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Fig. 1 Map of the Bohai coastal area and distribution of soil sampling sites
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B TARE R R EEAKT BT R T8 &
2 gt B PR T 2 R SRR B Z R A & 5
e br o S R T AT LA, KRR FR S T
2.1 HIEFH S IRARAHR M ST IS s F 30 ~60 em + 2, NS REE, B 30 ~
BWRAES KL EEAE LSS FFMENSE 60 em 2 HEEAE R R BT 100% , 8 F 38725 5

TR IR (R, BADIRDERI TN 6
GORNF 0o TR CRFER) 2 %(FE) 3%
) Ag(Bz) S HURZ) 6 (M=) .

XF 8 SR SR AR AT F IR PEGE T T, iR 2 T
1,0 ~30 em + )21 30 ~60 ecm + )2, il it & F 15
53 Ak AR B 2R A R il ZOIR 2 5 A OB
FELAh T o A K F B Z K 5 5B BB,

TR DAL A $8 45 19 28 57 R A AE 10% ~ 100% ,
J& T A AR SR EE . XT IR A 4R bR AT O A8 4 A A
55 A K-S Ku 58 Z (H A AR R AR fE o« =
0.05 N iFAT i & PR K, B 1A 2 A L R 4
1E 0 ~30 cm Fl 30 ~60 cm + 2R IEAS A, A5
BEFHE A TE 0 ~ 30 em £F G5 IE A& 4046, M AE 30 ~
60 cm + )22 HARX B G 77 A IEA 0 .

x1 TEFIFTRREXNRE
Table 1 Criteria for grading of soil nutrients
. i e A R ) ) A HLBT £
373 Readily available
Alkalytic nitrogen Available phosphorus Organic matter Total nitrogen
Grade . . potassium : |
(mg kg™") (mgkg™") . (gkg™") (gkg™)
(mg kg™")
1 %% Grade 1"’ > 150 >40 >200 >40 >2
2 2% Grade 2%’ 120 ~ 150 20 ~40 150 ~200 30 ~40 1.5~2
3 2% Grade 3’ 90 ~ 120 10 ~20 100 ~ 150 20 ~30 1~1.5
4 %% Grade 4%’ 60 ~90 5~10 50 ~100 10 ~20 0.75 ~1
5 4 Grade 5°’ 30 ~ 60 3~5 30 ~50 6 ~10 0.5~0.75
6 4 Grade 6°) <30 <3 <30 <6 <0.5
1)fR#F & Very rich;2) F & Rich;3) 4 Medium;4) it = Deficient;5) R = Very deficient;6) Bt Bt = Extremely deficient
x2 ITERSERRITELEE
Table 2  Statistical characteristics of soil nutrients
B P 22 e R
o tihr LR ORUME O ROk M Coefficient K-S fif N
Standard HE#  Distribution
Nutrient index Soil layer ~ Minimum  Maximum Mean of variation K-S value
deviation ig. types
(%)
el At L 0~30 cm 7 115 52 26 50.71 0.67 0.767 N
Alkalytic nitrogen (mg kg’l ) 30 ~60 c¢cm 6 80 29 17 59.91 1. 12 0. 165 N
R 0 ~30 cm 2.9 75.3 19.4 17.6 90. 43 1.34 0. 054 N
Available phosphorus (mg kg ') 30 ~60 cm 1.9 25.17 7.5 5.6 74.48 1.13 0. 154 LgN
pryig: 0~30 cm 14 1132 202 190 94. 25 1.28 0.074 N
Readily available potassium ( mgkg -1y 30 ~60 cm 7 1 048 177 187 105.99 0. 62 0. 800 LgN
A AL 0~30 cm 2.15 26. 82 11.29 5.15 45.58 0.73 0. 659 N
Organic matter (gkg ') 30 ~60 c¢cm 1. 80 15.55 6.94 3.05 43.97 0.54 0.933 N
2R 0~30 cm 0. 05 1.70 0. 66 0.32 48.13 0.77 0. 601 N
Total nitrogen (gkg ') 30 ~60 c¢m 0.12 0.98 0.42 0.19 45.49 0.45 0.989 N

