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Analysis of Elevation Variation within a Rice Paddy Field
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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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ࢲ ঱

੘ࢤޛਭী ৔ೱਸ ઱ח షন੄ ੉ച೟੸ ૕, Ӑࢿ

ಣ ੿ޛ ,ب੄ ൒ܴ ١੉ ನ੢ղ ਤ஖߹ חژ ನ੢߹

۽ ӝܰ׮ ীޙٸ ੄ޛ࢑֪ ૕җ ন ೠژ ߸੉ܳ о

૑Ҋ ੓׮. ੉ۧѱ ನ੢ղ ਤ஖߹۽ ੘ޛ ۱җמ࢑ࢤ

੘ޛ కী࢚ਭࢤ ର੉о ੓ਵ۽޲, п ਤ஖߹۽ ੸׼

ೠ दӝী ߸۝ द࠺৬ э਷ ੸੿ೠ ୊ܻܳ ࣻ೯ೣਵ

ॄ۽ ֪੗੤੄ җੑై׮ਵ۽ ੋೠ ജ҃য়৏ਸ ઴੉ݶ

ࢲ ֪૑ܳ ੸੿ೞѱ ഝਊೞח ੉ߨ֪ ੿֪޻স੉׮

(Sudduth et al., 1996). ࢲۄٮ, ਤ஖߹۽ ୭੸੄ ֪੘

সਸ ࣻ೯ೞӝ ਤೞৈ ਤ஖߹ ನ੢੿ࠁ ஂٙҗ ߸੉

੉ࢳ࠙ ੿֪޻স ઱ਃ ղਊ ઺ ೞա੉׮.

ನ੢੿ࠁ ઺ ನ੢੄ ૑ഋ਷ ֙ݒ ௼ѱ ߸ೞ૑ ঋਵ

ա, Ӑಣ ੿ب৬ ನ੢ղ ਤ஖߹ Ҋ੷ରח ҃਍ ੘স

١ਵ۽ ֙ݒ ߸ೡ ࣻ ੓׮. ನ੢੄ Ҋ੷ର৬ Ӑಣ ੿

חب షনౠޛ ,ࢿ ൒ܴ ١ী ৔ೱਸ ୛޷ Ҿӓ੸ਵ۽

֪স ੄ޛ࢑ࢤ ૕җ নী ௾ ৔ೱਸ ׮஘޷

(Westphalen et al., 2004). ࢲۄٮ ನ੢ղ ਤ஖߹۽ ੸

ೠ׼ दӝী ੸੿ೠ ୊ܻܳ ࣻ೯ೞӝ ਤ೧חࢲ ֙ݒ

ח૑ۄ׳ ನ੢ Ҋ੷ରܳ ஏ੿ೞҊ ನ੢ղ Ҋ੷ର੄

ҕр߸੉ܳ ੉೧ೞৈ ֪੘স ࣻ೯ী ੉ਊೞח Ѫ੉

.׮૒ೞۈ߄

খীࢲ ঱әೠ ۽؀ ੿֪޻সীחࢲ ನ੢ղ ਤ஖߹

ౠࢿী ۄٮ ੸׼ೠ दӝী ਤ஖߹ ߸۝ द࠺৬ э਷

੸੿ೠ ֪੘স ୊ܻܳ ࣻ೯೧ঠ ೞח ,ؘ ನ੢ղ ਤ஖߹

Ҋ੷ରী ۄٮ ੘ޛ ਭ઺ীࢤ ন࠙੉ز੉ ૕ۄ׳ ࣻ

੓׮. ֤ਸ ੹҃ݶ਍ೞח ҃਋ షন੉ ੉غزয ֙ݒ

Ӑಣ੘সਸ द׮ ೧ঠ ೞҊ, ֤ޖ੿૑ೞח җ੿ীࢲ ҙ

ѐࣻী ੄೧ షনҗ ੄ܐ࠺ ਬप੉ بӝغࢤߊ ೠ׮.

੘ޛ חਭ઺ীࢤ ನ੢੄ Ӑಣ੉ Ҋܰ૑ ݶೞޅ ন࠙

੉ز੉ Ӑੌೞ૑ ঋই ਭ੉ࢤ ࠛӐੌೞѱ ݴغ ҙޛ

بܻ য۵ݶ߈ .׮, ನ੢੉ Ҋܰݶ ઁୡઁ ୊ܻী ੄

ೠ ੟ୡઁߑബҗب ੋ੿غ঻׮ (Cha et al., 1997). ੌ

۽੸ਵ߈ ੘بࣻ חਭ઺ীࢤ ನ੢ղ Ҋ੷ରо ߸ೞ૑

ঋח Ѫਵ۽ Ҋࠁ ֪੘সਸ ࣻ೯ೞҊ ੓ਵա, ನ੢ղ

Ҋ੷ରо ߸ೞ૑ ঋח׮ח Ѫਸ ஏ੿ೞৈ ֤ܻ੸ਵ۽

ೠࢳ࠙ חҊࠁ হ׮.

