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Spatial Variability of Soil Moisture Content, Soil Penetration Resistance
and Crop Yield on the Leveled Upland in the Reclaimed Highland
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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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ࢲ ঱

1970֙؀੄ ѐр਷ оࢎ҃ बೠ Ҕ਷ धױ҅ ѐрਸ

ೞҊ оࢎ҃ ծ਷ Ҕ਷ ਗ૑ഋਸ ࢲ۰࢓ ѐр (Shin

et al., 1974)ਸ ೞ৓ਵա, য়טզ੄ ѐр਷ ઺੢ܳ࠺

ਗೞৈز ૑ഋਸ חԲ߄ ਤױ؀ ѐрਸ ೞҊ ੓׮. ౠ

൤ Ҋ۸૑ ֪স੄ ؀಴૑৉ੋ ъਗب ಣହ੄ ؀ҙ۸

ח؀ੌ ݆਷ ੉ٜߒ ࢑ਸ ੺షೞৈ ೞ࠙ࠗױ੄ ծ਷

Ҕী షܳࢿ ೣਵॄ۽ ਸߒ ಣ఍ചೞѢա ܳبࢎ҃

ծ୶য ֪੘স੄ ಞ੄ࢿਸ ഛࠁೞӝ ਤೠ ੘সਸ ೞ

Ҋ ੓࢑ .׮ਸ ӫইࢲ షೞৈࢿ ਸߒ ઑࢿೞѱ ݶغ

షন੄ উ੿੉ ࠗ࠙੸ਵ۽ ࢚੉ೞѱ ೞৈࢤߊ ਬബష

ब੉ ੹߈੸ਵ۽ ࠛӐੌೞѱ ੉ী ,ݴغ ۄٮ షনࣻ

ب޻ ,࠙ ߂ оب҃ ೠੌز ನ੢ ղীبࢲ নೞѱ׮

࠙ನೞѱ যغ ૑੼ী ۄٮ ਭ੉ࢤ ௼ѱ ର੉о դ׮

(Kim et al., 1981).

੘ࢤޛਭ਷ షب҃ ,۝ೣ࠙ࣻ ,ࢿ, ాӝࢿ, ৡب ١੄

৔ೱਸ ݴਵ߉ (Cho and Kim, 1997; Gupta, 1994),

షন੄ оب҃ ցޖ ֫ਵݶ оܻࡸ न੢ೞ૑ ޲ೞޅ

۽ ਭ੉ࢤ աࢁѱ חبషন҃ .׮ػ ࢚ࣻ࠙క ߂ ਊ੸

ীب޻ ੄ೞৈ ৔ೱਸ ѱ߉ Ҋغ ࢿࣻై ߂ ాӝࢿҗ

੽ೠ޻ ҙ҅ (Taylor et al., 1966; Jo et al., 1983;

1997)о ੓׮. Ryu and Eom (1986)਷ ҙࣻী ੄ೠ

୶੄ߓࠆ ૐࣻബҗח ಴ળद࠺ೞীࢲ potentialਸ -0.2

bar۽ ਬ૑दெ઴ ҃਋ ҙࣻޖ ࠺؀ 221% ૐࣻغ঻
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Ҋ חޖࠆ 64% ૐࣻغ঻׮Ҋ ೞৈ ੘ࢤޛਭী ࣻ࠙

ઑѤ੉ ൤ױ؀ ઺ਃೣਸ दࢎೠ ߄ ੓ਵݴ, Kim et

al. (1997a, 1997b)੄ ઑࢎѾҗী ੄ೞݶ షনҮۆ 3֙

റী ૑಴ݶਵࠗ۽ఠ 20-30 cmী ֪স੄ അ؀ച ߂

ӝ҅ചী ੄ೠ షக੄ ঑޻੉ बചغয க੉߈҃ ഋ

੉۞ೠ ,ݴغࢿ க਷߈҃ షনࣻ੄ ೞೱ ੉زਸ ೧ߑ

ೞৈ ҕр੸ ߸੉ࢿ੉ աఋդ׮Ҋ ೞ৓׮. ੬ӝகਸ

ӝ੼ਵ۽ ֫ই૑ח ੹ਊ੸ חب޻ ੄ޛ ࣻ૒൒ܴਸ

૑োೣী ۄٮ (Brady, 1980; Patel and Sigh, 1981)

ਸݶ҅҃ ۄٮ ࣻಣ੉ز੉ ࢚؀੸ਵ۽ ૐоغӝח ೞ

ա ੹୓੸ਵ۽ ૕੄ޛ ੉ز੉ ઁೠغয ҃੘க ղ ݠ

੉ܴޖ ೡࢤߊ Ѫਵ۽ ݴ੉ࠁ (Kim et al., 1997b), ੉

۞ೠ അ࢚਷ ನ੢ী Ӑੌೞѱ חೞࢤߊ Ѫ੉ ইۄפ

షনઑѤী ۄٮ Ӓ ੿بо ઉۄ׳ ҕр੸ਵ۽ ߸੉

о ೞѱࢤߊ ਸࢿҕр߸੉ .׮ػ ҳഅೡ ࣻ ੓ח જ਷

਷ߨߑ variogramҗ kriging੄ ౠࢿਸ ಣоೞৈ ੿۝

ചೞ૑ חೞޅ Ҕٜ੄ ҕрোࣘࢿਸ ೧ݺೞৈ ࠙ನب

ܳ ੘ࢿೞח Ѫ੉׮ (Journel, 1996; Myers, 1986).

