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Spatial variability of soil nutrients in wetland of Liangzi Lake

XIONG Han-feng, WANG Yun-hua
( College of Resource and Environment , Huazhong Agriculture University , Wuhan 430070 , China)

Abstract: Understanding distribution of soil nutrients at the wetland is important for studying the ecological processes in
wetland and wetland ecosystem function. However, soil nutrients are heterogeneous no matter in large scale or small scale
wetland . With the wide application of GIS in the soil science, the soil nutrient spatial heterogeneity has aroused more and
more attention in recent year. In order to study the spatial variability of soil nutrients in wetland of Liangzi Lake, an ex-
perimental site with area of 63.9 km’® was selected to conduct the soil investigation. 101 soil surface (0—15¢m) samples
were collected at October in 2003, on a 400 — by 400 -~ m grid. Those soil samples were used for the measurement of
organic matter, total N, total P, available N and available P. Based on spatial analysis function of GIS, spatial variabili-
ty of soil nutrients in wetland of Liangzi Lake was studied using geostatistics. Theoretical semivariogram models of soil
organic matter, total N, total P, available N and available P were spherical model with a sill. Soil properties varied
sharply, among which CV of available P was highest, while CV of soil total P was the lowest with the values being
50.4% and 13.7% , respectively. Soil organic matter, total N, total P and available N were of spatial autocorrelation.
The ratio of random variance (nugget) to total variance (sill) was 68.5% for soil organic matter, 68.3% for total N,
75% for total P, 71.5% for available N, respectively. The spatial autocorrelation of available P was lowest being
82.4% , no significant differences were found in the distance of spatial autocorrelation of these five soil nutrients, among
which the distance of soil organic matter total N, total P, available N and available P was 2906.1 m, 2896.3 m, 2853
m, 2963.3 m and 2890.7 m, respectively. The map of Kringing interpolation indicated that the spatial distribution of
those five soil nutrients were similar.

Key words: wetland; soil nutrient; spatial variability; geostatistics

W7 B 35 : 2004-08-31 5 U2 B A8 2004-12-06
ELWE: EXHLFBILERFHEBAPTE R,
e M fr: BEU9%63—), B WA BLoR4e, TEASESHETENESERERENARE.



5# RO, % RTFHIE M0+ % B R F 585

THENSEENTERE RABENSRE
FHARERRE FERENE L+
REWHEE, B 60 FRENAEERLHREM
BRELE, 28830 FMB H, EEBEBTKERE
MR, BFFRAITIEM Fisher MR MG 47T 8
3| Matheron $2 1 49 #b. 55 31 20 47 , 3F B BB BF 5T 4R
RMAFERZ P, 0 ERUGB, BERN¥E
B NRBTEH T - KB 2SR RE
BREMEHAE, ELESRERETEHT T HE
EHRET, TRACERME T FERR T HR
TREEERANRERENE; kAP ERA
WS EEAMXMSE 3T, MRKILKER
RSP N MERTR, RAAYERBENEH
43 %7 ¥ 4F ; Husson %[lolﬂ%ﬁmﬁﬁmzﬁwﬁ
FPRERERBRE LW HEFH, & L EYH
et RS B AR T oKL B S R EX
G BELU R A E B X 8 5
SRR R EEHT TS ET. B2, REEH
KUY, +HMENERBEK, PFEAR—-BHA, +H
BABAY— RARENSRIRRE. SHEN
BRI THEARTFHEB T RAES WS HERR
1iE, 98 AR FIIF R R L BBl K 3E

1 MR5ITE
1.1 RERHER

BIFHBHEPRMTFRILFE, BILEKE
T ARZ 110°20° ~114°23° , 36 45 30°11° ~30°23° , 18

HWE M 37946 h’, ZXBSE R, WE T, F
FHSIR 17.4C, FHERE 1663 mm, ¥ H B
Bt 20610, TR 270d. R LB FHE WL TR
YHERBATEY . BERKE N FEBS, EBK
EEMNT 16.8~38.9 m [6], K. F. L =TIk K, #b
HEBiE s, LEFEREREL KBL, B L
BEFREYE, BrERE., EEEBEAKRE R
% BE ATV ARE XQE,
1.2 BRRESHHHZE

2003 4F 10 A, R GPS & fr %t B F Wi 18 s f7
PXA—B 63.9 km® KB, LA 400m x 400m PJ#%
BT E S R 0—15em R &, B S B8 101
ANE 1, REFEREMALEELUE R AE L
BEBRImBEEARES MHERNEBEEERER
F.oqE&H

THEVEHEEREASEE; 2ARM¥EM
BYKE; 2BARR-SEARNEA HERLE
% EREAREY Bk ; EBBA 0.5mol/L kMK
SHBRR-HBI L EENE,
1.3 BiESH

THESNTHE. TFERERRBSEH RS
S5t 43t R G 3 4 STATLSTTCA 8, #4it
W R T 25 RO O £ R B R S oo
[12], #Git2¥ S BCR KM S-PLUS2000 5 , 4
HE 4R A ARCGIS F 4], HEZRBPHERE
ARBAEREHRENNE L REREELHE
W RERHEEN,

