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BE . SEMBR THFGTETEER . T/ MNHESILEEENSBHEAEEM . XCEBR N ZBERBANHERAR . ER
WAL RS ENNBAEY Y ERFEERIERX B, ERE L EA P SOC) . 1 ELE (STN)ZE 8 7 i3, 7 3 HE M
KBER. ¥ TEEREMNMOGIEIFOBREAN - EARRY BSHSIEMN RS EFREMNERZEAFERTERBIEN,
FRXAEEERREESmEAMMNEST. DAHEEIILESREEREEARAMIFR, EMTMNTREFTNAR B &
B EBARKPNHENKG 2 PN EANA S KEAA, ENREEFENKEXTFWEH SR THr.

ZREH NEFHETREREAMEEES, /MHEGILEATRSIET LEA K SOO) 5 L2 F (STN) K= 7] 7 i
¥, ZMEAKFEHFE L, F 0~5cm,5~10cm,10~20cm 3 P+ EE K, HENBEHR K w538 SOC 5 STN B4 T FEM; T
EEAHME. XS FEMAEHRAIE BEMIE 3 MIE, B 0~10cm 3| 10~20cm HH 20~30cm,fiE HIEHEEH I SOC 5
STN ¥ FHEM., BEE/DPMHHEGILENTLRY B,S0C 5 STN 23 (6] 7 R 4 7 A Wil sg , RMAEENFER NI AXS T 7hE
(BHihgoOx SOC 5 STN EEREN B EM M. EEENMLEE SOC 5 STN =5 8] 7 F ¥ 7 0~5cm,5~10cm,10~20cm
SANATHEBERD,URE O~5cm ERFIBI EE 0~5cm +ESRIFREMERESENE FREZED L L EXTEM
FEYHEBAEL., N BAEREMCMIESD, /8 )LENRERTIE SOC 5 STN TH RN ELRE—1TH
KRBT EARLRT BEHSBWSOC 5 SINEFRIFHRERBRZRFAEERGER. Bk, U EXTETEREREN
AFHBREMREARTETREEREMBEERHT.
XBR - ANFELETEREER;/MESILEMEZ R RS ALK GOC) ; 1 E2H (STN)
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Spatial heterogeneity in soil carbon and nitrogen resources, caused by Caragana

microphylla, in the thicketization of semiarid grassland, Inner Mongolia

XIONG XiaO—Gangl’z » HAN Xing-Guol " (1. Laboratory of Quantitative Vegetation Ecology, Institute of Botany, Chinese Academy
of Sciences, Beijing 100093, China; 2. Graduate School, Chinese Academy of Sciences, Beijing 100039, China). Acta Ecologica Sinica,2005,25

(7):1678~1683.

Abstract ;: Thicketization of vegetation for the increased abundance of shrub, Caragana microphylla, has been widespread under
overgrazing in the semiarid grassland, Inner Mongolia. During this process, the cycling of nutrients is progressively confined to
the zones of litter accumulation beneath shrub,and spatial heterogenity of soil organic carbon (SOC) and soil total nitrogen
(STN) tends to increase, and results in the formation of the islands of fertility. It is hypothesized that there is the positive
feedback between the increase in spatial heterogeneity of SOC and STN and the shrub expansion, which promotes the transition

from grassland to shrubland. At our study site, Caragena Microphylla could expand through the clonal growth and form a
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patch with different size. Shrub patches with the different class of size could be viewed as distinct stages of shrub development.
Therefore, different size classes of shrubs (“small”, and “large”) represented corresponding stages of fertile island
development (i.e., “early” and “late” respectively).

Results showed that shrub patches, formed by Caragana microphylla, could induce spatial heterogeneity of SOC and STN
during the thicketization of semiarid grassland, Inner Mogonlia. For all of 0~5cm, 5~10cm,10~20cm soil depths, along the

horizontal direction from the inside to the edge and to the outside of shrubs, SOC and STN tended to decrease. For all of the

inside , edge and outside of shrub patches, along the vertical direction from 0~5cm to 5~10cm and to 10~ 20cm soil depth,
SOC and STN tended to decrease. Spatial heterogeneity of SOC and STN enhanced increasingly as a shrub patch expanded,
expressed by SOC and STN accretion, for the inside relative to the edge (or the outside), it increased significantly in the three
soil depths. Spatial heterogeneity of SOC and STN in the surficial 0~ 5cm soil depth changed most significantly among three
soil depths, which was associated with the production of litter under shrub patches and the interception of litter from out-shrub
areas.