ನ੢ղ ҕр߸੉ܳ ೧ࢳೞҊ ಴അೞҊ੗ ೞח োҳ

ח Ҵղ৻੸ਵ۽ ݆੉ ੉ܖয ઎׮. Kravchenko
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(2003)਷ ੿֪޻স੄ ബҗח షন ੉ച೟ࢿਸ ঴݃ա

੿ഛೞҊ ബҗ੸ਵ۽ ૑بചೞוջী Ҋ׮۰੓׳ ࠁ

Ҋ, షন दܐ ଻ஂ ܳب޻ ࢲݶ೧оܻ׳ Ѻ੗ షন

दܐ ଻ஂ ীߨߑ ؀೧ Ҋ଴೮ਵݴ, ղࢗ ঌҊ્ܻр

੄ ର੉ب חBrown and Bara (1994) .׮೮ࢳ࠙ ޷ࣁ

ܻ߬যӒ۔ (semi-variogram)ਸ ࢲਊ೧ࢎ ನ੢ Ҋ੷

ର, ҃ࢎ, ҋܫ ؘ੉ఠী ٜয੓ח ઑ૒ ী۞

(systematic error)ܳ হচ ࣻ ੓਺ਸ .׮Ҋ೮ࠁ

਋ܻաۄীחࢲ Cha et al. (1997)੉ ੉ঔ ੹੄ Ӑಣ

੿חب ੉ঔ റ Ѿ઱ա ݽڲ җࢤߊ ੽ೠ޻ ҙ۲੉

੓਺ਸ Sung et al. (2005)਷ .׮ഊߋ ੘بࣻ ನ੢ղ

ਤ஖߹ Ҋ੷ରܳ ബਯ੸ਵ۽ ஏ੿ೞӝ ਤೠ ஜ؀߉

ഋ࢚ਸ Ѿҗࢳ࠙ .׮೮ࢳ࠙ ਋ܻաۄ੄ ੸ੋ߈ੌ ੉

ঔ рѺੋ ઑр 30 cm, ઱р 11 cm ∼ 14 cm ੉ঔ಩

ী ঌݏ਷ ۽ஜ؀߉ оח۽ ઑр੄ 1/3 ௼ӝੋ 10

cm, ח۽ࣁ ف ઱р੄ рѺੋ 24 cm ௼ӝ੄ ૒ࢎп

ഋ ஜ؀ܳ߉ ੿ೞৈࢶ .׮Ҋ೮ࠁ

ࠄ োҳח ߶ܳ ੉ঔೞӝ ੹ࠗఠ ੘ޛ ਭ઺, ࣻഛࢤ

റө૑ ನ੢ղ ਤ஖߹ Ҋ੷ରܳ ஏ੿೧ࢲ ো઺ بࣻ

੘ ನ੢੄ ನ੢ղ ਤ஖߹ Ҋ੷ର ߸ച ੿ܳب ೞࢳ࠙

ח ؘ Ӓ ੸੉ݾ ੓׮.

੤ܐ ߂ ߨߑ

द೷ನ੢ द೷ನ੢਷ ҃ӝب ࣻਗद ীز࠘ੑ ਤ

஖ೠ 50 m × 30 m ૒ࢎпഋ ഋక੄ ֤ ف ѐ

(Field A, Field B)੉׮ (Fig. 1). प೷਷ 2005֙ী ࣻ

೯೮׮. ҙ҅ࣻח Fig. 1җ э੉ য়ܲଃ ਤীࢲ ৽ଃ

ই۽ې ൒ܲ2005֙ .׮ 4ਘ 20ੌী ੌಿ߶ܳ ౵ઙೞৈ

5ਘ 18ੌী ੉ঔೞ৓ਵݴ, ੉ঔ ૒੹ী షনઑࢎ Ѿҗ

ܳ ੉ਊೞৈ ജ҃ࠁ੹ഋ द࠺ӝળী ۄٮ ӝ࠺೮׮.

૕ࣗ, ੋ࢑, ணܬ חܐ࠺ пп ਃࣗ, ਊҗܽ, ৏ചоܻ

ܳ ૕ࣗ੄ .׮ਊೞ৓ࢎ ҃਋ ӝ࠺, ࠙঴ܳ࠺ пп

۽30% ,70% ա־য द࠺ೞ৓ਵ࢑ੋ ,ݴ਷ ੹۝ ӝ࠺

۽ ೞ৓׮. ணܬ਷ ӝ࠺৬ ࠙঴ܳ࠺ пп 70%, 30%

۽ ա־য द࠺ೞ৓࢑ੋ .׮җ ணܬ द࠺୶ୌ۝਷ ୭

੷ 3 kg/10a৓׮.