਋ܻաۄীࢲ ߒ షন੄ ࣻ࠙җ ীب҃ ؀ೠ োҳ

(Cho and Kim, 1997; Hur et al, 1984; Jo et al.,

1983; Jo et al., 1977)৬ ҕр߸੉ࢿী ؀ೠ োҳ

(Park and Yoo, 1989; Park, 1987; Park et al.,

1984a; 1984b; 1984c)ח ࣻ೯ػ ߄ ੓ਵա, ҃ࢎ૑ܳ

੺ష৬ షೞৈࢿ ѐрೠ ࢲীߒ ࣻ࠙җ ੄ب҃ ࠙ನ

ܳب ੘ࢿೞҊ ੉ܳ ੘۝ࣻޛ੄ ࠙ನ৬ ҮೞѢա࠺

ҕр߸੉ࢿী ؀೧ ಣоೠ োҳח ൚ೠ޷ प੿੉׮.

੉ োҳח ૑ܳࢎ҃ ѐрೞৈ ಣ఍ചೠ ࢲীߒ ࣻ

࠙җ ب҃ ߂ ੘۝ࣻޛী ؀ೠ ࠙ನܳب ੘ࢿೞৈ Ӓ

߸੉ܳ ಣоೞҊ, Ҋ۸૑ ࢲ૑ীࢎ҃ ੺ష৬ ۽షࢿ

ਸߒ ઑࢿೡ ٸ աఋաח ҕр߸੉ࢿਸ ҳݺೞৈ Ҋ

۸૑ ଻ࣗ੤ߓ૑੄ షনҙܻী ഝਊೞҊ੗ ࣻ೯ೞ৓

.׮

੤ܐ ߂ ߨߑ

द೷ ؀࢚૑ ನ੢ ѐਃ द೷੢ࣗ ߂ द೷੢-҃ߓ

חࣗ ೧ߊ 780 m੄ ъਗب ಣହҵ ݶঐب ഫܻ҅ Ҋ

۸૑֪সোҳࣗ ੋӔ੄ ѐр૑۽ 2001֙ী ঠ࢑ਸ ੺

ష ߂ షೞৈࢿ ಣ఍ೠ ನ੢ਸ ઑࢿೞ৓׮ (Fig. 1).

ઑࢿ റ 1֙਷ द೷ਸ ೞ૑ ঋҊ উ੿ചदఃח ӝр

ਸ ݴ঻ਵف 2002֙җ 2003֙ী ܳ࠺ృޛ࢑ࠗ ైੑೞ

Ҋ ഐ޻ਸ ੤ߓೞৈ ನ੢ী ജਗदௌ׮. షনా਷ ੺

ష ߂ షীࢿ ੄೧ ഋػࢿ ੋਤష۽ ҳ࠙ೡ ࣻ ੓ਵ

ݴ షࢿ਷ ݴনష੉ࢎ షࢿ Ө੉ח 1 m ੉࢚੉ࢿ .׮

షदী షনਸ Ӑੌೞѱ ೞӝ ਤೞৈ ࢑੄ ಴షܳ ઁ

Ѣೠ Cக షনਸ ઱۽ ਊೞৈࢎ షࢿ਷ ؀୓۽ Ӑੌ

ೠ Ҕ੉׮ (Fig. 1). Ӓ۞ա ѐр ੹੄ ૑ഋ੸ੋ ౠࢿ

җ ઑࢿदী ઺੢࠺ী ੄ೠ ࠛӐੌೠ ঑਷׹ ѐр റ

ীب ৔ೱਸ ઱য షন੄ ࣻ࠙੉ ѐр ੹੄ ૑ഋҗ

ѐр җ੿ী ৔ೱਸ ই߉ ೠ Ҕਵ۽ ૘઺חغ അ࢚੉

աఋաҊ, షब੄ Ө੉ ৉द ૑ഋҗ ঑ী׹ ৔ೱਸ ߉

ই Ө੉о ੌ੿ೞ૑ ঋਸ ݅ࡺ ইۄפ ੄ب҃ ࠙ನب

૑੼߹ ߂ Ө੉߹۽ Ӑੌೞ૑ ঋও׮. ನ੢਷ 5ѐ۽

ҳ࠙ೞৈ Ҋ۸૑ ઱ਃ੘ੋޛ х੗, ߓ୶, ׼ ,ޖӔ, ন

౵ܳ ੤ߓೞ৓ਵݴ, п ੘ޛ੄ ੤ݶߓ੸਷ 500 m2

(50m × 10m)੉঻׮.

షন੄ ੉ച೟੸ ౠࢿઑࢎ द೷ ੹ షন੄ ੉ച

೟ࢿ਷ ଻ஂೠ షনਸ ೂѤ റ 2 mm ୓۽ ୛ࢲ ࢳ࠙

ী חࢎషনઑ .׮ਊೞ৓ࢎ షࢿ, ਬӝب࢑ ,ޛ, ੹ӝ

੹بب, ૕࢑క૕ࣗ, ঐגݽక૕ࣗ, ਬബੋ࢑, ন੉ৡ

ী ؀೧ ࣻ೯ೞ৓ਵݴ, షࢿ਷ ೖಛߨਵ۽ ੑ੗੄ ೣ

۝ਸ ೠࢳ࠙ റী ࢲীࢿޖ֪޷ ઁदೠ ష࢖ࢿпبী

੄೧ Ѿ੿ೞ৓׮ (Miller and Gardiner, 2001). ਬӝޛ

਷ ੌ੿۝੄ షনਸ 0.5 ㎜ ୓ܳ ాҗೡ ࣻ ੓۾ب т

ইࢲ Tyurinߨਵ۽ ೞ৓Ҋ, షনࢳ࠙ חب࢑ షনҗ

ૐࣻܨ੄ ਯਸ࠺ ۽1:5 ೞৈ 1दр ੷যળ റ ୡ੗੹

ӓ (Orion, model 370, USA)ਸ ਊೞৈࢎ ஏ੿ೞ৓׮.

