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Abstract; Land use Change is the results of interactions between physical factors and human activities.

Land ues change may influence many natural phenomena and ecological processes,including soil nutrient
and soil water change ,runoff and soil erosion,biodiversity and biogeochemical cycle. Land use changes can
results in land degradation,such as water and soil loss,land desertification. It also can control water and
soil loss,land desertification,and improve soil quality. Since late 1970s ,the new land policy “Household Re-
sponsibility System” was implemented in the Chinese countryside,which has advanced China’s agriculture
and led to great changes in land-use structure. Land use change has resulted in some changes in soil nutri-
ents. This paper took Zunhua County,a typical agricultural area in northern China as a case study to ana-
lyze the relationship between land use changes and soil nutrient changes. The objectives are (1)to identify
land-use change within two typical periods of 1980 and 1999. (2)to examine soil nutrient changes between
1980 and 1999,and (3)to analyze the relationships between land use changes and soil nutrient changes.

Land use change from 1980 to 1999 shows: (1)the area of farmland, grassland and paddy field de-
creased by 40% ~50% ; (2)the areas of forest,residential land ,and water field increased by over 60% (3)
unutilized land had been transformed to farmland,forest,and residential land. The results of a transition
matrix reflected the ares increase or decline of each land use type. Between 1980 and 1999,29%,10% ,and
10% of cultivated farmland were converted to forest,residential land and grassland respectively. About
64 % of grassland was transformed to forest. About 53% of unutilized land was transformed to grassland,
and 31% was transformed to forest.

The soil nutrient status of farmland in 1999 increased significantly (p<<0. 10% Jcompared to 1980. The
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increase in organic matter content was because of an increase in straw incorporation. The differences in or-
ganic matter content for forest between 1980 and 1999 were not statistically significant. Except {for avali-
able P, soil nutrient levels for grassland improved significantly between 1980 and 1999. Soil nutrient
changes could be related to large changes from grassland 1o forest and from farmland to forest and grass-
land. The introduction of forest-grassland may have reduced the loss of soil nutrients by erosion and leach-
ing.

LLand use changes have resulted in soil nutrient changes in the study area. The soils under forest in
1999 transformed from farmland in 1980 increased in organic matter by 21% ,total nitrogen by 18% ,avail-
able nitrogen by 65% ,avaliable phosphorus by 17% and available potassium by 17%. Similariy,in the area
which was converted from farmland in 1980 to grassland in 1999,s0il organic matter,total nitrogen,avail-
able nitrogen,available phosphorus,and available potassium increased by 38%,37%:71%,2%,28%, re-
spectively. Changes from farmland to forest and grasstand not only changed land cover but also improved
soil fertility and probably reduced soil nutrient losses.

Key words ;land use changes;soil nutrients ;Northern China
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WAL B AL XTI KRR T, B E % 1521km?, i M1 £ 58 M life] sp R BEBFE
IRWg g2 A 4, 5 VS V0 Y AT R B R FIME B 3K s =2 4 A% 0 7% 1L o5 BK B 3 58, s %5 ey 3 L (o) 79 7 2% T 1
FEEFHEHAKRMET . ERN SR RETROAXE R FERPE—FREEM, X 2~3km KK
W, ER=WmN"peBNiE, 2EBLEREHA2ERMTRM 64. 42, K A R 300m AR &
90% ; FRE ST 35. 6%, KO MEE s BT, ZERTAREZERNEFEHFLEEK, KEH®HS
BN NBESH. THFHEREFRE. 0 e . KHS, THEADFTEIRLAP L. HPRAWELE
AE-NEXRBERNHE=ZNMN. 20 4L 70,80 FF, B T MK K, MLA R LW . I
HEREURFENLBTMARELIERH, KLHARMRIRI=E, tNVTIIHBEREN KK D —#,
W AN —FE, ESmXsm WEE L. BRWH 17 XM, WX 15~30cm, W& 10~20cm, 90 F{LLLIE,
HFLHMPEAEEURDIEBESHEE. KT RX/—ZEN HERBEX G Ty ER TR, K
THMEANMERE.
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RERPHBEY ZEERARTFOMENT. EXNTHLEBEHE, L 0. 15~ 1mm A, AT LA
fLEarer.

