T
pooo http://www.cqvip.corm
3

H26 B3P *® ¥y &2 i# . Vol.26,No.3
2006 43 A ACTA ECOLOGICA SINICA Mar. , 2006

HIBREMRBIRFERKSZHAERBE

® R K AT, R

(1. BXEERH LB AAESERE, R 1000352, PERERESHFEATRPOREESEAERE, L 100085)

WBEAXRIEFRIREAREL HEMLHAAREELIRERNEERR. ERKILERTRH/IRERET 82 MRS, BE]
iﬂﬁifﬂ*ﬁf’ﬁﬂﬁﬁ%%&,ﬁib‘?thBEKIﬁ"‘J:titﬁ’»"J}ﬂ&KIﬁlﬁm&E‘F:#éﬁE#&ﬁ?’ﬁﬁﬁE;ﬁﬁ?iﬂﬁifﬂ*ﬁ'—?ﬂﬁ
EERMARAMABES LA RFELAHET TEEM . SREW, AR LBHALBZE, tMAETREN, HA K
PP AN > TREH > 56 H > 30U > bkt > St 2 ROK BT R KAWL > TREH > BUK K > st
oM >BH, ERRRRME, T MEBRDEARA BT > WP > F>H E> P, WA R/MELD W
> EHSHT >HE> W, BETHRFRESTER, BEGEXB I, 5 -+ 905 | HK 487748 29007 35 517 £ 52 1 13
SF ERFH T REBSEABEREB CTIEMAX, LEKS SHEERRMLLR AT EMREMKX, B TEOEH
FREY ZREAENUM TR EMNSREERE BN TR KO FENFEREAOE RN, BERA, A —%
it

X TMEBRKS SEER BEBET; @356

ST NS :1000-0933(2006)03-0647-08 AR S ¥ F:Q9d8 X MARIRE : A

Spatial variability of bulk density and soil water in a small catchment of the Loess

Plateau
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~654.

Abstract ; Topography and land use types are key factors which affect soil properties variability on caichment scale in the loess hilly
area. Spatial variation of bulk density and soil water were analyzed according to different land use types and different landscape
positions, based on data from 82 points in Zhujiagou catchment in Hengshan county. Correlation analyses were carried out between
bulk density, soil water and terrain attributes. Finally, terrain attributes and land use types were used to predict bulk density and
soil water spatial distribution by multiple-linear regression analysis. There is little difference in bulk density among different land
use types, but there is a tendency: shrub land > grassland > terrace farmland > check-dam farmland > woodland > slope farmland.
For soil water content, that the tendency is: check-dam farmland > grassland > shrub land > slope farmland > woodland > terrace
farmland. The bulk density series for bulk density according to landscape position is; crest > flat > lower slope > upper slope >
middle slope. For soil water content the positions order is: flat > middle slope > lower slope > upper slope > crest. Correlation
analyses were carried out between bulk density, soil water and terrain indices. It was found that there is positive correlation
between bulk density and compound topographic index (CTI); There is a strong negative correlation between soil water and
elevation, and a positive correlation between soil water and profile curvature (Kv). The regression model is precise for the soil

bulk density, but the variation is rather large and there is a more smoothing effect on the predicted values for soil water.
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TREUTEROERETERAMIER  RETREMER R WE £ HAFNERSEN, T
MU EREHBA SHSHRESEN, HFTNLREREAEZEREREIRHSETREL B G -1 K
BARBA . UESEH LRI EARRRESBESZANES TR LEEATRE—HFE, B
TREREHRIL, UENTEEESHEENSARUER

WEREWH T BRI EERR , ARER IR RS MR W AR T ERRZ— B
HEHTKGRURYMEE. AFREEERERARGE RN T ER T MR R BOWE KX &%
MZEMER, B TAURBAXERCHFEER, B, BRBE T ZHNATHERERER, 32
FF 4 4 AT 4 R o A =5 R 4 A -

HIBFEHEER, MZEMARES TR, LBREZAERBEEX  HEAL4GFRZ LA AMLE R
ERWY, AXH AT SRR, RRTHXHBEER, AR L HA AR FRRACERBEEE
EXNTREENRR S KENREW, ZRSHRRFATRY, MBI ZERESRERE SHERREREH
BHKE
1 AREHA

