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Soil quality assessment of alpine meadow in Haibei State of Qinghai Province. WANG Qi-
lan', WANG Xi', CAO Guang-min', WANG Chang-ting' , LONG Rui-jun’ (' Northwest Institute of
Plateau Biology, Chinese Academy of Sciences, Xining 810008 , China ; *International Centre for Ti-
betan Plateau Ecosystem Management, Lanzhou University, Lanzhou 730020, China). -Chin. J. Ap-
pl. Ecol. ,2011,22(6) ; 1416-1422.

Abstract; Taking the typical alpine meadows Potentilla froticosa shrub meadow, Kobresia humilis
meadow, and K. pygmaea meadow in the Haibei State of Qinghai Province as the research objects,
a comprehensive assessment of soil quality was conducted by principal component analysis ( PCA) ,
with seven indices of soil microbial activities and ten indices of soil chemical properties. The soil
quality of the alpine meadow could be characterized by three principal components (PC). In the
first component (PC, ), 13 indices had high factorial loads; in the second component (PC,), 3 in-
dices had high factorial loads; in the third component (PC;) , only one index, total phosphors, had
high factorial load. In combining with Norm values, eleven indices including microbial biomass car-
bon (MBC) , urease, alkaline phosphatase, protease, organic matter, total N, available N, availa-
ble P, available K, bulk density, and CEC were selected to establish minimum data set ( MDS) for
the comprehensive assessment of soil quality of alpine meadow in Haibei. The PCA and correspond-
ing weight coefficient analysis showed that the soil quality (0—10 ¢cm and 10-20 cm layers) of the
three kind meadows was in the order of K. humilis meadow > P. froticosa shrub meadow > K. pyg-
maea meadow, and P. froticosa shrub meadow > K. pygmaea meadow > K. humilis meadow, re-

spectively.

Key words: alpine meadow; soil quality assessment; principal component analysis.
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20 em 24 Kh>Pf }2 Kp; AHLETEO ~10 em J2LL 2.2 EndEdif H3EiuE Wi sk

Kh>Kp F1 Pf, 7 10 ~20 cm JZ LA Pf Fl Kp>Kh; 4% HE 1 FTLUE Y AR TE O ~ 10 em J24 Pf>
70 ~10 em J2H Kh>Kp F1 PfL7E 10 ~20 em Z2 X Kp>Kh,10 ~20 em 24 Kp>Pr>Kh, 52k @ 50+ 76
Pf Fll Kp>Kh ; &B57E 0 ~ 10 ecm JZ2 8 Kp>Pf flKh, 7 0 ~10 em)Z Kh>Kp>Pf,10 ~20 ¢m /=4 Kp>Kh>
10 ~20 em JZ Pf il Kp>Kh; AR /EPIER ) Kh - Pf R [RIAEHEE 22 5 00 B (P<0. 05) ; EEEUHRTE O ~
g Kp>Pf;ﬁ§ﬁ%E|3ﬁ]j§I Kh>Kp>Pf; PH & A8 He e AE 10 ecm JZ° 4 Kp o Kh>Pf,10 ~20 em JZH Kp K Pf>
FEN Kp>Pf Al Kh, 76 F 20 Pf A Kp>Kh 85 Kb, ANFEREGEEAFE G225, i 2 o7 W, by
K IR BRI 25 7 AN ). AP EBTE O ~ 10 em )220 Kh>Pf K Kp,10 ~20 em

®1 BEEETEELER

Table 1 Physico-chemical properties of alpine meadow soil ( mean+SE)

