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Fig.1 The distribution of sampling sites in corn field
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Tablel 1 Concentration and criteria for soil available nutrients in corn field
WiHItems pH OM Ca Mg K N P S B Cu Fe Mn Zn
BXRE 8.1 1.0 4509.0505.4 348.0 17.0 150.1 101.5 4.1 22.8 28.9 5.6 2.7
B/ME 7.7 0.4 1623.2209.0 35.2 0.2 23.1 17.3 0.4 1.0 7.1 1.9 0.8
FE 8.0 0.7 2358.3316.4 94.3 5.5 51.7 55.6 1.4 2.6 12.9 3.0 1.2

F{H 8.0 0.7 2264.5314.7 74.3 4.9 47.8 59.0 1.3 1.6 11.5 2.9 1.1
FREB(%) 1.1 15.7 21.9 20.1 67.7 64.6 41.0 34.8 55.4 149.0 34.9 25.3 37.4
s R 1E - - 400.8121.5 78.2 50.0 12.0 12.0 0.2 1.0 10.0 5.0 2.0

1) OM AEILE, 00 % , HEFS RN pg/mL, TH. OM : organic matter, unit is % ; others unit are pug/mL,

same as follows.

R 2R PR BAER L EF S HITRE, EFINETERESHRLE 2,
AHRFRANETERBVEEFRIZAF —ENER, FTENKBERRAR BANE
B, GREW B Mo LS ARG FSBAERTNETEEN, HUABRERTFH Mg i
R* ®i% 0.976;P.pH.Fe Mk H Z M BB AR ELCTEMEME &, NEFHHZS
6] A XBESS RAE Y, PR XA & 2 5 5975 8] B A SR BEAR Ho B K, 25 IR K /ol 1A
#31% OM>pH,P>Fe>Zn>Mg>S>Cu>K>Ca>Mn, HA,OM 25 [6] B # % 0E &
K, EBT 1805m, ERFHETE, ME /NN Mn, X3 T 90m, £EREW, EE MR
Bt K R BRBE (BT (80m) B A FREWE E + KN S RIZE RN T E,
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R2 EXEIWEINRSZEAERLFTERTISN
Table 2 Semi-variance parameters of soil nutrients in corn field
i H . e HREE Qe o
Item Effective range Model
pH 0.0074 0.0074 733 0.242 Linear
oM 0.0075 0.0253 1805 0.978 Gaussian
Ca 19000 350800 364 0.889 Linear to sill
Mg 740 4987 465 0.976 Spherical
K 250 5040 396 0.871 Linear to sill
P 377.2 431.6 733 0.150 Linear
S 142.7 447.1 457 0.925 Linear to sill
Cu 0.01 19.61 399 0.841 Linear to sill
Fe 8.1 20.97 546 0.253 Exponential
Mn 0.081 0.565 90 0.012 Exponential
Zn 0.0424 0.2248 483 0.856 Exponential

2.2 TS EDAFNR

2.2.1 $HBEMEREXBEI-NYROBERE R Cochran™ AR, T LK £ —
FHEEKEAMTREERFTHEINRBFIBENRERER, XREREREEBEESH2
HRAKDE. ZREH, LBWAEFITRBA, BB —-EHREREROBREREELSH
MK, BEEFFNGETAINERTURE, EFHTRNERRBEKR/DIIFH Ca>K>
N>B>P>Zn>Fe>S>Ca>Mg>0OM>pH, WA —EHMBEN S TEREREBRLEKR
H—BABE (R 3. Fll,CoBRREEB K, A ERPWBFEHB GRS, 95% BFKF
10% AT IR 2 &4 T 905 M HiBEEA R N K, B8 191 N MERSEFRMGT P A&

Table 3 Adequate sampling amount for corn field (Cochran)

®3 EXEIMNSERFNESHT

B 15K Given level 95% 90 %
X 1R ZE Relative error 5% 10% 20% 5% 10% 20%

pH 1 1 1 1 1

oM 43 11 3 30 8

Ca 82 21 58 15

Mg 69 18 48 12
K 762 191 48 533 134 34
N 656 164 41 458 115 29
P 274 69 18 192 48 12
S 186 47 12 130 33 9
B 471 118 30 329 83 21
Cu 3620 905 227 2529 633 159
Fe 192 48 12 134 34 9

Mn 104 26 7 73 19 5
Zn 224 56 14 157 40 10
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X 69 LWL, pHERMWBERERD , AN KK pH K FAH N LB, 5
DIZEREA 34.5hm? MR E RER 1 TR R BEEA F R KA IR KT .

