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Abstract; In order to investigate the variation characteristics of soil nutrients of cultivated land in
different elevation fields, a typical south hilly area—Ganzhou City of Jiangxi Province was selected as
research case. Based on the data of totally 2 928 soil nutrient samples collected in the topsoil layer (0 ~
20 cm) of the farmlands at different altitudes in 2012—2013, classical statistical analysis, variance
analysis and co-Kriging method were employed to analyze the spatial coupling relation between soil
nutrients of cultivated land and different elevations. The result showed that the correlation relationship
between soil organic matter (SOM ), total nitrogen ( TN ), total potassium (TK) and elevation were
overwhelmingly positive. Meanwhile, there was a remarkable negative correlation between total
phosphorus ( TP ), available phosphorus ( AP) and elevation. However, altitude was irrelevant to
available potassium ( AK). According to the variance analysis of soil nutrients, the content of SOM and
TN was increased with the rise of elevation when the elevation was below 250 m. But the changes of soil
nutrient content became inapparent above 250 m. The spatial distribution map showed clearly that high
value area was mainly distributed in area of high elevation around the research area. On the other side,
the content of TP and AP was decreased with the rise of elevation when the elevation was below 200 m.
High value area was mainly distributed in area of middle and low elevation around the research area
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according to the spatial distribution map. Likewise, the changes of soil nutrient content were not

significant above 200 m. TK content was increased with elevation, however, the content of AK was

fluctuated greatly. Yet their pattern was inapparent. The spatial variation of soil nutrients was due to the

interaction of parent materials, soil types, land use patterns and soil erosion at different elevations. The

research results could help to find out the vertical changing law of soil nutrients at different elevations,

which was of great significance for ensuring grain security of China.

Key words: soil nutrients of cultivated land; elevation; spatial variation; variance analysis; hilly areas

of southern mountains
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Fig. 1 Distribution maps of land use type, soil sampling site and digital elevation model (DEM) data, parent material,
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Tab.1 Descriptive statistics of soil nutrient content in Ganzhou City

t/ME/ N7

i

PR/ S

R P FE B A Gy A K-S
(g-kg™") (g-kg™) (g-kg™) (g-kg™) %
SOM 2928 12. 100 61. 10 28.91 9.16 31.68 WHEUE A 0.19
TN 2928 0.330 3.52 1.47 0.47 31.97 ES 0.24
TP 2928 0.220 1.04 0.51 0.16 31.37 XTECE 2 0.17
AP 2928 0.003 0.08 0.02 0.01 66. 47 POE A 0.09
TK 2928 2.700 22. 80 11.16 4.42 39.61 EOE A 0.11
AK 2928 0. 020 0.26 0. 07 0.04 56. 86 XTEOERS 0.21

2.2 TEFSAESSEMNEXESN

¥t S L5 & m b AT Pearson AHC Bt
(F2) 455K, 5 SOM TN [ TK S i % IE
A2, A2 R B9 0. 159 (p <0.01) 0. 156 (p <
0.01).0.048 (p <0.01) , AJ it B R I PR =5 , SOM
TN TK &5 f e, X 32 2 4ol sy | I I, 1%
IR BRGSO, Sy R o i RER AL TR
VLIRS X R 7 Fe B X+ 335 43 BT JE A5 41
TRMLAR, @RS TP AP S W3 FURDE, A1 E
ZE B -0.090 (p <0.01) Fl —0.222 (p <
0.01) , KU MLAL, TP AP & il R, X T2
H T e I R R A2 i R BT R AT KT S [ 5
W, SRR R RS AK AR,
AK AR Gk 370y, 2 Noid sl TR,

Fz2 LHEFSE5HE Pearson tHEMTH
Tab.2 Correlation analysis between elevation and

soil nutrients
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R 0.159* 0.156**
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XAy ETFE 0.50 0. 52 g/kg; AP 5 TP 250, /N T
350 m 2257 53 Y (A Bl S R TR B 7E 300 ~
350 m = PR )R B I AE, O 17. 80 mg/kg, R T
350 m I, FR(E X EFFE 18,90 mg/kg, MAESH
FECE TP AP 28 5 RE03 0K 26.65% ~32.27% |
50.85% ~72.71% ,J& 4548 5 7 2250 Hr i SRk W],
M FE/INT 200 m B, TP AL AP 250 il i A2 L 1 5
TR HRT 200 m I, 22 AN B

