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Analysis of Elevation Variation within a Rice Paddy Field

*·

Je-Hoon Sung* and Soon-Woo Jang

National Institute of Agricultural Engineering, Rural Development Administration, Suwon 441-707, Korea

Elevation differences within a paddy field relate strongly to plant health, crop homogeneity, and pest
control. For precision agriculture (PA), the elevation within a field should be precisely controlled. We
analyzed variation in elevation within two rice paddies over one crop cycle. The study took place in two
rectangular plots (Field A and Field B, each 50 m ×× 30 m). Elevations within the two plots were measured
by a laser-equipped surveying instrument, that could determine elevations to precisions of 1 mm. The test
fields were divided into grids with 30 squares; elevation was measured at the center of each 5 ×× 10-m grid
square. This study measured elevation during nine observation periods from pre-plowing to post-harvest.
Descriptive statistics showed the highest elevations after plowing due to soil disturbance. One-way analysis
of variance (ANOVA) revealed significant elevation differences before and after plowing and transplanting,
although elevations were similar over the period of crop growth. Comparison of pre-plowing and post-
harvest data showed differences in elevations, indicating that elevation changes occurred during plowing,
rice transplanting, plant growth, and harvesting. In summary, the above statistical analyses indicated that
elevation changes occurred due to plowing but not during the plant growth season or due to harvesting.
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Fig. 1. Experimental paddy, direction of irrigation water flow, and grid size for elevation measurements.
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Fig. 2. Farming and data-collection schedules.
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, Field A Pr>F 0.6452

(F=0.21) , Field B Pr>F 0.9425

(F=0.01) 0.05
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Table 2 . Pr>F Field A 0.0002

0.05 , Field B 0.2252 0.05
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86.70 mm obs. 2

62.10 mm , Field
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, Field A Pr>F 0.2064 (F=1.63) , Field
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Table 3 . Pr>F Field A

<.0001, Field B 0.0005 0.05

. 

Field A obs. 2 86.70 mm obs. 3

45.67 mm, Field B obs. 2 

73.53 mm obs. 3 52.77

mm .

avg.

std.‡

std. err.

variance

C.V.

max.∮

median

Skewness

Kurtosis

avg.=average, ‡ std.=standard deviation, std. err.=standard error, C.V.=coefficient of variation, ∮max.=maximum

(Nov. 5)

obs. 9

Observation date(mm)

(Sep. 1)

obs. 8

(Aug. 16)

obs. 7

(Jul. 27)

obs. 6

(Jul. 14)

obs. 5

(Jun. 28)

obs. 4

(Jun. 15)

obs. 3

(May 13)

obs. 2

(Mar. 29)

obs. 1

Field A

Field B

Field A

Field B

Field A

Field B

Field A

Field B

Field A

Field B

Field A

Field B

Field A

Field B

Field A

Field B

Field A

Field B

62.1

66.07

22.83

20.22

4.17

3.69

307.33

408.82

36.8

30.6

105

98

68

68

-0.6254

-1.191

0.5137

2.6726

86.7

72.53

25.68

20.64

4.69

3.77

291.15

428.98

29.6

28.5

131

105

90.5

73.5

-1.2627

-1.4041

3.2773

4.0761

45.67

52.77

17.53

20.6

3.2

3.76

286.88

424.32

38.4

39

70

89

47

55.5

-0.8641

-0.4824

0.6095

0.3078

45.4

48.53

17.06

19.6

3.12

3.58

355.53

374.33

37.6

40.4

71

80

48.5

48.5

-0.9156

-0.5729

0.767

0.05

45.57

47.63

16.94

20.09

3.09

3.67

311.03

403.41

37.2

42.2

71

76

45.5

53

-0.7705

-0.6338

0.5869

-0.168

45.3

47.6

18.86

19.77

3.44

3.61

330.1

390.8

41.6

41.5

69

80

46.5

48

-0.7152

-0.5804

0.0041

0.0359

45.93

51.73

17.64

20.55

3.22

3.75

521.27

422.2

38.4

39.7

68

86

49.5

54.5

-0.8176

-0.7513

0.2962

0.3534

46.63

45.77

18.17

21.04

3.32

3.84

659.67

422.74

39

46

70

84

50

47

-0.9114

-0.4131

0.6472

-0.36

55.97

49.03

19.65

22.29

3.59

4.07

385.96

497

35.1

45.5

87

87

61

48.5

-0.9456

-0.4767

0.7569

-0.2214

Table 1. Descriptive statistics of elevation measurements for the study period.
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Fig. 3. Within-field elevation data from plowing to harvest
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Levene

, Field A Pr>F 0.7038 (F=0.15) , Field

B Pr>F 0.7272 (F=0.12) 0.05

. 

