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Dynamics of the small-scale heterogeneity of the soil carbon and nitrogen resources -
associated with Caragana microphylla in Inner Mongdlia degraded steppe

XIONG Xiao-Gang'?, HAN Xing-Guo'" (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 ,2006,26(2) :483 ~ 488,
Abstract: Caragana microphylla has been widespread in Inner Mongolia steppe, and therefore it can strongly influence the small-
scale heterogenity of soil resources. Caragena microphylla could form a patch through the clonal growth in the degraded steppe. A
patch with different size could be viewed as its distinet development stage. Therefore, we could infer the dynamics of small-scale
heterogeneity of the SOC and STN associated with Caragena microphylla in Inner Mongolia degraded steppe, by analyzing the
distribution of SOC and STN associated with a series of shrub patches.

Results showed that, for 0 ~ Sem, 5 ~ 10cm, and 10 ~ 20cm soil depths, Caragana microphylla could induce the spatial
heterogeneity of SOC and STN at small-scale associated with shrub patches, and this heterogeneity tended to increase as a shrub

patch developed, especially it rose fastest for the surficial O ~ Sem soil depth, which is showed that the increment of the SOC and

STN in the O ~ Sem soil depths, for the inside relative to the outside (or the edge) of shrub patches, was increased significantly
with a shrub patch expanding. It suggested that the small-scale heterogeneity of the SOC and STN associated with Caragana
microphylla has a self-reinforcing process as a shrub patch expanded, in Inner Mongolia degraded steppe .
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TRSFTFRERD HEARBNDIRELERER RO LBA B LA, Bh e F4EUHiLs
MY IEYFERINBR Y, et IL( Caragana microphylla\)%ﬁ)ﬁgiiﬁ?k,’E’*&K[“?{ﬂﬁﬁ}ﬂa‘:ﬁmﬁ
HHBERPDY BRMRBELFAREERF AR, ERYEFRESE R I T REEM AN TEY
AR B, KR 3 B LR 3B B o /N 48 78 L BE 4 S A 50 B A R T AT IR e/ O B B, M T
MERESRESRTERW, EEENEROEAEY B3 £ 5065 AEEOE KRR s
FFEERET LA, WA £ S8 BRI A28 ) A7 F T P e O BB S B a1,
BAEERFTHY RERTE T L EK ARFSRARESEER AFESTRBERS", XBHERR
TERER T A RER MRS URCELFESRETERANWEGFMAER 2 Bl K
FHBUERST S PHEGIAXHIRETERFERFR, N FREREAERBLEEESEE T HIERE
EREEERH™,

R FE R AL B AR IR AR AL BE SR R, O P N AR % Y S B B S AR O kUL B B A 1
EARBRR/NEEARERE T O BMEEST R, BB F P RE AN ENRR T L R EAN
MR NER LGRS mRE W a0, HREBR/IRES /M8 LHER T R AR R R R EN D
1 MRAEHRNZ
1.1 W B

BARR BT AFEERAPRR, B SBELB N RFT L TREREESRSE, ZFELHEKRY
350.43mm, FEBEPFTF7-9 B3 M  BRAKENFERTUAEXEESENEYEESRSAGQ AR) N
—21.41C, B A (T AN 18.51C, ERBIMNFER S AH1BI9 AW, K4 120d, R 4 R A 5 )R 4l
PR EERRUFEMAEF MBI A E T, i T 20a RATERS, ERMBRLEE T4,
PR E RS TREAS R, R E RPN EAERDTREIL A EEMEENRN, S TR R RN
W EREE, EMAEZRREMNMERD G REHB .

1.2 FRHFE

1.2.1 BFFEFEMEE F 20038 A, MRS THREARHERESRAEMT R EEF
PE4L, FEREZS 1.5km WS B b IFHRITEETE 1150 ~ 1200m, T H N M AL | FA ARG LLE
BORKA S A SR R LR B, T B B0 SO IR A, /N R X L A ABE BUR PR TE , B S U R K
i TRALE R R AR L TEUTFT S B 3t o B3 B S SR B 37 100m x 120m BB 50483t , 48 R
438 20m x 20m B R4S , 765 — PAE BN 48X LA BESR 1 D\ LR BN 48 X8 JLRE A BEER 30 A,
1.2.2 BEAPEHBERS/N KENAKR D FRME EABERERRED T (DIMNEBERN KBS —
BUBAENE B A KRR ER S TRAENER; Q)EABREATSHSENERARZ FEBERNT
PIRENBIR K ERYHEZ M, R RE A A B 22 R . /bt a8 LB AR S/ ik i &
HEEMERTE EREEAIHE BN e KM SEMODNE. EARRRFTFIEREHRE
KB KD B LI, B R A BT 0 kN5 A BE SR R B IR B A X R

