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Table 1 The basic situation of plots

miH AR Ak i FE B PR IR b e FE LR o 2 IR Ak g 9E B IR A i FE B
Ttem Non-degraded alpine steppe Lightly degraded steppe Moderately degraded steppe Heavily degraded steppe
2] 3 N 34°52'22. 6", N 34°50'25. 4", N 34°51'7.4", N 34°50"9",
Longitude and latitude E 98°15'30. 3" E 98°19'17. 5" E 98°17'41.9" E 98°19'54"
4k Altitude (m) 4 233 4 217 4 227 4 225
PR A TR 2T B 5P LR SEALE B A e HE B AL EL
Grassland status Typical S. purpurea grassland S. purpurea grassland Forbs dominated grassland Desertified grassland
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Table 2 Properties and qualities of plant community at different degraded alpine steppe

HiH FSEY A =E Sy 1% B IR Ak ey FE LR o 2 IR Ak e FE AR Ak e FE LR
Ttem Non-degraded alpine steppe Lightly degraded steppe Moderately degraded steppe  Heavily degraded steppe

F PR3 L # AP Dominant species  SEAEEFH S, purpurea  SEIEH P R KGR B EAE R IEH P R MRS D AEKE

of plant community BE S, purpurea, HOAE CHERFE MEL B RPE
Leontopodium nanum ,  Thermopsis lanceolata , Ajania tenuifolia ,
Carex tristachya S. purpurea, L. nanum, Carex  Saussurea arenaria ,

spps Potentilla bifurca, Heter-  Roegneria thoroldi-

opappus hispidus ana

i F A4 ¥ i Above-ground bio- 62.68+16.44 a 59.64419.36 a 103.32437.40 b 19.36+3.92 ¢

mass (g/m?)

F % Species number (No. /m?) 6.17+1.94 a 8.50+1.87 ab 11.50+1.97 b 8.67+2.16 ab
ZREE RS Diversity index (H) 0.67+0.31 a 1.13£0.29 b 1.594+0.22 b 1.30£0.51 b

145%) B $8 % Evenness index (E;) 0.3740.12 a 0.5240.09 b 0.6540.08 b 0.60+0.21b

BEH T AL 45 B0 Index of grassland 2.801+0.06 a 2.2940.43 a 0.70+£0.40 b 0.434+0.87 b

quality (IGQ)

LAEF M AR W ) Biomass 79.64412.15 a 63.45418.46 a 18.62+8.53 b 7.66+E7.37b

percent of S. purpurea (%)

R PR AP HE AR . BT FER R 25 BF (P<0.05 ., T,
The data at the table are showed by average value & standard division. Data with the different letter in same row are significantly different ( P<C

0.05). The same below.
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Table 3 The height and coverage of plant community at different degraded alpine steppe

i/ AR A g T LY SR IATE T o SR A v 9 B 3R A g S
Item Non-degraded Lightly degraded Moderately degraded Heavily degraded
alpine steppe alpine steppe alpine steppe alpine steppe
2 & E Upper height (ecm) 23.33+1.63 a 16.33+1.97 ab 14.50+4. 20 ab 10.67+1.53 be
T2 & ¥ Lower height (cm) 3.75+0.76 a 3.25+1.08 a 3.95+0.99 a 2.5540.56 a
3% B Total coverage (%) 55.00£7.07 a 61.67+9.31 a 56.83+9.83 a 22.33%4.03 b
R JF Grasses coverage (%) 38.8346.65 a 29.50411.47 a 14.33+2.88 b 4,88+3.70 b
Y5 ¥ Sedges coverage (%9) 5.67+7.39 a 4,00+£3.16 a 3.92+1.28 a 0.58+0.58 b
Jk ¥ 3% ¥ Forbs coverage (%) 12.83+2.48 a 30.83+9.70 b 43.334+6.83 b 17.17+5.71 a
x4 TEBUEESEEREYETEEMEUEES
Table 4 The similarity indices of plant communities at different degraded alpine steppe
ALK R RERSAE PRSI R
Degraded level Non-degraded Lightly degraded Moderately degraded Heavily degraded
alpine steppe alpine steppe alpine steppe alpine steppe
KB 1k = 2€ 5 5 Non-degraded alpine steppe 1.000 0
Rk m € Lightly degraded alpine steppe 0.845 7 1.000 0
o 5 B Ak = 7€ 5 5 Moderately degraded alpine steppe 0.531 9 0.641 1 1.000 0
¥Rk 5 € E JH Heavily degraded alpine steppe 0.281 4 0.365 7 0.384 7 1.000 0

