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Table 1  Area changes of land use types from 1986 ~ 2006

1986

2006 1986 ~ 2006

LA AXR

Land use type EH (kn) (%)

Area Percentage

B (km?) HH (%) TAHH (%)
Area Percentage Change percentage

#ii Cropland 2360.88 27.9

# i Woodland 44.88 0.53

2 #b Grassland 2306.41 27.3
JKIR Water body 173.23 2.0
B R # Built-up land 157.72 1.86
Pt Sandy land 506.05 6.0
#£ 83t Saline land 2335.99 27.6
HE# Wetland 576.40 6.8

3614.70 2.7
726.76 8.6 +8.07
1143.52 13.5 -13.6
139.45 1.6 -0.4
160.77 1.90
86.88 1.0 ~5.0
2358.10 21.9 +0.3
231.39 2.7 -4.1

+14.8

+0.04

F 201986 ~2006 FE &M LA AL WE
FESLEBERE, TERRTE20aRLBHA
RREBERMT R, PR N5 E > 66
HAMBFEHHRCREFEN LA HEAIRE,
HHFEERNTERERE S, A 43.580 0%
ML B, Wi B E L B KA
153 3 K E PR E LY 61.99% F1 15.05% , 2

PN EEXE, BRAFRKEEYN,.NE
10% 22 45 RO Bk o 5% 1k g b 3t 0 B b, 33 2k o4 5
BB EBRBUG T —E 8. FHBR T KERF
Bhassh At REREEN T AT @,
FAMATERNN32.14%, TEBLIYEH
(25.88% ) M Eb 3 (22.82%), IR A B Rt it
(15.05%)
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Table 2 Transition probabilities in percent of land use types from 1986 to 2006
T A LR 3. it i K% BRI Wi HE BEH
Land use type Cropland Woodland Grassl Water body Built-up land Sandy land Salina land Wetland
## Cropland 88.49 8.32 2.36 0.00 0.10 0.03 0.71 0.01
#E# Woodland 5.35 93.85 0.00 0.00 0.27 0.00 0.36 0.00
BEH Grassland 43.58 16.00 32.39 0.14 0.11 0.45 7.13 0.33
7K, Water body 1.06 1.27 23.62 47.52 0.00 0.00 24.64 1.94
f& B # Built-up land 1.32 0.03 0.03 0.05 97.67 0.00 0.38 0.00
b4 Sandy land 61.9 18.98 4.39 0.01 0.00 13.96 0.66 0.01
5 # Salina land 4.46 0.72 5.54 1.4 0.02 0.15 85.97 1.61
B EH Wetland 15.05 1.08 25.88 2.48 0.00 0.21 22.82 32.14

22 BMELIEFSHEKEL

7 3 2 1986 F 1 2006 EEMERKELEFFE
B A G HHEIE, Bt B R AR B4 50 196 F
192, % 1986 4 1 2006 4 AH A 01 B b iy + 34 S
TR A, BRMEBERRRER(RE ),

5 1986 4 Af L, 2006 4 L5 A B A E L E
BHEMA, XEHZHP+EESZRMBFESE
BERT K, 2006 FLEAHE S EBMKET 1986
EIFENFETR,BERFAFEE, 2L LEFN
BE&ESEREFAEBRKMKTE. 51986 FEHt,
2006 E TSR . EHALHFSRBEERK, LHE
REEMEHSERRBERE MM 2%, &
B A N AR A B A 38 (A bR B AR,
- 2006 EHEE T 1986 £ HERH AR E,

%3 1986 FM 2006 FLHFSTIRRA

Table 3 Descriptive statistics of soil nutrients in 1986 and 2006

RS F4 M #/ME BKRE
Soil nutrients Year Mean Min Max
1986 13.9 2.6 28.3
HHLE OM(g/kg)
2006 13.0 0.4 64.1
1986 1220 130 1940
4% TN(mg/kg)
2006 686 124 2067
1986 673 279 1509
£ TP(mg/kg)
2006 189 53 491
1986 24.6 20.7 29.1
28 TK(g/kg)
2006 20.5 10.2 25.0
1986 77.3 10.5 462.6
HHA AN(mg/kg)
2006 83.2 16.8 201.6
1986 7.02 0.50 36.10
B AP(mg/kg)
2006 8.22 1.66 51.24
1986 158.72 15.82 427.60
BB AK(mg/kg)
2006 174.16 69.08 665.33

R A YURE BKF BRI, T 20 a K3
FREAEBERM, XGTEXB L EFHAHE KT
BURGREBHEZHMARKXR, tHLEFT—
BREMEREZRWER, Y R R LR
ARG, TR EXEME, E¥7E 20 4 90 5]
REEREMMBEREHHAAIERR, B, +
HEBFAWERRABE LS FRBRAGH
BE KR S PR RERFHELEEE LK
HE BE YR BE SR B, DA T R AR B A AR RO B L
HEA K PR BL A B 42 IR B0 %6, K 2 X 3 3R 2
MERSHAFERENRE, EEREXRZR
WIERRIL EETRT, L RXEML, BAY R
B AEYRZEAEES, FHLRLEBRIGLHE
ZWL, MERFSREEFDFH—NELT,E
RRVERREWER, L B R e
PR EAL B F S, R S REER ] R RS
IRREBE—-ERXER, B, B LEHERR B
HEAHARE.