BFSE X A FRR P 4L 38 1L B AR R MR (L& 37°56" ~ 37°59', K& 109°21' ~ 109°24") , T B 11.3km’
KIS BEAETRREEERSE,FELEE 8.6C, F15 A Bt Bk 2815h, BB 146d £ FH , 4 V- B MK
B 400mm ZH BAKERFET~9 A%, FRERK, BAKHMBEERE, WEHAE KRNI BEURRLAE,
TREA, MR KEMETE, WA BREEBIRRR, B SRR, b R A L3 8 B8 L0
M E AR FEARAR A T RN BB RERVK, EREYRMAE BTF (Panicum miliaceun) |
EXK (Zea may L.) HHR (Sorghum spp.) B G ( Phaseolus valgaris) \+ 5 ( Solanum tuberosum )% ,

2 MRAE
2.1 RS

i 35 B 5% ML 48 BT 7 X 3K 2000 4F 1:1 J7 B B, BHCF b B 5 Sm B BREEE DEM, FIF 2004 454 A
Quickbird R (2 EMEHIE) B AT BWMBIF, 455 FFSM A2 4 AL L 3R FEUR B, /N R A4 13 ) T 2
RISy B B8 B U B AR A R Ak 6 28, P Ul 35 — i S Vi, BIELHAA, SEH
B, BT GIS THH UM E 100 MEA, ERERSLT, MATFR G ENTARESRE, F
2004 4 8 A AT ANV RAE KR GPS AL R B 5 L R AR S — B, HiD R LR A R 84T, B0 ~ 20em K
RELR.BMEAREIRER. ATHOBKSEROE W, XX SN RN —RA TR, FER
RTE3d WEM. B TR EFAFRE, BESL R MES BASHILE 1, tREERAFT
EWE, T HEKERABRTENE,

2.2 HERBESINHE

P RYERT AR > A BERBEEMRAE (RES) R, BB UF A28 & AR M DEM EEiHHE
wR MESHERETUAAELREEIHEEERS, HTURBRE R DR — 552 3B 02 0 ERE
fE. £ GISFET ,FIARAGR,EE DEMBEFHBMIER, EZESHFER T REEX TR, &%
B REFESR .

Eﬂi}%ﬁm—ﬁﬁ(h),iﬁlﬁ(ﬁ),i&f'ﬁl(a),¥@%¥(Kh),%'lﬁ%$(&);

EeRE—E4 HIEHEE CTI (compound topographic index) LT BN S35 8 SPI( Stream power index) ,

R m HRAEREA TSRS WER AN E SRR E A R—FIEER (), IR 4 7 B M 0°
(E4E) B 360°R B8 PHHEABE THAMKEMN R, N EhREBERET LR BE, —EXF
KAMFARYHEBIBEEEEE W,
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BRI CTIIRFR A 7 18 B 48 30 AT
B4R SPICARFR o9 e 58 B 18 3O B RIERF 2 R
FROMARYEBRNARANGSHERE, EBMAT
R—pERfRT R E, 2HN L REEERT RKE
B, HBARR:

CTr = n(-2%)  SPI = In(4e + tang x 100)

tanf
A EETAKRAMMEELRER, TEL
ArcGIS TR Ui 8115
BB CWEE), I T BRDER 0,3 TN B Legend
O BRI M 0.0 S
FXHHRER T CRERTESF RS [ #3% Boundary
W & B o2 4 B RS 7 SPSS11.0 E5ER. 1000 500 0© 1000m
2.3 EREEFBHRR -
M 82 A E s BOHE BE AL B 20 M RE PR M IR IE B B NSRS R
EEBIERK 62 MEABEFEMEATUER, & Fig.1 Distribution pattern of sampling sites

A LERERERACE j R KR RAE 2, A THE ¢, AT AP TS 8 LR R RN
¥R 2 (MPE)FI 3 77 R IR 2 (RMSPE ) R P4 BB 4, MPE 1 RMSPE ()3 B % 40F -