It was concluded that spatial heterogeneity in SOC and STN, induced by Caragana microphyllia, was self-reinforced, and
there was the positive feedback between the increase of spatial heterogeneity in SOC and STN and the expansion of shrub
patches. Therefore, the above hypothesis was appropriate to the thicketization of the semiarid grassland, Inner Mongolia.
Key words: Inner Mongolia; semiarid grassland; Caragana microphylla; thicketization; spatial heterogeneity; soil organic

carbon (SOC); soil total nitrogen (STN)

HERRTTFRES¥TFEX drylands) ERFEA SRS, KAFEKHEY £ F (abundance) 3 11 5 B E 7 893 A
(thicketization) , X E & W H X H LR A ENARY, EREEFATERRP N TFHARLETEERENMEZZ B X
FEY AR RBATAEFHERPART . LHEEFIBEFELTREER. N IL (Caragana microphylla) RE R FEHE K,
PHRESZHEETETREERY . 200 WA ERR . ERAGERAIEP,/ MHEEIILGAEEMERENEN, SBOZHME
BEHEMAME TR B, EERPEEREAEY BB E TN T ERROREAMVIHEC, EFIDRER THEZ T L8
T FE S B ARBIF A R - R E R R, TR BE N K B RTE B (fertile island effects)M 214, 3
AEEFER Y RS HREET 95 RN 2 A RS, S IE R S E A5 5R T ¥ A XS 3R 854 3 i #E i gt
N URCEEMAMMEREASRETERFANEFMERF " HEETEAHYIH SAENESTSRAERESHE
i) H}i, S FEREAMOEESP, /M ESIILEARRRESIEN L EREENT/A, EESEREENMUILHEATA
e,

ZMRMEENENK SRR SHFQLRFED S NG EAENENRESRS H/PNEANA S KENA, EN17 HIXTRE
BEARBEEHESZBEREUMBHHEAINE., BEUTHANEE. —BERUMAREETREERS /N3G JLIE N BER
FIRMNTBEAIRS A SESHRRRE,. EHKEFRNSEEFMPNERFFE? —EZBEREMNMEED . EARREH
My BRSHSIEN T ERREHEBRZEAMNARBENEREA/ATHEGILENRSRN FLEFEREENZRRE, KITERE
MR F  ENRREFSHIIENLER BT BRZBIHNNERXR.

1 HIRMRERTZE
1.1 B3 S8

BHRARBAFHAEETEENTARE, ZHSBER AR LT ERREESXNSE, ZEYEKRERN 350. 43mm, T EE
FF 7~9 A . BAKBHEREAUBERSH A AMBEBI—21.41C. E#]/H (7 AHB¥RN 18.51C., LHEMPNEF
s A¥3 o B, kK& 120d. R HEBIR AR FAGHNEERRUEEMREAF AN EMHEBERE ., BT 20a KKdE K
WOERHGEAE K+ E  AEERGREASRE, MRS F PR E RN REG Lo mEEME RN, 7 20R
HEEEMMEREALAE  BEWEZRBEENMERCER KE R 2.

