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AEEREETERERERLTERS S RHL

FURET KEH MK W AMEd ¥R OBAMET OHEX & &7

(" PEMERBLHREHHRA, &T 810008;> F AHF A S, LK 100049)

B OE UFENRARAAMEBEA TERERE AN, AR EERREKKEEEHT
TERFESARR, ERERN B> (ERA ERB ERE) EAYENGER
E,ZXELELCEEG MLENELCER B, SRS FRCBERLELEERFL
EELTRICTHM3 MM, KA FRKO R (FE R RN A A RN EH
(BEBH)LERT. 2ER0RAFH, 240 EX N LB Btk EnAE
BH(ELAFRAF ERFREFH)EXREO0~10cm) fn g = E(10 ~20 cm) £ &4
ER, TEAERAERK FRARR B ERNELEL A0 BN RE ;284 EHLER
REFHRAEFZR(P>0.05) , R B4 FRAFEH0~40ecm L EAB S EHEERTH
AR (P<0.05)  HeFANFLECM LT RRTHABT; AV RS2 ELR 0 ERF
AHEIARREAKL(P<0.01), MEEMRL EARENE BAFELEpHEAT, B
EUEREKRE6a G L BRAABIARE ARG TMERE RSB W LE R 2R,
X@BIR FEY, BHER; LERL; HE XA, HE

hESEES Q48 TRHRIRE A XEHES  1000-4890(2013)7-1710-07

Differentiation characteristics of soil nutrients in temperate steppe under different vegeta-
tion types. LI Yi-kang'?, ZHANG Fa-wei', LIN Li', DU Yan-gong' , CAO Guang-min', GUO
Xiao-wei'?, ZHOU Guo-ying', HAN Fa'** (' Northwest Institute of Plateau Biology, Chinese
Academy of Sciences, Xining 810008, Qinghai, China; * University of Chinese Academy of Sci-
ences, Beijing 100049, China). Chinese Journal of Ecology, 2013, 32(7) . 1710-1716.
Abstract: Taking the temperate steppe under four vegetation types around the Qinghai Lake of
Northwest China as test objects, this paper studied the distribution patterns of soil nutrient hetero-
geneity under natural condition and grazing disturbance. There existed obvious layering character-
istics in the soil available N, P, and K, being the highest in surface layer (0-10 cm) and
decreased with soil depth. In degraded Stipa purpurea steppe, the available nutrient contents in
different soil layers were lower than those in Poe steppe, Elymus nutans steppe, and Leymus seca-
linus steppe. The Poe steppe which was restored for a longer time and experienced exotic sub-
stance input had higher contents of soil available nutrients. The soil total N content in degraded
S. purpurea steppe and E. nutans steppe was higher in 0-20 cm layer, but decreased sharply
below 20 ¢m depth. In contrast, both Poe steppe and L. secalinus steppe showed a higher soil to-
tal N content at each depth. The soil total P content had no significant correlation with soil depth
(P>0.05), but was significantly lower at the depths 0-10 c¢m, 10-20 ¢m, 20-30 cm, and 30
-40 cm in degraded S. purpurea steppe than in other three steppes ( P<0.05). The soil total K
and organic matter contents in degraded S. purpurea steppe were also lower than those in other
three steppes. Soil organic matter content had significant correlations with soil total and available
N, P, and K (P<0.01). Soil bulk density increased with soil depth. Degradation resulted in
the increase of soil pH value. After 6 years recovery of degraded temperate steppes, the soil
could be basically recovered. It was suggested that both grazing disturbance and natural factors
could affect the soil nutrient status in temperate steppe.

