soil ~ Vegetation cumulative ~ Vegetation-soil Sum of all ~ Sum of all 55— a4 P A JT A s P (E
Axis Eigenvalues . . ; . N . N
correlation percentage cumulative eigenvalues canonical Significance of first Significance of
coefficient variance percentage variance eigenvalues canonical axis all canonical axis
Axisl 0. 504 0.995 50.4 56.3 1. 000 0. 895 F=6.103 F=3.939
Axis2 0. 240 0.982 74.5 83.2 P=0.002 P=0.002
Axis3 0.052 0. 964 79.6 89.0
Axisd 0.031 0. 898 82.7 92.4

x4 HUSITERTFT RDAEXRBRLTERFHEF
Table 4 Correlation coefficient between vegetation and soil

factors RDA and soil factors sort

AH K R AL B BRER
Correlation coefficient Marginal Effect
T AT
Soil factor A A +HEH FHER
Axis 1 Axis 2 L Soil factors
Eigenvalue
sort
SOC —0.788 —0.289 0. 34 7
TN —0. 880 —0.259 0.41 4
AN —0.899 —0.303 0.44 3
TP —0.818 —0. 147 0. 35 6
AP —0. 406 0.527 0.17 11
TK 0.098 0. 056 0.03 13
AK —0.484 0. 804 0.28 8
pH —0. 146 0.536 0.09 12
BD 0.915 0.211 0.45 2
SWC —0. 881 —0.132 0.4 5
ST 0.947 —0.087 0. 46 1
Clay —0.410 0.851 0.27 9
Sand 0. 327 —0. 896 0. 26 10
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4 e P T % Fl S1.,S2,S3,S4,S5,S12,S14 1
SZMR B LD MDD B 1l b A7 2508 R RL AT 850
pH % H Al + 4 P 5 X5 ) Bl S6.,S7.S8,59,S11,
S13.822,S23.,S25.S26 (¥ 520 B K ; HD £ s
MR A A VDR A B A A - 3 R T X
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JoT i A5 PR KO B R B R B A B e PR R
FHORAFEZ A o I B 2 B, dpe 00 N B R L
V& o [ 2 A RUAL 2R IR A K &S
KV A v o A MR B A A A KO AR L A R
T i L | T A R R S R JE R AL AR A )
TEREIE oA s Rz WA R T st 5 B A
A G AR AE R IE h 0y o0 A o D0 B AR
B 5 AR A G .
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Fig. 2 Degraded grassland vegetation
and RDA two-dimensional ordination

diagram of soil factors
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Table S5 Correlation between vegetation of degraded alpine grassland and soil factors

=}
v L s SOC TN AN TP AP TK

Species code

or MR DR

AK pH BD  SWC Clay  Sand

s ++  ++ 4+
s2 + o+ ++ o+
$3 t+ o+ 4+

St 4+ ++ e+ 4+

S5 ++  ++ e+ 4+

S6 ++
s7

S8 -— = -

$9

S10 —— = == ==

S11 +
s12 + o+ 1+

s13 ++
S14

S15 - —— - -

S16 - - - -

S17 - - - —

S18 - —— - ——

S19 - —= == ==

$20 —— = == ==

S21 - —_— - ——

S22 ++
S23 +
s24 — = == ==

s25 ++

S26

L
a4
— ay
a4
a4
++ ++ -

++ —— 4
++ ++

++ o+

++ = 4+
4+ —— 4+
4+  —— ++
++  ——  ++
++ —— 41
4+  —— ++
++ = ++
++ ++ -
++ ++ -

++ - ++ -

W+ R EAESE(P<0.01), + R B IE A6 (P<0.05), — — £Rk B ERAAHE(P<0.01), — #REERHLE(P<

0.05),

Note: ++ Very significantly positive correlation(P<Z0. 01) , + significantly positive correlation(P<C0. 05), — — very significantly nega-

tive correlation(P<Z0. 01), — significantly negative correlation( P<Z0. 05).

HL AR A R ST T 4 T AR TE

TUAR 53 Mt I T AR5 B A5 [0 O 2R AT 5
FAEAR . mIERMM PR S R H 8 A
REPOR S LHERAE S FECEIB L. 7R
oy i) IR AL R R R A R AL S R A A TR
() 22+ fhy T b S B A AR B 1 HTaR AL RE T L
WS Bk B — B i 6] ) A 51 e e v B 2
PEBRA S BR AL . EUR A 1B Ak i 9 ) B A
ek s A BE S A [ GB AL R A 5 e
FI8SF ) 5Ty [ A