RIGEL FEENBERFKEMATRLERNEBR, S TEATEROBERBRE
KIEBEE T o N P,5% X IR2E 95% BIRKTFREATHEE 274 N HWHEAE T 10%
B IRZE RTE 69 13 K, 7 S%RMEMIRZE 5% BEKFHRERT &L 762 4,
10% B HEXHRZE T HE 191 1, M7 10% H3HREZE 0% EEKPEGHTREE 134 1+
R A g BB ST BB N X 3 3% 4 B LSO B

Cameron! " B 55 1 t , & 78 BURE A TR 22 19 B8 5 F7 AR 48 1 498 3% 43 10 35 B 1 4 Wk B A
FKFRBE. AR, LH|EM P HELHKERN 50.8pg/mL, & & T RE 12ug/mL,
WAL FREFFRIEER P FRFH 40 ~60pg/mL R 8oL, T H, B 95% B
187K 10 % BOAE X R 22, 0 % o7 B 3 35 9 BB A 45.72 ~ 55.88pg/mL, 54k F 40 ~ 60pg/mL
RIRA A o A0SR B 20 % HYAH TR 2, W 28 3 A9 9 Bl & 3% i Bl 40.64 ~ 60.96pg/mL, 5 & 4
BIIEER P 4 & ) 40~ 60pg/mL R BT . B T 07 Ik 77 1 347 36 B 6 25 B &b F 3%
S R SR HE IR — MG AE B, BT AR T 3 2% P R EEER 20 % BIAEXTIR 2, B 18 4~ +
BREAREZEBT,

TR K B F3KF R 91.5ug/mL,10% A XTIRZ KR 9.15ug/mL, X MR ETE
B P, X - 410 0 £ W00 1B 2 1 BRAE 82.35 ~ 100.65pg/mL 22 [8] , i 1 338 3 3048 i s 718
78.2pug/mL, K F— R FH 117 . 3pg/mL, BT, 5 10 % BIAEA 1R 228 0 & 28, B B2 R B
191 M EBREA . IRER 20% M ARFIRE, A SHEFEE R 73.2~109.8pg/mL, I E
BHAREN, REREAH YT IERNENBE S H TIREQFET SRR RE LU
THERES N EERHE BAMAE A EERBERNBERIRE,
2.2.2 HEBRE #HAOBRBREHERL, WREEFSAERNRLRR X EGIREZSHEZRLA, N
TR RES LR B FAERGERBAERE , BIEFER RS BREREIHSNKE,
RGN — BB X PRI B A, AR 4R & 28 B X A T HE R A I BUE A i A K
BHEHEMERREL,

HSE, X RB B IR 4 B R T A e B AR AR, 2 B A M B R, REF A S
B R G MapGIS B P14 i % il Kriging 25 B B THEEME I & MRS WA HE , B 5k
B#TEZEEMERT RS FEI R AR B2 HHish + 3 P fk
BMKEIHE. NEFAESL, HHFEINERBEERF MRS QPELEE —EHE
FOHEPUTHEBER KENAR, AR MRNATMER K WERER, JLPFGETH
HEM KRG MESRNE FREK K HERUE/D, RERAES . BEXFHER,
AT LAE BB A Z BB R 7 8, (8 R & 7 % D BT TR0, B S04 R0 43 43 R BURE B BUARE B
LM ESETHNE, EXE, RINKENREGIS LFBTRH I EERRLER
RO K ) W] 16 4 , RATBEIE A R B E AR A KRR ATk, AR E T EER K 97
FIEACEA KRR ABCD 4 M EX (B 3), 7 MapGIS i X J& ¥ 3 W Sh 8B 7T LA 4%
THHEANEXMERGER 4), WA T X8R EAE NS T XSRS MRE,