Key words: Qinghai Lake; temperate steppe; soil nutrient; vegetation type; fencing.
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F ] Bt T A 4 10° km”, 813 H + R
40% ,TEBBOLAE = FIFF AR 07 T 25 R 2 H (Akiy-
ama & Kawamura,2007), BRBERFMAREILD
BEM B BB KRGS, SBUES R
RABER. BURTIT, B R A4 3 20 IE 1 3
BBEBRSHUUE, BN RE R SEE MM
FP2H AR T R AE Ak, IR Y REIE M G5 A
SN B LA BFp FORN S B FRAE , B FPE B R
AR RETE SR AR R (X B FE4F,2006) . ,

BEEARKS T RERAWAF BEXR (Fra-
ser et al. ,1987) , REJHEYFEN L HAERF LR
BHESRENFEN I ZR S RBERRE, T
HYEE BRI A RSB 8K S FEEWE
BRAER, BT LI R 0L IR T R IR
Z3 &) 53 i 4 ( Hooper & Vitousek ,1998 ) , B¥ 7% i &3
b SR 0 AR A 5 B R 45 1 3l AR X I (XL
% ,2006) , — 3 B AH B Hl 29 AH B AR W AR
SME—WRE(EERS,2011), FREFEHER
FRMHMAESRE, BRE, FRES , ETRZER
5,5 AKESMARERNS . EHERBE
HAFMEREETRT & 4B, AR R EE
Y RFHE R B 2 A (R 4R 4,200, T R4,
2007) . MBEMAENBTBHUEE R T HLSHER
HERNANEIE IR (ZFLIFES,2010) . JEL4EkK
23 0 PR SR R A 7S M 1 R (5 o & FAD
17 ,2006) EEEE R (FEHE ST, 2004) (A7 F1H
AR (B RFESE,2002) 2 BRBAL (AR AR S,

2006) B PE X IR/ IO ( EAR &4 4E,2002 ; M Ui 4%,
2006) iRfLS B RYBEE T EHIT T KREHR,B
X AbFHE IR FR5E B By TR R TR B FAE
P T W TR RIER RPN . R
DTEAE L 8 R T W F G KR = oy %
R ERA RSB AR - 575y A HE pH (B
R, AR ST 13855 40 A AL 5 R
BFXRR T, e A R RN KE.

1 HARMRERARFZE

1.1 BRSTXHEN

FRFF 13 X SE MR 3000 ~ 4000 m, 4b FFE
KA 7R T 2 X X R R R ALK AT T e, B
AT EL IR KR S5 (RBE4E,2008) o FEHBAR
TEHMRRE ZETLHSER-0.5 C, RHEBREER
25 C, W B ME-31 C, 20 CHEREBHR
1299 C , ZEFHFEKE RN 370.3 mm, FHR LK EN
607. 4 mm, FHX A >8 % (AEH%,2004) , 1 3
HRHTE+ | ALREBEFENLESARES
MUK 4 BRAHSREH , BT AR KRS, B
HhFF R R TR R AR R AR, 4 B4
AT SR AE Y B RAE Hh TR A MR
EREH, ECREE R M T B R RS, HA
3 ANREML MR AR BB B TR . RE s LTS
e -SW
1.2 A

EREEE SABEGRAN R (I REE

BRI

#F1 HHERRRL

Table 1 Basic information of plots

s HWHEALE BR(m) FHAR

=Rt 37°17. 845°N, 3301 i 3 AR )
100°14. 317'E

ZABEY 37°17.946'N, 3291 BBRE N
100°14. 359'E

ARt 37°17. 869'N, 3296 EHBR
100°14. 327'E

Rig & 37°17.843' N, 3287  BUEREH

ZAB¥Y 100°14. 355'E

WS 25% , BB, B8 25 om, A TR B, BAEHE
B4 HBEHOR , B B Y, o B Y 40%
BB BOR (Poa crymophila) 3 VB E T 98% , M4 F A BRI
BB ( Elymus nutans) B #5558 ( Pedicularis kansuensis) \Z0MH- T 35
(Ajania tenuifolia) | JK 42 % ( Chenopodium glaucum ) | i IR & ) i 2E
( Heteropappus altaicus) % , R BRE H 60 ~70 cm, HNiB{LE L4
FEMHITTAHI0 a WHBLEEREATEES, BFN
2—5 AMEEBAAE, 2298 B RERERS, B8R R
B FEIRY ., WEAKRT EH

PLF RBORBE A , B R TIEOR BRSO EBER AL R 74
FEM, HERABRENFEH TN a), UEHMERENE, 5
FIRFE(Stellera chamsejasme) H T D5 i B BR B84
( Thermopsis lanceolata) 5 i} 3 B ( Astragalus licentianus) .\ H il &
( Oxytropis kansuensis) U0 T35 KRR I (Leymus secalinus) ,Fi
£ 1 45%