૕࢑క૕ࣗ৬ ঐגݽక૕ࣗח 2 M KCl۽ ୶୹ೞৈ

Kjeldahl ૐܨ੢஖ܳ ੉ਊೞৈ ૐܨ റ 0.005 N H2SO4

۽ ৉੸੿ೞৈ ੿۝ೞ৓Ҋ, ਬബੋ࢑਷ Lancasterߨਵ

۽ ন੉ৡ਷ ,ݴೞ৓ਵࢳ࠙ 1 M NH4OAc۽ ஖ജ୶୹

ೠ റ ਗ੗൚ҟҟ҅ب(Hitachi, Z-6000, Japan)۽ ࢳ࠙

ೞ৓׮.

ࣻ࠙ ߂ ࢎઑب҃ షন੄ ࣻ࠙ೣ۝਷ 8ਘ 12ੌী

5 m × 5 m рѺਵ۽ Oh et al. (1998)੉ ѐߊೠ ਬ

੹ਯध షনࣻ࠙ܳࢲࣃ ਊೞৈࢎ ઑܳࢎ पदೞ৓׮

(Fig. 2a). షন੄ ب҃ ઑחࢎ 0-80 cmө૑ 1 cm р

Ѻਵ۽ ஏ੿ೡ ࣻ ੓ח ҅ب҃ (Eijkelkamp,

Fig. 1. Photography showing reclamation and leveling of
mountainous land.
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Penetrologger, Netherlands)ܳ ੉ਊೞৈ п ୊ܻҳ߹

۽ 5 m рѺਵ۽ 11ѐ ૑੼ীࢲ ઑࢎೞ৓׮ (Fig.

2b). п ੤ߓҳ੄ ࣻ࠙җ ੘ޛ੄ ୓઺਷ࢤ ੤ߓҳ߹

۽ 33ѐ ૑੼ਸ ઑࢎೞ৓Ҋ, ҃חب 11ѐ ૑੼ীࢲ ઑ

ܳࢎ ೞ৓׮. Figure 2aח ࣻ࠙җ ੘ޛਸ ઑࢎೠ ૑੼

ਸ աఋղҊ, Figure 2bח ܳب҃ ઑࢎೠ ૑੼ਸ աఋ

ղҊ ੓׮.

੘ޛ੤ߓ ߂ ઑࢎ द೷੘ޛ਷ Ҋ۸૑੄ ઱ਃ੘ޛ

ੋ х੗, ߓ୶, ׼ ,ޖӔ, ন౵৓ਵݴ, х੗ח 5ਘ 6ੌ

ী ౵ઙೞৈ 9ਘ 10ੌী ࣻഛ, ߓ୶ח 6ਘ 29ੌী ੿

धೞৈ 8ਘ 25ੌী ࣻഛ, חޖ 6ਘ 25ੌী ౵ઙೞৈ 9

ਘ 15ੌী ࣻഛ, ন౵ח 5ਘ 14ੌী ੿धೞৈ 9ਘ 5ੌ

ী ࣻഛ, ׼Ӕ਷ 5ਘ 20ੌী ౵ઙೞৈ 8ਘ 30ੌী ࣻ

ഛೞ৓׮. द۝࠺ ߂ ࠙दח 1999֙ী ػрߊ ֪সҗ

೟ӝࣿਗ੄ ੘ޛ߹ द࠺୊ߑӝળ੄ ֢૑੤ߨߓী ળ

ೞ৓ࢤ .׮ਭઑחࢎ ࣻഛӝী ੉ܖয઎ਵݴ, х੗ח

Ҧ҃, ߓ୶ח ૑࢚ࠗ, ޖ৬ Ӕ਷׼ חন౵ ,ܻࡸ ҳܳ

5 m × 5 m рѺਵ۽ ଻ஂೞৈ ઱׼ ୓઺ਸࢤ ஏ੿

ೞ৓׮ (Fig. 2). ઑػࢎ ੘ࢤޛਭ, ࣻ࠙ೣ۝ ߂ షন

੄ب҃ variogram ࠙ࢳ਷ GS+ ೐۽Ӓ۔ (Version

3.1, Gamma Design Software, Plainwell, MI, USA)ਸ

,ਊೞ৓Ҋ, Surfer (Golden Software, Inc., Goldenࢎ

CO, USA) ೐۽Ӓ۔ਸ ੉ਊೞৈ ࠙ನب (contour

map)ܳ ੘ࢿೞ৓׮.

Semivariance ࠙ࢳ Ҋ۸૑ ѐр૑ীࢲ ಴க షন੄

ب҃ ,࠙ࣻ ӒܻҊ ੘ޛ ࣻ۝ (ࣻഛӝ ୓઺)੄ࢤ ҕр

੸ ੉૕ࢿ੄ ೠ҅৬ ࠙ನܳ ૑૕ా҅೟੸ ਵߨߑࢳ࠙

۽ ੿۝ചೞ৓׮. ૑૕ా҅೟੸ ਷ߨߑ п ૑੼ীࢲ

ஏ੿ػ чٜ੄ ੗ӝ࢚ҙ (autocorrelation)੄ ١әਸ

ಣоೞؘח Ҋ, пغਊࢎ ஏ੿੼ ੉੄ࢎ ч਷ kriging

ী ੄೧ ղغࢗҊ ࠙ನ۽ب Ӓ۰૑ѱ ׮ػ

(Mohammed, et al., 2006; Trangmar, et al., 1985;

Vieira, et al., 1983). ஏ੿੼ ੉੄ࢎ чী ؀ೠ ղࢗ਷

semivariance ా҅৘ஏ, ૊ variogram γ(h)ਸ ੉ਊೞ

ח ਺׮ धী ੄೧ ࣻ೯ೠ׮ (Mohammed et al.,

2006; Myers, 1997; Nathan et al., 2004).