N RIEZR /A, LeN % $0E 2 434, N 14 K-S 5 S A AR 35 B 4R % B0 4 )5 10 B4 11 5545 1 Note: N stands for normal distri-

bution and LgN for lognormal distribution and their corresponding K-S values and their accompanied probabilities come from natural logarithm transforma-

tion data
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IR LD A [R) AR , 7E 2R PG 5 ] g b O ) 2 5
T ALY ;0 ~ 30 em 2 AT O A TG F
ARG, G B R B R T BRI
FOAEPIIT 0] B — B $ A, 30 ~ 60 em A AL
T E 2R VG 7 1) R G T ) 34 22 B B R 0N 50 ~
30 em A ML FE AR PG 7 a] ARG A6 7 1) 35 S 8
PN ,30 ~ 60 em A AL TE AR PH FRG AL 5 1]
G390 R — B A B A
2.3 TtEFSERTEATREMFE

K GS + BRAFHEAT & 5% 43 46 b5 T 25 bR BB
RULA 25 1845 35 40 46 b 1) 45 1) S PR Rl $51 , &
1 2 5 A B 8k I A P UL 5 eR R, AR AR R T 22 1R
BE(E2) MEHSE(£R3) . E V2B
FEARTE LT IE DI A7 78 RAF 028 07 22 454, T A
7] 75 434 b 25 0] 28 S MR T

el SREMHZ L C,/Cy + C ] L F R i bl
MUK 28 BT 51 S P o 2 () S o & I e
- M 1 A (AR 1, R Bk R VR BIF 9 AR B A ) AH G
48 B MR o BN T 25% B, 35 31y 38 25 )
AHEME  7E 25% ~T5% Z [A) 3 B Ay v 5 223 [A) A G4
FLAB K T 75% 300 55 25 R A 56k o A 3B 7E 0 ~
30 em )28 T A4E A5 AR OCHE 30 ~60 cm 2 &
T s ) A OG5 U W] 3R 2 A R0l O B A ) 22 R/ 2
P BE ML DR 25 (v TR it S AR A i A - e R
SRR R U6 Bl ) FNas A b R (AR Y |+
HERRAE) JL AR SR, i T 2 3B 45
HEBIE, M 7E LT 2 - 58 F 5k 25 (8] A
e s Tl AL A ML R 4 RUE B2 2 R A G 1
FRZ, 70 ~30 em J& F 5 45 8] A0 OC M1 30 ~
60 cm g T 825 (B AH G ME . AR A RN 53 A] i
FRAHSCHE B, WA & 25 8] 3 A OCE Bl RN, &
T2 AR A RRTE 17.3 ~93.1 km, AF f 4%
K, Uk B E 388 K 3 Bl PN A7 7 25 DA OGP, 5 o
FLA e 1 223 () 3 A0 1 R | 4% 3% 40 48 b 1Y) 25 [ AH
IR B K TR A SO B 10 km, 0] DL AT 25
V1) 4 (LR PR 4% 398 3% 0 48 b B (B BN 1
BIAEA R GE KRB bl TR FE IR 25 R B A8 S (i
HLRIE A 2 S5 & HZ LIRS TR AR,

R3 ITEFSERFFEIHRBSY

Table 3 Parameters of the semi-variogram models for soil nutrients in different soil layers

