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Spatial Variability of Soil Moisture Content, Soil Penetration Resistance
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Spatial variability and distribution map of soil properties and the relationships between soil properties and
crop yields are not well characterized in agroecosystems that have been land leveled to facilitate more
cultivation of the new reclaimed sloping highland. Potato, onion, carrot, Chinese cabbage and radish were
grown on the coarse sandy loam soil in 2004. Soil moisture content, soil penetration resistance and crop
yield were sampled in the 10 m ×× 50 m field consisted of five plots. Sampling sites of each cultivation plot
were 33 for the soil moisture, 11 for the soil penetration and 33 for the crop yield.
The results of semivariance analysis, most of models were shown spherical equation. The significant ranges
of each spatial variability model for the soil moisture, soil penetration and crop yield were broad as 33-35
meters in the potato cultivation plot, and that in the Chinese cabbage cultivation plot was narrow as 5-6
meters. The coefficient of variances (C.V.) of moisture, penetration and yield were various from 14 to 59
percents in five cultivation plots. The highest C.V. of potato yield was 59 percents, and that of the radish
cultivation plot was as low as 14 percents. The required sample numbers for the determination of soil
moisture content, soil penetration resistance and crop yield with error 10% at 0.05 significant level were
ranged 8-40 for soil moisture, 7-25 for soil penetration and 424-4,678 for crop yield.
The variogram and distribution map by kriging described field characteristics well so that the spatial
variability would be useful for soil management for better efficiency and precision agriculture in the
reclaimed highland.
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Fig. 1. Photography showing reclamation and leveling of
mountainous land.
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Fig. 2. Measurement points for soil moisture content and crop yield (a), and measurement points for soil penetration resistance (b).
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KMgCa

Exchangeable cations

-------------- cmolc kg-1 ------------------------------mg kg-1 ----------------g kg-1

Av. 

P2O5
NO3-NNH4-NO.M.

pH

(1:5)

Mean

Range

SL 5.6 27.8 14 17 124 2.0 1.3 0.48

5.5-5.9 24.2-32.4 5-28 5-28 89-183 1.3-2.4 0.8-1.9 0.36-0.64

Soil

texture

Table 1. Means and ranges of the soil properties sampled from the five cultivated plots before experiment.
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a)

b)

c)
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Fig. 3. Kriged maps of the soil moisture contents at day 5 after 87 mm rain. The interpolated values were determined by kriging for
each of the investigating points: (a) radish, (b) Chinese cabbage, (c) carrot, (d) onion and (e) potato cultivation plot.
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Fig. 4. Distribution map of the soil penetration with soil depth
in different cultivation farmland of new reclaimed upland
including parent material.
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, , semivariance   Table 2
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25%
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. Park (1987)
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, 30%

. , 59%

, 30% 

Fig. 5. Distribution map of the soil penetration resistance (cross line) and the soil moisture content (overlay).

nC.V. (%)S.D.MaximumMinimumMeanUnitsVariables

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

12.94

1.44

330.94

15.14

1.06

322.94

12.44

1.06

201.94

14.84

1.43

2008.94

16.04

1.68

1804.94

9.74

0.42

60.94

9.14

0.67

132.94

9.14

0.46

111.94

9.24

0.51

1310.94

11.84

0.67

1078.94

21.34

2.73

674.94

20.14

2.32

546.94

19.94

1.75

328.94

27.84

1.74

2600.94

20.74

4.03

2732.94

2.27

0.54

192.97

3.12

0.46

84.22

2.34

0.38

45.32

3.75

0.36

309.58

2.24

0.91

315.51

18

38

59

21

43

26

19

36

23

25

25

15

14

54

17

33

11

33

33

11

33

33

11

33

33

11

33

33

11

33

Cultivated

crops

Potato

Onion

Carrot

Chinese

cabbage

Radish

Table 2. Descriptive statistics of measured point data and estimated soil properties and crop yields.
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( )   Table 4

, , 

5% 10%

. 

