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Temporal and spatial variability of soil available nutrients in arable Lands of

Heyang County in South Loess Plateau

CHEN Tao'*, CHANG Qingrui'"> ", LIU Jing'*, QI Yanbing'?*, LIU Mengyun'~
1 College of Resources and Environment, Northwest A&F University , Shaanxi Yangling 712100, China

2 Key Laboratory of Plant Nutrition and the Agro-environment in Northwest China, Ministry of Agriculture, Shaanxi Yangling 712100, China

Abstract: Soil available nutrients play important roles in ensuring high, stable yields and avoiding water eutrophication. In
this study, the spatiotemporal variation of soil available nitrogen ( AN ), phosphorus ( AP) and potassium ( AK) was
studied in Heyang County of Shaanxi Province, an ecologically vulnerable area at the south Loess Plateau. Two sets of data
were used for analysis in this study, in which 545 and 618 soil samples data were from the second national soil survey in
1983, and Shannxi Province arable land soil fertility survey in 2006, respectively. Prior to data analysis, outliers were
identified and removed. Logarithmic and BOX-COX transformations of data were performed to obtain normality distribution
of variables. Data were analyzed with spatial autocorrelation, semi-variance function and fractal dimension analysis. Factors
affecting soil nutrient change were identified using Kriging interpolation and zonal statistics.

The results showed that mean concentrations of arable soil AN, AP and AK were 35.4, 8.2, and 195 mg/kg in 1983,
respectively; whereas their average contents in 2006 were 61.5, 15.8, and 196 mg/kg, respectively. The contents of soil
AN and AP were significantly increased from 1982 to 2006 by 26.2 (74.0% ) and 7.6 (92.7% ) mg/kg, respectively. It
was found that there was significant difference between soil available nutrient contents in 1983 and those in 2006 based on
the Levene's equality of variance test.

Spatial autocorrelation analysis showed that the Moran’s [ values of AN, AP and AK in the two time points all showed

spatial cluster at 0. 01 significance levels. Soil available nutrients in 1983 had higher Moran’s I values, indicating their
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stronger spatial structure. In semi-variance function and fractal dimension ( FD) analysis, AN, AP and AK contents in
2006 had shorter spatial correlation distance and higher fractal dimension values, suggesting that soil available nutrients in
2006 exhibited weaker spatial structure and self-similarity. Thus, results obtained from analysis with three methods
confirmed their effectiveness.

The spatial patterns of soil available nutrients in 1983 and 2006 were analyzed with kriging interpolation and raster
computing in ArcGIS. It was found that soil AN and AP contents in most study areas showed varying degree of increase in
the past 23 years. In contrast, soil AK content decreased in 59.65% of arable land during this period. The relationships
were analyzed between soil nutrient changes and land use type, fertilizer application, geomorphic type, soil type and so on.
It was found that soil available nutrient changes were significantly affected by these factors. Among others, excessive N and
P fertilizer use and land use change were the main reasons for soil AN and AP increase. The decrease of soil AK was due

primarily to the shortage of K fertilizer.

Key Words: soil available nutrient; spatial-temporal variation; spatial autocorrelation; semi-variance function;

fractal dimension
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g ds 1 (¥ 4 1E 5 B+, Loessi-Orthic Primosols) A4 3, pH {H7E 7. 5—8. 5 Z 8], J@ ff 1k + 3 & HE 1
1.24 g/em’®, PHES TALH & (CEC) 4 11.49 cmol/kg, i DL 38k 3
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545 N RGREE EATHY L HE AN AP AK 08 ;2006 4R 4E 618 A~k Hid 332 AMIE T AN &,
618 MME T AP AK &, +3 AN FH 1 mol/L NaOH § 8l z2 , 13 AP FH 0. 5 mol/L NaHCO, 3= #-#54H
W AT, 118 AK SR 1 mol/L NH,OAC R4 K IE G RE I " FEA SO, A Jr 6, WIS 39 £
AL N P K BUE 500« SRAL R 43R AER 7 R 2R, 4 AN-2006 RIH 2006 4F HHEHACA & &, BLAh, th
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Fig.1 The distribution map of study area and sampling points
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FD=2-H,6H =%10g’y(h) < logh
FH L H M logy (h) o< logh TERFE h L LM RN B e pbR  BUETE R 0—1,24 H=0 B}, 53 4E% FD=2,