1.2.3 EMAHRAE N SIFLEBESHE X8 —EARRN DR SEARRAR %S
ShELE 3 MEE, B — B4 0~ Sem,5 ~ 10em, 10 ~ 20em 3£ 3 MREEZ K . HABEHR AT S AL TEAR
BN KM SER b, EEAR IR, KA 0K 85I 2 — B BE B AL ; X R A M i 4 BURE fu
TRETE B A % BB 6 B S 4 k1, AR T B R A BE B A BRI BRORE R A B TR B O 1 B
BB BRI BN —ER L, HIEBHERANRE 20mm K5 EARRF - MER—-BRY
R R ONARST IR B 4 AR AR, RS T IRAL BT, RIRIER A EY SN ERG BT
BB 80 BLHM, LEANKSRUTRARSOOMERAEERBFFBESIMBAET L, LRE
Fa B (T EIFR STN) W5 R A Kjeldahl 52 R o LAk Mo 2 H 78 v B BL 2 e A 38 oy L JR A 2 R0 P i 3K



http://www.cqvip.com

£ 000 http://www.cqvip.comf

2 8 BRI % %R B AL B IR R NGRS JLAR SR B/ RUBE SR RUBT IR R B S 485

1.2.4 BABRNSMEBH EAYRIE A5 —HEABRPIIME R 0.5mx 0.5m BIFET i 4 :‘;,
MRS HAT R SAE YRS, RARRE . BAME A - IR R I E U, R A% :
WARERBER, ERTRYER, AFESHEEYR THB S CHT M BEES,H0.01g REHKE,
1.3 ¥4EHT

i it AW ik SPSS11.5, #EAT R LA 5 | 4047, W E B F W B R A4 7 E 257 (ANOVA),
2 &R !
2.1 BALEEMEA B N SME S LR :
2.1.1 EABRPSMEBCRG REEABERASMEB 0. Smx 0. 5m B FABEER EARNFILLIEY
R R, EMSMRH I 34 R EABER A EREE N EEEREY R RAER, BE DAY A EE (Leymus
chinense) BB T B ( Cleistogenes squarrosa ) . KT ¥ ( Stipa grandis ) . ¥K B ( Agropyron cristatum ) , } B & ( Carex
duriuscula )% ., BEMBEER N 2L A AE M AE B R F 07 20 ~ 30em, MM A K 15 ~ 20em, EABEREHEN S ER
80% ~90% , T MBESRSME 60% ~ T0% o BF 7Tt SR AL B A /Nt 08 )L — IR LI BE SR TE KA FE . /D4R A
JLFE BT BR B B A9 7E 40 ~ 55em. BTIRZT Y 30 NMEABEHR K/NE 1~ 6m’ , P34 (3.98 £2.12)m’,
2.1.2 EABEHRER A FSME SOC 5 STN Bk /AR it & SOC B2 STN & &, W THEABHRA
B NGNS 3 AE, Bl TIERE 0~ Sem B 5 ~ 10em BF) 0~ 20em, FEE - BIEE R, 1208 00#E M
R H O Tl £ R W SOC 8 STN, AR A LEFNTHHERBHNARBY . KiITLREE
HHRFNBERE(p<0.01)(E 1),

F1ORAEERBMMEAE. AN SOC T STN SRR R
Table 1 SOC and STN of in-shrub, edge-shrub and out-shrub in the degraded steppe(mg/g)

+WEK (em) SOC(mg/g) STN(mg/s)
Soil layer A& Inside 1% Edge FHER Outside H R Inside R 4 Edge 4hEE Outside
0-~-5 31.07+3.35 25.08+3.71 20.68 +2.16 2.97+0.42 2.41+0.32 1.981+0.22
5~ 10 ’ 24.28+3.62 18.41£2.17 15.07+£1.76 2.12+£0.26 1.74+0.23 1.47+0.16
10~20 14.88 +1.34 14.69 £ 2.59 10.54+1.00 1.60+£0.17 1.31+£0.15 1.12+0.11

B FEBRMEEEF 0~5cm.5 ~ 10em 1 10 ~ 20em 3 ™ HREK, B4k B, 3t SOC 5 STN 44 i & , /bt
WA LEARTIETHABHN SR AL
2.2 EAERAREAEHEIAT DL 3 LHEWR SOC 5 STN Wz
2.2.1 EMNBEHRNT . HEMIEE O ~5cm,5 ~ 10em, 10 ~ 20em +IEFE K SOC 37 MEEMNBRRAFE B
MR S SOC EBAUMBE, ULE 0~ Sem BB R, FEK T ENEERE  HESBEREANT L
S SOC BB RHAR (% 2),