ৈӝীࢲ N(h)ח lag (੹੢, separation distance) рѺ

(h)ী ੄೧ ػܻ࠙ हٜ੄ ࣻܳ աఋղҊ, Z(x)ח x

ਤ஖੄ ч੉ݴ, Z(x+h)ח x ਤ஖ࠗ۽ఠ lag Ѣܻо h

݅ఀ য૓ڄ ਤ஖੄ чਸ աఋմ׮.

ࠄ ઑࢎীࢲ ػਊࢎ variogram਷ spherical (2)-(4),

linear (5), exponential (6) ݽഋ੉঻׮. Spherical ݽഋ

਷ variogramীࢲ о੢ ݆੉ חغਊࢎ Ѫਵ۽ ӝ਎ӝ

о әѺ൤ ૐоೞ׮о ৮݅ೠ ಣഋਸ ੉׮ܘ.

ৈӝীࢲ aח ਤߧ (range)ܳ ݈ೞҊ, C0ח nugget

effectܳ աఋղݴ, C+C0ח sillਸ ੄޷ೠ׮. Linear৬

exponential ݽഋ੄ hח lag distanceܳ աఋմ׮.

Linear ݽഋ਷ ۽ഋਵࢶ ૐоೞח ҃ೱਸ ח੉ࠁ ݽ

ഋਵ۽ sillী ೞ૑׳ب ঋਵա lagо ૐоೞѱ ݶغ

ઑ೤ࣻח хࣗೞӝ ীޙٸ नࢿ܉੉ ੷ೞ۽޲غ ాࠁ

୭؀ lag੄ 50-60%ܳ ਬബೞѱ semivariogramী ಴അ

ೠ׮.

Exponential ݽഋ਷ sphericalҗ ਬࢎೞա ؊ োࣘ੸

ੋ җ੿ਸ ನೣೞҊ ੓ਵݴ, ୡӝীח әࣘ൤ ૐоೞ

о׮ ৮݅ೠ ۽ਯ࠺ ಣഋਸ ੉׮ܘ. ੉ ഋ਷ݽ

kriging زউ (-) ࠗ࠙੉ ӡࢤ ࣻ ੓ਵ۽޲ ੉ী ਬ੄

ೞৈঠ ೠ׮.

Fig. 2. Measurement points for soil moisture content and crop yield (a), and measurement points for soil penetration resistance (b).

a b

1    
γ(h) =       ΣZ(x) - Z(x+h)]2 (1)

2N(h)

N(H)

i=1

3  h 1  h3

γ(h) = c[      -       ] + C0 h≤a (2)
2  a 2  a3

γ(h) = C - C0               h>a  (3)

γ(0) = 0 (4)

γ(h) = C0 +                                   (5)
a
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Semivarianceח lag੄ ૐо৬ ೣԋ ૐоೞҊ, Ӓ۽؀

ೠ൤ޖ ૐоೞח ҃਋ب ੓૑݅ ۽੸ਵ߈ੌ যו Ѣ

ܻীࢲ ୭؀чী ੉ ,ؘחೞ׳ب ୭؀чਸ sill੉ۄ ೠ

ࢲSillী .׮ nuggetਸ ࡒ ч਷ ੹୓ ੗ܐ੄ ࠙࢑җ Ѣ

੄ sillী ,ݴतೞ࠺ ೮ਸ׳ب ੄ٸ lagܳ rangeۄҊ ݈

ೠ׮. Rangeח ҕр੄ઓࢿ੄ ೠ҅ܳ ੄޷ೞח Ѫਵ۽

पஏೠ ف ૑੼ ੉࢚੄ ੗ࠗ۽ܐఠ ੉ীࢎ ઓ੤ೞח

ஏ੿ೞ૑ ঋ਷ чਸ ৘ஏೡ ࣻ ੓ח ਤ, ૊ߧ ؘ੉ఠ

੄ ղࢗ੉ оמೠ ਤܳߧ ಴दೞח ઺ਃೠ ч੉׮. Ӓ

ܻҊ ੉ۿ੸ਵ۽ lagܳ 0ী ೠ൤ޖ ੽Ӕदఃݶ

semivarianceח 0ਵ۽ যঠغ ೞ૑݅ पઁח ੿੄ ч

ਸ ыؘח, ੉ܳ nugget effectۄ ೞݴ, nugget਷ दܐ

଻ஂ рѺ ੉ೞ੄ ҕр߸੉৬ प೷য়ର ١੄ ೡݺࢸ

ࣻ হח ਋ো੄ ߸੉۽ ׮ػױ౸ (Yu, 2003).

दܐ੄ ஏ੿ࣻ Ѿ੿ ಴ળಞର੄ ௼ӝܳ ੉ਊೞৈ

न܉ೠ҅ܳ ૑ߓೞח ஏ੿ࣻ (दࣻܐ)ܳ Ѿ੿ೡ ࣻ

੓׮ (Park, 1987). ಴ળಞରо σੌ ٸ ઱য૓ ഛܫ a

ࣻળীࢲ ಴ળױਤ੄ ч੉ Xa ੉ݶۄ ೙ਃ ஏ੿ࣻ N

਷ ಣӐݽ μEী ؀ೠ नࣻ܉ળױਤ dী ؀ೞৈ ध

(7)੉ .׮ػ݀ࢿ

ৈӝࢲ dח ੿ഛࢿ੄ ਃҳ੿ب৬ E੄ ғਵ۽ Ѿ੿

.׮ػ

Ѿҗ ߂ Ҋ଴

ઑػࢿ द೷ನ੄ షন਷ ۽নషࢎ ਬӝޛ੄ ೣ۝਷

਋ܻաۄ షন੄ߒ ಣӐҗ तೠ࠺ ࣻળ੉঻ਵա ਬബ

ੋ࢑੄ ೣ۝җ ணच ߂ ݃Ӓ֎च੄ ೣ۝੉ ծও׮.