2.2 ARRBAHBEEERTAHZH T
2.2.1 M EAYRSAEA TR IR A B B FE R I bR AR W e TR RSB AR B B AR (3R 2) L AN IR &
DRI M b A= 0 KA P A TR) (8T 1D o B IR AR BE A 0 R L AR e 4 o A W B — T L LA 1]
Z& 5 3 (P<C0. 05) 5 P b A= Wy i RSB AR B BE 3 vh B2 B AL B BEAZ A6 AN B2 5 B2 AR AL B BEms A 1 B L (H A
23 (P>>0.05) 5 48 M b AR Wit (9 A8 AL 15 95 55 R 55 10 A2 AL R 3oy Bl AN T) S 480 VIR s 3, LA AR Ak
B B fg » 5 T A A D B BE(P<<0. 01) L At 3 AN Be Ak B A i AR DL L 25 7 A 3 (P=>0..05),

VO A W LG AR A A R A xR A A R S A A ] (AT 2) 0 RSB A B B B Hp B2 SR AL By B AN B
2 F R AL BO AT R [ BN B (P=>0..05) . R FORIZ% 8 i i b A Wy AR G L 491 9 72 A O 4 AR S (T
2) By 5 HLA X R AR R — B A 1D o KRB AR A R BE IR Al v Y R R AR W) L BB T R R A
IR RSB A v JE I (] 2, P<<0. 05) o T A IR A P 82 5B Ak ey 2 78 IR0 A 28 15 A 1y LU ) 2 541K T v B2 SR AR AN
R AL R FE (T 2, P<<0. 05) » Y5 53 A )4 49 -5 2R e M 24k e 1 28 A0 S BOR AN () L 76 A [RLB AR Bir BE 1Y
RV TP R BRI Z A R o DRt AT A R SR R R A TR A AN [ B BE s % 2K RERIR A AR LR i A



F2NHBE W B 24 2012 4F 5

AT SE R AN RE Y AL AL IR L PR S T A M R A IR B R A R 2 %’éaﬂﬁaﬂﬂhi%iwmzﬁ
o AR A P A 7 ol B P SR Al 1 v R R AT R Y — I I e 2R B S OR B M b AR ) R LG AR A (I 2)
ot T AR I 1 B G 106 P 7 2 2 3 A AR v 38 3 Al I BB ey SR e i 2 [ 7 A — A e R R A R AR ) B

o —&— K % Graminoids —&— 2% X ¥ Forbs o —— K ¥ Graminoids —&— 7% %S i Forbs
2 30  —— 75 Sedges £ 100 [ —— % Sedges
=] L S
E) 26 g 30 F
Wz 22 [ E &
g I8 =2 60
#H.E 14 FEo
SRS
3 10 ra oAl
= g N
o 6 ~HE5 20
@ o |3
: 2
|
=]
= .6 . . L ) f: 220 . . 1 )
KRB BIEIRM IR AL YR AR BILEMA  PIEEMAe TR
Non-degradation Lightly Moderately Heavily Non-degradation Lightly Moderately Heavily
degradation  degradation degradation degradation degradation degradation
Bl AREBUEESEEREMAH B EEYS B2 AEBUEESERREMERH M EEYWSLILH
Fig. 1 Above-ground biomass of plant functional Fig.2 Above-ground biomass ratio of plant groups
groups in different degraded alpine steppe in different degraded alpine steppe

2.2.2 M FAWEREA T A Y 532 o0 A R W A ) 3 A A . B A R JE R EUR AR EE G, b
# 0~20 cm SRR ELESE S EA YR AR A — B B ECVTRLGGR 5) LR i I (E BT RR IR AL Y
1o FE R A B AR Ak L b R AR R AR Ak R FE R Y 1. 16,1, 05 F1 2. 24 %, R FE UL T AR ) e B R
ﬂa&ﬁ*ﬁn%ﬂ,/}‘Eﬂcti’%ﬂ%%%?@?ﬁwﬁlﬁ]f] X 55 AN ] B 288 B ) G A o A 3 B R AR L AR B2 B AR S A R

o A 1 )EHAEY LT A2 ) B A R R A3 0 i W s/ (BR 5D O TR UR RE M R AR ) 2 ) 22 S W X T
H AR E A () IR A AR v S B b T AR ) e 2 B AN Y 25 S AN (R IR AR AR R i T A M T A )
B 3 TR B 0 40 A 56 RS AT LA SRR y=a « Ine+b SHER  HOM 6 M 135 BIH B K F- (£ 5. P<<0.01),