RV S RO BEHLRL, B AR B 200, A8 B AN S AR SCE . 23R40 FD UESER (1,2 ], i T FD Jokt
2, AT XN R AR FD AT HOR, i s (8] S MR AR B R/, REABRBE (H KR | FD ()N, F2 2L

SRR R AL S il (RNESAG IR 5 DR I R GE A5 ) |, BERLAS 53 FE Bl s FD O, U 32 28 5 s /N RUBE )
A SRHIE (NP5 R A BEHLAE 5 ) |, 8540728 5 L )N
2 HRESW

2.1 ISR IR ST

F 1 Ry P A B A AR Ay R AR AR R G A5 . O AT, 1983 4F % LR -3 AN AP
AK P43 000 35,36 8. 21 F1195 mg/kg ;2006 403k 61.52 15.82 F1196 mg/kg, Bk AK “FH) 7 &84k
KA, HHE AN AP 7 i B BERT B 28 f A7 B I 5250, 4 I3 0 26. 16 F11 7. 61 mg/kg, 28 Levene's J7 2555 )
BIH ¢ fad, HYEE B EER,

F1 AR EERNFS RS

Table 1 The summary statistics for soil available N, P and K under two different periods

WH REASL PEIHLRIED/ (mg/kg)  TRMA/ (mg/kg)  F/MA/ (mg/kg) 2B/ (mg/kg) Cfriff&of

Item Samples Mean=standard deviation Max. Min. Range variation/%
AN-1983 545 35.36+8.83 95 4 91 24.99
AP-1983 545 8.21+4.24 56.5 2.2 54.3 51.62
AK-1983 545 195.00+52.45 464 65 399 26.82
AN-2006 332 61.52+22.77 188 18 170 37.00
AP-2006 618 15.82+13.57 109.5 1.1 108.4 85.75
AK-2006 618 196.00+70. 83 670 21 649 36.06

AR, A8 S R — e R 1 ATt 20 R A SO 1 B A8 S R A AR T I S
FoT IS S B ANAE 24.99% —85.75% Z 18] J@h A A8 5, Hirh DL AP-2006 97% 55 K, 85.75% ;1M AN-
1983 75 Sthe /N AN 24.99% . M\ 1983 F| 2006 4F, #F3t + 4 AN (978 55 R %l 24.99% M N % 37% , AP M\
51.62% 3 % 85.75% , 1M AK &N/ {0 26.82% % 36.06% , AR L PF, 1 25 23a 8], % ELBF b 1+ 1
AN AP AK 72 5 P8I BE I (] A2 1k 2 3G 34
2.2 HIEEAR SIS AR SRR

B+ A 0T o N R G AR S IBENLAE S 45 F S8R G AR S, NI IH P RBENLAS R, — a5
PR 46 + B0 st 78 b sl A BE BT MR A 2R BEAILIA ) = 2 AR A RS A A it 8 R A5
T AL SR A L iR s (A DG, T B AL DR D00 B0 11 55 32 R s T A e )

2 AP IIAEHL - BE AR Sy S M ST A R, R AT, AN 1983 F| 2006 4F, 11 AN AP Fl AK 1Y
Moran's T {H35H1 0.43 .0.11.0.19 28464 0.14 0. 11 .,0. 08, ZAndifbits Ira 7 Z ¥ KT 2.58, i
WIS RIRAEER BE T, B R TR 0 7E 0. 01 GEit/KF T 24K 3 25 0] A A5G, Heas [a) 7 A e B oM 4
RRR R IAN  XT TR K R 1983 AR AL TR 43 Z (HIR T 2006 AEAREAGIE , % WIFE S 25 23a [H], #F b - 358
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F2 BAOMELTEERERFSHFTERE Moran's I 8K S AR