ನ੢ ղ Ҋ੷ରח ੿޻ஏ۝ӝ (model TPS-System,

Leica Co., Heerbrugg, Switzerland)ܳ ஏ੿ .׮ਊ೮ࢎ

ਗܻח ஏ۝ӝীࢲ ۨ੉੷ܳ ࣠नೞҊ ࣻनӝীࢲ ۨ

੉੷ܳ ࣻन೧ࢲ ನ੢ղ ਤ஖߹ Ҋ੷ରܳ 1 mm ੿

۽ب޻ ஏ੿ೠ׮.

֪੘সҗ ஏ੿ੌ੗ח Fig. 2৬ э׮. ঱ ੉ٶ ֣਷

૒റ (3ਘ 29ੌ)ী ਍҃޷ క৆࢚ 1ର۽ Ҋ੷ରܳ ஏ

੿೮Ҋ, ҃਍ (4ਘ 21ੌ)റী 2ର ஏ੿, Ӑಣ੘স (5

ਘ 16ੌ)җ ੉ঔ (5ਘ 18ੌ) റী 3ର ஏ੿೮׮. ੉ঔ

റীח ਭӝр઺ࢤ ড 15ੌ рѺਵ۽ ਤ஖ܳੌز 6ഥ

ஏ੿೮Ҋ, ࣻഛറ 1ഥ ؊ ஏ੿ (11ਘ 5ੌ)೮׮.

Ӑಣ ஏ੿ द೷ನ੢਷ ನ੢ղ ਤ஖߹ Ҋ੷ରܳ

ஏ੿ೞӝ ਤ೧ Fig. 1җ э੉ 5 m × 10 m ױਤ۽

п द೷ ನ੢ਸ 30ѐ ҳദਵ۽ ҳ࠙ೞৈ п Ѻ੗੄

Fig. 1. Experimental paddy, direction of irrigation water flow, and grid size for elevation measurements.
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઺बࠗ࠙ীࢲ Ҋ੷ରܳ ஏ੿೮׮. ҳദ઺बࠗ࠙ীࢲ

3੼ਸ ஏ੿ೠ റ ಣӐೠ чਸ Ӓ ҳദ੄ Ҋ੷ରчਵ

۽ ஂ೮׮. ஏ੿੼਷ ਤ஖ܳ ಴द೧ Ҋف ݒ ஏ੿द݃

׮ ੌز ਤ஖ܳ ஏ੿೮׮.

Fig. 2৬ э੉ ੌ֙ উ੄ز ನ੢ Ҋ੷ର ߸ചܳ ࠁ

ӝ ਤ೧, ҃਍җ ఋܻ੹ী۽ Ҋ੷ରܳ ஏ੿ (3ਘ 29

ੌ, obs. 1)ೞҊ, ۽ఋܻ৬ ੉ঔ ب੉ীࢎ Ҋ੷ରܳ ஏ

੿ (5ਘ 13ੌ, obs. 2)೮׮. ੉ঔ റীח ӝڍޛ ੹ө

૑ ড ܴࠁ рѺਵ۽ 6ഥ ನ੢ Ҋ੷ରܳ ஏ੿ (obs.

3, obs. 4, obs. 5, obs. 6, obs. 7, obs. 8)೮׮. ࣻഛ੘স

੉ ನ੢ Ҋ੷ର ߸ചী ח஖޷ ৔ೱਸ ঌইࠁӝ ਤ೧

ࣻഛ੘স റীب ஏ੿ (11ਘ 5ੌ, obs. 9)೮׮.

ؘ੉ఠ ࢳ࠙ ನ੢ Ҋ੷ରח, ನ੢ղ 30ਤ஖ীࢲ

ஏ੿ೠ ч੄ ୭੷чਸ ଺ই Ӓ ୭੷чҗ п ਤ஖߹

ஏ੿ч р੄ ର੉ܳ ೧׼ ਤ஖੄ Ҋ੷ର۽ ੉ਊ೮׮.