1.2 BIRFE

1.2.1 FRAEHER F 2003 4F 8 AP BHARBLEAMNTHIFEREEAF T ERESRACHN ARG EEFBIIL, AHE
%7 1. 5km B B2 F IR TEBIZE 1150~1200m, HI3WARI G MA L + , FA B AR A DL EMRE F M E M B
B, Tk (SEEFEEMNE, DS LENURICREFAE, ZSIREBA TRAEFEARBE R L EBE R
# 7 120m X 100m B BF ST AL e 8 R4 20m X 20m 1 R #& , ZE B RIS P S BUDM I S 08 JLBE A BE SR 1 M\, LR BUN 538
JLEEABELR 30 A,
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1.2.2 EARHREERS/D KEAL KRR AR R ERMAREIT : (DSMERN 4 K815 —5, LR 85 />
R4 A/ 8 A BE SR ] 2 KR IR B9 25 55 () BE AN BE SR PO 30 S M AR E A BEER A BB 2 I A BE S RN F A K B2 P19 2 0, LA
RO A MBS 2 R . i TSR /D s L 2 L RNE, KR ETRR Y7, B ET 8. HitH
A ILEARR AN REREEREOERTE KR REBEINER WE KM S SRR/, EARRR
BXERMEH A K GKTY BT, I A BESR 5 K/ 55 M A BT IR % 7 B RL AR L. KT TR A BEER 4/
KREA L 4L 15 M, X BT MRS & B B A IR 5 60 5300 5 M T B R

1.2.3 BARRAB NES5IBLRBMAESNE 438 - EABRMN L HEREE S AN K5I EL 3 MIE. 4K
0~5cm »5~10cm,10~20cm 3t 3 B 2 UK . A BE S Py 30 BURE o137 T 98 AN 450 B 406 1B A 46 3l 55 4 b, 7 L PO B IRESE KA
FF o K 4 B DU 4 2 — 9 BE B b Yok R B A BE SR T R RS At TR 5 B b T LT BB R S, X I A A B
SR S B KR AR N G K AN — IR AL . B R FHN R 20mm i 4 BB
HE— B R — B I 4 R RR AR, DR R AL B AR T R A EY 5N G  BEEARE B S ot
80 HE MM, THANRSEUUTHKSOOMNERAERREAE-IMMAE, +ELHASTR QUTHEKSTNOMERA
Kieldahl 8%, U 3B ER LAY EEAS REF AW EREHT.

1.2.4 BEMNRBANIIHEEH EEYRNE TS -EABERNIMEISLESTH 0. 5mX0.5m BT R EAYIR 4 NHFR
S@EEMRES, RFAKEESE . BARNEAEYH F REEAN IFREN LG REREYRERFR, ST R ER. B
HRSEEWERE T 65 CHTF 48h ZHE/F, A 0. 01g RFEHKE.

1.3 FEEa
¥ F SPSS11. 5 #4745 11447, ¥ B E R K3 R B — 4857 2 787 (ANOVA),
2 R

2.1 EMEERENRR AN SME RO
fRUE B A BESR YA 0. 5Sm X 0. 5 HEF A SR AR H I Y 32 T, AP H B 34 0 . A NS E BB

BETEEEHEYAAHER, BE LEYRE LE (Leymus chinense) B R F ¥ (Cleistogenes squarrosa) . KV 3 (Stipa grandis) .
VKB (Agropyron cristatum) .V EEE (Carex durtuscula) . TEANWE AR HE YT B E A7 20~30cm, TR & TH# A/MNBR L EH
HABBERE AR 15~20cm, ENBERBEHEWHERETE 802 ~90% , M MAIME 6025 ~70%,

BF 55 # 5 B AL BLJFOR /N 88 38 L — A DABE SR IE SRR HE . /DR LA S E A TE 40~55em. 4 30 AFENTRRF SN
KN NEMABH 15 A, HFEHRMGHR 2. 2840. 84m®.5. 68+ 1. 56m*, #EA LA 8] XK/DHEZE R B3 (p<<0.01),
2.2 WEMNBIHRANEL. L% A Bk AR IR = AL R R R A A
2.2.1 EMABBRAW.AZGHFSOCEMAEH/ XX T/HENHAERKEAG  MEEIRRAFTFHRAHSHH, KN
7B % 5 4R SOC 23 6] 70 4 By JE R AR AE & - 1 B A R RR 2] kh & 15 RSP AR K SE 07 1), X F 0~ 5¢m, 5~10cm, 10~20cm 3 4~ %
HMEK,SOC SBEHENEETHEBAE(p<<0.01), ANLEEKE 0~5cm Bl 5~10cm FHF] 10~20cm FE FHIJj 0, 3 THEARERN
WHE G 3N E,SOC EEBEBETHRHNBE(pb<0.0DE D, XEHAE/NDIHEGILENRLEREWEHSKBE,
ERFESEERR T BALERY SOC K= 6 7t