ZREMR TR BT R %, i T RWE ik 5T,
NG XIBHTEEEES, AR AT A RERHRRHRRA
BURFIA L, BERERPR—KK4~5 m, 5 50 cm ZEH B,
BERT B RS , A AR SR TR BTN K, TR e R PR R,
ZBH B ANEEY, K LA KB RA AR, BEHEE 100%
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wBFERE BRE BTH

H) , a0 A R E R RBCRE B
R R R R B (R 1), BB A
HFR R 5 mx100 m, HAth 3 A9 EARER Y 100 m
x100 m, +HERBIRFE L,

2009 £ 9 ApA),7E iR 4 MR EFE S
VR oI RSB , ERERAESR A L4
B. LTEERT em  E—NEBEES LTI HEHN
— MR, P EBEE, F 10 cm S —)53,40 ~ 60 cm
TREN B, B S MEE, BEEER 50
m, TERRERLEZRFATE, T PVC iR
£, B RERREAEY) . RIS RAATRLEE , BBk K
BAR =Y, 2 om G, FELBR R, ¥
AR AT, IS R—2R B TERs P, RRTE
GRSETRIE, 1 1 om 5, F L LERR RS HE S
BURREE BN 29 173 BEfh . BRI 1/3 B R, &3
PREERE 0. 25 mm i, B F RS T, HHEE A A
EFRACRERR-JOEE S, LIELENERA
KIGCEETE , TR R A B s, +
BB E R MR -S S RE S, T EEREAN

ERHRARILIE £ H R SR TR
T HEA LB R A E B R AT AL m B, 138
AERMF I, L3 pH E# E R A EAAE R
ALk (MBS ,2007)

1.3 HdEar

% F Microsoft Excel 2007 ¥ H$(3E, 3 A Sig-
maplot 16. 0 #4748, @13 SPSS 16. 0 &4 ( SPSS,
Chicago, USA) X R [RIME 4% #%  T B3R5 & & .pH
BN LR A E LA 1897 B 5 R 4397 (one-way
ANOVA) , #| ] Duncan ¥y B # 1T 2 E LK (P<
0.05,P<0.01),

2 ERESH

2.1 AFMEEHE FLEFENEALLRAER
BEALIR 2 RAR Y AT DL AR OR T, AR E
TARBERIFRDRE SR FA—HHEBR G BEA
RN E MRS BRI RTEBER,
TERE(E 1A) . AR, £ F B
URE A R R S B B Ak, BE R T HAlL 3 M
H1(P<0.05) , BiER ML Z (KT H—ZEER) &
BRASEER WRT(H2R)BREEERT(H
1314 ) KAtk i, BMA ST 2B LM
R > B BAORRE 3 > TR R B0 T A > SR TR AT PR
PEREH , NP3 T A i Bl K A2 o] FEE 4 - 45 K

RS BI85 ERE X XUV B B A1 A [ B R
EEYASRES,

4R SBRIANIMFE(E 1D) , $¥7%
HF B BB BRI, ZEA
F2ESBRBEMAML, TH3 2S8R EMRKE
SR AR B A2 A S’ RIM
RS S EHELASERRS AR, B3
At tEH4ERESERSEMEL, RERTESE
BERK, ARSHBR—1 R EAELE, ZEM
FLETHLASEHREABEER (P>0.05),
20 ~30 cm 130 ~40 cm L E SRS EHEANE
BRI R & BAHE, BB S TREHF
B b N2 R B DR B A L (P <0. 05) ,40 ~ 60 cm
TRUMBER S BES, BE RS THAM 3 Mt
(P<0.05), AXMEMBERFRN FHE2 B LT
LASEEMAKR, X TRLBEEMEB L, #Hx
SR, BREMEASBEZ AR EE(P
<0.01),
2.2 AEHEBHE T HIERSB RS E

] —FE R B S BRI 4 B A (B
1B) , RESREE (P<0.05) 1+ EMES&F
B EFENE RS RYE RENRESE
EI/NEENREN LS %), Hith 3 MReshEE
MRZEEFBEMNK(3.5~22.7 %) . RFEFHIF
— T B AIF L, TR 5 SR b BN B & B IR 11K,
AR T HAD 3 Mt , BB EEUHAL 3 MR
16.1% ~19.2% , At 3 PMEM B EH KBS ER T
R EER(P>0.05), HAth & ZHERIN B Hb
SEEPESTHMEH(P>0.05), BHEFREE
FER  FEHIRZ R T 23300 & B B W3, i
HXT KD BIBE ARk 25 B B & B4R S .

