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and 20 —40cm depths of three different successional stage old-field communities, Artemisia scoparia( early stage), Stipa
bungeana( mid stage) and Lespedeza dahurica(later stage) , were analyzed using geostatistical methods. The correlations of
aboveground biomass and total nitrogen and phosphorus at different scales were computed using partial Mantel analyses
based on distance matrices. Moreover, the variations of aboveground biomass were partitioned into community space process
and environment components (including soil nitrogen and phosphorus). The results show that: (1) total phosphorus of the
three communities has relatively larger spatial autocorrelation coefficients than that of total nitrogen. Total nitrogen of
different layers also has different spatial heterogeneous extent. The variability of total nitrogen in 0 —20c¢m ranked as; L.
dahurica > S. bungeana > A. scoparia, in 20 —40cm: S. bungeana > L. dahurica > A. scoparia, so we infer that the
variability of total nitrogen in the top layer increases as succession occurs, while in subsoil , the variability of mid-succession
stage is greater than that of earlier and later succession stages. The total phosphorus in both layers also has greater
variability in mid-succession stage and smaller values in earlier and later succession stages. (2) Aboveground biomass of
the three communities has different spatial autocorrelation coefficients , S. bungeana has the smallest value. The variability
were ranked as A. scoparia > L. dahurica >S. bungeana. The partial Mantel correlgram of A. scoparia community show
significant positive partial correlation at the small scale (0. 71m) between aboveground biomass and total nitrogen and
relatively good negative correlation at the small scale (0. 71m) with significant correlation between aboveground biomass
and total phosphorus. For L. dahurica community, significant positive correlation between aboveground biomass and total
phosphorus occurred at 7. 07 ~20. 51m scale, small scale (0. 71m) also has great positive correlation. No significant
correlation was found for S. bungeana community with either total nitrogen, or total phosphorus, (only at small scale, the
value is relative great). (3) The environment, i. e., total nitrogen and phosphorus, explained about 19. 59% of the
spatial heterogeneity of L. dahurica aboveground biomass, 2.75% of A. scoparia,and 1.95% S. bungeana. The space
process accounted for about 5. 42% of the heterogeneity of A. scoparia, 1.79% of L. dahurica, and 1. 16% of S.

bungeana.

Key Words: Loess hilly region; old-fields community; soil nutrition; aboveground biomass; spatial heterogeneity ; Mantel

partial correlation on distance matrices
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£1 TEEBFEE 0 ~20 7120 ~40cm TRL FZMLBPEGIT
Table 1 Summary statistics of soil total nitrogen and phosphorus in 0 ~20cm and 20 ~40cm depth of three different successional stage old-field

communities
S BEEBHRIE A. scoparia KEERIE S. bungeana B+ 8 B R T L dahurica
e 2 e 2% 2% 2% e
Total nitrogen  Total phosphorus Total nitrogen  Total phosphorus Total nitrogen Total phosphorus
¥R Depth(cm) 0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 0~20 20 ~40
SE35{E Mean(mg/g) 0.037 0.031 0.049 0.048 0.038 0.030 0.055 0.054 0.043 0.055 0.029 0.053
AniEZE SD( x100) 0.50 0.24 0.30 0.31 0.53 0.47 0.18 0.20 1.07 0.40 0.19 0.18
TRRBCV 0.135 0.077 0.061 0.065 0.139 0.157 0.033 0.037 0.249 0.073 0.066 0.034
H/ME Min(mg/g) 0.28 0.25 0.4 0.43 0.30 0.20 0.50 0.50 0.25 0.22 0.50 0.50
BB Max(mg/g) 0.56 0.36 0.56 0.53 0.60 0.40 0.60 0.60 0.66 0.41 0.59 0.58
1R JE Skewness 1.97 0.4 0.27 0.060 0.79 0 -0.71 0.36 1.21 1.03 0.39 -0.01
1% 8 Kurtosis 5.34 -0.09 -0.67 -1.23 1.76 0.90 -1.5 1.87 0.60 1.20 0.85 -0.61
EARBN 59 59 59 59 59 59 59 59 59 59 59 59
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B2 ERpETReR SRS BIE A Rk 8 5 i 4o £
Fig. 2 Isotropic semivariogram of soil total nitrogen and phosphorus of abandoned old-fields
AMBRFHEEERELANMEPPERE, C f1 D ARKEEFHELEANSBERME,E M ARELENRTHELANLHRER
L B PO E=ARR0 ~20cm FT7EME, X5HFK 20 ~40em I 2MH , LEAFK 0 ~20, BLAK 20 ~40 2 T7 EREEIH0LE
A and B = Semivariogram of total nitrogen and phosphorus of Artemisia scoparia, C and D = Semivariogram of total nitrogen and phosphorus of Stipa
bungeana, E and F = Semivariogram of total nitrogen and phosphorus of Lespedeza var. dahurica ; The solid upon triangle = semivariance of 0 —20cm,