Lee et al. (2002)ب ۨ࠺ࢳ (saprolite)ী оө਍ ੤ݽ

షܳ షೠࢿ షন਷ߒ ਬӝޛ੄ ೣ۝੉ ծҊ, ੋ࢑੄

Ҋ੿۱מ੉ ъೞݴ, ணܬҗ ݃Ӓ֎च ߂ ਬബੋ࢑੄

ೣ۝੉ ӝ҃૑ షনীߒ ೞৈ࠺ അ੷൤ ੸׮Ҋ ೞ৓

ࢲۄٮ .׮ ಣ఍੘স੉ ੉ܖয૓ షন਷ ૕ࣗ৬ ੋ࢑

੉ ੘ࢤޛਭ੄ ઱ਃ ઁೠ ੋ੗о ؼ ࣻ ੓׮

(Robbins et al., 1997, 1999; Eck, 1987; Whitney et

al., 1950). ࠄ द೷ನ੢ীࢲ ਬӝޛ੄ ೣ۝੉ ծ૑ ঋ

਷ Ѫ਷ ನ੢੉ ઑػࢿ റ ನ੢ਸ উ੿ചदఃҊ ੘ޛ

ਭীࢤ ੸೤ೠ ನ੢ਸ ઑࢿೞҊ੗ पदೠ 2ഥী Ѧ஘

੄࠺ృޛ࢑ࠗ दਊҗ 2֙р੄ ഐ޻ ߓध੤޻ റী ߈

੹ైੑೠ Ѫী ӝੋೞח Ѫਵ۽ ӒܻҊ .׮ػпࢤ ண

चҗ ݃Ӓ֎च੄ ೣ۝੉ ծ਷ Ѫਵ۽ যܖ޷ बக੄

۽੤ݽ ۽࢜ ઑػࢿ షন਷ ૑۱ਸ ֫੉ӝ ਤ೧ ਬӝ

੄ޛ ైੑҗ ীࢿܻޛ ਑੉ب חغ ੘ޛਸ बח Ѫب

઺ਃೞ૑݅ షন੄ ন࠙Ӑഋਸ ೣԋ Ҋ۰೧ঠ ೡ Ѫ

ਵ۽ .׮ػױ౸

షনࣻ࠙੄ ࠙ನ Fig. 3਷ ъ਋۝੉ 8ਘ 1ੌࠗఠ

5ੌө૑ 87 ㎜ ࢤߊ 8ੌ റੋ 13ੌী ஏ੿ೠ ಴கష

੄ ࣻ࠙ ࠙ನب੉׮. п ੤ߓҳ੄ ࣻ࠙࠙ನחب Table

2ীࢲ ઁदೠ ഋਸݽ ࢲۄٮ ੘ࢿೞ৓׮. ъ਋ী ੄೧

Ӑੌೞѱ ҕәػ ઑѤ੐ীب ࠛҳೞҊ ъ਋ റ ࣻ࠙

ೣ۝੄ ࠙ನী ௾ ର੉о ੓਺ਸ ঌ ࣻ ੓׮. ъ਋ ߊ

ࢤ റ 8ੌ ੉࢚੄ दр੉ ҃җೠ റী աఋմ ࠄ द

೷੄ ࠙ನبীࢲ ࣻ࠙੄ ࠙ನо ࠛӏ஗੸੉Ҋ Ӑੌೞ

૑ חೠؘ, ੉ޅ ಴ݶ੄ ܳࢎ҃ Ӑੌೞѱ ઑࢿೞৈب

ನ੢ ઑࢿ੹੄ ૑ഋ੉ա ীب҃ ৔ೱਸ ח׮ח߉ Ѫ

ਸ ੄޷ೠ׮. ੉۞ೠ ࠛӐੌೠ షনઑѤ਷ షনী җ

੔੄ ࣻ࠙੉ ҕәغѢա ъ਋о ݆੉ ೡࢤߊ ҃਋ ష

ন಴ݶҗ ղࠗীࢲ ੉ޛ ੄ߒ ੌࠗী ૘઺ؼ ࣻ ੓਺

ਸ ੄޷ೞݴ, ಣ఍ചী ੄೧ ਷ߒ షনҳઑ

(Flanzuebbers, 2002; Watts et al., 2001), ైࣻ

(Flanzuebbers, 2002), ࣻ࠙ࠁਬמ (Haynes and

Naidu, 1998)ী ৔ೱਸ ѱ߉ ؘחغ ੉۞ೠ ੸ܻޛ

߸ചח ࣻ࠙җ ੽ೞৈ޻ ѾҴ ࣻ࠙੄ ࠙ನীب ৔ೱ

ਸ ઱ѱ աইо ,ݴغ ੉۞ೠ ৔ೱ੉ ࠗ੿੸ਵ۽ ੘ਊ

ೞৈ షন੄ ஜधਸ о઺दఆ ࣻ ੓Ҋ (Brye et al.,

2004), షনҗ ࣻ࠙੄ ࣚपҗ ೣԋ ন࠙ਸ ֪҃૑ ߆

ਵ۽ ਬبೞৈ ֪҃૑ղীחࢲ షনҗ ন࠙੄ ਬप۽

ੋೠ ҃ઁ੸ ࣚपਸ दఃѱࢤߊ ؼ ݅ࡺ ইۄפ ৻ࠗ

੸ਵ۽ ࣻ҅ী য়৏ਗਸ חदఃࢤߊ ਗੋ੉ ؼ ࣻ ੓

Ӑੌೞ૑ .׮ ೠޅ ੸ܻޛ ઑѤ਷ ച೟੸ੋ ࠙ನীب

৔ೱਸ ઱ѱ যغ ѾҴ਷ ੸ੋܻޛ ઑѤҗ ച೟੸ੋ

ઑѤী хೠ޹ ੘࢑ࢤޛী ੓য Ӑഋ੸੉Ҋ উ੿੸ੋ

࢑ীࢤ ঈ৔ೱਸ ਸ߉ ࣻ ੓׮.

