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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 X 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 X 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.

Key words : Elevation, Paddy field
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(Mar. 29) (May 13) (Jun. 15) (Jun.28) (Jul. 14) (JulL.27) (Aug.16) (Sep.1) (Nov. 5)
Fig. 2. Farming and data-collection schedules.
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Table 1. Descriptive statistics of elevation measurements for the study period.

Observation date(mm)

(Mar. 29) (May 13) (Jun. 15) (Jun. 28) (Jul. 14) Jul. 27) (Aug. 16) (Sep. 1) (Nov. 5)
obs. 1 obs. 2 obs. 3 obs. 4 obs. 5 obs. 6 obs. 7 obs. 8 obs. 9
R Field A 62.1 86.7 45.67 454 45.57 453 4593 46.63 55.97
e Field B 66.07 72.53 52.71 48.53 47.63 47.6 51.73 45.71 49.03
.t Field A 22.83 25.68 17.53 17.06 16.94 18.86 17.64 18.17 19.65
Field B 20.22 20.64 20.6 19.6 20.09 19.77 20.55 21.04 2229
wdem® Field A 4.17 4.69 32 3.12 3.09 344 322 332 3.59
T Field B 3.69 3.77 3.76 3.58 3.67 3.61 3.75 3.84 4.07
. Field A 307.33 291.15 286.88 35553 311.03 330.1 521.27 659.67 385.96
vananee Field B 408.82 428.98 42432 374.33 403.41 390.8 4222 422.74 497
T Field A 36.8 29.6 38.4 37.6 37.2 41.6 384 39 35.1
V. Field B 30.6 28.5 39 40.4 42.2 41.5 39.7 46 455
; Field A 105 131 70 71 71 69 68 70 87
. Field B 98 105 89 80 76 80 86 84 87
median Field A 68 90.5 47 48.5 45.5 46.5 49.5 50 61
Field B 68 73.5 55.5 48.5 53 48 54.5 47 48.5
Skewness Field A -0.6254 -1.2627 -0.8641 -0.9156 -0.7705 -0.7152 -0.8176 -09114 -0.9456
Field B -1.191 -1.4041 -0.4824 -0.5729 -0.6338 -0.5804 -0.7513 -04131 -0.4767
Kurtosis Field A 0.5137 3.2773 0.6095 0.767 0.5869 0.0041 0.2962 0.6472 0.7569
Field B 2.6726 4.0761 0.3078 0.05 -0.168 0.0359 0.3534 -0.36 -0.2214

TB.Vg. =average,
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Fig. 3. Within-field elevation data from plowing to harvest
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Table 2. ANOVA results for pre- and post-plowing elevations in fields A and B.

Index Source DF Sum of Squares Mean Square F Value Pr>F
Model 1 9077.4 90774 15.37 0.0002
Field A Error 58 34247 590.47
Corrected Total 59 433244
Model 1 627.27 627.27 1.5 0.2252
Field B Error 58 24209.33 4174
Corrected Total 59 24836.6
Table 3. ANOVA results for pre- and post-transplanting elevation data for fields A and B.
Index Source DF Sum of Squares Mean Square F Value Pr>F
Model 1 25256.02 25256.02 52.24 <.0001
Field A Error 58 28042.97 4835
Corrected Total 59 53298.98
Model 1 5860.82 5860.82 13.79 0.0005
Field B Error 58 24658.83 425.15
Corrected Total 59 30519.65
Table 4. ANOVA of elevation data measured during the plant growth phase in fields A and B.
Index Source DF Sum of Squares Mean Square F Value Pr>F
Model 5 3538 7.08 0.02 0.9998
Field A Error 174 54578.37 313.67
Corrected Total 179 54613.75
Model 5 1084.76 216.95 0.53 0.7553
Field B Error 174 71566.23 4113
Corrected Total 179 72650.99
Table 5. ANOVA of pre- and post-harvest elevations in fields A and B.
Index Source DF Sum of Squares Mean Square F Value Pr>F
Model 1 1306.67 1306.67 3.65 0.061
Field A Error 58 20765.93 358.03
Corrected Total 59 22072.6
Model 1 160.07 160.67 0.34 0.5617
Field B Error 58 27252.33 469.87
Corrected Total 59 274124