҃਍ ੹റ੄ Ҋ੷ର ߸ചܳ ӝࠁ ਤ೧ ҃਍җ ֤ޖ

ఋܻ੹റী۽ ஏ੿ೠ Ҋ੷ରܳ ੉ঔ ,ݴҮ೮ਵ࠺ ੹

റ Ҋ੷ର ߸ചܳ ӝࠁ ਤ೧ ҃਍җ ఋܻറ۽ ஏ੿ೠ

Ҋ੷ର৬ ੉ঔ റী ஏ੿ೠ Ҋ੷ରܳ ੉ঔ .׮Ү೮࠺

റ ੘ޛ ਭӝр઺ীࢤ Ҋ੷ର ߸ചܳ ೞӝࢳ࠙ ਤ೧

੉ঔ റࠗఠ ӝڍޛ ੹ө૑ ড ܴࠁ рѺਵ۽ 6ഥ ஏ

੿ೠ Ҋ੷ରܳ ഛ੘স੉ࣻ .׮೮ࢳ࠙ ನ੢ Ҋ੷ର ߸

ചী ח஖޷ ৔ೱਸ ঌইࠁӝ ਤ೧ ࣻഛ੘স ੹റ ನ

੢ Ҋ੷ରܳ ۽՘ਵ .׮೮ࢳ࠙ ো઺ ߸ചܳ ӝࠁ ਤ೧

҃਍ ੹ࠗఠ ࣻഛറө૑ ٚݽ ஏ੿ ؘ੉ఠܳ Ү࠺ ࠙

.׮೮ࢳ

ࠄ োҳীࢲ ਊೠࢎ ੗ܐ੄ ӝࣿా҅৬ ҙ࢚ ࢳ࠙

਷ SAS (version 8.01, SAS Institute Inc., North

Carolina, USA)ܳ ੉ਊೞ৓ਵݴ, ҕр߸੉ ೧ࢳ਷

GS+ (version 5.2, Gamma Design software,

Michigan, USA)ܳ חبਊ೮Ҋ, ૑ࢎ Surfer (version

8.03, Golden software Inc., Colorado, USA)ܳ ੉ਊೞ

ৈ Ӓ۷׮.

חҮೞ࠺ ؘ੉ఠח Ү࠺ ؘ੉ఠр੄ ࠙ನо э਷૑

ܳ ӝࠁ ਤ೧ Levene੄ ࢿ૕ز Ѩ੿ (Lavene's test

for homogeneity of y variance)ਸ ࣻ೯೮ز .׮૕ࢿ

Ѩ੿ীࢲ ਸࢿ࢚١࠙ ݅઒ೞח ҃਋ ੌਗ࠙ࢳ࠙࢑ਸ

ࣻ೯ೞҊ, ࠙ࢳ࠙࢑ Ѿҗ ӈޖоࢸਸ ӝпೞח ҃਋

ী݅ ஢؍ Ѩ੿ (Duncan's Multiple Range Test)ਸ

ࣻ೯೮׮.

Ѿҗ ߂ Ҋ଴

ӝࣿా҅ ࢳ࠙ ੌ֙ উ੄ز ನ੢ Ҋ੷ର ߸ചܳ

ೞӝࢳ࠙ ਤ೧ ੉ঔ ੹ࠗఠ ࣻഛറө૑ 9ഥ ನ੢ Ҋ

੷ରܳ ஏ੿ೠ ؘ੉ఠ੄ ӝࣿా҅ח Table 1җ э׮.

Ҋ੷ର੄ ಣӐ਷ 69.22 mm ∼ 101.12 mm۽ աఋլ

਍җ҃ ,ؘח ఋܻ۽ റ Ҋ੷ରо о੢ ஼Ҋ, ੉ঔ ૒

റ Ҋ੷ରо о੢ ੘ও׮. Ӓ ੉ਬח ҃਍੘স ੹ө૑

ઉઉ׮ ੓؍ షন੉ ҃਍੘সਵ۽ Үغۆ঻ӝ ਵޙٸ

۽ ؀ட࠺ .׮ػױ౸ ੿ܳب ঌ ࣻ ੓ח ৵بب ҃਍

җ ఋܻ۽ റ ۽1.0402- ܲ׮ दӝী ೧࠺ ஼Ҋ, ୎ب

ب ۽2.1001 ҃਍੘সറ ನ੢ Ҋ੷ର ч੉ ੿ӏ࠙ನ੄

҃਋׮ࠁ ؀಴ч ઱ਤী ؊ ݆੉ যغ૘޻ ੓ח Ѫਸ

ঌ ࣻ ੓׮.