®1 EAMRAT.DESHEHA SOC &I (mg/g)
Table 1 SOC of in-shrub, edge-shrub and out-shrub

+IEE & /NEE A Small group K M Large group

Soil layer(cm) N 3B Inside % Edge A#hFB Outside A & Inside 1% Edge R ER Outside
0~5 29.24+42.79 24.9612. 92 22.031x1.78 32.90L2. 88 25.2014. 47 19. 344+ 1. 62
5~10 22.8043.13 18,9912, 25 14. 8111. 22 25.77Lt3.56 17.84=x1.99 15. 334+2. 20
10~20 ) 15.17t1. 22 14.2411. 47 10. 88+0. 99 14.5941. 44 15.1343. 37 10. 200, 92

2.2.2 EMHEBRAM. HEEIRSTN WEMEDHA TN TFNMNEAHARRRENA HEENTREATHREPIHE, K
NEB.HE 543 STN =5 8] 43 5 WL RS B I EMNABAA G FH RN KEF W, F 0~5em,.5~10cm,10~20cm 3 |+
TEHBER.STN SEHERABETHEHP(Hp<T0.01), ALHEERKE 0~5cm F| 5~10cm F 3| 10~20cm T H G, X THENHIR
NI HE ST N E.SINSEERETHRMATE (p<<0.05)(FE2)  XFEH /N HEEIILENELATHER SKIY,
ERAFEYL T3 TRBALEEH STN A R FE M.

BZ NS ILENTER AT EHS®H, TigX T SOC 5 STN, ZEHNA A% 5HF 0~5em.5~10cm,10~
20cm 3N EERFPH D HREERA .M EBIIENRRNEFERBEE R T BAUER T EREBHZH R RERYE, REEK
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FhHmEEPombRNRE. EETE AL AEE HEREEMTER, HF EERKIT EHAREERE.

2 BIABBRARL.L&55% STN B (mg/g)
Table 2 STN of in-shrub, edge-shrub and out-shrub

j:ﬂ}za:;x /MM Small group KIEMYH Large group

Soil layer(cm) A Inside 1% Edge #hER Outside &8 Inside 1% Edge HEB Outside
0~5 2.8210.39 2. 38%0. 25 2.1240.19 3.1240. 41 2.4410, 38 1.8410.16
0~ 10 2. 0810.21 1. 7410. 23 1.524+0.13 2.15+0. 30 1. 751x0. 24 1.42+0. 18
10~20 1.6010. 14 1.354+0.17 1.15%0.10 1. 5910. 19 1. 274+0.12 1.09+£0.10

2.3 ENRBAT AEEHF LB ARESEHRRENSIS S0
KAOABANAEFE —NBER—TBEERANHRPEFHTA . EEXBEEEARRRE, TEFES R R EESIS
LML, EWTF SOC 52 STN 48,7 0~5cm.5~10cm.10~20cm 3 A +EMER T HMEEMNRRHEXE . HAXEE
H‘Ji&:ﬁbﬁﬂiﬂ AR Z, MR FEAARAK., EEEARIWET  HARNMNES -HEER SOC 5 STN § B EA LRI
B.EKEFEE,HFRRE 0~5em MK, HEARBB DL FHSB,SOC 5 STN S BB LR—HH:EH N W EX
FHEMATRHEERE 0~5cm B 5~10cm FHF] 10~20cm,SOC 5 STN F B ZEL B E—BH (5K 3).