MPE = L3 (5 - 1))
=1

RMSPE = |+ (5 - 2,
i=1

He n YRIEFBEEPRBESN TR, MPE ZBTHWAMRE, XN FTERBAMEENBELET O, KMT
FWES FTRMTREETUNEREE . RMSPE R T KT8 B, FE /MR AT, BB T T 00 4 0 1 ,
RBW % R R RE ;
3 HRESH f
31 MREBEIEBFEANRR S KENERG I ERE

MEIATR, TEEBEAT 1,119~ 1.424g/em’ Z 8], FH5H 1.261 g/em’; LIME RS KBEHLT 1.176%
~8.726% 2R, F¥ K 4.314% ., EREAY C, RBTHESHNZTRATREE HrREATENERE
B, —BIAN,C <01 HBERE0.1<C, <l HPEBRE,C>1I NBETRHEY . NERREKRE,
“HESHMERFAK, FESKEEREMNER, /PELR. 28HEE KSHBER, —EHFAESHTA.

£1 THERTEREKRAEXGHRBE
Table 1 Descriptive statistics for soil bulk density and soil water

N

ME & V-4 {E ik 4 BME BRM HE PRz TRER(%) X5

) em Mean Median Min Max Range Standard deviation  Coefficient of variation
%% Bulk density(g/em’) 1.261 1.267 1.119 1.424 0.305 0.080 6.327 0.619
R SKR Soil water(%) . 4.314 3.930 1.176 8.726 7.55 1.939 44.958 0.747

3.2 ARimMARRAMCE T REENRESKEEN

321 ARATHAATRAENRESKEEN R2.RIMHNRBRTAALHAMNATLREENRES
KEHEL NERRICKE ARLHAATLREEERE/D, RTHER, AP RUAMKER B/, 5
HEH, —REFLRAELASTRE/N, TG T/ MRBIBED FREF BB WTE . FERAR
B, A AN EREEAEELR, HRARE AR HAMALREERN K/ DRE N, EAKM > FKE
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> B > MU > B3 > BBk, SR st TAHEROK IR AR R, B R L AR L TR B
16 L3 R AR D, BARIT EARAR , BB MM L AR R R B iR Mkt , K B R A A BESURR AL, AN T IR,
BAHHAEGLEE. NEEXDIGRE, LA RBE w5 A L i, a0t 3 8% s i A E B Do
TRABEAR LA ALY FEERZ AN RER,

£2 TELHHMATHEREL (goen')
Table 2 Change of bulk density in different land use types

TE lem SR B HE 1 b &) AR TR
Slope farmland Terrace farmland  check-dam farmland Woodland Shrubland Grassland
-4 {H Mean 1.230a * 1.287a 1.267a 1.264a 1.296a 1.289a
¥ Median 1.217 1.279 1.261 1.267 1.289 1.291
B/ME Min 1.119 1.195 1.256 1.135 1.175 1.160
£ K AH Max 1.335 1.383 1.278 1.369 1.387 1,424
## % Range 0.216 0.188 0.022 0.234 0.222 0.264
$R#EZ Standard deviation 0.068 0.133 0.011 ©0.079 0.095 0.094
7% 5 R ¥ Coefficient of variation 5.549 10.329 0.868 6.241 7.330 7.278

« 18D BE LB (p <0.05) , R FREXLEEMHER Values in each row with the same letter are not significantly { p < 0.05, 1SD) different among land nse

ARLHAA T EFRSKENEFBERNERAYERE, RPELER KT LUAMERRKR, FER
W F AR AR AR A R RS R SRR /N R . 90 > TR > AN > W > st >
B O AR X B B 1 ERRE A THAHW, R NER TRARLEWYEER , BRENERT K5,
i B — M BT MR R, R RFHRKEES Bk S BN, MBEERAR, RESH
RERFERFEBRAMER, AT LEMNBLANHEENRBERAR, usER L TRABEM LB
Koa AR, —f, ZEEEPEFTRR, REAMARE, FRREBRAT - F4EEE" . &
Ko FITEAR SRS AR XY LU B , KB R AF, R R E AR L, S K RN R . WAk B T8
1%, B8 AT JLFRBA, KE—B, AR NGBAMNE, HA TRERSEERW, SKERM; oM, AT
PREBEHMEREY, AFFREFK, 2R AR RREMROEERE REKBRK, RSB AL ®
RE R 2 — — B 5t R 76 B 1 7 R 0 B K St ot bl e 3 o RO MR ot e, R ot ) SRR K BE R AR
g MR E A, — B RN, KT — B, RABRERFEREW, #HE KO RE, RHE
BT RER, SRR BEEYERNER, EWRDHE, ELYBR P RETERRRT X~
2 ER KRB, AAHIERRE , B A A+ AR BB, Rk R, KRRk
B AERERBAAEE, N FREEEEHERERE TRE - MERMET.