੉ঔറ ߶о חਭೞࢤ উ੄ز Ҋ੷ରח 69.22 ∼

73.33 mm۽ ߸ചо ੌ੿೮׮. ࣻഛ੘সറ Ҋ੷ର੄

߸ചо ઑӘ ழ઎ؘח (78.00 mm), Ӓ ੉ਬח ௓ੋ߄

੘সী ੄ೠ ૗׮ ੿ب੄ ର੉ ۽ਵޙٸ .׮ػױ౸

Ӓې೐৬ ૑ب Ү࠺ ੌ֙ উ੄ز ನ੢ Ҋ੷ର ߸

ചܳ ೞӝࢳ࠙ ਤ೧ ੉ঔ ੹ࠗఠ ࣻഛറө૑ 9ഥ ನ

੢ Ҋ੷ରܳ ஏ੿ೠ ؘ੉ఠܳ Ӓې೐۽ աఋղ Ү࠺

ೞ৓׮. Figure 3਷ ҃਍੹ࠗఠ ࣻഛറө૑ 9ഥ ஏ੿

ೠ ੗ܐ੄ ನ੢ղ 30ѐ ૑੼߹ Ҋ੷ରܳ աఋմ Ѫ

੉׮. ҃਍੘স ੹ө૑ ઉઉ׮ ੓؍ షন੉ ҃਍੘স

ਵ۽ Үغۆয ҃਍റী ஏ੿ೠ Ҋ੷ର (obs. 2)о

ܲ׮ दӝী ஏ੿ೠ ੗ܐী ೧࠺ ч੉ ؊ ఀਸ ঌ

ࣻ ੓׮.

҃਍੹ࠗఠ ࣻഛറө૑ ੉ঔ റ ੘ޛ ਭӝр઺ীࢤ

Ҋ੷ର ߸ചܳ ೞӝࢳ࠙ ਤ೧ ੉ঔ റࠗఠ ӝڍޛ ੹

ө૑ ড ܴࠁ рѺਵ۽ 6ഥ ஏ੿ೠ Ҋ੷ର৬ ࣻഛറ

ஏ੿ೠ Ҋ੷ରܳ Ӓې೐۽ աఋղ ׮Үೞ৓࠺ (Fig.

3). ࣻഛറী ஏ੿ೠ Ҋ੷ର (obs. 9)о ௓ੋ߄ ੘স

ী ੄ೠ ૗׮ ੿ب੄ ର੉ ীޙٸ ܲ׮ दӝী ஏ੿

Fig. 2. Farming and data-collection schedules.
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ೠ ੗ܐী ೧࠺ ч੉ ؊ ఀਸ ঌ ࣻ ੓9 .׮ഥ ஏ੿ೠ

ؘ੉ఠ੄ दӝ߹ ૑חب Fig. 4৬ э׮.