(3)TK F AK F243 it B (H I m AR 200 oA
B sl TK 550 SRR & R AU B -5, 3755
YIE M 2R KT 350 m(12.65 g/kg) (300 ~
350 m(11.90 g/kg) .0 ~ 150 m(11.42 g/kg) .200 ~
250 m (11.20 g/kg) . 150 ~ 200 m (10.79 g/kg) .
250 ~300 m(10. 64 g/kg) ; AK #7325 {ELFifi i 2 41 5l
AR, IR RECGE , TK AK 742 5 R85
1K 32.07% ~42.91% .49.22% ~57.91% , J&
GARSE ) T2 T R R, TK 7E 200 ~ 350 m /&
FRYOE N A A A 2 25 5%, M AE 0 ~ 150 m 150 ~
200 m FIKTF 300 m 4L [A] JC & 3% 25 57 AK 16 & 2 K
T 350 m HHAESBRARIA B E 2R
2.4 ARABETHERSNZESRIFESH

Shy LW e - 4955 43 AR AN ] g AR 114 28 [
1, B e T2 22 BT, i R AR R

JT L FF



304 PSR ¢ 20194
*3 AEEREALEFSIEHNESRI
Tab.3 Statistics of mean value of soil nutrient contents in different elevation groups
o SOM TN TP
FfE/m #z!iﬁ/ FHIME, AR/ BRRK PHE/ iR/ BRAN P, WX, BRRU
(g-kg™')  (g-kg™) % (gokg™')  (grkg™) % (gokg™')  (g-kg™) %

0 ~150 602 26. 88 8.33 31. 00 1.364 0.44 32.42 0.55* 0.18 32.27
150 ~200 933 28.11° 9.43 33.56 1.43¢ 0.47 33.24 0.51" 0.16 31.84
200 ~250 648 29. 09" 8.91 30. 62 1. 48" 0.48 32. 64 0. 49" 0.15 30. 68
250 ~300 387 31.09* 9.20 29.58 1.58¢ 0. 47 29. 62 0.48" 0.13 26. 65
300 ~350 213 31.31*% 8.98 28.67 1. 60 0. 46 28. 65 0. 50" 0.15 30. 19

>350 145 32.26" 9.07 28. 11 1.62* 0. 47 28. 80 0.52" 0.15 27. 86

o AP TK AK
i/ m #f\ﬁ/ T, bREZ BRRBY VHE, WX, BRER PBHE, WiER, BRER
(mg-kg™') (mg-kg™") % (g'kg™)  (g-kg™) % (mg-kg™') (mg-kg™") %

0 ~150 602 28. 87" 14. 68 50. 85 11. 42" 4.28 37.51 73. 56 42.36 57.59
150 ~200 933 23.75 15.58 65.58 10.79¢ 4.32 40. 04 75. 96" 43.99 57.91
200 ~250 648 18.92°¢ 13. 54 71. 56 11.20¢ 4.60 41.05 73. 47" 40.92 55.70
250 ~300 387 18.29°¢ 13.31 72.77 10. 644 4.56 42.91 70. 46° 40. 14 56.97
300 ~350 213 17. 80° 12.31 69. 13 11.90% 4.31 36.21 74.90" 43.17 57. 64

>350 145 18.90° 12. 68 67.08 12. 65 4.06 32.07 84. 69 41. 69 49.22

T : A —F AR 89/ NS TR ], 3R B R B p =0. 01 K ERYBENEZES, TR,

e B S [ (EAR Y s LU, MR s fo DL BV 2 (1) 47
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Fig.2 Isotropic semi-variogram of soil nutrient in Ganzhou City
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Tab.4 Parameters of semi-variogram models for soil nutrients

TSy PRIGAR I St Sl PR AR R/ K e RAL Bk 2%
3 v 3 LIE JE R 4
et Cy Co+C  C/(Co+Cy/%

SOM B 10. 200 84. 090 12. 130 15.00 0. 855 0. 001
TN (3 0. 029 0.227 12.775 16. 20 0. 852 0. 001
TP = 0.011 0.027 40. 741 22.52 0.724 0. 002
AP LE 97.200 227. 400 42.744 39. 60 0.779 0. 003
TK Rk 4.990 19. 810 25. 189 41. 80 0. 967 0. 002
AK (3 517. 000 1 774. 000 29. 143 34. 50 0.929 0. 002