1 RERSHH
Fig. 1 Distribution map of sampling sites



586 EYWEFRSEN¥® 11%

2 RS

2.1 BMTHMFESTERER
BB AR HE R RN PO RS
— MW, TARAEE AR R R AR AR
TREE, PTHER T BEREPEIE.28.2
Be AR R E BT E AR K TP EMEE
ARG D, WHFESHF LM SHEEREZR
BEHFAEZWH, Lt P L2BEHERREENHN
137%, RKERERRR29.3%; ELERMEAN

AR RS FI R 36.0%F1 30.6% ; MABBEHESR
B8 50.4% HERMWBRRESR/NMEMHE
46 1%, HRETHAN, T HERBMOERRER
B ; Chien E MBI E I, 7£ 2.5 km x 4.0 km X
BN, L EEBBENERRE R 19%. HA
MR AR BECK, HRE T 88 R 5 H A A
JBER XK, GFRSHE AR B KB 13 FABE AT , T 30 5 .
BEMBAREIE, #5 LERSHAYT. B,
A [F) T FRAL A £ 3, o R K AL B B (R X B A
HERE—EREW,

®1 TWFEHSPVBEMEITE
Table 1 Descriptive statistical results of tested soil nutrients (n=101)

hat: £ 500 F1E $E mHEE TREHR BNM EKE AR
Soil nutrients Mean Median SD CV{(%) Min. Max. Dispersion Pattern
BEHLE OM (g/kg) 30 27.8 10.8 36 18.3 64.7 1E#A Normal
4% TN (g/kg) 1.721 1.612 0.526 30.6 1.149 3.411 EZA Normal
2B TP (g/kg) 0.408 0.395 0.056 13.7 0.313 0.581 EZ Normal
B N Avail. N (mg/kg) 109.5 103.9 32.1 29.3 55.2 199.7 STEIEZ Lognormal
BAL P Avail. P (mg/kg) 17.1 15.5 8.6 50.4 0.9 41.6 EA Normal
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Table 2 Parameters of theoretical variogram models for soil nutrient and their F-test

TR S - %idl 8 (m) Bel EEH BEHE/ERE(%) RERE FRRB

Soil nutrients Model Range Nugget Sill Nugget/Sill R? F test
HHLAE oM Spherical 2906.1 0.734 1.071 68.5 0.829 25.49*°
2% TN Spherical 2896.3 0.0017 0.0025 68.3 0.813 32,76 "
28 TP Spherical 2853.0 0.013 0.017 75.0 0.732 16.45* *
M Avail. N Spherical 2963.3 812.47 1136.77 71.5 0.779  23.87" "
B Avail. P Spherical 2890.7 57.914 70.629 82.4 0.597 19.97**

* % WEWEHE Very significance correlation.

23 IRFHSTEHTRMNTERFHE

1 o X B 5T X AR SR AR AR 5 A AL AT
REMBERSTMBN L ERINSEHES, K
GRED)ERNH, T EEVNR. 28 . LB RERA
DARMEE, BAERZE L EPTRERENEH
FAENRPEEEENA B, KERAHEWT
R BT, LHPHAE 5% EUH AR
REIHTFLEER. +BERSBIEZHIE
B, RN B T AL A + B A KRR MK 4R
THEAVEAMT R Z KRS RAEME ., BHEE
ERREMNESFET LED HYK—BSEE
MRS RSSHE, AT ES I EAIES R
HARIFMEEE, KitomrEE, ARXKS -8y
LR S5 2B E R EH 0.909,

AR KR L SR ST | A
RIERFHEIMX, R AMSTTE -XBRWA
R 28 EREATEES. X— KR ERME,
FTEEMMENEE, L REHBERFEYE RN B
Bl BEAMDBESER ARKES, SE4SH
YRR PR R P  EF KN ESEHET
WRIEHE G, ER KSR R EE
PR 2R 28 ARERE BB AR, HRX
—XEM B, R+ BTN LRy, + 50
FERBBERABTRABL, BF AR, T8
RERE AIENRERD,

3 45

RT WM S Fh LI, F B0 [ 2
REABEBRR, 2B/, SHEIHBESERY Y
HREH MAERERERSLR TR RHEUE
Bifo HFAWRAM S RGN, SheH/
BEEMENKDIRALRENR . SR8 &
SRS A A AR P 4, Hoas )28 5 phy B A\ BURE 42
EZFHIERA LG R B SBREEANEE

HEGIE; tEERBHS W EEEERS, S
EERFEOEE BEREFHILERSIE. S
FEEFSOESTBEMRARE EEEM, S
(B} AH 5 28 4k ¥ B 423, 76 2853 m ~2963.3 m Z [,
TEEVE A .28 H R A K T B EER B
Ha R MmBALY, AL ERI W HFEHTE . L
B A R A A AL

2 % X #:

[1]  Antonio P M. Spatial vrariability pattern of phosphorus and potassium
in no-tilled soils for tow sampling scales[J]. Soil Sci. Soc. Am.]J,
1996, 60: 1743-1781.