ੌਗ ࢳ࠙࢑࠙

҃਍ ߂ ఋܻ۽ ੹റ Ү࠺ ҃਍җ ఋܻ۽ ੘সী

ۄٮ ನ੢ Ҋ੷ରо যו ੿ب ߸ೞח૑ܳ ೞӝࢳ࠙

ਤ೧ ҃਍ (4ਘ 21ੌ)җ ֤ޖ ఋܻ۽ ੘স (5ਘ 10

ੌ) ੹ (obs. 1)җ റ (obs. 2)੄ ನ੢ Ҋ੷ରܳ ஏ੿

ೞৈ ਍җ҃ .׮೮ࢳ࠙ ఋܻ۽ ੘স ੹റী ನ੢ Ҋ

੷ରо эח׮ ӈޖоࢸਸ ਋Ҋ, ੘সࣁ ੹റ ஏ੿

ؘ੉ఠ੄ ࠙ನо э਷૑ܳ ӝࠁ ਤ೧ Levene੄ ૕ز

ࢿ Ѩ੿ਸ ࣻ೯ೠ Ѿҗ, Field Aח Pr>F ч੉ 0.6452

(F=0.21)੉Ҋ, Field Bח Pr>F ч੉ 0.9425

(F=0.01)۽ ׮ࠁ0.05 ୽࠙൤ ழࢲ ف द೷ҳ فݽ

ਸࢿ࢑١࠙ ݅઒೮ف .׮ ؘ੉ఠ р੄ ର੉ܳ ӝࠁ

ਤ೧ ੌਗ ਸࢳ࠙࢑࠙ ࣻ೯೮Ҋ חѾҗࢳ࠙࢑࠙

Table 2৬ э׮. Pr>F ഛܫ੉ Field Aח ۽0.0002 ਬ

੄ࣻળ ׮ࠁ0.05 ੘૑݅, Field Bח ۽0.2252 ׮ࠁ0.05

஼ࢲۄٮ .׮ Field Aח ӈޖоࢸਸ ӝпೞৈ ҃਍җ

ఋܻ۽ ੘সী ۄٮ ನ੢ Ҋ੷ରо ߸೮׮Ҋ ࠅ ࣻ

੓Ҋ, Field Bח ӈޖоࢸਸ ӝпೡ ࣻ হয ҃਍җ

ఋܻ۽ ੘সী ۄٮ ನ੢ Ҋ੷ରо ߸ೞ૑ ঋ਺ਸ

ঌ ࣻ ੓؍ .׮஢ ઺Ѩ੿׮ Ѿҗب Field A੄ obs. 1

Ҋ੷ର ಣӐ਷ 86.70 mm੉Ҋ obs. 2੄ Ҋ੷ର ಣӐ

਷ 62.10 mm۽ ف ѐ੄ ૘ױਵ۽ ҳ࠙೮ਵա, Field

B ੄ obs. 1੄ Ҋ੷ର ಣӐ਷ 72.53 mm੉Ҋ obs. 2

੄ Ҋ੷ର ಣӐ਷ 66.07 mm۽ ೠ ѐ੄ ૘ױਵ۽ ҳ

࠙೮׮.

੉ঔ ੹റ Ү࠺ ੉ঔ ੹җ റ ನ੢ Ҋ੷ରо যו

੿ب ߸ೞח૑ܳ ҙ଴ೞӝ ਤ೧ ੉ঔ੘স (5ਘ 19ੌ)

੹ (obs. 2)җ റ (obs. 3)ী ನ੢ Ҋ੷ରܳ ஏ੿ೞৈ

੉ঔ .׮೮ࢳ࠙ ੹җ റ੄ ನ੢ Ҋ੷ରо эח׮ ӈޖ

оࢸਸ ਋Ҋ, ੘সࣁ ੹റ ஏ੿ ؘ੉ఠ੄ ࠙ನо э਷

૑ܳ ӝࠁ ਤ೧ Levene੄ ࢿ૕ز Ѩ੿ਸ ࣻ೯ೠ Ѿ

җ, Field Aח Pr>F ч੉ 0.2064 (F=1.63)੉Ҋ, Field

Bח Pr>F ч੉ 0.9938 (F=0.00)۽ ׮ࠁ0.05 ୽࠙൤

ழࢲ ف द೷ҳ فݽ ਸࢿ࢑١࠙ ݅઒೮ف .׮ ؘ੉ఠ

р੄ ର੉ܳ ӝࠁ ਤ೧ ੌਗ ਸࢳ࠙࢑࠙ ࣻ೯೮Ҋ ࠙

חѾҗࢳ࠙࢑ Table 3җ э׮. Pr>F ഛܫ੉ Field A

ח <.0001, Field Bח ۽0.0005 ׮ࠁ0.05 ੘ই ӈޖоࢸ

ਸ ӝпೞৈ ف द೷ҳ فݽ ੉ঔ੘সী ۄٮ ನ੢

Ҋ੷ରо ߸೮਺ਸ ঌ ࣻ ੓؍ .׮஢ ઺Ѩ੿׮ Ѿҗب

Field A੄ obs. 2 Ҋ੷ର ಣӐ਷ 86.70 mm੉Ҋ obs. 3

੄ Ҋ੷ର ಣӐ਷ 45.67 mm, Field B੄ obs. 2 Ҋ੷ର

ಣӐ਷ 73.53 mm੉Ҋ obs. 3੄ Ҋ੷ର ಣӐ਷ 52.77

mm۽ ف ѐ੄ ૘ױਵ۽ ҳ࠙೮׮.

੘ӝ઺ ߸ച ҙ଴ ੉ঔ റ ߶ ਭӝрࢤ ઺ ನ੢

Ҋ੷ରо যו ੿ب ߸ೞח૑ܳ ೞӝࢳ࠙ ਤ೧ ੉ঔ

avg.䝑

std.‡

std. err.䤀

variance

C.V.⁽

max.∮

median

Skewness

Kurtosis

䝑avg.=average, ‡ std.=standard deviation, 䤀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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੘স (5ਘ 19ੌ)റࠗఠ ࣻഛਸ ਤೠ ӝڍޛ ੹ө૑