X2
aσ2

N =                                          (7)
d2

γ(h) = C0 - C[1-exp( -      )                 (6)
a

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)

d)

e)

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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ࣻ࠙੄ ࠙ನח х੗৬ ন౵ܳ ੤ߓೠ ನ੢਷ ৽ଃ

੄ ࣻ࠙ೣ۝੉ ֫ѱ ࠙ನೞ৓Ҋ, ߓ୶ܳ ੤ߓೠ ನ੢

਷ о਍ؘ ࠗ࠙੉ ࣻ࠙੄ ೣ۝੉ ֫ওਵܳޖ ,ݴ ੤ߓ

ೠ ನ੢਷ о਍ؘ৬ নଃ о੢੗ܻ ࠗ࠙੉ ࣗ׮ ֫਷

Ѫਵ۽ աఋլ׮. ࣻ࠙࠙ನبীࢲ ন౵৬ Ӕ׼ ੤ߓ

ҳ੄ ࣻ࠙੉ ࣗ׮ ծѱ ࠙ನೠ Ѫ਷ ਸقف ևҊ ֫

ѱ ഋࢿೠ Ѫী ӝੋೞח Ѫਵ۽ ࢎҊ, ࣻ࠙ઑغпࢤ

ח ੄قف ઺ঔীࢲ ઑࢎೞ৓ӝ ীޙٸ ࣻ࠙࠙ನо

ఋ ੤ߓ੘ޛҗ Үೞৈ࠺ ч੄ ਤߧ ಩੉ ગҊ ࣻ࠙ೣ

۝੉ ծѱ աఋդ ਗੋਵ۽ ࢲۄٮ .׮ػױ౸ Ҏਸ Ө

ѱ ౵Ҋ ਸق ֫ѱ ೞח ন౵৬ ח૑ߓӔ੤׼ ࣻ࠙੄

ҕр੸ ߸੉о ੸ਸ Ѫਵ۽ .׮ػпࢤ

п ੘ޛ੤ߓҳ੄ ࣻ࠙ೣ۝੄ lagী ܲٮ variogram

਷ х੗, ন౵, ߓ୶, חޖ Spherical, ׼Ӕ਷

Exponential ݽഋਸ ׮ۋٮ (Fig. 6, Table 3). ࣻ࠙࠙

ನب੄ ੘ࢿਸ ా೧ ੌز షনਵ۽ э਷ दӝী ઑࢿ

ೠ ನ੢੐ীب ࠛҳೞҊ ࣻ࠙੄ ࠙ನо নೞѱ׮ ա

ఋաח Ѫਸ ഛੋೡ ࣻ ੓঻׮.

షন҃ب੄ ࠙ನ п द೷ҳ੄ ܳب҃ Ө੉߹۽

ওਸࠁಝ࢓ ۽ಣӐ੸ਵ ,ٸ Ө੉о Өয૕ࣻ۾ ૐо

ೞח ҃ೱਸ חcmө૑ 20-0 ,ݴ৓ਵࠁ ч੉ب҃ ܲ׮

Ө੉ী ೧࠺ ૐо಩੉ ௼ѱ աఋլҊ, 20-50 cm Ө੉

ח ؀୓۽ ৮݅ೠ ૐоܳ ੉׮ܖо 50 cm ੉ೞ੄ Ө

੉ীחࢲ ஖੄ب҃ ߸੉ ಩੉ बೠ Ѫਵ۽ ઑغࢎ঻

׮ (Fig. 4). ҃੘੉ ੢ӝр ੉ܖয૓ ੸ੋ߈ੌ ੄ߒ

҃਋ীח оب҃ 15 cm ੿بীࢲ ҃਍੉ա ֪੘স,

ӒܻҊ ੘਷ ੑ੗ٜ੉ షনҕӓਸ ۄٮ ղ۰о ऺੋ

Ѫ ١ী ੄೧ оب҃ әೞѱ ֫ই઎׮о द׮ ծই૑

ח ҃ೱਸ ࠅ ࣻ ੓ਵա (Park, 2002) ۨ࠺ࢳ নషࢎ

۽ ֫ѱ షೞৈࢿ ۽࢜ ѐрೠ ੄ߒ ҃਋ח Ӓ க੉

ഛೞѱݺ աఋա૑ ঋওۨ࠺ࢳ .׮ নషীࢎ ੄೧ ઑ

ػࢿ ࠄ द೷ઑѤ੄ ࢲীߒ 30 cm ੉ೞ੄ Ө੉ীࢲ

ಣӐ҃بо 3 MPaਸ ֈח Ѫਵ۽ ইࠁ 30 cm ੉ೞ

۽ оܻࡸ ח࡟ Ѫ਷ ൤ױ؀ য۰਋۽޲ ۨ࠺ࢳ নࢎ

షܳ ੉ਊ೧ࢲ షܳࢿ ೞѱ ݶغ ਬബషब੉ औѱ ծ

ই૕ ࣻ ੓਺ਸ ঌ ࣻ ੓ژ .׮ೠ חۨ࠺ࢳ ੑ੗о Ҹ

਷ ঌј੉۽ ઑغࢿয ੓য ҕӓ੉ ௼૑݅ ੹୓ ҕӓ

۝਷ ੸যࢲ औѱ షন੉ ನചؼ ࣻ ੓׮. ࠛైࣻக੉

ഋغࢿয оࣻߓ ਊ੉ೞ૑ ঋݶ׮ ನചغয ੿୓ػ

ࣻ࠙ਵ۽ ੋೞৈ ੘ܻࡸޛо ഐ൚ਸ ೡ ࣻ হয Ӕӂ

ী बпೠ ೖ೧ܳ ઴ ࣻ ੓ਵ۽޲ оبࢎ҃ ಣ૑ী

оө਍ নషࢎ חష૑ࢿ ѐрҗ ੘ޛ੤ߓ ઺ী ࣻߓ

ܳઁޙ Ҋ۰ೞৈঠ ೠ׮.