AR HIRT &
2.4.2 AN[EEET SRS 85045

W HEFE A3 IEAT U ) o BLAS AR, 38 LB UE S,
R (K 5).SOM TN TP AP TK  AK Tl {5 5
SEINME A AH DG R B R 435128 0.713.,0. 676 0. 899
0. 864 .0. 962 0. 853, #H 3¢ F B ML A, 2 BH T IDKS B2
MR B B L 2% (MSDR) 43 Bl R 1,395,
1. 814 .1. 072 0. 950 0. 839 ,0. 963 , MSDR % %k 33
U, UL DR A R L, PR IR] e AR O
HERECN S, HEFRS G RGEG R RS
K4 Ay + R BRI TR 2Ot
AT A5 B AS ) R SR A
(E13), MWE3 aTLLE . O £ 5 45 5 5%
S AT R], SOM TN AP i3 fifE 2 ~3 2%
(F& ~ 5, o 505 X E LY 95.69% |
95.46% 93. 46% ;TP Feor i FELENIE3 ~4

(P ~ =) 5 AR FT X A E ALY 80.95% , TK
AK BERIMGTE 4 ~5 (k= ~1RGRZ ), 7000 5 B
8 X A AR Y 80. 70% 86.30% , 5% 1 43 A&t 1
—3, O R O A AN F Y2 [ 43 A
#6Ja1, SOM TN TK 5431 f o B X 2200 7 7
VPRI IX., 550 F a8 43 A 46 Jm R A1 ) A s e AR A1
S R AR E R B AR e, T TP
AP TEFAR I, 3500 & BR Bl A L TH i R R, 43
A% JRy F A/ ) PR B e R R AT S A S AU v ) s 32
RS AK F7 535 i b e R A A AR
WG, X 53 3 g R iR —5, Hp, som Al
TN B3 [A 53 A B AR (8] 3a 3b) |, i {53 A i 3
A, I O KO P B A R R 25 (R R A G
F N 1 N1 e 8 10 e s Sl I B T
AR ARWIAS , REAF— B R DRI 40 & R AT A 1

23 6]

x5 IEFSPEETHREXTXBIELER

Tab.5 Cross-validation results of spatial estimation of soil nutrients

ISUEFR bR SOM TN TP AP TK AK
MXFRER 0.713 * 0. 676 ** 0. 899 ** 0. 864 ** 0.962 * 0.853™
9778524 1 MSDR 1.395 1.814 1.072 0. 950 0. 839 0.963

3 W PER, B BRI = AR S k2, 54 S04 %t

3.1 ERURTEFRSNTEAER

Z Y BERT S E RS SR E Y
LM, Fefs (X R AE e a5 AR Sk, A
IR IXRE, SOM TN ¥J4b 3 &K, X 5
5 4 3 v 1R 22 T 118 I 30T 2 XU PR — B, X
SN R TR A KO A R VE D i Ak
SOM , WV 19 25 St 5 7 A RS2 , BB P ) 0
BIFEAR , 2 1E SOM TN () 2L, TP TK \AK %3 4b T
4 GLERZ K- TP TK IR AR R R 52 m, 32225k
VRT3 S BR, R T TR 2T R A
S AR L A o Y Bl B R RO R
B, i p b X g YR R 22 T ) A R R
HR AP AT 2 HEsEEE KT, A EE R E
ATREJE K AR L, (5T X BRI 80% , FE#E/K 4%

JU FE T N S 3 e R AT SR 4518 — 24 IRl AR
DB AA HUIE (A 2855 j s 5 e & AP &
2R EE R, W 2 R BT LA
TSRS E S S EZ R /ANEIR 2 50 R
SOM (12.130% ) TN (12.775% ) .TK (25.189% ) .
AK(29.143% ) . TP(40.741% ) .AP(42.744% ) ,
Hr, € SOM TN $ 4300 B/ F 25% , Ui B 1 &
i BAARANAY 2 [RAE OGP | Ho 2 (R) A8 S E A2 45
Fap: R TS50 5 1T TK  AK TP AP B4 80N 1E 25% ~
75% Z 18], i I HLAG v A 23 T A OGP | Heas )R S
LR R RN BE BL A PR 2L [ 5 (27 i R
G R K, WNE R RECE, TIER S
S R B M KRB NKIR R AP (66.47% ) . AK
(56.86% ) . TK (39.61% ), TN (31.97% ) . SOM
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