ড ܴࠁ рѺਵ۽ 6ഥ ನ੢ Ҋ੷ରܳ ஏ੿ೞৈ ࢳ࠙

೮׮. ੘ޛ ਭࢤ ӝр ઺ ನ੢ Ҋ੷ରо ߸ೞ૑ ঋח

ח׮ ӈޖоࢸਸ ਋Ҋ, ஏ੿ࣁ ؘ੉ఠ੄ ࠙ನо э਷

૑ܳ ӝࠁ ਤ೧ Levene੄ ࢿ૕ز Ѩ੿ਸ ࣻ೯ೠ Ѿ

җ, Field Aח Pr>F ч੉ 0.9940 (F=0.09)੉Ҋ, Field

Bח Pr>F ч੉ 0.9987 (F=0.05)۽ ׮ࠁ0.05 ୽࠙൤

ழࢲ ف द೷ҳ فݽ ਸࢿ࢑١࠙ ݅઒೮6 .׮ഥ ஏ੿

р੄ ର੉ܳ ӝࠁ ਤ೧ ੌਗ ਸࢳ࠙࢑࠙ ࣻ೯೮Ҋ ࠙

חѾҗࢳ࠙࢑ Table 4৬ э׮. Pr>F ഛܫ੉ Field A

ח 0.9998, Field Bח 0.7553ਵ۽ ׮ࠁ0.05 ୽࠙൤ ழ

ӈޖоࢸਸ ӝпೡ ࣻ হਵ۽޲ ف द೷ҳ فݽ ੘ޛ

ਭࢤ ӝр઺ীח ನ੢ Ҋ੷ରо ߸ೞ૑ ঋ਺ਸ ঌ ࣻ

੓׮.

ࣻഛ੘স റ ߸ച ҙ଴ ࣻഛ੘স റ ನ੢ Ҋ੷ର

о যו ੿ب ߸ೞח૑ܳ ೞӝࢳ࠙ ਤ೧ ࣻഛ ੹ (9

ਘ 1ੌ)җ റ (11ਘ 5ੌ)ী ನ੢ Ҋ੷ରܳ ஏ੿ೞৈ

۽ഛ੘সਵࣻ .׮೮ࢳ࠙ ನ੢ Ҋ੷ରо ߸ೞ૑ ঋח

ח׮ ӈޖоࢸਸ ਋Ҋ, ஏ੿ࣁ ؘ੉ఠ੄ ࠙ನо э਷

Fig. 3. Within-field elevation data from plowing to harvest
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૑ܳ ӝࠁ ਤ೧ Levene੄ ࢿ૕ز Ѩ੿ਸ ࣻ೯ೠ Ѿ

җ, Field Aח Pr>F ч੉ 0.7038 (F=0.15)੉Ҋ, Field

Bח Pr>F ч੉ 0.7272 (F=0.12)۽ ׮ࠁ0.05 ୽࠙൤

ழࢲ ف द೷ҳ فݽ ਸࢿ࢑١࠙ ݅઒೮׮. ࣻഛ੘স

റ ನ੢ Ҋ੷ର੄ ߸ചܳ ӝࠁ ਤ೧ ੌਗ ਸࢳ࠙࢑࠙

ࣻ೯೮Ҋ חѾҗࢳ࠙࢑࠙ Table 5৬ э׮. Pr>F ഛܫ

੉ Field Aח 0.0610, Field Bח ۽0.5617 ׮ࠁ0.05 ழ

ӈޖоࢸਸ ӝпೡ ࣻ হਵ۽޲ ف द೷ҳ فݽ ࣻഛ

੘স੉ ನ੢ Ҋ੷ର ߸ೞী ௾ ৔ೱਸ ஖૑޷ ঋ਺ਸ

ঌ ࣻ ੓׮.

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



੘بࣻ ನ੢੄ Ӑಣب ߸ച 313

֙઺ ߸ച ҙ଴ ੌ֙ ઺ ನ੢੄ Ҋ੷ରо যו ੿

ب ߸ೞח૑ܳ ೞӝࢳ࠙ ਤ೧ ੉ঔ੘স ੹ࠗఠ ࣻഛ

റө૑ 9ഥ ನ੢ Ҋ੷ରܳ ஏ੿ೞৈ ਍੹҃ .׮೮ࢳ࠙

ࠗఠ ޛఋܻ, Ӑಣ੘স, ੉ঔ, ੘۽ ੤ߓ, ࣻഛ ੘স

উز ನ੢ Ҋ੷ରо ߸ೞ૑ ঋח׮ח ӈޖоࢸਸ ࣁ

਋Ҋ, ஏ੿ ؘ੉ఠ੄ ࠙ನо э਷૑ܳ ӝࠁ ਤ೧

Levene੄ ࢿ૕ز Ѩ੿ਸ ࣻ೯ೠ Ѿҗ, Field Aח

Pr>F ч੉ 0.4524 (F=0.98)੉Ҋ, Field Bח 0.9997

(F=0.08)۽ ׮ࠁ0.05 ୽࠙൤ ழࢲ ف द೷ҳ فݽ ١

ਸࢿ࢑࠙ ݅઒೮ف .׮ ؘ੉ఠ р੄ ର੉ܳ ӝࠁ ਤ೧

ੌਗ ਸࢳ࠙࢑࠙ ࣻ೯೮Ҋ חѾҗࢳ࠙࢑࠙ Table 6җ

э׮. Pr>F ഛܫ੉ Field A৬ Field B فݽ ۽0001.>

׮ࠁ0.05 ୽࠙൤ ੘ই ӈޖоࢸਸ ӝпೞৈ ف द೷ҳ

فݽ ҃਍੹ࠗఠ ҃਍, ੉ঔ, ੘ޛ ੤ߓ, ࣻഛ ੘স ز

উ ನ੢ Ҋ੷ରо ߸ೣਸ ঌ ࣻ ੓׮.