£2 BANBRABRHKINIMNE SOC HEMEMESER
Table 2 Results of linear estimation for the analysis of the SOC dynamics of the in-shrub, edge-shrub and out-shrub

TR (em) A EB Inside . % Edge S EB Outside
N RERB SEE  RERN L RiE R B BH M
r p-value r p-value r p-value ‘
0-3 0.420 <0.01 0.000 0.988 0.512 <0.01 »
5~10 0.088 0.112 0.029 0.365 0.014 0.097 ;
10 ~20 0.018 0.475 0.061 0.187 0.023 0.426

RJE 0~ Sem HIAP, HEHE B ABER A/ (x) I H0, Fo P90 3 RIS SOC & 8 (y) b By BT £ [ 3 F7

BB AHIT o
it W A BE S 7 y =26.9996 + 1.0237x(r* =0.420, p <0.01) ”
Xf P A BESR H 4% y =25.0996 - 0.0052x(r* =0.000, p =0.988)
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Xt ¥ A BESR SN R ¥ =23.5838 - 0.7293x(r* =0.512, p <0.01)

M EELBIRTEHAR, RRBAERED EEEARRASRRE,0~Sem £2 SOC £ M B
AHERESENARTAE EENERAZHTBTAAKR, MARARR TR R H BN R REE,
2.3.2 EAFBLAE AL MINE O~ 5em,S5 ~ 10em, 10 ~ 20em +HEEK SIN HEHE MEEARLNET,
AR S STN BB, LURZ 0~ 10em BHE  HPEAAXRIKIT LHESEE HESEREN
HES L&A IER SOC EMBERHEB (R 3),

%3 EARRANBGAGKMSE STN AN EHERER
Table 3 Results of linear estimation for the analysis of the STN dynamics of the in-shrub, edge-shrub and out-shrub

MR (om) P #B Inside 4% Edge MR Outside
Soil layer RERM BEH REAH BEH REEK BEH
r* p-value r? p-value r? p-value
0~-5 0.153 <0.05 0.028 0.378 0.477 <0.01
5~10 0.019 0.464 0.001 0.859 0.080 0.130
10~ 20 0.057 0.203 0.080 0.130 0.138 0.043

FR 0~ Scm LT, FEE BEAFEHRA/N (o) B98I0, 3R AG SR STN S B () BAMELERY

BRXSHWTF .
X A BE SR Py BB y =2.6591 +0.0782x(+* =0.153, p <0.05)
Xif HE A BE B ity 4% y =2.3121+0.0251x(r* =0.028, p =0.387)
X 7\ BEIR SN ER y=2.2654-0.720x(r* =0.477, p<0.01)

MU EELBBRFREOAR, RREFREAMGEE D EEENRI B SHNET,EZE 0~ Sem STN % #
ARERAMEEESEFNARBE  EARIAZH SR TAAR, MEAERIER ZREREBE,
ZriR ARETRAEERS EE/DMRGIILEARRNAEAET,0~5mERE SOC 5 SIN FEAEENR
RANEXAEEASES FEARRAIGWERTARAR, MAEEARRINETFHRE FTRBE,
2.3 FHEENARREE,EAHBATMAM FAF(EAG) N T ER ARBEEENHE
HEMBHN T EEEENRRET EATER LR B4, LU R M BE5 N B AH XT T 4078
WEEREE LR B —BRENRHRATE HAIME SOC(E STN) B 2 18 ; K M A BT X A X T A BEIR
HBEHEEREE LN F—RBUWEABRNEE S BB % SOC(H SIN) W EH
2.3.1 HEAFEHRNFMEIT T SOCH SINKERNE HEEARENOERE ,/HHE8JLENERA
WM A F L ERENEEBRE, RE0~-5mEXR SOC 52 SBRISEEHAENFARHBE(p <
0.01),Ti 5 ~ 10cm, 10 ~ 20cm B SOC 5B AHUELHE (£ 4),

Fa4 MAHRABATHESOCTH SIN KEBETHRMEALR
Table 4 Results of linear estimation for the analysis of the dynamics of SOC and STN enrichment of in-shrub relative to out-shrub

0~ 5em 5~ 10cm 10 ~ 20cm
A& Variable S0C Fm STN & S0C & $TN %R $0C # /R STN &
by SOC by SIN by SOC by SIN by SOC By SIN
WERY 7 0.858 0.406 0.069 0.097 0.001 0.000
BEY p-value <0.01 <0.01 0.160 0.095 0.845 0.990

T AREIRER 0~ Sem L AN THENEEBEERERARRK/DEMBE, RA - KlLS
“WRHA S AR TR RIS BRI T — R 2R . B B R RS B A B R (2 ) BTSN
BT FAMRS LR RENERERE () SR