3 MNEAAFKENEHSOC 5 STN HFEHMIE (mg/g)

Table 3 Average increment in SOC and STN from small group to large group of shrubs

i

+HE K SOC By R Increment in SOC STN B iIg Increment in STN

Soil layer(cm) R EE Inside 1% Edge AP Outside &R Inside 1% Edge AR Outside
0~5 3.66"" 0. 24 —2.69** 0.30° " 0. 06 —0.28" "
5~10 2.97" —1.15 0. 52 0.07" 0. 02 —0. 09
10~ 20 — 0. 57 0. 89 — 0. 68 —0. 01 —0. 09 —0. 06

el S’

* * OR8] 3918 £ F 7K F Correlation is signi ficant at 0. 01 level p<C0. 01, * ¥ /R M4 8] 18 £ 7 /K F Difference at 0. 05 level p<
0. 05

# 0~5cm.5~10cm,10~20cm 3 P~ +EER TP ,EE 0~5cmSOC 5 STN EENBEHR AT S/ MR AR @RI, B
EWARRNE T, NS R B ENN, /SN2 ERE, K% FMBERE.
2.4 WEABREEENGSNLER AREEERENDE

N BEE NIRRT RS R RS R R A, L TR X FAN M REEE X
S . [F— B Y M A P 5 3 A S SOC (5 STND B2 (B A I M FIEN B EBEE XN A—EREANTSEA

H14 SOC(E STNOHW 214,
2.4.1 MABEH AT - RE ARETEBRFNEL TBHTF SOC 5 STN, 7E# ABEH & 5 1R 1 588,
MNP R FAME I B BRI, FEEEARRNE T, XFFEBREA 0~5cm,5~10cm.10~20cm 3 4 £ 2 K1Y
EHHBREBEE, AN ATGH FHBERE, BhRE 0~sem T HEEBENHEER(E L, XEWEEBLER
M NAL TR B /N B XS LA RE SR 1 K B , T 51 E B0V A 9 4+ S YT 0B 25 (8] 5 R AR T 3

F4 EMERAEENR FIE SOC S5 SIN Y EEREE (mg/g)
Table 4 Increment in SOC and STN of in-shrub relative to out-shrub

FHER £ A YLk SOC + 2% STN
Soil Loventom) /NS KWL ERBE Ty KM ERBE
Small group Large group P Small group Large group P
0~5 7.221x2. 66 13.5642.18 < 0. 01 0.7040. 33 1. 281+0. 48 <0. 01
o~10 7.9913.18 10. 44+ 3. 03 <0. 01 0.57x0.17 0.73=x0. 31 <0.01
10~20 4.28+1. 68 4.39+11. 87 < 0. 05 0.4530.15 0.503%0. 20 <0. 05

2.4.2 EAREBRAFTHEN FHEZN LHR.ARENETEEENTHL XTBXNT SOC 5HSTN, EEMNARETHENSK
%sﬂ}AW%ﬁ*ﬁﬁ—*iﬂ%HﬂE%ﬂ%ﬁE% EENBRORE , X EERETE 0~5cm,5~10cm,10~20cm 3 LR K
W B, BRI G LN EERE . HPRE 0~bem T HEEBEFHHMERRGES . XRVBERUEFRENCH
EEE:%:‘%}J-*W- ILEARR Y R, EAN T EK ARBEEXBRAET B, SR T LREE RN 67 R/IEA IR,
B2, EARRATHEXN THAREAZOM T LR ARENERBE HEEARRAZ AT HABHE IERE
S AL B R A R L A BE R B R0 5 5 3L 3R 1 b SV U 2 1) P R 2 B A A MO 0 IE R T AR 36 X R
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FRBEEBELTIE O~5cm TERERHE VT,
x5 BARBERAMEBI TS SOC 5 SIN I EEEE (mg/g)

Table 5 Increment in SOC and STN of in-shrub relative to edge-shrub

+ 34 Hlag SOC + 4R STN .
b N 4 KA % RAN AL KA ERBHY
Small group Large group P Small group Large group P
0~5 4,281 2. 89 7.70£3. 93 <0. 01 0.44+0. 44 0. 68+0. 49 <Z0. 0]
5~10 3.8114. 01 6. 54+ 3. 46 <0. 01 0.35+0. 21 0.40=x0. 32 < 0.01
10~20 1. 224+1.50 1.55x1. 68 <0. 05 0.2540.15 0.33+0. 20 <0.05

2.5 BEEMARSREH R 0~5om IR R R H _
DA 1 5 5 B 3B B TR LSRR, B /D P SR 0 LA BE SRR A AR TN 5 % L R R R
B DL R 0~ Som B BAL. HERAREAMARIR A AN+ 008 IR AR EF M0, THAS B

TRERER.
PN FLERRENERAEEREHNEW., B2 0~5cmSOC HERIRHEHREFDE . OC5ENRREENAEDE

B RESHBIBEEUNEX, A5 HEBILEABEDEE R X
e BUHREFEAMRNIMEENLEEYR

Table 6 Aerial biomass inside and outside of shrubs in the dégraded grassland (g/m?)