FEA R R AL FE B ) R FE B, 0~20 em L )2 N T SAEW R 770 LA B4 E 0~10 cm )2 L3,
0~15 em F L N AEY &G 95200 B Al WUAEYI AR 2R 0 248 K843 43 i /E 0~ 15 em L2, Xt 2 = FE
JE Ml 3 0 o0 A A 2 — A SRR L IR Ak v S A0 A A A 2 B AR AR R T Al e R B B
FR e S RE L X S B T e S LR AL R 5 R MR TR Z ALRR SR AR O L X e SO R RS A 5 IR AR U AR
[l Z 45, Coupland™* £ A [ b Az P 1Sl A TR] 12 AN A2 25 5 0 3 09 92k L DA R 04T P 5 30 20 b 3R 1k L
F T AR W) i) 0~20 em £ A L VF 224 3 0 AF 9 3R WD R R DGR Ak 5 Ao R A O B A i R A
K R RS AR T X —
2.2.3 b B RAEYRZEM R H EAEY R ST A Y5 00 R A P R AL Y B K R IBRIE Y BOR Z

BB B Be e/ o Hb b S A i A T S A ) (A R B AR T AR G K (P<<0. 01 (3R 6)

2.3 A SEHREAEFHGXR

TERE P RE T RUOEE b RR Ak % B R AL 0 B R b S8 0 51 50 o JE 0 R (1 W R B H R, b A= ) i Z (RIS 5V
R Al WAL T T 32 0B Al ey 2 R i 2 BRI R AR R T R i R B O AU (181 3D o AHSCIE 20 A R L R IR
o FE R it AR R R R Z R R E R E W IEA KK R (r=0. 743 9) 52 R Ak i € B0 i il |- A=
PR FEEEZRNERERA R EMIEMERR (r=0.271 4, PR BIL S 5 FH FAEY R MY R+
JEZ IR 0GR AN B W TUAH JC 06 R (r=—0.593 7)), F1 J3 3R Ak 1y 2E B i il - AR ek R R R AT O R
BEMFARKR =—0.711 9), FHBAFREESGIN, 5 T w54 7 ) 5 YR Z AR A S & A4 1 B A2 1k



ACTA PRATACULTURAE SINICA(2012) Vol. 21,No. 5

RS AREBAUBESEERMTENESEST

Table 5 Layered distribution of underground biomass in different degraded alpine steppe g/m?
TERE S Y AE SN T R A B GUESERIAE Sy R A g S

Soil depth Non-degraded alpine steppe Lightly degraded alpine steppe Moderately degraded alpine steppe Heavily degraded alpine steppe

0~5 cm 434.12£77.20 a 656.484140.44 b 407.24£99.48 a 297.96£160.04 ¢
5~10 cm 202.48137.92 a 191.12+32.28 a 271.20£93.32 b 82.64440.80 ¢
10~15 em 101.40£5.32 a 54.0418.16 a 130.36=%50.84 b 23.24419.36 ¢
15~20 cm 55.044+17.48 a 20.404+12.56 b 67.08448.04 a 7.28+3.84 b
0~20 cm 793.04452.16 a 922.044122.40 b 875.881+£238.68 a 411.124143.20 ¢
LA R A y=065.55lnx+110. 53 y=48.96lnx+169. 09 y=285. 77lnx+105. 00 y=20.93lnx+76.713
Simulated functions R?=0.994 1 R?=0.944 9 R?=0.991 3 R?=0.939 4

6 FREBAEESEERM EEMESHTENEREXR

Table 6 Above-ground biomass and below-ground biomass,and the relationship between them in different degraded alpine steppe

i H KRIBAEIERR REIRAL S SE R R b IR e R R R A FE R
Ttem Non-degraded Lightly degraded Moderately degraded Heavily degraded
alpine steppe alpine steppe alpine steppe alpine steppe
I & Above-ground biomass (g/m?) 62.68+16.44 a 59.64419.36 a 103.32+37.40 b 19.36+3.92 ¢
0~20 cm # N A #) i Underground biomass (g/m?) 793.04+52.16 a  922.04+122.40 b  875.884238.68 a 411.12+143.20 ¢