PR TR S EEMFHE N =g N | o Ll R A
Physico-chemical property Soil depth (cm) P. fruticosa shrub meadow K. humilis meadow K. pygmaea meadow
pH 0~10 6. 430. 14c 7.50£0. 22ab 7.36+0. 12b
10 ~20 6. 410. 16¢ 7.550.30a 7. 48+0. 16ab
%57 Bulk density 0~10 0. 88+0. 07he 0.75+0. 05¢ 0. 75+0. 04c
(g+em™) 10 ~20 0. 96+0. 04b 1.11£0. 09a 0.92+0. 13b
ALK Organic matter 0~10 122. 49:£14. 56hc 138.52£13. 82a 128. 44+8. 48h
(g-kg™) 10 ~20 104. 47+8. 21c 78.90+4. 69d 101. 42+27. 96¢
4% Total N 0~10 5. 66+0. 45hc 6.53+0.72a 5.930.28b
(g-kg™") 10 ~20 5.1620. 43¢ 4.22+0.48d 4.89+0. 98¢
4 Total P 0~10 1. 97+0. 03b 1. 94£0. 07be 2.02=0. 16a
(g-kg™") 10 ~20 1.97+0. 03b 1.900. 07¢ 1.94+0. 11be
24 Total K 0-~10 25.34+1.31a 20.12+1.03b 18.51%1.31¢
(g+kg") 10 ~20 26.23+1.46a 21.58+1. 16b 18.22+0. 48¢
H A Available N 0-~10 11.93£2. 44cd 19.374. 11a 13.6225. 47¢
(mg - kg™") 10 ~20 8.76+1.81d 16.08+7. 07b 12.1224. 54¢d
B Available P 0~10 6. 8120. 25 9.5620. 98a 9.22+1. 87ab
(mg - kg™) 10 ~20 5.950. 28¢ 6.44£1.22b 6.651.26b
BN Available K 0-~10 254. 58+28. 88¢ 390. 88+37.97a 282.25+57.33b
(mg - kg™) 10 ~20 136.43+15. 0le 292. 66+31. 10b 155. 28 +24. 99d
[H S F3c 4t CEC 0~10 293.36+34. 71b 286. 18+28. 39hc 321.77+16. 52a
10 ~20 279. 40+26. 98¢ 238.84+15. 16d 277. 64£14. 87¢

[Al47 RS [ ) 6 7m 22 57 1. 38 (P<0. 05) Different letters in the same index row indicated significant difference at 0. 05 level.
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Fig.1 Numbers of soil microorganisms in alpine meadow (mean=SE).

Pf. 4 EEHGHE N f) P fruticosa shrub meadow; Kh SR B K. humilis meadow; Kp: i L ) K pygmaea meadow. BaN . 41 7 %% Bacte-
ria number ( x107) ; AcN : i ZE # %X Actinomyces number ( x10°) ; FuN: ELE %1 Fungi number ( x10*). AN[EFHEER 225 L3 (P<0. 05) Different
letters indicated significant difference at 0. 05 level. " [f] The same below.
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Fig.2 Microbial biomass carbon (MBC) in alpine meadow soil
(mean=SE).
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Fig.3 Enzyme activities in alpine meadow soil (mean+SE).
UrE ; J} ¥ Urease; PrE; & i Protease; APhE; P R i Alkaline phosphatase.
*2 BEEAIEBEUREREDEENEXXR
Table 2 Correlations between soil properties and microbial activities in alpine meadow (n=18)
MBC BaN AcN FuN UrE Prk APhE
pH 0. 131 -0.423 0.292 -0. 002 0.620" " -0.674" " -0.270
BD -0.627" " -0.479 " -0.737" " -0.881" " -0.710 " * -0.110 -0.726" "
oM 0.647" " 0.489 " 0.722** 0.813** 0.536 " 0.267 0.808 "
TN 0.646" " 0. 406 0.722** 0.791* " 0.543 " 0.270 0.798 "
TP 0. 083 0. 266 0. 120 0.267 0.043 0.198 0. 187
TK -0. 285 0. 007 -0. 405 -0.336 -0.730" " 0.583 " 0.079
AN 0.606 " * —-0. 081 0.742" 0.488 " 0.692 " * -0. 085 0.341
AP 0.709 " * 0.389 0.860 " * 0.930" " 0.795* " 0. 096 0.595* "
AK 0.720" " 0.015 0.844" 0.600 " * 0.703 " * 0. 104 0. 450
CEC 0.581" 0.745" " 0.542 " 0.809 " * 0. 436 0. 200 0.550 "