RS BTAR T HEUBE, F— g R
B & BAHE, R B EZER(P>0.05) ; KRR FEH
[T ZEA L, S F R Fi 4 B+
BB e BRABE EMTHM3 M (P<
0.05) ,4 MFEHBL 40 ~60 em L 2R B EL R (P
>0.05), AEMBMARFARN2BHSELNS
BB R H 2R S BRI, MRS TR
B, A B 2B S B 2 Mtk B E A5 (P<0.01)
2.3 AFEHEGEET HEERSHEREHSE

B 1C KRB, S8 & 8 R 0 A0 sl 305
SHABREALER, HE 1+ E IR & B (L4 F 1B 1L
HREZEIHERET TESE) FEEHF B4
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Fig.1 Comparative of soil nutrient content, pH value and soil bulk density

I SE7E5H 0B T . RRGREH; I BRSO IV B E R, BEARTIRERZE(n=3),
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EBERE £32E FTH

B BIZE R , 3845 2 B & B I, R
SE>ERB AN S E> BRI PR Y
B MEES T ELEERH SRS ERS. [
— T EAFREE A, B3 2 HEHE R
R & B RS, HEFRRZ; TH2 24
BRI R A A S B RS (P<0.05) , HAth 3
MRS BARIE(P>0.05) . BEHERENEEK,
EHEBAEH E RS RE R, TRIKEE,
TRMEERK

B A R 2 & B3R KT HAt
34 REH, Rl — L BRI #E 7 = 4 T R KR,
RIARMRE T ELA T BB ERTEEHFR
e, 10 ~20 om LB 4 MEMBIFERHAE
FER,TH3 EHEBEBERLSERS, R R
RS & BONIE, A4S PR (L
EEEK. HERAHNEELHS B TIRE
B[R] S T2 T T . BB AR S R AR AR
AR R, B MM Z MM R E (P
<0.05),

2.4 AFEEPSETEIESERL

FIE F B AU S B2 m LT HAb 3
AN, ARIFEHLEIR — LR REH, B
&R L EANE S E RS, RERMEREBER
BEAMAZEZ ARG EMEE, KA LA EE
R(P>0.05) ; 104 SEREHE 30 ~40 cm + FF140 ~
60 cm +EA YIRS B S5 HAM 3 MEHARIT, A%
HERASE EEEEAEVREWER, TNHRE L
BREBCRAY ., v] 88 5 FE U & Yy 3t R 2 FIE
EHEmANERE X,

HHLRS 28570 ZREIMXEI T RE, A
FERSEA BN SR EHRIAL TR
BEMRK(P<0.01) , MiA YRS E 5HEBIFHZIA
WHE I TR BEHIXKR(P<0.01),

2.5 AFEWEEHET HEAE N+ 3% pH EAL

TEAERAHRIANELZMETIE &, 4
AFEHIAR FL AL, R+ S A F AR AT BRI, ot 3
MR R Z ] & BRI, e R AR —B

4 MR 13 pH [EX R B MR, & 2
T3 pHEHE, RIEH B ZEER(P>0.05) 8
RELHFBIUHDEETE pH HYETHR3
AFEH . A )R b [R] — + J2 (8] AH B #R, BR 10 ~ 20
em Sb, AL F BB EE S T EBREH
pH {B, HoAth 2 M 2 + 3% pH EH W EME TBH