# | /H#1F The biomass ratio of above-ground/underground 0.07940.021 a 0.066=40.025 ab 0.12240.038 ¢ 0.05240.021 b

5 & $ Correlation coefficient 0.805 8
~ 257 KBt o~ 28 IR A
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Ugl Ul
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s 20T S 20|
& L
i I * * I 2 i
= g 15 N\ = g 15
.3 .2
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:-f St »=0.907x"-10.36 1x+42.227 f 5T »=0.8879x"-14.393x+70.506
B R=0.8412 2 R=0.3254
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0 2 4 6 8 10 0 2 4 6 8 10 12
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Fig.3 The relationship between the species richness with plant productivity in different degraded alpine steppe
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Table 7 Soil physical characteristics in different degraded alpine steppe

gl A B Ak 1R 5 R LY SER ARSI rh 2 IR Al g 2 R R R A v 5 R
Item Non-degraded Lightly degraded Moderately degraded Heavily degraded
alpine steppe alpine steppe alpine steppe alpine steppe
+ 34 /K & Soil moisture content (%) 27.8341.47 a 31.00+2.61 a 20.2041.64 b 19.504+2.59 b
+ 3 K 5 FF Soil compactnes (kPa/cm) 222.46+49.53 a 192.80+£40.70 b 191.564-84.86 b 150.79+£97.09 ¢

2.4.2 AR ACHEEE @ R H A sy A LI R R R A o R 3R A 4R AR L R A B
SR A AE ) EE B R A LRI Ty K RE Ty L PR Ik BE ) AN b M A R b S o
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Table 8 The soil chemical composition in different degraded alpine steppe

IBALIKF pH ALK PR PR ABA A AL AR

Degraded Organic Total nitrogen Total Ammonia  Nitrate  Available Available
level matter content phosphorous nitrogen  nitrogen phosphate  kalium

% [€Z3) content (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
A Bk 55 Non-degraded alpine steppe 8.4 1.94 0.09 0. 045 26.99 32.69 3.61 286.49
52 R Ak = JE B R Lightly degraded alpine steppe 8.7 2.18 0.18 0. 060 17. 49 36. 47 3.72 202.19
3 5B Ak =5 € # 5 Moderately degraded alpine steppe 8. 6 0.78 0.08 0. 055 20. 82 24. 14 3.40 162. 22
TR B Ak i ZE L Heavily degraded alpine steppe 8.6 0. 94 0. 20 0. 045 48. 34 18. 88 2.58 146. 08
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The characteristics of soil and vegetation of degenerated alpine steppe in the Yellow River Source Region

ZHOU Hua-kun', ZHAO Xin-quan', WEN Jun"?, CHEN Zhe'*, YAO Bu-qing',
YANG Yuan-wu®, XU Wei-xin""', DUAN Ji-chuang'*
(1. Northwest Plateau Institute of Biology, Chinese Academy of Science, Xining 810008, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China; 3. Department
of Practaculture Science, College of Agriculture and Animal Husbandry, Qinghai
University, Xining 810016, China; 4. The Bureau of Qinghai
Meteorology, Xining 810001, China)
Abstract: In recent years, the alpine steppe in the Yellow River Source Region has shown obvious trends of
degradation and desertification. We studied the different plant communities, biomass and soil characteristics of
the Stipa purpurea alpine steppe at different degradation stages. With an increase of alpine steppe degradation,
the vegetation coverage, grassland quality index and the proportion of excellent aboveground biomass forage
gradually declined and the grassland similarity index decreased. As degradation increased, the plant diversity
index and evenness index trend were both single-peak type curves. With increased degradation, grass
aboveground biomass was significantly reduced and that of forbs was significantly increased at the beginning,
but it was reduced during the mid-late period. The sedge above-ground biomass was not influenced by grassland
degradation. The below-ground biomass of alpine steppe plant roots in the 0—20 cm soil profile was increasing-
ly reduced as soil depth increased while the root biomass changed into an inverted “V” type. The “V” shape,
with increased degradation, the relationship between species richness and productivity converted significant
positive correlation of soil organic matter, available phosphorus, nitrate nitrogen, available potassium and soil
compactness concentrations were reduced. With the succession of alpine grassland degradation, soil degradation
became more serious. In the severe degradation stage, desert plants appeared, and the landscape developed a
desert appearance.

Key words: Stipa purpurea; alpine steppe; plant community; biomass; soil nutrient; degradation