Hedd HEAHE e/ el B
Oy 6 b B A AR _ ' POERM k%

Nugget Sill Nugget/Sill Range
Nugget index Soil layer Theoretical model R? RSS

Cy Cy+C (%) (m)
T fift A Alkalytic nitrogen 0 ~30 cm = Hr Gaussian 0.053 0. 466 11.37 57 700 0.810 0.039
(mg kg™") 30 ~60 cm BRIR Spherical 0.205 0. 420 48. 81 71 900 0. 687 0. 024
A % Available phosphorus 0 ~30 cm $8 %1 Esponential 0.202 0.556 36. 33 20 200 0.514 0.070
(mg kg™") 30 ~60 em 45 %% Esponential 0.077 0.611 12. 60 49 200 0. 802 0. 065
JHEALEP Readily available potassium 0 ~30 cm 18 %0 Esponential 0.001 0.950 0.11 26 400 0.763 0.224
(mg kg -l ) 30 ~60 c¢m BRIR Spherical 0.328 1.442 22.75 93 100 0.778 0.463
A HLE Organic matter 0 ~30 c¢m $5 %1 Esponential 0 0.262 0. 04 21 700 0.770 0.015
(gkg™") 30 ~60 em  f5 %% Esponential 0. 150 0. 347 43.23 27 400 0.316 0.388
4> Total nitrogen 0 ~30 ¢m BRI Spherical 0.014 0.116 11.94 56 300 0.769 0. 003

g T

(gkg™") 30 ~60 cm Er#r Gaussian 0.011 0.039 28.31 17 300 0. 546 0. 005

TE:0 ~30 em 130 ~60 em - J2 - HEHUCI AA LT 7 22 2808 R 18 48 0 BOH: 55 75,0 ~ 30 em 2 b E AU B HLBT 28 K-S
9 BAR AT & IR A (I Sig BB/, 2 T5 22 BB G ROR B 22 BOR I A R0 B fi i (B 3R A7 24 7 22 I 45 Note: Semi-variance param-

eters of soil readily availablepotassium and organic matter in the 0 ~30 c¢m and 30 ~ 60 cm soil layers are calculated by natural logarithm data. Although

soil readily available potassium and organic matter in the 0 ~30 cm soil layer are distributed lognormally, they are quite low in Sig. value so their semivar-

iogram fitting is not so good. It is, therefore, advisable to perform semivariogram fitting after natural logarithmical transformation of the values
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Fig. 2 Semi-variance grams of soil nutrients
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Fig. 3 Spatial distribution of soil nutrients in different soil layers
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SPATIAL VARIABILITY AND DISTRIBUTION PATTERN OF SOIL NUTRIENTS
IN BOHAI COASTAL AREA

Lii Zhenzhen Liu Guangming Yang Jingsong' Zhang Mimi
( State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract To study spatial variability and distribution of soil nutrients on a large scale is an important prerequisite
for regional balanced fertilization and precision agriculture, but rather time-consuming, labor-consuming and costly be-
cause it involves large volumes of soil samples that have to be collected from the fields and analyzed in lab for contents of
soil nutrients. The geostatistical and GIS interpolation techniques available can help effectively solve this problem. Based
on the 432 soil sampling sites in the Bohai coastal area, spatial variability and distribution patterns of soil nutrients in 0 ~
30 ¢cm and 30 ~ 60 cm soil layers of the region were explored. Soil nutrients, such as alkalytic nitrogen, available phos-
phorus, readily available potassium, organic matter and total nitrogen, in the samples were measured for conventional sta-
tistical and geostatistical analyses and mapping using the kriging spatial interpolation method. Results show that the varia-
tions of the same one nutrient element in the 0 ~30 c¢m and 30 ~ 60 cm soil layers were the similar in degree, and all the
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elements varied moderately except potassium, which did quite vigorously. The nutrients were higher in the 0 ~30 cm soil
layer than in the 30 ~60 cm one in mean content. All the nutrient indicators in the two soil layers show good spatial struc-
ture. The soil in the studied area is relatively rich in available P and readily available K, but rather poor in alkalytic N,

organic matter and TN. Generally speaking, the soil is rather infertile and the 30 ~ 60 cm soil layer is more than the 0 ~

30 cm soil layer.

Key words Soil nutrients; Geostatistical analysis; Kriging interpolation; Spatial variability; Bohai coastal area
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