MEWXE T REABBEEHTHETHIT ERIKRS. TUBH BN EXHERENK
FRREZR, T RERHFAEBRMCRMERABEE40% LS, AKXH29.02%, DX
MEFREERD, RE2.42%. BROTHEBHSHESARBEBRKHZY, IHRM
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M2 TNEMERSSIHE

Fig.2 Distribution of some available nutrients in soil on GIS
(BaFERAREIRENEM, Dark and light colour means high and low nutrient concentration, respectively)

F4 EEXHEARELH
Table 4 Area and proportion for each sub-region

4+ X Region A B C D Total
B (m?) 159932 62029 131036 15364 368360
&SRB (%) 43.42 16.84 35.57 4.17 100

A—FHIERAT SR ERBEFEE —EWE
5, B A A Cochran Ay 45 B WL BURE 7 ik B B A
KBEI - BERTERBEREFA+4E
B HRABREATELIRERTHIRNG — K.
TA# L b, E 40 Ball 845t FRHE, S H AR R+
RAEGHEN—FBERRE,
FALKESRETES EX + BERBEH N
EHEBEHE, ERNEK6, 5 Cochran B F M
I, B FHERER M ARES QIR EE MM RE
HEHANBRERER RAERES M EXHER
ROE, XFERECEAERBEASHIRZ ) E
FRUFENENEL, HERRIA NHRE AR

M3 tNANATRSHRER
Fig.3 Distribution of sub-region for available
K sampling
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AFHMRERGTERNBRERBERRKEEN TR, WEHER K,10% HRE
95% B 5K F &4 T % 24 ©~LHEA M Cochran LT 191 1~ MR KGT L EEHK P
T 40 LA, T Cochran FIEMT 9N LH(R 7). M LRI, E 20% HXIRE 95%
BEAFTH 10 M EBAERN FHEES P MM TRE B, B A A &E 4 B iE

MR BERARE R T RERE
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®5 BEXMERRY
Table 5 CV% for each sub-region of corn field

BiHItem pH OM Ca Mg K N P S B Cu Fe Mn Zn
AERX 1.31 12.43 9.84 16.94 29.02 50.25 40.49 22.46 62.57 15.28 23.72 23.99 36.48
BEX 0.53 14.60 8.63 13.26 41.84 66.83 22.04 26.20 27.41 20.53 43.69 33.37 17.89
CERX 0.97 9.37 9.41 11.43 38.67 86.28 43.85 38.09 32.30 26.67 34.40 21.08 33.59
DERX 0.88 11.38 1.50 4.74 2.42 86.15 43.27 2.63 91.44 17.42 7.74 12.41 8.66

6 E—ERANRENEEATE4TIRENMANSENAMR(LEE)

Table 6 Adequate Sampling under given level of relative error and significance

B E/K¥ Given level SR 95% 90 %
HXHiR 2 Relative error  Region 5% 10% 20% 5% 10% 20%
EH K A 99 25 7 69 18 5
B 36 9 3 25 7 2
C 75 19 5 52 13 4
D 9 3 1 7 2 1
B P A 108 27 7 76 19 5
B 42 11 3 30 8 2
C 89 23 6 62 16 4
D 1 3 1 8 2 1

®7 HIEBE—EAMNRENEM AT LG TAERENR(BEE)

Table 7 Adequate sampling in whole area under given level of relative error and significance

H1EXKF Given level 95% . 90 %
X iR 2 Relative error 5% 10% 20% 5% 10% 209%
pH 1 1 1 1 1 1
OM 18 5 2 13 4 1
Ca 11 3 1 8 1
Mg 23 6 2 16 4 1
K 96 24 6 67 17 5
N 421 106 27 294 74 19
P 159 40 10 111 28 7
S 62 16 4 44 11 3
B 288 7 18 201 51 13
Cu 47 12 3 33 9 3
Fe 90 23 6 63 16 4
Mn 66 17 5 46 12 3
Zn 96 24 6 67 17 5