BL soC £RA y= —0.0077 +3.7063x - 0.2155x (r* =0.913, p <0.01)

PLSTN ZAR A y=0.2342+0.2412x ~ 0.0100s", (r* =0.414,p < 0.01)

PEHFBREET B SR BEE/ LSRR H ST R, REE L0~ Sem BARTRK
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EAAXE FAMRIT T SOC 2 STN BERE N B8R, BMBEHET LB ERE(p<0.01),

2.3.2 HEABEHRAIMX THEX SOCH SINKWERSE HMEEAKIMRE /DI ILEMNTTRA
HAM FHEN FHERRNEERE, REER 0~5cmSOC 5 SINHARAHENABBE(p <0.01),
5~ 10cm,10 ~ 20em/Z K SOC 5 STN A BEEAHE(F5).

£S5 EABRAPEINTAKSOCHSINKREEDHHEMERALR
Table 5 Results of linear estimation for the analysis of the dynamics of SOC and STN enrichment of in-shrub relative to edge-shrub

0~ Sem 5 ~ 10cm 10 ~ 20em
ARt Variable soC &R STN &m s0C £R STN /R s0C £ & STN %7K
by SOC by STN by SOC by STN by SOC By STN
RERY 2 0.858 0.406 0.069 0.098 0.001 0.000
FEW p-value <0.01 <0.01 0.160 0.091 0.844 0.982

HXWMEMABRIRER 0~ Sem LEANFAN TAG LERENEEREMEEMNBRNELBES, R
A& S KRS RE: KLU EBRAT KR, B, BRI RBEEEEARRK
AN(x) I, FRR 0~ Sem TIBATMX T4 HERENETEERE (y)SISNTRE:

Pl SOC £7 A y= —0.0064 +3.7056x - 0.2154x*(+* =0.913,p <0.01)

LLSTN AR A y =0.2388 + 0.2397x - 0.0099x, (+* =0.414,p <0.01)

UEFBRARBRTERAERER BENT R ILEARR A ST R, K0~ Sem £)Z L HENERA
WHISTF &L SOC B, SN R KW EIHE M AR M mAEE, HHABET EREERE (p<0.01),

RABHENBER A SMEB A BN & AR T EARS S ERERESHEEIRE S N Q71,21 «
118.12) mg/m® .(193.26 + 67.75) g/m® , 39 030 B FHE A BEER S (88.16 + 13.1075) g/m’ . (20.31 £ 6.42)g/m’c B
ROENTRNFATRIEVEMBEYNRESHETAEDWRE BH, ML TEABRIEMEH £
BEAYBRURCBHOHEEDNTE  UREARRIAEDES O EAERBEMEE, SHTRE 0~
Sem KGN TN B E BB RET AEHHIR
3 itig

TREEFREAFRRAIBRT A TEAZEHNMPBEREME, XRAZWEESRENET AL
S . HE AN S8 5 AR IR K A R A A9 £ B O R, K R T B I e RGR 1, IR
P8 SRR i 4 3 L BB 58 7 5 B A B AR R R /D B9 B A BE SR, B TR 5 %t e e R BT R B R b R
RO BHEETTFEERE T 8D AMIIR L EHR ARENSMRRE Y. ARERRY EXFHR
LB AT 0~ Sem.S ~ 10em 10 ~ 20em =4 HHEJR R, S/ JLE ABESR A X /DR E F A 5% R’
WHRAZEFRENE RN, FEAXFHRRAEREEABE G Gy BT8R, 35527 0~ Sem THEE
MR B NIREL, W T 0~Sem 2MEL)Z S0C 5 SINTE, BE/NHESLEARL A BT B, EIEE
ABRRATHH SR G EEM, MAEAERSIHE B ERK, AENEIYAETEAIR, AHFE O~
Sem #)2 1+ HEHE PR BRI X FAMEE (B4 ) L SOC(K STN) R BT H M AR R EEAENEAE &
B IREE (p<0.01), XRUAENFHBLHERP,BEE /DG ILENABRY R, E5/# 0~ 5em LR
B/ARESOCH SINEHFRMER—FMARMELIE, BRAEAFHRAERSD, SEARRMEXHDIR
B AREZHAEREANEE, TEMEEA B ST R, X R L 59 IR 1 %3 8 5 5
BT AT ERERAERUEFRINT REEBRT LB AR RS ARG R N AEEE
FUBAER " o I BT R T 06 T8 SR A P WL 1S D B R A AL 5 /N R L HE U R S e
B R 2 BNTEXR RMAELED ™ SRR NEE B E R, 5/ k48 08 LR A SEHE %8 AR
B BR R R BN, FRANESILENERRASE T ETRERASRETHERRERR
BEEM, ‘
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