஢؍ ઺Ѩ੿׮ Ѿҗب Field Aח obs. 1ࠗఠ obs. 9

ө૑੄ Ҋ੷ର ಣӐ੉ пп 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۽ ࣁ ѐ੄ ૘ױਵ۽ ҳ࠙

೮ਵݴ (Table 6), Field Bח obs. 1ࠗఠ obs. 9ө૑੄

Ҋ੷ର ಣӐ੉ пп 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۽ ف ѐ੄ ૘ױਵ۽ ҳ࠙೮׮ (Table

7). ੹୓੸ਵ۽ ੉ঔ ੹റী ನ੢ Ҋ੷ରо ߸ೞҊ ੘

ޛ ਭ઺җࢤ ࣻഛ੘সী חࢲۄٮ ನ੢ Ҋ੷ରо ߸

ೞ૑ ঋח Ѫਵ۽ աఋլ׮.

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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ਃ ড

ੌ֙ উ੄ز ನ੢ Ҋ੷ର ߸ചܳ ೞӝࢳ࠙ ਤ೧ ੉

ঔ ੹ࠗఠ ࣻഛറө૑ ನ੢ղ ਤ஖߹۽ Ҋ੷ରܳ ஏ

੿ೞҊ Ӓ Ѿҗܳ ೠࢳ࠙ Ѿҗ, ҃਍җ ఋܻ۽ റ Ҋ

੷ର ର੉о о੢ ஼Ҋ, ੉ঔ ૒റ Ҋ੷ରо ର੉о

о੢ ੘ও׮. Ӓ ੉ਬח ҃਍੘স ੹ө૑ ઉઉ׮ ੓؍

షন੉ ҃਍੘সਵ۽ ҮغۆҊ, ۽ఋܻ ੘সਵ۽ ੉

঻ӝغز ۽ਵޙٸ .׮ػױ౸

҃਍җ ఋܻ۽ ੘সী ܲٮ ನ੢ Ҋ੷ରܳ ೡࢳ࠙

Ѿҗ, ҃਍җ ఋܻ۽ ੘সী ۄٮ ನ੢ Ҋ੷ରо ߸ೞ

ח Ѫਵ۽ աఋլ׮. ੉ঔ ੹җ റ ನ੢ Ҋ੷ର ߸ച

ܳ ೠࢳ࠙ Ѿҗ, ੉ঔ ੹җ റী ನ੢ Ҋ੷ର੄ ߸ച

о হח Ѫਵ۽ աఋլ׮.

੉ঔ റ ߶ ਭӝрࢤ ઺ ನ੢ Ҋ੷ର ߸ചܳ ࢳ࠙

ೠ Ѿҗ, ੘ޛ ਭࢤ ӝр઺ীח ನ੢ Ҋ੷ରо ߸ೞ૑

ঋח Ѫਵ۽ աఋլ׮. ࣻഛ੘স਷ ನ੢ Ҋ੷ର੄ ߸

ചী ܲ׮߹ ৔ೱਸ ஖૑޷ ঋח Ѫਵ۽ աఋլ׮. ੌ

֙ উز ನ੢੄ Ҋ੷ରо যו ੿ب ߸ೞח૑ܳ ࢳ࠙

ೠ Ѿҗ, ҃਍੹ࠗఠ ޛఋܻ, ੉ঔ, ੘۽ ੤ߓ, ࣻഛ

੘স উز ನ੢ Ҋ੷ରо ߸ೞח Ѫਵ۽ աఋլ׮.

ఋܻ۽ ,ࢲۄٮ ੘স റ ੉ঔ ੹ী ನ੢ Ӑಣਸ ஏ

੿ೞݶ Ӓ Ӑಣର੉ח ੘ޛ ਭӝр઺ীࢤ ߸ೞ૑ ঋ

ਵ۽޲, Ӓ ੗ܳܐ ੉ਊೞৈ ੘ޛ ਭӝрࢤ ઺ী ਤ஖

߹ ߸۝ द࠺ ١੄ ੿֪޻স ੘সਸ ࣻ೯ೡ ࣻ ੓ਸ

Ѫਵ۽ .׮ػױ౸
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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.