EEARESHESRENHEERABANER, 0 A X L HHKH, 7 10% 43
B2 05% BEKTAS FTHERER 25 M LMHEA D RBR 3 MER(R6), LEHEA
=EERNELS5&KER—B, 5 A>C>B>D, BEENAR, EHRFZFTHELXE
REBERERANMIFEN C>ASB>D, AP RSN CRER BAMEA, MHPHDER
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M—HARAERBHAREME(ES),

20% AEXFIRE 95% BEAE KV KM T, 3 L HEMBE RS TIX A B.CH D B
BEIFH6.14MLZHUARBEHBAT CK,THEHT A KM C Ky +H%
HBERRBMERK, A RKEEGERT C KM%, bR, BiEHmRE—FE
R AR 2> o1 T BURE S 25 777 8 AR B TR % L 55 — 77 TG 00 T LA 51 X ot X B 4 8 IR 24
0K B BB 2 R R AR

xs —EENRENBNAKTIRGTEIENSBRANE(BIEE)

Table 8 Adequate sampling in each sub-region under given level of relative error and significance

B E/KF Given level 4K 95% 90 %
X R Relative error  Region 5% 10% 20% 5% 10% 20%
ERE A 28 7 2 20 5 2
B 18 5 2 13 3 1
C 50 13 4 35 9 3
D 2 1 1 1 1 1
B A 85 22 6 59 15 4
B 15 4 1 11 3 1
C 54 14 4 38 10 3
D 6 2 1 4 1 1
3 it

3.1 HEFRHRED KBILRREIBRARRFNE T LEEH, ERENLSBE, %
REBAEFRINEE AERERMLE A, B/DH Mn, 8358 T 90m, XFh5ERIENH, &
A 3 5 B R PR BURE (B B (80m) & W B + KA S R RIENEE,

3.2 MABRBEGRRAENLERIIHFEMN TEALWHS TR, BT S EARAEK
BRA-RHSEEL . WA RT LR &, T 4070 3R 09 R B X8 _E 7%
FREHA—, EMAIAE Cochran B AR IBBA KM X — R A% Ak & 4 EER
HBEEA—FERNAR. MFREBKNEBEALEEL BHSERERE ZAFEEERL
ERBELT, TUES LRFSHHAERAD> BB, BiE0ESEAERBAYSH X, 7T
EAZRAG B2 0 B AR WO BOURE B B, PR IR B AR A, 4B S IR 3 3R

3.3 EXRMREXGT , FASZEREENRE S LERS 34.5hm? #H#h - A BT SE,
T HER K BB LL 95% BB (57K 10% FARXT IR 25 08, BB BOE 0 24 4 HIEE P
HIBBURE LA 95 % B B 15 7K 7 20 % ROMINHR 2 B, BURE 3 10 4,

P X X W
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Seil nutrients variability and rational sampling quantity

JIANG Cheng, YANG Li-ping, JIN Ji-yun, ZHANG Wei-li
( Soil and Fertilizer Institute of CAAS, Beijing 100081, China)

Abstract : Rational sampling of soil under certain condition was studied by using Geo-statistics,
GIS and Systematic Approach for Soil Nutrients Status Evaluation. The results showed that
most of soil nutrients possess semi-variogram structure with longer range. It is essential to con-
sider the spatial variability of soil nutrients in order to balance sampling cost and accuracy. GIS
could give us better information.about soil nutrient variability and supply the theoretical basis
for arranging sampling site. In this study, the rational sampling quantity could be determined
by using Stratified and Rational Distributed Sampling. The rational sampling quantity for avail-
able K in 34.5hm? would be 24 under 95% significant level and 10% relative error and P would
be 19 under 95% significant level and 20 % relative error.

Key words : geo-statistics; GIS; sampling quantity ; rational distributed sampling