R 25060 A S W o) S AR 2g D F 1lmm 9 RS L HH 3 A (NHLD.CO, BIRAB /AT T3S .
HREAICPSEFENSAMEMME. 2AMMERBB 0.5z £Hi 100 BN L MAES .1 A Sml %
H.SC,, Il EH B 50ml. B 20m] 4L, N A 10m! 50% % NaOH 2 # . % i NH,, H H,BO, % i )5 W
HCIfMETMLEIR. MEEONMERKE 22 /AT Imm B HMBE R 55 1. 2gFeSO, # Zn B SH S,
(FeSO:Zn X 5: 1), i AR A4 R kG 8 & 20ml 284, 48 1 NH;, B H.BO, B )5 L HCL
MEHRBEEIR. FOEANMERARCBRTE/L- MM e, RIEKERR, BRI 0. 5¢ 4T 100
H By 368 &, m A > B Ag.SO, R . A 10ml IN B KCr,Q, 3 # 5 20ml ¥ H,S0, BB ¥ x #HE
48 4E Al IN FeSO, #iie 2 B K.Cr.O,, i M A ME A BRI, 1980 4F L R B R B L@k, XH
MRAXENEE., 28 MRERAGUEHNE LS 1999 FHFM,

3 SR5E
3.1 HHF X

1980 R 190 F AL B L HHAERMELANTEHLLR L. ZERE 1980~ 1999 F - MAAXLRFE
TRA (DR . Fib . K H B KRB, A BTE 405 ~50% 5 (204K 4 88 AT oo 0 K 3 75 X N8 BE 1
m N EEE O Ly (OXRMALHME MR SN BNHBS.

B1 1980 EWM 199 FHHHARROEL % 2 87 T 1980 5E B 1999 4F M4k B + Hu#
Table 1 Area changes of land use types from 1980 to 1999 MBS, RERANBRT LA ARG
THAEXER 1980 MR HMW(¥%) 1999 IR N (A) o EEENRE T MR L A . i 2

Land use types Area(km?) Percent Area(km?) Percent

B Farmland  892.5 58.5 545. 4 35 8 FRH,IE 20a R, MR 28. 09 R M,
# i Forest 226.8  14.8  650.2  42.7 10. 1%EBEIREBEEHM.0. 6B N M, kK8t
B Grassland  312.9 21 175.5 1.5 HBBAHKFAERB—-TR¥. FA 63. 9%MNEH
o Bt vy HROUHORL R T 8 59358 B k.
Residential land 31. 3% ¥4t bk, T A AEANEREHHFR
KR Water 5. g 0. 4 13. 6 0.9 BREX. 1B EUS.AFRPREFIHAAK
s )RR 39, 6 2.5 0 0 MOLHE AL ANMNE-EORE BT
Unutilized land BE R,

3.2 1T#SEL

RIMRIRI9B0FEM 199 F /R L P XN LMFES R EET AR K. AR XHS
ERH T ARERE, EERNTREREER TR . A A. SREA X . EH LN EARITRAELS
MZEAERRA 0 FE4F T HAFAXABHE K S5 HESERNTRARYR T RN . MK
HHENRSERNTREE ., D ERERFBERNTERERLRR. TEBTHBG T T HAK.A
. FHARESELHER . FHESERS L, 1999 FERBAXNMAHERANTR R BHMET 1980 4,
WEEEAE PR XBEHTATFRAENNT EHEARP THEAZRNRETER.,

RSRERIHAARI I MR IO FHIREATENRER. EERLHANAXRDF . HHEHNL
WS, HM 1980 4F, PR N XN AU RN YRS N 106mg/kg. 23.
Tmg/kg.1. 38% .76. 94mg/kg F1 0. 0792% . MMy FH 1 3 Fh L 0 F(| I A XU A 3% 53 15 1999 4 Fi 09 L
# OEIR. RIS AR TR A, ERRAR SR EE ;1980 £ LA HL
FaRBEARYN. O 1.05%;: 1099 sEFHMAAMBMEAE M, N 1. 38%.

1999 £E ] 1980 FF4HH, BHM 5 ML WK T RIYA B E MM (p<0. 0001, HZHP . KW . W WF X
BEZARMUMEESARAENMNME LA ANESENANETESHERBENXTR R 201
70 SEAL K SO SERY), BEEE M L Bl B b A 20 40 00 AL IR . ML B W R TREEMNBHFLH
SR RO T LA HRE: B AN ER"S—HFEHEREHF M THEIARBIR. 1999 5K
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BE 1980 FERE, LB YB NN TAB DAL -EHNEN.BARE WEEREEIHE
i, e EbEREMNM, TRMEARHWNETEEAIEOMMmED, RE KERYEESRE —F
RER. 1909 ERMPAEMBRBEERARNRNTEL . BRELIHFIBERE 1980 ERAEEMMN XHTLS
T FIHABIE X .1980 F 5] 1999 F X E B A B M 35 (A 7 Aot , B B 38 4 B2 o 3 16 AR B b« B DR &
B BENERMEK-BER MEEESEXAMRLFITHRE. KA L HAMEENAEHNESRA B,

WAME EHROLSERET 1980 FHTR.