3, 54 dolgHe FxIt
Levene? =AA ZAAS 33 ZAF}, Field A=
Pr)F Zto] 04524 (F=098)°]X, Field B 0.9997
(F=008)2 0055 T 253 74 ¥ A87 n= =
92 TSRt 7 dolE 7He] AolE B7] 93|
% A& ?ﬁfﬂiﬂl %tv‘i—*—iéﬂ T Table 63}

t}. Pr)F 50| 25 <(0001=
005Kt F&38] #of ?1“?—7}/3% 7]743}04 T AT

A=) =)
A

.
8 49 B

+ obs. 13 H obs. 9
7hA o] I AR FFo] zZHzF 6210 mm, 86.70 mm,
4567 mm, 4540 mm, 4557 mm, 4530 mm, 45.93
mm, 4663 mm, 5597 mm=z A /¢ FFow FE
P O™ (Table 6), Field B= obs. 15E obs. 97}%] 2
IAR Hol 2+ 66,07 mm, 7253 mm, 52.77 mm,
4853 mm, 4763 mm, 4760 mm, 51.73 mm, 45.77
mm, 49.03 mm=Z F /M9 Aoz FEIHT} (Table
7). AAF O R o]} HFo| A FA X7} Wl

= ASTH Y9 " E 2F IARTL ﬁ

3t e AOE YEry
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Table 6. ANOVA of elevation data over the entire study period in fields A and B.

Index Source DF Sum of Squares Mean Square F Value Pr>F
Model 8 49298.54 578732 15.1 <.0001
Field A Error 261 100018.33 383.21
Corrected Total 269 146316.87
Model 8 20924.87 2615.61 6.2 <.0001
Field B Error 261 110188.53 422.18
Corrected Total 269 131113.41
Table 7. Results of Duncan's multiple range test for the entire g A #E A V0T E 24 AR WSk
study period for fields A and B. = Aoz Yelgt FIdge A 7 A W
— . ol WHE PFL VA ¥ A0 gt U
M pouping M Obervtion dae 9 EQ wge) FAR} o= Aw WA B
B 62.1 Mar. 29 (obs. 1) & A BEAFE ZEhE, oY, F= AW, ¢
A 867 May 13 (obs. 2 49 Bk £ IAA} WakE 2o degn
. o POSh WA, 2ete] A9 F o9 Aol =Y @R 5
K un. 0DS.
. A5 2ol RE MO 7 = 3] o)
FeldA ¢ 4557 Jul. 14 (obs. 5) gatdd 1 #RAtels AE AF7IT WA ¢
C 453 Jul. 27 (obs. 6) oH® 11 AREE ol&dted &A= AF7ZF T f1A
C 45.93 Aug. 16 (obs. 7) 2 oAF AN 59 AEsd Ade 74 e
C 46.63 Sep. 1 (obs. 8) Ao sohe ot
BC 55.97 Nov. 5 (obs. 9)
A 66.07 Mar. 29 (obs. 1) o] 2 2 3
A 72.53 May 13 (obs. 2) = = =
B 52.71 Jun. 15 (obs. 3)
B 48.53 Jun. 28 (obs. 4) Brown, D.G., and T.J. Bara. 1994. Recognition and reduction of
Field B B 47.63 Jul. 14 (obs. 5) systematic error in elevation and derivation surfaces from 71/2
B 476 Jul. 27 (obs. 6) minute DEMs. PE & RS. 60:189-194.
B 51.73 Aug. 16 (obs. 7) Cha, J.P., S.C. Kim, and W.P. Park. 1997. Annual report of National
B 4577 Sep. 1 (obs. 8) Institute of Agricultural Engineering. (In Korean)
B 49.03 Nov. 5 (obs. 9) Franzen, D.W., L.J. Cihacek, V.L. Hofman, and L.J. Swenson.
1998. Topography-based sampling compared with grid sampling
in the Northern great plains. J. Prod. Agric. 33:364-370.
A72 Kravchenko, A.N. 2003. Influence of spatial structure on accuracy
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