%3 FAELHANATNERSKBRENK(%)
Table 3 Change of soil water in different land use types

B hem WA  H 1 H Ao WA SR A TR
Slope farmland Terrace farmland Check-dam farmland Woodland Shrubland Grassland
3 {H Mean 4,275a * 3.037a 6.053a 3.754a 4,383a 4.906a
¥ Median 3.931 3.037 5,963 2.486 4.263 4.438
& AME Min 2.093 2.850 5,076 1.176 2.756 2.455
BR{E Max 7.936 3,223 7.121 8.726 8.311 8.248
& % Range 5.843 0.373 2.045 7.550 5.555 5.793
FR#EE Standard deviation 1.580 0.264 1.025 2.801 1.864 1.912
4 5 B Coefficient of variation 36.957 8.686 16.941 77.009 42.528 38.974

*1SD £ H HhE (p <0.05) , MFFBELBE M ZESR Values in each row with the same letter are not significantly (p < 0.05, LSD) different among land use

ERRTHAARET L BAFENRRSKEYE —EMER HTEHNEH, AR RAERR
FREKE, FLMARLBZEZERIFAEE,
3.2.2 ARAIRMAELEYBHFRL FEFARE, ARMORNLE L WB A FIFTEESHE
ARYE Brubaker R/ E R AL B R 73" GATSMAZ IR EL, QA F BT (EER M WS 3 L.
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P T R T (SIS MRERIBRAER.

EAFRBERUE, T RFERRAKX BTHERME (R L), TREFEEFRBNAMCE ERRDMRFR:
BT > W > BT > E>Pdh, FRFERANRAEERR BTN L FEEZRMMRI LIRS 5
SEHE/AMBE, MEEHEMEZT L hRYEEBER, FER/D. Wl T, B
RO, L WA G AHE, FEER, WK THE, SAEAR LA ARR D REETMEL, REFRRRE
Ak, FESWEAFMEGHE FFRETZEERBHTEEFAT HEARABAZE L HEFEZRT
B,

24 TARAURTHBERIEL (g/on’)
Table 4 Change of bulk density in different landscape position

ME Lem BT ¥k i BT FOR )
Crest Upper slope Middle slope Lower slope Flat

3 {4 Mean 1.344%* 1.243 1.223" : 1.250° 1.267%
Ht ¥ Median ‘ 1.343 1.251 1.208 1,213 1.261
#/ME Min 1.290 1.119 1.158 1.135 1.256
B K {H Max 1.422 1.320 1.304 1.424 1.278
1 2 Range 0.132 0.201 0.146 0.289 0.022
#r¥E 2 Standard deviation 0.052 0.062 0.053 0.093 0.011
AR R Coefficient of variation 3.848 4.984 4.305 7.472 0.868

*LSDE BB (p <0.05), R FHELBHENER Values in each row with the same letter are not significantly ( p < 0.05, LSD) different among
landscape positions

 EARARMLE, tWABSKREREFEER, R T REER, M LR RS KR K /DRE 0T
W>EF>HETF>HEE>HTHERTBRBRER=RUBE=RLE" BT HFHEANKI KRR —,
EERATFHRA,TEMEBWABRTEKBA DA A B RUALE K5 B, Bk 7E 8 0% 4 55
B, B T &k BB R, UMW PSR, b, TS AR AT 3 A, SR AL A K
FHIEHT R R, RS AMERX— RN E ERR AL HAR BRI E , AR L8R
T8 25 R 5 O SO RS A T T H S WS KR, AR, R
iR ERFEW, K — RIS T > JPE > W EH . APFITR IR FPALE L
THASBA, XEREREHNFREEH—HY, BRARARUCE L HRESKEFE—EER B
EMNERA KAERNERHARE, THEREH TARBKUKET ANEFBA,FIUABNERARE .