SRS itk Ec e ot ISR R I PSEN Y I 2

2 TR DT R BT V% 22 PR L BE VR R R 5 5 AR
55 IR [R] A0 AH DG R0 R a2 AR T 9% e I
MBI YR Z R S LA Z A Y
KR KIS TER M A 2R AUA 2
B 5 24 V48 B0 T 5 B 4R RO A B 3 R A G
(P<20. 01) 5 PRI 55 B 5% o Ll s WiV AR W) &2
FEPE S RIS A A G ME, R R A 28,
pH X} Simpson #§ % % W % K. £ & . pH X
Shannon-Wiener 8§ ¥§ 5% i $¢ K, 150 B 4= € 4= 491
pH 52 Wi F8 W B AR RE T R B 0 A, S AR AR
FNRAE P S pH. 28 A R R B A 458
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AN, AT AR 09 D PR AE T L R ) S JR) 3 A
CLEN S DN = A TN 7 o] T 0518 N 2 LB R )
RN T8, 5% WL e 5E 5 AR 1k
F R R B AIE 5 ) IR Ak AR PR R v ) R
ZRVE RS R R OC R SRR B
KT ZREVE R A 0 5 A HLaR A
TR EAE R B IEAR G (P<T0. 01) X — %518
RN IR AR 5i1E 2 LN T IEM G, 5
WEFEAS BN 9 RERE R AR Y 10 3 A 5 A LK
AL S K & SRR R E A R
(P<<0. 0L I &5 5 B je— By

H BT 7E = JE R R AL R AR Y A S
R PR R 5 S0 1 oK DA DG SCHR A I8 L (B A BF
FEN GUTE S $4 15 A FH 55 A0 3 1l 7 T T i 2 8L F
LM T & HE (Ludwigia prostrata)—KAT
M (Murdannia triquetra) ¥ Fp ¢ 3= 250 45 7F 1 1
AR & e X, /N[ (Conyza cana-
densis)—WFELE B (Paspalum paspaloides) P F
LI 43 A ) 5 - B0 A8k B pH IEA N

AR I, R RA B Y S LA
G S K S PR AR A I AT G (P<C0. 01D s
5525 0T AL | SR B (W) B 3 A0 A DG (P<C0. 01D,
FRFPARZ YR 5 4 A TS K R A
FAAAHC (P<C0. 01) , 1] 15 45 T 4t | - 198 1k 32 )
B IEA O (P<0.01) . 3% —WF 58 45 SR AU & B
TE A RIS K& N AR R, R
J5T B A5 R O A B B ) T VB R R R AR )
50 A S AR MY R A B S K E SN T
o RH O AR e B A BT R A O g I X 2 2R
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20 0655 HETE Hb b A= Ay ek ORI R DR /b T 3X R
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1o s B R AR B0 L S - S R AR A Al L AR % L 7
A J5 TFJEOCT v FE REHUAE B 5 1 E PR 7 AR SR BF
FUIF N LS Z2 B BF S FE M FEAS AT 211 +
SR T A5 a0 A L R A BLBKR L
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Redundancy Analysis on Relationships Between Grassland Vegetation
and Soil Factors on Degraded Alpine Meadow

LIU Yuhong, WEI Weidong, YANG Yuanwu and ZHANG Ying

(College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China)

Abstract In order to study the relationships between vegetation and soil factors on alpine meadow de-
graded grassland, the study plots were set up to observe the characteristics of plant community. Soil
samples were collected and the main physical and chemical properties of soil were analyzed. Using de-
graded grassland vegetation-Matrix and based on the basic principles of quantitative ecology, the re-
dundancy analysis was conducted. The results showed that the dominance degree of alpine meadow
plant community decreased with aggravation of the grassland degradation , such as Kobresia pygmaea
of sedge family and Elymus nutans of the grass family. On the contrary, poisonous forbs showed con-
spicuous increasing tendency, such as Ligularia virgaurea of forb and Oxytropis ochrocephala of pea
family. In the RDA sorting map. the first ordinal axis reflected the degradation degree of alpine mead-
ow and the synthesize variation of soil temperature, bulk density, soil water content, total nitrogen
and other factors; the second order axis reflected the comprehensive change of soil mechanical compo-
sition. The first and second sorting axes could explain 74. 5% of the vegetation variation and 83. 2%
of the vegetation-soil relationship. The results also showed that extremely significant correlation be-
tween the degraded grassland vegetation and soil factors, extremely significant positive correlation be-
tween Cyperaceae and Gramineae plants with soil organic carbon, total nitrogen and soil water con-
tent, and extremely significant negative correlation with bulk density and soil temperature. In addi-
tion, there was a extremely significant negative correlation between forbs and leguminous plants with
soil organic carbon, total nitrogen and soil water content,an extremely significant positive correlation
with bulk density and soil temperature. The results of 13 soil factors marginal test also showed that
soil temperature, bulk density, available nitrogen, total nitrogen were more closely related to degrad-
ed grassland vegetation. Redundancy analysis of degraded grassland vegetation-soil factor data reflec-
ted the close relationship between degraded grassland vegetation and soil factors, and different soil
factors had different effects on grassland vegetation distribution.

Key words Alpine meadow; Degraded grassland; Vegetation; Soil factor; Redundancy analysis; Cor-

relation
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