Table 2 Best-fitted semi-variogram model, Moran’s I and fractal dimension of soil available nutrients in two different periods

oA R He bl HEE Heb b Bt e R AL Moran’s [ FrifEfL IrHEER
Ttem Model C, Co+C Co/Co+C A 2 oran's 7z FD
AN-1983 E 0.482 1.311 36. 80 50610 0.991 0.43** 17.44 1.866
AP-1983 E 0.124 1.007 12.31 2700 0. 882 0.11** 4.82 1.979
AK-1983 E 0.134 1.010 13.27 3510 0.964 0.19** 7.68 1.960
AN-2006 E 0.104 0.983 10.55 2520 0.894 0.14* 3.83 1.977
AP-2006 E 0.101 0.978 10.29 1680 0.718 0.11°** 4.47 1.988
AK-2006 E 0.106 0.988 10.73 1740 0.670 0.08 ** 3.68 1.990
w % 4 0.01 W 5 K
12 ¢ 12 r
1.0 | 10 |
g g
£ 08 ¢ £ 08
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g 0.6 AN-1983 g 06
w1 v
0.4 A Co=0.104
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02t o 02 4=2520m
0 1 1 1 1 0 L 1 1 1
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o L0t o 1.0 F
Q Q
K g
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£ 06 E 06 -
wn wn
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# 0o Co+ C=1.007 # 00 Co+ C=0.978
: A=2700m : A=1680m
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£ 8
508 5 08
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FHER 2 AT, A 0] 1338 AN AP Il AK &5 (921 7 2400 G AR g AR 48 7Y . B AN-1983 L L ¢,/
(Cy+C) 1 36.80% LIS, BT I3 (BRI LU IR T 25% , R WITE WA 32 B A b 1 198 % 40 1 3R R i

B2 TEMPLEERAFIHEHTEE

Fig. 2 The semi-variograms of soil available nutrients in two different periods
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W52 ) 19 AF DG NS S RS S AT LA SR, T 3 - B9 R A4 55 0 119 25 ] 285 48 R i 7T 43 TE 440 FD K 8 2 4
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Fig.3 Temporal-spatial change maps of soil available nutrients from 1983 to 2006

H & 3 F13% 3 AIA H,1983 2 2006 4, % B4 KR #1458 AN AP & 28 inka s i +3% AK |2
WA Hod ) 4 AN B9 E FEAETTE 10—30 mg/kg Z00), GBI 81.92% ; e E A R IX B4 Ti% H
AR BN VY e AT R VT AR T DX X AR A 7= SR R 40, AL 28 IR SF 2 BE VR o0 2 | 3 0 it A K
HIB S Sl 4 AN SR KR E . RT3 AP R B 0. 52 km? #FHE B8 A7 B0 41, HoE X
PN, BL 0—20 mg/kg B4R A 3, B A# T 20 mg/kg BUFFHIA L 0.3 km? 3 S 280H & B3 o 452 w5 1Y B A
A 82 R AR AL DA 1 St A, 1oy = 2 BRREAE IR 2 it B, L R HE i 38 A FORS B4
VSR Tt AR (e A A 5 ol 4 s o X 38 AK, JUIFE 48754 km® (7 IR 59. 65% ) B 1l b A7 AS [F) R B
i%, B MR AR TH7E -40—0 mg/kg Z[H] ; 4% 40. 35% Mkl , FL 18 AK AR [RI AR BE 3G I, 34 088 1F 80 mg/kg 1)
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BEHLAUAT 4. 26 km? , FZLHE TR AR ARG 1B RY S g SRR IX 3 BB BRI N AK 55 i (19 J5 DR T fiE 5
AR IR I IE 7 SR HUIE KN SEA AT 7
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Table 3 Area and percentage of soil with increased AN, AP and AK contents to a varying extent from 1983 to 2006
[N R IR T

i H KR 590/ (mg/kg)
Ttem Area, percent and Soil nutrient content raised classification
classification standard
AN (AN) S ARUE/ (mg/kg) 0—10 10—20 20—30 30—40 40—50
T/ km? - 161.11 508. 40 140. 48 7.29
i BRG] % - 19.71 62.21 17.19 0.89
HELP (AP) S RE/ (mg/ke) -10—0 0—10 10—20 20—30 30—40
AL km? 0.52 690. 94 126.10 0.24 —
o7 S AR LG % 0.06 84.48 15.43 0.03
WA K (AK)  FhriE/ (mg/kg) < -40 -40—0 0—40 40—80 > 80
AL km? 25.42 462.12 289.98 35.50 4.26
i SR LGB % 3.11 56.54 35.48 4.34 0.52