the fork = semivariance of 20 —40cm, the soild line = fitted line to 0 —20cm semivariance, the dash line = fitted line of 20 —40 cm semivariance

hitp : //www. ecologica. cn



15 Fhig & PRI + R RIXEFHE RS0 S LAY RS R 17

5, SEEEMEXNEMER b € ChER BHRRERER, TRE-NEENERSHY, EAHT
REDLEEE SR L AR RE, FE2RN, 2 BRI H S A 8K, BE B K T AR S Z A
R aMkts, BEEHSHREFEZEE X M 2,04 C Fx, [ Gswin7. 0 BT 5R 728 5 R EE K
RS AN EE

1.3.2 i bEAEYE 'ﬁii%%%%éﬂ?t SH R ERR

BIOE T SEA B A N I = R B R N R AR ( AR B L= AT =48R , e8I E=A
T =AEERET SR —MT R RS &, R E X BRI E 1T M & TGS A 1T, 15
FMHR RPN B ZE K, EHTBEEREE, Mantel 2 1 T —Fp X340l 205 B3 45 M R] AH O M 61T B & R
IR, WAE Mantel 3™ . FCRBR B E ZRBUB R T , 7 4 —ANE R ) R A X BRI, 7E
XANBREM T A — X REEREE R A€ BE KA T 2R E R E D A HERR
RS2 FRIRMIE FHE, 40 RT3 R 23 i 48 P 1B HoAE ¢ R BOK T i%ls FUE , BVHEBR TR, JE ) 2 .3
R . TEHITMAERPIE, SRARTT AL, REER R EE &AM T NS08 B 317K
THHEK . FIF Mantel fiAH X PTRRRE H T BA BEERRE R A LAY E RGBS R R EAEY

BT RHmREE"

%2 Legendre Fl Lichstein Gy (s R B AEFT 0 ~20, 20 ~40cm TIESE . 2BS5H
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2.1 BRERELESASSBEHRRNG

TR X IBABEREERE L3 MEE P T E2A S EEMEXRESBE/N MR T ELBSENE
6] B AR X BT (B 2 FiR 2) . B2E &8 B, I 7 /MY LR RERAITT
B REABCRERENSH(FEL), B, 0 ~20cm HELRSENZRBEEEI/N Y 52 BT
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WAl 2) , BIE B AR AL0 ~20cm THIRABAEPFE 2. 56.,30. 99m #1 13.67m TN EA W BH=HEE
FE M 7R FR 2.99.29.62m 1 8. 51m 24,20 ~40cm + i 5t B BA B 5928 8] 5 AE 250,

e T2 SEREGHEZ MR AMARE L3 #fFE D RS BN S HEERHREIEER K,
BEE KEEMRSHEERFEHEF 0 ~20cm 28BS EHEIE RS EMRZSH & B SRR REN
5.4% \4.9% 1 1.4% , th 23 |6) B A 6B A 23 ) S itk o5 94. 6% (95. 1% F198.6% , L EARILE 0 ~2. 56m .0
~30.99m 1 0 ~13. 67Tm KTEEI N, 20 ~40cm 2B EE2HMEILE RS ENIRZ S H K 0. 1% 4. 5%
8.5% , 23 |a) B AH KB A2 A F R 5 99.9% .95.5% f191.5% , FERBAE 0 ~2.99m.0 ~29. 62m 1 0
~8.51m FEEIN,

ML ELE R RS, KEERE R, HR VR SR TFRE  BERR/D. HHEHE
T e AR R E RXREE AR MM ERE R, R BT LIRS B B, O TH%.

2.2 BB AYE NS RN

BER KEEMRS BT 3 MEENH AR 5(76.36 £110.76) . (84.41 £45.46) F1(132.98
+46.37) g/m’ JEBERIE T HAEY BN, RTARE R K ZEREAE S, ROk & BA TRE, Kk
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SR, B EEREN A EEEF AT EAEE S EE, AEIE RS ENRE S BT ERN

hitp : //www. ecologica. cn



18 B & F W 8%

11.2% , &5/ 88.8% , F BRI 0 ~28.08m BRI, KIEEREL S B FRyEHIHE
RUER AERTEARE, HREVLEE RS E MR Z S B 5 B 28 30.3% M1 5. 2% , G5 24 518 69. 7% F
94.8% , FERIAEAS TR0 ~46.62m F1 0 ~19. 66m P,