BERT R F R,
3 it @

3.1 AFAESSEE R EBIR & B

T D DR R A R A A 5 T U A st X
TEL 16 3 3 A7 7 PO B P B R L S A AR, 3
HoIB AR AR AR, ARG Ak K
SR WRATESNERRE, &R R KB RIA
SERRER IR B0 22 5 5 T CHOE 30 i S e 3R 3 A0
FEYRANES, BHME T XF 50 (kR
%,2010) . ZEAESHF BB E A K
ROE(EREE 25% ,BURBERR) , HHFHFH
FETRG, 5 HAM R AR A BT 75 45 SR A — B
(SREER4F 2009 ; 3K B I 4F,2010) . BERFEME
EYIRT EBEMARE , X 5 & WA [ K
TR SR 4 5K 5 T AR B 0 R 3 8 SR 0K B2 e )
FEXS I, LB AR XTI (45% ) , HR BG4 &
BRRELREZAEER T RRAREMIN, KZ
THEFRAMERBR SRR AEEER, JHER
P ERIR R R BOK M T, K R R
TE—BHE L ER T ECERABIKE , K
HETHERE . BEEST R L REG AR
AN T A Hb , 3X 7T B85 8 AR BRI R 5
AR, ERE A SR BR B A i gl s [ B o ol g
5 RO BHERR T B R IR 5340 AH Ko
3.2 AREBEHBERN2ERSREIRESE
RS

REEMBAEE S TEAIUR S B NEY
M (PRI, 2011) , B3 B SR R B ey B i B
H+ RO (X S245,2007) . HEAVR S B ZAE
VIR YFFETAR R R ER R W, A&y +
EAYENEEREMA IR S BN EERR, T
TRFARE RS REEE B RS LR
MEAM eSS’ KM F RO
BEAR, SX—HHBHGRE R, REMRETFEN
5, REDHIEEARELH R, MED 6 a BB
HEEZE ERERESE L REIRESHESR
5213 30 a BAH TR RBRERB NI, 138
FHEIRBE T REAWMEMIKE, X 5HES
(2007) W EL ERRK K RSERAR, L ERKX
HHER 6 2 N, 2R EHNLH I BERETH
RaF, 5 DR AR G2 (2005) X 8 4 B &8
R B B AR R 045 AR, 33 7] 8 58 st 2 7Y
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A AT AR MBS T 5 S EEAE R
FHSNRIIFED L EIH T, K EEVLR & BHER
B, EBDATFETHEFRYRAIRE-TEERN
. BRI FRIAFMERE T ELASEES,
WRES B K & B L W FE R FEH X (Devoto &
Medan,2004 ) ; R HEF L EF TS E (2
A28 28 BARETRAREN, HERE
ARAREEZS, BB LBREER AR R
EERSWRETES a £h, SEBFAFWIKREN
BEA—-B, TIEFRSWFEIRE, A AT EBE
HEEE, BIEREEFRSETETE A0 om LITE
BRI TRE(FLESE,2012),
3.3 fEME-TIEFS BRI R
HEREEBIARN, RSEYREAYRRRE
YRR SRS, BIRTEEEY B
YWAERLARDH, EHRESRER, MY RBIHNFE
5Lk B THYAIET 4 U RSB K
5 AT L8 5 XU AL ( Whitehead ,2001) , B8
PR AR i 3R R A AL 5K B N R B YR R
R BISE (2005) BFFE R, BR P 4, & 5 40 ER BB AR
WK E TS IE R EE IR E SR RS
AR, R RAEBAR B AR 2R AX
R EYBENEMEFAARER ., MEGEKENE
B2, AR5 L ER S B U S B AYX
FE o B[R] 3R B R A ¢ (Baer et al. ,2004) , 4,
S5HURE B R B RSB E X,
3.4 RInlE gsoE A K R BK E 1 R R
HFEWRBEERTR S FERIUBESZEN
HERRE(Z/DES,2008) , HEFNERESR
GAABINE RSN R 3, R AL T AMHRLR
o X TRMER TR FE i, + 3857 5 0K & Bt 8]
KATES a o7, MEHK KWK E HBE N EEFEK—
e FENKE RO B ERBEENKE . Bt
BRE ZIFEE N FERKNRBIRE MEEKE N
A TEZHFDSESANESBREEMX, I
LA B AR R EE B, TR B PR R LB
LB H R A GRS B BUF R B R, &N ]
BEEERTE. BAMS T HEM HIRHR KA, F
BHXEFZARNBERER, EEHRAESR
SEHESS SRR B RN RBELE,
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