Table 5 . Pr>F 

Field A 0.0610, Field B 0.5617 0.05

.

Fig. 4. Elevation map for pre-plowing to post-harvest.
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9 . 

, , , , 

, 

Levene , Field A

Pr>F 0.4524 (F=0.98) , Field B 0.9997

(F=0.08) 0.05

. 

Table 6

. Pr>F Field A Field B <.0001

0.05

, , , 

.

Field A obs. 1 obs. 9

62.10 mm, 86.70 mm,

45.67 mm, 45.40 mm, 45.57 mm, 45.30 mm, 45.93

mm, 46.63 mm, 55.97 mm

(Table 6), Field B obs. 1 obs. 9

66.07 mm, 72.53 mm, 52.77 mm,

48.53 mm, 47.63 mm, 47.60 mm, 51.73 mm, 45.77

mm, 49.03 mm (Table

7). 

.

Index

Field A

Field B

Pr>FF ValueMean SquareSum of SquaresDFSource

Model

Error

Corrected Total

Model

Error

Corrected Total

1

58

59

1

58

59

9077.4

34247

43324.4

627.27

24209.33

24836.6

9077.4

590.47

627.27

417.4

15.37

1.5

0.0002

0.2252

Table 2. ANOVA results for pre- and post-plowing elevations in fields A and B.

Index

Field A

Field B

Pr>FF ValueMean SquareSum of SquaresDFSource

Model

Error

Corrected Total

Model

Error

Corrected Total

1

58

59

1

58

59

25256.02

28042.97

53298.98

5860.82

24658.83

30519.65

25256.02

483.5

5860.82

425.15

52.24

13.79

<.0001

0.0005

Table 3. ANOVA results for pre- and post-transplanting elevation data for fields A and B.

Index

Field A

Field B

Pr>FF ValueMean SquareSum of SquaresDFSource

Model

Error

Corrected Total

Model

Error

Corrected Total

5

174

179

5

174

179

35.38

54578.37

54613.75

1084.76

71566.23

72650.99

7.08

313.67

216.95

411.3

0.02

0.53

0.9998

0.7553

Table 4. ANOVA of elevation data measured during the plant growth phase in fields A and B.

Index

Field A

Field B

Pr>FF ValueMean SquareSum of SquaresDFSource

Model

Error

Corrected Total

Model

Error

Corrected Total

1

58

59

1

58

59

1306.67

20765.93

22072.6

160.07

27252.33

27412.4

1306.67

358.03

160.67

469.87

3.65

0.34

0.061

0.5617

Table 5. ANOVA of pre- and post-harvest elevations in fields A and B.
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Index

Field A

Field B

Pr>FF ValueMean SquareSum of SquaresDFSource

Model

Error

Corrected Total

Model

Error

Corrected Total

8

261

269

8

261

269

49298.54

100018.33

146316.87

20924.87

110188.53

131113.41

5787.32

383.21

2615.61

422.18

15.1

16.2

<.0001

<.0001

Table 6. ANOVA of elevation data over the entire study period in fields A and B.

Index

Field A

Field B

Duncan

grouping
Mean Observation date

B

A

C

C

C

C

C

C

B  C

A

A

B

B

B

B

B

B

B

Mar. 29 (obs. 1)

May 13 (obs. 2)

Jun. 15 (obs. 3)

Jun. 28 (obs. 4)

Jul. 14 (obs. 5)

Jul. 27 (obs. 6)

Aug. 16 (obs. 7)

Sep. 1 (obs. 8)

Nov. 5 (obs. 9)

Mar. 29 (obs. 1)

May 13 (obs. 2)

Jun. 15 (obs. 3)

Jun. 28 (obs. 4)

Jul. 14 (obs. 5)

Jul. 27 (obs. 6)

Aug. 16 (obs. 7)

Sep. 1 (obs. 8)

Nov. 5 (obs. 9)

62.1

86.7

45.67

45.4

45.57

45.3

45.93

46.63

55.97

66.07

72.53

52.77

48.53

47.63

47.6

51.73

45.77

49.03

Table 7. Results of Duncan's multiple range test for the entire
study period for fields A and B.