2 I0FEH Y FELBETHFFESEREET T H)
Table 2 Transition matrix of land use types from 1980 to 1999(transition probabilities in percent)
B €] E 3 1999
Land use types 24 M Wi KHE Paddy KK R 1980 1999
1980 Farmland Forest  Grassland {ield Residential land Water {km?)} C(km?)
B 3k Farmland 50. 1 28.9 q, § 0.7 10. 1 0. 6 892.5 545.4
# M Forest 8.4 78. 8 10. 9 — 1.1 0. 8 226.8  650.2
N Grassland 12. 8 63. 9 20.2 — 2.3 1 312.9  175.5
& B Paddy field 66. 6 0.6 — 18. 1 14. 7 — 21.9 11.3
#18 Residential land 8.5 0,2 - — 91. 3 — 21.4 125.0
K Water 15.7 34.3 2.8 -~ D. 4 46. 3 5.9 13. %
# #|f £ ¥ Unutilized land 59, 3 31. 3 1.9 0.9 6. 6 — 39. 6 —
N3 1990 EXARTHAMAAED WS HWIRH R
Table 3 Descriptive statistics of soil putrients in land use (ypes in 1980
Lond e tonaER:  CFL0 MM BRm gm0 G RR v SO
types Soil nutrients Cumber Min. Max. Median deviation Mean variance
B Farmland AP OMY) 79 0.53 2.20 1.17  0.28 1,17 23.5%
29 TN(%) 78 0.0340 Q. 1340 0.0690 0.0155 0.0699 22.2%
PR AN (mg/kg) 78 37.00 118.00 66,00 15.02 67.32 22.3%
% % AP(mg/kg) 79 1.2 70.1 151 12.5  18.2 68. 6%
A E AK (mg/kg) 79 10.7 150.6 66.4  26.2 72. 8 36. 0%
MMk Forest ABYLE OM(%) 72 0. 80 5.73 1.27 0. 63 1. 38 45.9%
2% TN{Y) 71 0.0350 0.1980 0.0750 0.0  0.0790 32.9%
WX AN (mg/kg) 71 24,00 180.00 &8.00 30.7  76.94 39, 9%
AW AP (mg/kg) 72 4.6 96.0  20.1 14.7 23. 7 62. 0%
AW AK (mg/kg) 71 23.6 255.9  89.1 56.1 106.0 52.9%
M Grassland AHELEKE OM(Y) 19 0, 70 1. 30 1. 08 0, 15 1. 05 14. 3%
20, TN(Y) 20 0. 0450 ©0.0870 0.0670 0.0120 0.0680 17.6%
WM AN(mg/kg) 20 36.00 87.00 60.00 14.66 57.55 25.5%
R AP(mg/kg) 19 2.5 57. 8 18. 3 13.7 20, 9 5. 6%
AN AK(mg/kg) 19 40. 7 168. 9 75.3 35. 2 79. 2 44.4%
A H Paddy {ield AP OM) 16 0. 80 2,70 1. 25 0. 41 1. 31 31.0%
2% TN 16  0.0530 ©0.0930 ©O,0730 0.0098 0.0747 13.1%
M X AN(mg/kg) 16 40.0 111.0  67.5 16. 1 68.3 23. 6%
AW AP (mg/kg) 16 9. 6 55. 9 22.5 1.4 23.3 48.9%
AW AK(mg/kg) 1% 59.0 123.5  83.4 18.0  B6.7 20. 8%

% OM = Organic matter. TN = Total nitrogen, AN = Available nitrogen, AP = Available phosphorus, AK = Available

potassium, I @] The same below
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Table 4 Descriptive statistics of soil nutrients in land use types in 1999
LA ranamx TP g mam em PFEE g IRERN
and use . ) Sample ) ~" Standard Coefficient of
Soil nutrients Min. Max. Median . ean )
types number deviation varignce

B Farmland AHHLE OM(%) 83 0.18 2.22 1. 38 0. 31 1. 38 22. 5%
&% TN(%) 81 0. 0400 0,1400 0.0810 0.0224 0.0874 25. 6%
WEE AN(mg/kg) 73 21.20 187.50 93.0 23,14 94,92 24, 4%
MU P AP (mg/kg) 83 2.5 77.2 22,9  13.7  26.2 52. 2%
HEE AK(mg/kg) 83 19.5 173.5  83.2 27.6 88. 8§ 31. 1%

# e Forest #PLIE OM( %) 65 0.79 5.71 1. 39 0. 91 1. 63 56.0%
4% TNV 63 0.0600 0.1900 0,0870 0.0210 0.0890 23.6%
WX AN(mg/kg) 63 39.60 263.70 105.00 45.30 113.46 39.9%
M’ AP(mg/kg) 65 5. 1 99. 2 24. ] 15. 6 26. 0 60. 6%
KW AK(mg/kg) 65 53.0  245.2  104.5  40.1  111.4 36.0%