25 TEAMAGCRENEREAKBEL(%)
Table 5 Change of soil water in different landscape position

PE Item BT WE i W SRS ]
Crest Upper slope Middle slope Lower slope Flat

Mean 3.188a 4.307a 5.298a 4.328s 6.053a
H ¥ Median 3.0711 3.312 5,700 3,930 5.963
H/ME Min 2.008 2.003 3.895 1.176 5.076
BAH Max 4.438 8.726 6.513 8.248 7.121
% Range 2.430 6.633 2.618 7.072 2.045
R 2 Standard deviation 1.000 2,348 0.936 2,360 1.025

B R Coefficient of variation 31.358 54,511 17.660 54,517 16.941

*1SDEHEILR (p <0.05), A FHRXLEBEER Values in each row with the same letter are not significantly (p < 0.05, LSD) different among
landscape positions

3.3 THMEBENER S KRS HIPHERACR R EE N ,

WY R T AR E RE DA, AT R MR o R RBU BN, 2 B MEE R LR
BEKBHITHEMIN. ATHEAR-FBER, FHMHREZ AREHRTESR, ERFHFHAEE
BN BTSN, ERERABRANEE, RARERTHILHNEE.
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THAE KOG SHEREOEXITERAE 6, AN RALRAESESHMBIEY CTT EHX, BT
EAMERBESHRTCRNBEEAX, SPNERAXNIRT IRAESHRIILRMEENRR, T REE
SREMBHEEMXREARE . THAFSHERBTHOHEXITEN, LRI ESRBERAMERXER,
Gt A RUR A TR B F K ; — MR UL, BEE BT R, Kook, KBNS, L BKWEERN
XA R SH A B MR, R, LR TN ST | B £ K S0 R MK A, 1
7K 53 F08 [E ofy BR IE AR K, BT KU L R W Bk — M E R

N6 TMER. KD SHARBELIER
Table 6 Correlation between bulk density, soil water and terrain indices

3 B COSa SINa K, K, cTl SPI
25 Bulk density 0.185 ~0.089 -0.034 -0.010 -0.236 -0.148 0.427** 0.052
& KR Soil water -0.462"* 0.009 0.199 - 0.046 0.327" 0.038 -0.023 0.008

* % FIRFE0.01 KT L BF Correlation is significant at the 0.01 level; * FRFE 0.05 /K £ B F Correlation is significant at the 0.05 level

SRR ABMEROKSNETR, UMMM MEREYEER , FESEE LA ARRNER &
AR LA ARRENBIEEEHTEAMT , RABD RTOTEATIE, STEEBRLEN
SERWT

BD = 1.149 + 0.016CTI - 0.01Kv R* = 0.40 (p < 0.001)
SWC = 28.866 - 0.022h R* =0.213 (p < 0.001)

HP BDRFAIWAE , ZETRLEUZ L REBA S AEUNBTENE AR C1r fod & 3R
K,,R*=0.40(p<0.001), NIZF B FT ENTERRKE, BRETFHFMN 0.168, B 1T 88 3 B E M MEN
40%;SWC RARTBMAREKE, HREKMFHARHBEMYIEHR b, R =0.213(p <0.001) , NEFTEBHTF
EOERKE , REL TN 1302, BHERN ST LHMBER 21.3%.