%4 1936 EM20060 ELRFA/RNBERAN RBER

Table 4 Result of ¢ test for soil nutrients of

sample pairs in 1986 and 2006

k2 £ 0 ¢ =]:: ) %
Soil nutrients t value  Degree of freedom  Probability
HHLE oM 1.253 50 0.216
2% TN 3.522 50 0.001 *
28 TP 4.342 50 0.000 *
26 1K 5.542 50 0.000 *
HB A AN -0.667 50 0.508
HH B AP -1.045 50 0.301
HBH AK ~-0.98 50 0.332

H:x BEWKFE « =0.05(NEREK),
Note: * Significance level at a =0.05 (2-tailed) o
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Table 5 Mean values of soil nutrients under different land use types in 1986

TR AR HLE 2% EX L i3 &4 % 2353
Land use type OM(g/kg) TN(mg/kg) TP(mg/kg) TK(g/kg) AN(mg/kg) AP(mg/kg) AK(mg/kg)
#t # Cropland 15.4 1106 396 24.1 74.3 4.96 170.1
# 3 Woodland 9.3 838 241 27.4 57.3 1.80 61.5
B Grassland 17.0 1231 302 24.5 59.8 5.35 115.5
#H Salina land 5.3 448 353 24.9 19.6 20.48 216.9
78 1% 3 Wetland 21.3 1965 556 23.6 151.8 10.38 155.8
2.3.2 #BHE2006FFRALRAAEVGLESR HENESER2FIRES,

SER F6K2006 FEMEARAF LAY R
THEERS & BYE, 2006 EEHE LA
&R E IR KR > B > At > BiF
>EpM, B KEMERMNAEINRAREEES
Fiph BFEeSHMALUNENRSEERA
BE., 5198 ML BABANREERST 0.
35% MM E T 0.05% = 5b, #i s B i BB
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BB, LR R, AR RN TLHR AR
ZHAE20~30 F A, MET 20 FRTHLHMA, KL

FRLHAATRATHEASEIUT A EH >
Bri > M > HESR > BHL B T2EASES L
EHEVRGERRMEMX B, SENESEM
B804 s B AT BN EERTHEBM®
KWERSE BEREHBEEAN2ATEFLE
EER, EHIRBINA AP > HEM > B > £
B> A A RS B B SR TR AW
SHEE, 5 BEHAUNLHELR, 285
BIVF Sy bk > B > B st > Eh i > BER, B
FAETBLHERUEREE, SH LA ALE
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Table 6 Comparison of soil nutrients under different land use types in 2006

T AT ALK 2% L

249 EHE HYR beg L

Land use type OM(g/kg) TN(mg/kg) TP( mg/kg) TK(g/kg) AN(mg/kg) AP(mg/kg) AK(mg/kg)
#i 4 Cropland 13.3a 728.17a 203.98a 20.45a 90.34a 7.93a 149.34a
# . Woodland 12.8a 662.29a 146.86b 21.50a 85.85a 4.52a 178.46ab
H i Grassland 15.6a 760.69a 188.15a 20.71a 86.96a 6.63a 184.19b
B Salina land 5.8b 328.73b 187.70sb 20.14a 39.29b 18.88b 222.10ab
%% Wetland 12.0ab 661.64ab 195.43ab 18.16a 73.75ab 10.58ab 235.82ab
Y HHEANATHNFHEREEELER(P<0.05), BEMKTE ¢=0.05,
Note: The mean values followed by the same letters indicate insignificant difference( P <0.05), and significant level at ¢ =0.05.

2.4 THHATAIEMNIRFIOER

F 3 1986 4711 2006 4 89 H A BB AT H
FLADLRI 3 & B 20T, LR R L o R A 3% fh 5
B EEFSVEH, BT LEEENSHRER
EHEL %, tARALRAUS BRI E, W20 %
A RKIRN LA RS ES RN 5 E
WHEELTRURBEEARASRE, B, ot
B BB B R KB B i B~ R
BB R A B B~ E S R A
A AR, # TR AR LRSS
SaWl.ERRET,

BRBRPHYAHHEUYESAENRTE.
28 AR EHHSTEYHRE, MLR SRAE
HETEMARTHM, #ErIEERSHE
ERURAREHMEEREFEDHEL, AHRE
BN E R, 2006 EHRAEREN 9 A TR, Y
MEREYHHBESEE ME_KRLEEEN
T HORBERS ] B, B ZE R R BB SS B 3R S
REBWSE—ENER. LELEERBEIRIE.
SERMBLS, Kb, AR ERBRAD, EHFS
B, EANEER K, HIFRABHMAIR.
LBFSHBL BB S, BRELEESR

WD, RAFABFRENFHHIBAINESR £
A BERATEYAR, EREARD, EREEM
BE, W AR HRHE RS AT 2HE
BEARERLR/AD. BRBEANE TR
ARGEBYBLS NLHAMERATBELER
IEfE, ZEEERAD