BD: % T Bulk density; OM:F HL& Organic matter; TN: 2% Total N; TP %W Total P; TK: £ #J Total K; AN: 75 %X % Available N; AP .75 5
Available P; AK: %447 Available K. F[F] The same below. * P<0.05; #* % P<0.01.
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Table 3 Eigenvalue and contribution rate of principal fac-
tors

R0 PC, PC, PC;  Nomff ZRREH
Soil property Norm  Coefficient
value  of variation
(%)
FuN 0.96 0.10 -0.07  2.875  47.21
AcN 0.95  -0.17 0.20  2.868  51.78
AP 0.91 -0.09 -0.23 2,740  26.06
MBC 0.87 0.05 0.27 2,624  20.57
BD -0.87  -0.12 0.34 2646 14.23
oM 0.85 0.24 -0.04 2580  21.25
™ 0.83 0.19 0.10  2.509 17.04
APhE 0.82 0.39 0.27  2.585 11.68
UrE 0.80  -0.53 -0. 11 2.600  58.46
CEC 0.74 0.33 -0.46  2.376 10. 06
AK 0.70  -0.45 0.46  2.340  37.96
AN 0.63  -0.57 0.43 2,248 3176
BaN 0.51 0.62 -0.12  1.938  31.48
TP 0.26 0.36 -0.53 1.250 4.40
PiE; 0.24 0.75 0.47 1721 10. 69
pH 0.14  -0.95 -0.07 1.872 7.48
TK -0.42 0.69 0.46  1.920 8.52
FHFH Eigenvalue  8.92 3.68 1.72
Ji 2 TTRRAR 52.44 21.67 10. 11

Contribution rate
of variance (% )

Sil ok 52.44 74. 11 84.22

Conmulative (% )

5%, 5 HBE R T I IE A G A AR A S S
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WH B 758 o I 5 JO Tl AR 2 1 g A DG MRS (351
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() BRT 2 TERkR LS 84. 22% (>80% ) , HAEHA |
WA AR EG v LA R e i v € R ) 3R 1 1Y)
A Sk T 22 DTBCR FIURAIE(E R & |, & £ PN
TR B2 1R R PC, >PC, >PC,.

2.5.2 AT — Mk, T iR, AR i A
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ONEA T LB U W A i R R
JIRAE AL A A RCR AR AR PR T
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AR 78 PC, b, 280 FIEE A 30
(R IE 28 , pH A5 8 8 1 1 3R A 5 WA PC, LA
o P T 2
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SR R IO 1 T REURR ) PE A S, 4 R i
ANEESE (MDS) V7 i it PCA AT, AR 3R
PER AR A T o021 KRR IR =1 AR 72y =
0.5 ¥ —4, B B EAE 5 5 S E 10% 38
Bl A ) S50 B, P93 B B 4L o T 326 2 5 ] ) A4
Kok, A7 R EE RO (r>0. 5) |, U35k B, 23 e 1 )
AR MDS. 25 H S PEAR AR, I 43 0k A e 2819
MDS!,

M2 3 ATLUE H, Inill i 3 KA Ui g
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FAR = B AR & (r 43504 0. 650 0. 888 £l 0. 774 ;
P<0.01) , %54 P43 1Y Norm {8 R /NA] LUK 40 B | B
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SE HE VP T B R | B AURR EL AR
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A Z R (7. 48% (4. 40% 8.52% ) ¥1<10% , B 5
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Table 4 Principal value, integrative value of principal and rank

BT IR F, F, Fy F R4 H Zatks
Vegetation type Soil depth (e¢m) Integrative F value Rank
E LN 0 ~10 0.11 0.31 1.73 0.46 2

P. fruitions shrub meadow 10 ~20 -1.11 -0.19 0.75 -0.31 4

IR e e ) 0 ~10 1.75 -0.01 -0.23 0.58 1

K. humilis meadow 10 ~20 -0.08 -1.73 -0.59 -0.65 6

95 L A 0 ~10 0.28 1.29 -0.62 0.36 3

K. pygmaea meadow 10 ~20 -0.95 0.32 -1.05 -0.44 5
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