O FLM{Y Observed A FAMI{H Predicted

& —~
E 200 £ 800
3 o E 700 - ©
2 15 [o 6.00 | ° o
a ] = . 00 (o]
§ ga AARQQG‘“WQQMQ 3 5000 ‘A‘A“ A, O,
E 1.00 - b ;.gg a0, o%a Aa a4 “
.00 |- 0 00 A
W 050 [ - 2.oot o o 48
® ® 1.00
!‘ 0 1 1 1 1 1 J "H 0 1 ) 1 | Il |
+H 0 5 10 15 20 25 30 0 5 10 15 20 25 30

B2 TWESTRAAR R

Fig.2 Comparison of chserved and predicted value of soil properties

o7 36 UE 35038 4R 4 4 B X + SR A 2 R K 40 TR AR 2 R T MR M AT R 00, B XM A BEAT IEE
P MARENTN SR BN EAH, TR R 2 ( MPE = 0.009) #1977 18 ¥ i8 2= ( RMSPE = 0.127) ¥ 1B
/I T - K 4 T 5 SR AR R A 2, B M AR 2 ( MPE = 0.065 ) Fl 35 75 AR i U {8 2= ( RMSPE = 1.362) , 53X 5] 88
SRTHEREEEX L RAELSBH, AMALNMAERERE., BOAERIESES(F2), F ks
WBER MG RR, FUEES — NP ad, MR BR AR, F 5% 2 A7 Hm S T s,
RETANEE, EHETHE—SHR.

4 HigHitig

ERBRARLSZRIBESAER M TERURELBYAS FELBEERNE LR LM, 7
Mt RBUEZEERREFEREH L HFREN AT RFE L HA AN I EEARTES. FETRREH
ERURELNERERAIYUNGFLZESTRAEZ -, 1 HEAEIHFAENESREHE, HEL
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FwipFAMESTE. AIRSE. ZHMNA RRCENMBEREHXAFESEFSTR LI ERES
B AR5 B A A ARAE S FAE S B, AR S R T OLH ™ A4S R 3 £ o ) A8 AL 7 1 3 B e i
Em™ EXEE,

MERA AL RENABLTREEERAR, NBERME, T HKYERER, HFEER, BRER
THOKAEBERRME, BREAITHERRN  EEELBASHE  RREHESEHKIHOES B
BER, W B TRERENEERXRSERENEN, RERELRKSRE REMH-ARERK, X
SHF HELRKAZHAERER. BARRIRHNEARBRURFR R E LRSI ER, RRIEH
MRAIENFRZLE  WETE2IENER.

SRR BEHEYEREHLRANREER" BESRERERARERE LREXRWER,
BRoTErTE By /i B R B — N M t MR R B REE ETRR L A A EEN
BH. ERRERNME AR LBFRARYEN T LREEN KD EEEEY R, ZANHEEENERZL,
RAM—EHAEE  BFZMTENA, ERETREFELRR LRSS, F LA RARBMZ A LR EME
Fo AARNUMETREBERAKR BHEIFRA ETSH L FHPRETZEERBITEEKT,
HEARBEAZATIREBZRFAEE. EFARNVE, tRFESKBRERUAREXN,RTHEER,
RUEEARRUCENERIK. BEFEMTRA, FHAZRHAAEE THREATAREKMLET .4
HERBK FUABMNERTEE, _

W RMRIBNREERR  BRFLBEHOER ZREBRALERE KD HRYEBENHE. {
T I 14 B LA 20 1 R Bk VL B AR AEE , R bt T R Bk SRR AR E . MBTE R A F IR BUR S B I B AR e
BUBERES LEERZANKR. HTRALBAESESHEEE crr EMAX, MEMRBT L8
FESHRLAMEENXRR . TRKPERBERAMR AR, A EHREMRRX, BEERS TR
MEBAKTHERDTAN—ERELRBRTENER RRSBEMTRE K FIRYEBHEAL, B
ME, WEERES L RBENERERK, ERTHRAE, STHRSEHAREX, RELRREEHKEIER
THERFEHOEH, AHARN” ERFEROMRETE B SLHRENARSHEERWET
E&

ZEHNERTMLHAARE, #TTETEREZRSE R T, 25 5 L 0E B+ POKL# T RS,
MERSEHMBEIERERRIEERRE, N TEEERB/NY LA E, BREE TS ER, M F L8
KA HMERNEERE, FE— PR, N TREBEANBEME, AL - SWRUEFHBERE, X
FEVAST, R YARMBH BT LAERE, IR AR P K O R 8 B0CF st B B8R o 3 R A SR8
AR THREBEEZNRE. KM, BT LRESFFHREZRENE L RFRKRE B RBBIRFERE,
RN EEERBREA KALH,
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