BEE B A R A 38 0, A T REAE 5 B R A9 R 0h
RETEANFERCAFES BR, WEIFE
REAHIHPNLREVEEZRHFREAERED
o, REBELRE R BAEE R, HEERER
B, AFRR BT EERTERE FFRE
HFARTHREME, KR T AT ERNEHBAHR
£, IHRFSSERER, BEBXATRIEHRR
THEE SREEE B ASKENIRLRR
B INFRAMNMKBHERSRY. FHATERH 8
SERLEANENBRR, MARAALZHEIEL
WAV ERE, LM EF ST BEK B, FE
KBS e RAE YR B Y1 BUR L R TR AR 64 3 v
FT.HAEVNRESEAHAZKEM. BHEDRLRDE
SHBSBEHEANRNFFIRBMK. HRE, £ F
THAHATATERFAIBUERBK, FEHT
+ B 4 (8] A0 & PR IR SR IR T B 8 R A



#Eag

ERBE  HARE LT R X 4 0 7 X xf + 3% 5008w

211

&7,

Table 7 Mean value changes of soil nutrients under different land use conversion

27 FARLHAATULENIRRSSRHETH

THEY HHAE 2% £ Ed b3 ¢ 4 BB EHm

Change type OM(g/kg) TN(mg/kg)  TP(mg/kg) TK(g/kg) AN(mg/kg)  AP(mg/kg)  AK(mg/kg)
#t s~ 8t Cropland to cropland -2.6 647.4 200.52 -~ 1683.0 -1018.17 ~390.42 161.97
B~ B Grassland to grassland -0.07 -428.0 -85.67 ~-2.1 32.84 0.48 118.96
Kt~ B Grassland to cropland -1.7 -675.1 -29.50 -3.5 18.85 2.14 38.34
KA B Unused land to cropland 9.1 408.8 0.67 -4.5 81.98 -9.80 -19.01
HFEH > # Wetland to grassland -8.6 -1630.5 -217.03 1.8 -105.98 -1.88 17.91

3 4 ®
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Effects of land use type on soil nutrients in the semiarid
area of western Jilin Province
—— A case study in Tongyu County of Jilin

REN Chun-ying, ZHANG Bai, WANG Zong-ming, SONG Kai-shan, LIU Dian-wei
( Northeast Institute of Geography and Agroecology , Chinese Academy of Sci , Changchun 130012, China)

Abstract: Taking Tongyu County as a typical study area, this paper evaluated the effects of land use type and its
changes on soil nutrients in the surface soil of semiarid area of western Jilin Province. Field soil sample data and land use
data were used to identify land use changes within two typical periods of 1986 and 2006, to examine soil nutrient changes
between 1986 and 2006, and to analyze the relationship between land use changes and soil nutrient changes. The results
indicated that the spatial pattern of land use types in Tongyu County had obvious changes in recent 20 years. The area
percentage of cropland increased by 53% , while that of grassland declined from 27.3% to 13.5% . The level of soil nu-
trients in the surface soil of Tongyu County is very low. Total nitrogen, total phosphorus and total potassium of 2006 de-
creased significantly in comparison with 1986, while soil organic matter and available nutrients had no significant differ-
ence between 1986 and 2006. Among samples of 2006, significant differences between cropland, grassland and woodland
were found on soil nutrients including total phosphorus and available potassium. Except total phosphorus, total potassium
and available potassium, the contents of other soil nutrients in salina land were obviously lower than those in cropland,
grassland' and woodland. Land use changes had resulted in soil nutrient changes in the study area. Land reclamation led
to the increase of soil organic matter, but other land use conversion resulted in the decrease of soil organic matter. Most
total nutrients declined, while available nutrients increased after the conversion of land use type.

Keywords: land use type; land use change; soil nutrients; western Jilin; Tongyu County
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The spatial pattern of soil organic matter in the Loess Plateau
with village scale based on ArcGIS geostatistics

GAO Yi-min, TONG Yan-an, CHANG Qing-rui, ZENG Yan-juan
( College of Resources and Environment, Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: The objective of this study was to explore the relationship between spatial variability of soil organic matter
and agro-ecological environment in the Loess Plateau. Geostatistics module of ArcGIS was applied to study the spatial
variability and spatial pattern of soil organic matter, based on the data of 360 soil samples that were taken by grid sam-
pling method in Xinji village in Shaanxi as the case study. The results indicated that the average content of soil organic
matter was 3.37 g/kg, with a normal distribution in the study area. The distribution of soil organic matter content in the
whole area exhibited a first-order trend. The best theoretical model was spherical model, with anisotropy. The spatial au-
tocorrelation distances (ranges) were 965.7 m and 440.3 m in long axle and in short axle, respectively, and the degree
of spatial autocorrelation was moderate. A spatial distribution map of soil organic matter content was obtained using ordi-
nary Kriging interpolation, which showed that soil organic matter was higher in north and center than that in south and
around, turning out ladder-like distribution trends. This spatial pattern was consistent with tructural factors (topography)
and random factors (land-use types).

Keywords: ArcGIS; geostatistics; loess plateau; village scale; soil organic matter; spatial pattern