Fig. 5ח п ੘ޛ੄ ੤ߓ૑ܳ ా೤ೞৈ ࠙ನܳب ੘

ೠࢿ Ѫ੉ب҃ ,ݴী షনࣻ࠙ೣ۝ਸ Ҁ୛ Ӓ۰ ֬਷

Ѫਵ۽ पࢶ਷ 0-20 cm Ө੉੄ ܳب҃ աఋմ Ѫ੉

Ҋ, ١Ҋࢶ ন੄ݽ ൓ݺߔঐਵ۽ ಴അػ Ѫ਷ 0-10

cm੄ షনࣻ࠙ೣ۝੉׮. ࠙ನחب kriging ӝߨਸ ࢎ

ਊೞ৓ਵݴ, ੸ਊݽഋ਷ sphericalਸ ੉ਊೞৈ ੘ࢿೞ

৓׮. షন҃ب৬ ࣻ࠙੄ ࠙ನо ੿ഛ൤ ੌ஖ೞ૑ח

ঋਵա ؀୓۽ ࣻ࠙ೣ۝੉ ݆਷ ଃীࢲ оب҃ ծѱ

աఋաח ҃ೱ੉঻׮. ъ਋ ߂ ҙѐ റী ࣻ࠙੄ ੤࠙

ನо ೞѱࢤߊ ٸ੉ ,ؘחغ ೠੌױ ನ੢ীبࢲ ߸੉

о बೞৈ ౠ൤ ࣻ࠙ী хೠ޹ ੘ޛ੄ ࣻ۝ী ߸੉о

बೞѱ ೡࢤߊ ࣻ ੓ਸ Ѫਵ۽ ؀ࠗ࠙੄ .׮ػױ౸ ੘

਷ޛ ࣻ࠙ઑ੺ী ੄೧ ࣻ۝੄ ૐхഅ࢚੉ աఋաח

ؘ, ౠ൤ Ryu৬ Eom (1986)਷ ҙࣻী ੄ೠ ୶੄ߓ

ૐࣻബҗח ಴ળद࠺ೞীࢲ potentialਸ -0.1∼-0.2 bar

۽ ਬ૑दெ ઴ ҃਋ ড 60% ૐࣻغ঻׮Ҋ ಴ೞৈߊ

ࣻ࠙੄ ઑ੺੉ ੘ޛ੄ ࢑ীࢤ ൤ױ؀ ઺ਃೣਸ दࢎ

ೠ ߄ ੓׮. షনౠࢿ੄ ҕр࠙ನܳب ֪҃૑ী ੸ਊ

ೞৈ ࣻ࠙੉ ח੉ݽ Ҕ਷ ؀଼ਸࣻߓ ݃۲ೞҊ, ױ؀

ਤ ੸ীݶ ੸ਊೞৈ ࣻ࠙ೣ۝੉ ֫਷ ૑৉਷ ࣻ࠙ਸ

݆੉ ೙ਃ۽ ೞח ੘ޛਸ ੤ߓೞҊ ࣻ࠙ೣ۝੉ ծ਷

૑৉਷ ࣻ࠙ী ৔ೱ੉ ੸਷ ੘ޛਸ ੤ߓೞח ١੄ ҅

ദ੸ੋ ੘ߓޛ஖ী ഝਊೠݶ׮ ੘ޛ੄ উ੿࢑ࢤী ബ

җо ֫ਸ Ѫਵ۽ .׮пೠࢤ

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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۝੄ࣻޛ੘ ,ب҃ ,࠙ࣻ semivariance   Table 2ח п