2.4 kb A SR S I A AR AR S e PR R
2.4.1  RAA IR

Jite I TCATL A I B B v A b - S0 0 Bl A i i A A5 W R AR R I R A R
I, A 20 tH4E 80 AR GERE R ™ AR A BT A il St AR , A& P o3 ok £ 7 i, it AR A 1o 4 e Bk b A 7
M EE Rz —, BRI, 2o A B B S H4E % (1980—2005 4F) O & 3R, 1% B 1980 4L AL jifi
FHEAUH 2928 t( -1 13.69 kg/hm?) ,1990 4EH4 Jy 10722 1(54. 39 kg/hm?®) ,2005 4E 14 % 73134 1(438. 42
kg/hm*) ,25a [BIFLAE it FH £238 i 24 4% & BTt FH O & S B0% X HE 38 AN AP 75 5385 38 42 = 1 A ] 2
MM EE RN Z —, BAk, B A A= e AB IS 2 ROV LR S 3 T d s 1980 419 6. 08 J1 KW 3§ %
2005 414 19.72 J7 KW, HLBFE R 1985 419 1. 84 J7 hm® B4 E] 2005 414 4. 53 J1 hm? , &R/ NRIHLBEE 5
B AU R B T ARl A P2 R00% | IR 8 1 A S L R SR, S I A= Wi 3, e 1 -+ ™
Wy I3 1 AR R TR S A WIS 53 e 2 A, R IR AT - S35 00 A KPR 5, (R R Nl TR X ECh £
B AEARON A 77 ik 7 A D it PSSOt B0, 4 30 Z0 B 3R 0 b D 5, SO AR B R P S s A A8 A 1 5 1
A =R T AR,
2.4.2 AR

Bt NE S A A = R s e LA SR | b R 7 A G AR R AN R Z A0, 20 HE4D 80 AEARHT, ix B Lt
FIFH FEZELL M 3 | B AR FH KRRt 0 BRI 9 35 | SR g s 2D | 7K 8 b R S 3% 22 bk b A 28008 10k
[HIFRHT 1983 4F 1.01 5 hm® 34 % 2006 4 3.2 75 hm®, &l 4 FJH1,1983—2006 4F, Tie sk b A A 77 = anfof %
A5 L HE AN FLAP 5 it B SR IR Ak, i LK B8 i Ak oA S b R 0T DR R 8 S A A BT 1 39 1 A v, AN
A3 SBATN 35. 74 F134.98 mg/kg, AP H4H11 17.50 F117.98 mg/kg. TMi%fT + 38 AK W ZEH HI A )28 A A, H:
rhR A 5 b B pl SR AL K Be b B b, AK 2 A T ORI AR I S R A Ry S 0 Bk b el T R
SRR VR TS A, RIS A DL SR AEME F , FLBR A A A5 2 o 2 . mT O, Rt R O =K
A0 T 3 E A R BRI AN A B AR (R LA
2.4.3  HWEHZEAIAY R

ZE SR B2 AN RIS A T B SRR A i AR AR R 25 S (81 5 ) o o TR dh -
BRI, 39 B /N WARAIR (340—500 m) , HLALF B0 SR UANE X, MEHE B 58 35 , 304 STF K Sk 1 o i e ik
i, BEVER I SE RS 41, A HLICHUIE BCREAS 2, TS 850067 T X B 39 AN AP Al AK & 35K i, o
SEEN 29.61.9.07 F131.94 mg/ kg; Min: T-AbEB 1L X AOFE b, TPk 8, 35 B K, A7 R 48 e /K i 2 IXURG: , Lk
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