£2 HEREEETIHEELRLE. £FMNE LEYENELTREREY
Table 2 Isotropic model of soil total nitrogen(TN) , total phosphorus(TP) and aboveground biomass of three communities

A
wE WA EREURE  pem g B cae e
Coummunity  Item Model Type Nugget( C,) Sill( G, +C) Range(A) determination (#2)
BES 0 ~20 &% (TN) Linear 0.026 0.026 — 1.000 0.168
A. scoparia 0 ~20 &8 (TP) Gaussian 0. 00051 0.0094 2.56 0.054 0.515
20 ~40 £5& (TN) Gaussian 0.0024 0.0066 5.28 0.364 0.240
20 ~40 435 (TP) Gaussian 0. 00001 0.0101 2.99 0.001 0.707
ﬂiﬁﬁ;ﬁz biomasg | C2USSian 940 8410 28.0765 0.112 0.485
K 0 ~20 £#.(TN) Gaussian 0.0196 0.0393 9.26 0.499 0.341
S. bungeana 0 ~20 £F5(TP) Gaussian 0. 00072 0.0148 30.99 0.049 0.751
20 ~40 £5& (TN) Linear 0.0232 0.0232 - 1. 000 0.208
20 ~40 435 (TP) Gaussian 0.00103 0.0231 29.62 0.045 0.697
ﬂiﬁﬁ;ﬁz biomess | SPherical 244 804 46.42 0.303 0.214
ELEHEBEF 0~20 £4(TN) Exponential 0.0151 0.115 0.55 0.130 0.016
L. deohurica 0 ~20 £3(TP) Gaussian 0.00113 0.00836 13.67 0.135 0.397
20 ~40 £5& (TN) Linear 0.0142 0.0142 - 1. 000 0.117
20 ~40 £ (TP) Gaussian 0. 00041 0.00485 8.51 0.085 0.716
WY& Spherical 43 822 19.66 0.052 0.589

Aboveground biomess

B 4 ARFERE L 20 ~40cm +ELR 2HSE

SERBEL EENRN Manel REXRUEILDE 5 oy
KF. MEHRT LR, BB MG R E o000 'S
0.71m XA REE L 5 bW BELEE, LRy w0 &
B, b YRR, KEEMAsREETRE KO i
A RE FE RS S ARG REXR T 208 00
B3, Q0. 7Im XA RE R REEM AYRSS I T T
BSARIERIT, B A R, L AR SR FIFBERS Seperaton distance (m)

%, AR HE(P=0.09) ££7.07 2 20. STm A B3 BREE EAEYERES R REENKER R hEE

L AGERRTHED LAEYRS T IEEBMRE 5y 3 Loopic semivariogram of aboveground biomass in abandoned

ZFHEVIImZXANREL, 2BTE5H EAYEIEM  oldfelds

HMEE A (P =0.16), EW Y FEBESBHE, L  BFIR KUSNERAREEEE. KEENAL DK

YRS TE 19.80m ] 20. 51m XA RE Figp  THERRERGIRDIE; =4 JrENER 3 ARE

RARERRERELF(P =0.22) A LAY BB | scopan;a\S. bungeana and L. dahurica community respectively; Up

=, TR B, triangle, rectangle and circle denote the measured semivariance of A.
IR1E Mantel {RAEC RS, TR MM AR scopana.S. bungeana and L. dahurica community respectively

ABHERSBRNEEEEREENEBRE(RER

BOWES fim, RS EAKTFHED, TEA BUEER LAY TEREREERN, B3 T
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Fig. 4 Partial Mantel correlograms of soil total nitrogen and phosphorus and aboveground biomass of abandoned old-fields
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dash line = total phosphorous
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RIS R E L) B A2 3F AR
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THELBESRBEEE S

FEMURY B, T35 S A AR =S
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fEFe&r Variation explained (%)
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Bs5 TEsFRRSERYENERTEL EEYR=RES
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Fig. 5 Explained variations in Euclidean distance matrix by Mantel
partial correlation into environment, pure space components
TEANFE R L RLRA S LR ENA  The total variation
explained by environment models is equal to nitrogen plus phosphorous