500 m2

8-40 , 

7-25

424-4678

. , 

r2Proportion,

C/(Co+C)

Range

(A0 or 3A0), m

Sill,

Co+C

Nugget, 

Co
ModelsUnitsVariables

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

Moisture(0-10 cm)

Penetration(0-20 cm)

Yield

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

Spherical

Linear

Linear

Spherical

Spherical

Linear

Exponential

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical

1.580

0.113

10.000

0.910

0.000

4260.000

2.660

0.000

134.000

1.150

0.018

8500.000

0.780

0.001

4700.000

6.308

0.362

76454.157

10.150

0.205

8425.769

6.534

0.151

2057.000

14.640

0.138

93200.000

5.322

0.801

101700.000

33.33

35.00

33.47

12.52

5.00

35.47

58.83

10.06

7.98

5.90

5.00

5.90

11.47

12.98

5.90

0.750

0.688

1.000

0.910

1.000

0.494

0.593

1.000

0.953

0.921

0.870

0.909

0.853

0.999

0.954

0.863

0.504

0.983

0.833

0.000

0.622

0.563

0.065

0.042

0.000

0.000

0.000

0.361

0.610

0.000

Cultivated

crops

Potato

Onion

Carrot

Chinese

cabbage

Radish

Table 3. Semivariogram and their estimated parameters.
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.

, 

(Table 5).

. 

Fig. 6. Experimental semivariances (filled square dots) and the fitted semivariogram models (lines), for soil moisture contents (a, d, g,
k, m), soil penetration resistances (b, e, h, k, n), cultivated crop yields (c, f, i, l, o).
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Fig. 7. Distribution maps of the crop yield for the five vegetables. The interpolated values were determined by kriging for each of the
investigating points.
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.

(

) 

10 m

× 50 m 5 , 

, , , . 

33, 11, 

33 .

Semivariance , spherical

, 

(range)

33-35 m ,

5-6 m

. 

14-59% , 

59% , 14%

. 5% 10%

, 

8-40 , 7-25 , 424-

4,678 .

Variogram

, 

.

Cultivation crops

Potato

Onion

Carrot

Chinese cabbage

Radish

Required number of soil samples for error with 10% at 0.05 significant level from the measured sample numbers of 33 for soil moisture content and

cultivation crop yield, and 11 samples for soil penetration resistance in each cultivation plot.

a-bEstimated number, bMeasured number, aUnitVariables

SMC

SPR

CFW

SMC

SPR

CFW

SMC

SPR

CFW

SMC

SPR

CFW

SMC

SPR

CFW

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

v/v%

MPa

gm

33

11

33

33

11

33

33

11

33

33

11

33

33

11

33

13

11

4678

27

10

913

8

7

424

40

5

1979

13

25

2288

20

0

-4645

6

1

-880

25

4

-391

-6

6

-1946

20

-14

-2255

Table 4. The approximate number of samples required to estimate mean value of the soil moisture content (SMC), soil penetration
resistance (SPR) and crop fresh weight (CFW) on the five cultivation plots in the saprolite piled upland.

Crops
KMgCa

Exchangeable cations

-------------- cmolc kg-1 ------------------------------mg kg-1 ----------------g kg-1

Av. 

P2O5
NO3-NNH4-NO.M.pH(1:5)

5.5

5.1

5.5

5.4

5.7

5.4

33.7

35.5

37.7

35.0

29.5

34.3

14

16

14

16

15

15

15

19

14

22

19

18

193

133

162

199

221

182

2.6

1.6

2.7

2.5

3.0

2.5

1.7

1.1

1.4

1.2

1.5

1.2

0.95

0.47

0.61

0.68

0.79

0.42

Potato

Onion

Carrot

Chinese cabbage

Radish

Average

Table 5. Chemical properties of the soil after harvest.
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