[2] Goovaerts P. Geostatistics in soil science: State of the art or Pers Pec-
tives(J]. Geoderma, 1999, 89: 1-45.

(3] ithdf, Bouth . ZRE. % BEBPHIER L WEH P.K
ME B RAFE()]. BB ISR 2#],2003,9(1): 3-8,
Zhang S R, Huang Y F, Li B G et al. Temporal spatial variability of
soil available phosphorus and potassiumin the alluvial region of the
Huang Huai Hai Plain(J]. Plant Nutrition and Fertilizer Science,
2003, 9(1): 3-8.

(4] ARZ, BFH, ] Lamp. WA MERMEHALI].
##,1996,33(3) : 233-241.

Zhou H Z, Gong Z T, Lamp J. Study on soil spatial variability [J].
Acta Pedologica Sinica, 1996, 33(3): 233-241.

(5] #HM¥ M@ WE AESLWpHEFBRENANESRY
SEEHRET]. LBER ,2001,4: 145-148.

Xu S P, Tao S, Cao J. Spatial structure pattern of soil pH, clay and

T HE

organic matter contents in the inner mongolia area [J]. Chinese Jour-
nal of Soil science, 2001, 4: 145-148.

(6] BE.%¥.HK.%. AYRAEEHR L BRIWSEER
[J]. £1%,2002(4) : 201-205.
Cao H, Yang H, Sun B et al. Spatio-temporal variability of soil nutri-
ent in low hill region in Tei lake catchment [ J]. Soil, 2002, 4: 201-
205.

(7] ¥ BEE, BEE. REAKE NN SERI]. %2
##,2002,39(2) : 190-197.
Sun B, Zhao Q G, Lu G N. Spatio-temporal variability of red soil fer-
tility in low hill region] J]. Acta Pedologica Sinica, 2002, 39(2):
190-197.



588 HYEFRSEHR¥# 11 %

>4
0
0 125 25 q,m

-
n
a .
e .
o

D (2

0 . $:267 425 & 0 . yigs: 25 i

3 4

0. 498285 B

\

(5

2 IMENSHEEEE
Fig. 2 Spatial distribution of_ soil nutrients
(1) & HLE Organic matter (2) 2% Total N (3) 28 Total P (4) B3 Available N (5)HRBE Available P



54 BRI, % RTY SR WAL NS R A 589
(8] FEB4.MEHK IESHEREREERLETAEPNTL [12] EBAR .G ERAEESEPHBAIM]. Jbm: BEHR
BLRALI]. #F LA 2#4R ,1998,10(5) : 230-234. 3t ,1999.
Wang ] H, Fu Q L. Application of soil spatial heterogeneity in the Wang Z Q. Application of geo-statistics in ecology [ M]. Beijing:
study of seabeach soil[ J]. Journal of Zhejiang Agriculture University, Science Press, 1999.
1998,10(5) : 230-234. (13] EZ,MA4.B%.%. KL RELRFTOZER
(9] Mk, B AR KIKRUBYESRSESRIH BRI 422247 ,2002,22(8) : 1173-1177.
REIERRSE(]]. M3 22 ,1998,53(1): 87-95. Wang J, Fu B J, Qiu Y et al. Spatial heterogeneity of soil nutrient in
Zhang C S, Zhang S, He J B. Spatial distribution characteristics of a small catchment of the Loess Plateau[J]. Acta Ecologica Sinica,
heavy metals in the sediments of changjiang river system[J]. Acta Ge- 2002, 22(8): 1173-1177.
ographica Sinica, 1998, 53(1): 87-95. [14] Chien YJ, Lee D Y, Guo H Y Geostatistical analysis of soil proper-
{10] Husson O, Verburg P H. Spatial variabilty of soil sulphate soils in ties of mid-west Taiwan soil [J]. Soil Sci., 1997, 162: 291-298.
the Plain of Reeds, Mekong delta, Vietnam[ J]. Geoderma, 2000, [15] Robertson G P. Soil resources , microbial activity, and primary pro-
97: 1-19. duction across an agricultural ecosysten[J]. Ecological Application,
(1] AZL AEHE,EEF. SETFEEHLRFITSARE 1997, 7: 158-170.
AT PR AT, R/ 2001,20(5) :311-314. [16] Stenger R, Priesack E, Beese F. Spatial variation of nitrate-N and

Bei J H, Yu G Y, Wang G P. Application of geo-statistics in spatial
heterogeneity of soil nutrients in wetlands [ J]. Agro-environmental

Protection, 2001, 20(5): 311-314.

related soilproperties at the plot-scale [J]. Geoderma , 2002, 105:
259-275.