component

S IS SRR, TR BB, X S X R SN ER -8 . BRI
IR E F SRR IR B R B3, W DAE T, BER IR R R R LR, IR IR A A g 2=
Ak TSR AL, FUREE R AR A SR R 2 BORPRE RO BE LI >
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TSR A= AL R TE BB A i A (A A B RSO P S B 3R SR B ) SR AR AR Wl
2 CUNFIZK B R R MR8 ) BFE T o ZETEBRIAR B B SO (15 3380 20 B 2= TR 0 A AR X 48 5, S B PR
1%, BEE E B I PER A g AR Y B BOTE BURIE R 2 BB B B AR, 78 FR/K B R AR PR T, Rl M B 3
SRKINBRMEMRAE , FR7EERR SR LSEMEE S, DRF AR LRSI, FHKE
BERES REE IR ES . XERKEEHEARRR (20 ~40cm) = F5F R EERERKRE

hitp : //www. ecologica. cn



20 B & F W 8%

3HEEPHESATENSH EHXEER/D, MBS ESh BHXEER K, IHRE2ES2
BEENEREBREARN T BRI, 5 TWE TE, MBI B EE AR Mg % RE L EAR L2
¥any, R s A B AR ER/N, BETERERTEESRRNLE, Y E HEER A
BRTFHIELE, MAYSEN LELBRSEMERAR R, BT LEE:. ORREN LE2ASEARE
SHIR AR AHARESKTREN, XNEBERE 5L B TRE R B SR E S 2 R BHE
%, EFAEKEEREPRELESASERRERA, HTRRREE N K E B EAMERE, £ K
RAERZELEP AR LBLBRREFRTE, 3 ENE YIRS R R E R B8, WA R
RAVRM TR BRIRR ; QR GBI LEY FoR, i+ e, KR AHXEES KT HBERS,
mtELE.

3 FhEEE I AR B A MUK EERE RN, S EEETFRER, SRREHEDNIEEE
>SS BT > KEERE, KEERER/D, X 5REH S 0SR-3 BEEMEEK/NE IS
K, EIRER 1.2 SR T ERAAY, HE IRt 855 4 59 R 0 2 BGE Y, Xt AR BE S B #8 B A A
(preempt) FIEEH Y, Wik REEAMY), FERIE AT TN B, 3 8 MEBE SR 5 e 4% 4 51 T BB
BE, MAAKBEE. LR TRE—FERZEA/NMNER, KER T EEEH, 3 HER TR A3
Ko BEMHEEE 555 BB FHE AR R BN, LIRS, R 52 HiEp ik 5 BT
BV AR NAREIT BEBRZ , KEERE RN, MRS SRR EEE N GRR
BER,AN5.42%  HEKABSEBERAT, KEER/D, WUEH T EE BPEE A Sk Es
W EAEYENERHEREESUKEERENRMNR, X 5KREEMN FAYRESE BHEXEZEER(EK
2) , BAMC B bk 2 T 7 2 S BE B A0 25 (R R JB , X H SR A 2R R R R A AR R SRR RE W L R
B8 . BEZHA R ORISR UAMRE R R A0 1™, T4 Y78 i I 82 U TE AU 35689, ISR L)
VR T BLATOR R Y S S S R R AR A Y B S R R P EEY:, Bt A EEy e
BB a3 ) R A R R AR R RS . Bt T A B A A R UL 9 3 S - R AT S5 0 BE R
B T B BT A IR 1) R, A BV R B VRN TR RIS M SRR B B S R R B AR R B R R B R DR 3K

BAEFPR ; QFVE M _HAE YR A8 )40 A Xt & Fp AR A A A AR AR A RN, B 3R B
S BETE A ) B AR AR Bt AR A s @A SR 2 BT LAY 0. 5Sm x 0. Sm AR B A=Yy BB, X
R — R A IR IR R A7E 0.5m 24,

2316 S 20 HE4E 90 4R AT — MR I BE N EIS A", AN G R ESERPFERR
RIEHE D RR AT B B BR IS >, Achi EEYE S HRAR BEARRE LR
BARBERMERY, S HELERE, BB SE S ENRTFREM EAYBENMELSHELAXAR
FYL BT ERE P NIRRT SR TREE AR, MBS, BT 55 S B FREA
INRE XA BEY], BB ERE VAR, ik S EMATFNIEMX, ERARE L, 55 BT
$%(7.07 ~20.51m) 5+ LB RN IEM L, TE B EHRFE A HAEX(19.8 ~20.51m),

Y5 TR LR REYESEREN N BEENA, GREBAE KT BN E TSR,
WYAEYR 5 3857 5 R A TR A EAE R, Rt 38 5R 4r 5 e A B 1 25 JB) 5 I BRAE S — Wﬁ
BdLPE —Fb s R YIREE T B A, P B R I 454  h B Resh a0, H el &k
R RN TF B RERE EE MR SRR EA Y EEMEASENEENRN
7. RTEYEEESE, T 8R0SV A Y B 7En R4S B LA AE EAR R RV BRI R
BEENEEHEDEMZ —,
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