W EAYR N EF Inside #h R Outside
Aernial biomass ¥ K E Shrub B A B Herb B A FH #f Herbaceous vegetation
B % B Standing biomass 170. 37+=62. 70 100. 84 4 55. 42 88.16+13.10
_ m%%E_LittEE 193.26167.75 ) 20.3116. 42 _

B HEME AL R BT N AME L 0. 5mX 0. 5m BT AR REABYAELEY R AEYENS  EAAHAE
B TFHEMAMNBLE N, B AT EREE(Hp<<0.01)(F 6). EABIRNBAE KB EEY TR 193. 264-67. 75 g/m?, Bl H]
W 3= B A B XK (Salsola collina) MG R TR A HL BB R A TH A /DF 159.25463.30 g/m*  H FRICEHPEEX SRR
FEFESFFEM BREAARENABAZYHM Y B R EENMPBAESTROHEY . XRIEARHRS R L
MBFEMENEBLR P, FEEEMMBBLEMEEYAEANBRER, SBOEMNNEAEY R L SN RGN,

LA A BE e K /1 S 4 o B R X O A RE R P S B9 3R 2 0~ 5emSOC AR 4047 6 T/ AL 5 K M AL, R 36 R K
S8R 0.9243.0. 9888, HEGIH FHAFEEB L GHF/DN RKENMNE, p<<0.01)., XEHMBEENTRMNE T, B ABLH NS
MERESOC FRZMFLERMEXE MEYRKBEBERTEMNNISOC SBER,

Hilt, EEEARR T BEBEAEYNEN R, BEAXHEEYAREBESIREMNBBALEBDPER 0~5em +
H SOC TRe MR MM NIER SOC SEIM, SR WA RS HRREMHH.
3 itig

EHSEEETFREREMMSBES A LEARRSET LHEIRS A S BN RREE, XS 2R
HEEEENRRE T T TIHER, MER 0~Sem TSR HRHEMBALBEI. REL RS HBERENHBLRSENA S
BWEWR AU R FAEYROREE X, EEEMETR D, L85 FR RS 855N & B + 58 % I 78 25 6 19 & 3
S . WREHSHEFMY K. — AN EE MK DR YRAEN, X 2 Bolton WM 4 T R &
FEHEABEBRPEIAN. REZ, o R HEE IR R unof ) B Z & % , B E B X # 4> (remaining) FEH KX S E S, B
MMETHEEAHFRAERARE: B M TREBIR AERLRE, SRBRF S EEAREYLE S5ED, B %
55 19 4= ) % ¥ B8 (biological potentia) I BER I RM R, WA FABSRIBERFES AR AR, AREASEY
YT REFREMMER D, T EENRS LA S ESRSAENMEBOAKASAEFSHNE S MAFENIME A%
WEATHEEES R I MR RS R ES SN —REEESEIR,

BEMMMEE B P AR ER RS R RN B BRI R LA B N LSRR R
WS EBHEEOT R ARYEBROSR, EARRY B SH S RN R > 75 E RS, 3R E &8 1E R
HETHRE T2 FEMETR . Schlesinger FUHEL T REEAMETEERARRSHEAT KRS "M R T HELEK
., RTFREBRPENSEKS BAEZARE HERENE . SHRREEHEE, T ERENSREREREEAAS, XBH
THRBEEARRETH SRR EE. FAEERTHEBERE A K (autogenic) it 72 3 T BB 02 3 T BEE M A 00 25 35 g o
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AABWERHREAD B, YIBEARSER ENETRREANFERIMIL I ERETEFRANEFTE

AU, BRCERANTREEEAMOGEIE S LR FHERARE FB B TARRK
EAMCEFRB R ARG FENAE.

}
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