K Grassland B HLE OM(%) 24 0. 91 2. 35 1. 41 0. 31 1. 46 21.4%
2% TN(Y%) 24 0. 0600 0.1337 0.0870 0.0183 0.0890 20.6%
B AN(mg/kg) 24 51.60 201.30 98.00 36.33 102.24  35.5%
WA AP(mg/kg) 24 8.6 56.1  23.5 10.1  23.9 42.5%
AN AK (mg/kg) 24 43.0  207.8  96.3 37.0  106.9 34.6%

7 Ml Paddy field HHLE OM(%) 5 0.72  1.96  1.5¢  0.48  1.47 32.4%
2R TN(%) 5 0.0110 ©.1130 0.05%0 ©0,0430 0.0690 62.3%
MR E AN(mg/kg) 5 81.0 109.6 97.0  12.1 95. 6 12. 6%
AWk AP (mg/kg) 5 11.5  42.3 12. 6 13.2  19.6 67.4%
A M AK (mg/kg) 5 60.3 112.8 68.7 20.8 78.7 26.4%

NS ERLIHMPAADNLIRNSHHT RS
Table § Moeans of soil nutrients in land use types

between 1980 and 1999

FomEd. B BRT BRI 0 fIEabl &
BN AR RESHEAWNR. 1980 F 5

+ # #1 F *HRE 1999 4, IR XM E 35 MR R SR G4,
L;:‘;d Soil 1980 1999 F 21 TR RESR LA AR DM, 14 THBN
types nutrients RAE SRR AR, BRb R O B R RO 0 T B

F!}ﬂ A YL OM( %) .17 138 20.1°  \ B4, FEAEKIHTEL.
aArin o ¢

land i::*:rf PO % 6 BT 51, BB N Ak, A HLR

me/ke ' ) ' ) 8

XM AP(ng/kg) 18,2 26.2 152 T21%, . &XBBT 18% . MMEER T 65% . K

AW AK(mg/kgd 72.8 88.8 14,4 RERT 17% . EEERRT 17%. RFaFEEIR
#ﬂ ;ﬁ‘ﬂmOM(%) l- 33 1_53 3‘4? ﬂ!iﬁﬁmﬁﬂﬁ 33%:%&&&? 37%!‘ﬁﬂ£
Forest £ TN(%) 0.0792 0.0894 6.27° BT Y%, HERBHT 2% . EHH/RR T 28%.

WA AN(mg/kg) 76.94 113.46 30.41° FHRBH.BHEHIERE ANEET LW, G

MW AP(mg/kg) 237 26 0.82 b mAin+mp{L, MARK T LHES KR

AW AK(mg/kg) 106 1114 042 4y oern e, e T LS M, EAH BB
X ARROMOEO 105 146 IS po gk MBS B AR,
E;‘;"" 4%/ TN(%) 0.0580 0.0895 20.6° .

WM E AN(mg/kg) 57.55 102.24 26.5°

iﬁnhp(m&/kg} 20. 9 239 0, 71 i‘iZOa *,ﬂﬁﬁﬂiﬂﬁlmﬁiTﬁﬁﬁﬂf

AN AK(mg/kgd 79.2  106.9 621~ fh. B M K HESXHEND, KB HHAR
& AHHLE OM¥) 1.3 147 o.53 BKWEEENIN, K EY R M L b 0 R M, 3
Peddy % TNC%) 0.0747 0.0685 0.31 MEMAAEAARBERRET MRS, RER

MM E AN(mg/kg) 68.25 95.64 12.11° ik mEARL. DR L RER TR

ARR AP(mg/hg) 282 186 032 g pg ), WS B BHE KD L 2 B A AL

ANE AK(mg/kg) 86.7  78.7 (.72

a & ¥ KF Y 5%Significant at 5%:b B XHEAT R X 2
1% ;¢ B ¥ ¥k F % 0. 1%Significant at 0. Lo XTI 1 1006, BAREIMmM 1 705 . B BEEIKE

Significant at

RN T 9% .28 MINT 8% . MRAMMT 25%.
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Table 6 Soil nutrient changes from 1980 to 1999 jn sample sites

|980~1959 A Pk 29 . % . 358" T <k .
OM( %) TN(%) AN(mg/kg) AP(mg/kg) AK(mg/kg) Sample size
B k- Farmland-orest 1.15~1.39 0.076~—0,09072.8~120.2 21.7~25.4 98.8~115.8 35

B ih- ¥ M Farrnland-Grassland 1,05~1.45 0.067~0.09260.1~102.8 24.4~24.9 86.4~110.8 21

M- $k 4 Grassland-Forest 1.06~2.28 0.07~0,091 58.3~123.3 20.7~26.5 78.2~106.4 14
: b pd
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