ઑࢎҳ੄ ߸ࣻী ؀ೠ ಣӐ, ୭ࣗ, ୭؀чҗ ಴ળಞର

(standard deviation) ߂ ߸੉҅ࣻ (coefficient of

variance)ܳ ৈ઱Ҋࠁ ੓׮. ࣻ࠙੄ ߸੉҅ࣻо о੢

ծ਷ ੤ߓҳח ܳޖ ੤ߓೠ Ҕਵ۽ 14%੉঻Ҋ, ࣻ࠙

ೣ۝੄ חਤߧ 11.8-20.7 v/v%੉঻ਵݴ, о੢ ֫਷ ߸

੉ܳ ੋࠁ Ҕ਷ ۽ҳߓ୶੤ߓ ߸੉҅ࣻ 25%ী ࣻ࠙

חਤߧ 9.2-27.8 v/v%۽ և਷ ࠙ನчਸ о૑Ҋ ੓঻

੉۞ೠ .׮ Ѿҗח Park (1987)੉ নషীࢲ ઑࢎೠ ನ

੢ਊࣻ۝੄ ߸੉҅ࣻ ׮ࠁ14% ܳޖ ઁ৻ೞҊ ֫਷

Ѫਵ۽ աఋլؘח নష׮ࠁ ېݽ ੉࠙ࢿ ݆਷ নࢎ

ష۽ ੺ష ߂ షೠࢿ ನ੢ীࢲ ߸੉о ௼ѱ աఋզ

ࣻ ੓਺ਸ ੄޷ೞח Ѫਵ۽ חب҃ .׮ػпࢤ ୶੤ߓ

ࢲҳীߓ ߸੉҅ࣻо ۽25% ܲ׮ ੤ߓҳী ೞৈ࠺

ծѱ աఋլҊ, х੗ܳ ೠ܃࠺ աݠ૑ ੤ߓҳח 30%

੉࢚ਵ۽ ઑࢎ ૑੼рী ߸੉о बೠ Ѫਵ۽ غࢳ࠙

঻۝ࣻ .׮ਸ ࢲх੗ী ,ݶࠁಝ࢓ ߸੉҅ࣻо ۽59%

൤ױ؀ ֫ѱ աఋլҊ, Ӓ ৻੄ ୊ܻҳח 30% ੉ೞ੄

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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чਸ աఋղ঻׮. ౠ൤ ୶৬ߓ ੄ޖ ࣻ۝ী ؀ೠ ߸੉

חࣻ҅ пп ۽17% ,15% ҕр੸ਵ۽ ߸੉о बೞ૑

ঋ਷ Ѫਵ۽ х੗੄ .׮঻غࢳ࠙ ࣻ۝ীࢲ ઑࢎ૑੼

рী ߸੉о बೞѱ աఋդ Ѫ਷ ࣻ࠙੄ ࠙ನо ֫ѱ

աఋդ Ҕҗ ծѱ աఋդ Ҕ੄ ࣻ۝੉ അ੷ೠ ର੉ܳ

ੋࠁ Ѫী ӝੋೞח Ѫਵ۽ .׮ػпࢤ

Ѿ੿҅ࣻ۽ ওਸࠁ ٸ ҕр߸੉ ഋਸݽ о੢ ੜ ٮ

חܰ द೷ҳח х੗੤ߓҳ੉঻Ҋ, ߸੉੄ ҃ೱ੉ হ

য ҕрݽഋਸ ૑ܰٮ ঋח Ѫ਷ ۽૑ߓ୶੤ߓ ઑࢎ

ח૑ߓ୶੤ߓ .׮঻غ ۝ࣻ ,ب҃ ,࠙ࣻ ࢲীفݽ ҕр

߸੉ࢿ੉ ҃ೱਸ о૑Ҋ ੓૑ ঋও׮. п ഋীݽ ؀೧

ҕр੸ਵ۽ োࣘࢿ੉ ੓ח Ѣܻܳ աఋղח rangeח

х੗੤ߓҳীࢲ 33-35 m۽ Ҋܰѱ ௾ чਸ ,৓Ҋࠁ

ࢲҳীߓ୶੤ߓ 5-6 m۽ ഋীݽ ؀ೠ োࣘࢿ੉ ծ਷

Ѫਵ۽ աఋլ׮. ੸ਊೠ пп੄ ഋীݽ ؀೧ range৬

ҕрҳઑ (proportion) فݽীࢲ о੢ ъೠ чਸ աఋ

մ Ѫ਷ х੗੄ ࣻ۝੉঻׮ (Table 3). ࢲۄٮ х੗੤

חҳߓ ഋਸݽ ੉ਊ೧ࢲ ੐੄੄ ૑੼ী ؀ೠ чਸ ୶

੿ೡ ࣻ ੓ਵա, ߓ୶੤ߓ૑੄ ҃਋ ഋীݽ ؀ೠ

rangeо ૣҊ Ѿ੿҅ࣻо ൤ױ؀ ծই ੐੄੄ ૑੼ী

؀ೠ ч੄ ୶੿ী য়ରо बೡ ࣻ ੓਺ਸ ঌ ࣻ ੓׮.

ೠژ ੉۞ೠ য়ରח ࠙ನب ੘ࢿীبࢲ ղػࢗ чী

ࢲ աఋզ ࣻ ੓ਵ۽޲ ҕрҳઑо ডೞҊ Ѿ੿҅ࣻ

о ծ਷ ҃਋ח ઑࢎ рѺਸ ੤ࢸ੿ೡ ೙ਃо ੓׮.

п ੘ޛ੤ߓҳ੄ lagী ܲٮ variogram਷ ୶৬ߓ ޖ

ח ࢲ۝ীࣻ ,ب҃ ,࠙ࣻ spherical ݽഋਸ Ҋܰٮ ੓঻

Ҋ, ׼Ӕ਷ ࣻ࠙ীࢲ exponential ݽഋਸ ׮ۋٮ

(Table 3, Fig. 6). ӒܻҊ х੗੄ ৬ب҃ ࣻ۝, ন౵

੄ ࣻ۝਷ linear ݽഋਸ աఋղ঻׮. variogram ੘ࢿ

ਸ ా೧ ੌز షনਵ۽ э਷ दӝী ઑࢿೠ ನ੢੐ী

ب ࠛҳೞҊ п ೦ݾ੄ ࠙ನо নೞѱ׮ աఋաח Ѫ

ਸ ഛੋೡ ࣻ ੓঻׮.

੘ޛ ࣻ۝࠙ನ৬ ࣻ࠙ ߂ ৬੄ب҃ ҙ҅ Fig. 7਷

п ੘ޛ੤ߓҳ੄ ࣻ۝࠙ನܳب աఋղח Ѫਵ۽ Fig.

3੄ ࣻ࠙࠙ನب৬ Ү೧࠺ ࠅ חޖ ,ٸ ࣻ࠙࠙ನ৬ ࠺

Ү੸ ਬࢎೠ ҃ೱਸ ח୶ߓ ,৓Ҋࠁ ࣻ࠙࠙ನ৬ ױ؀

൤ ਬࢎೠ ҃ೱਸ ੉Ҋࠁ ੓ਵݴ, х੗ח ࠙ನ۽ب ࠁ

ওਸ ٸ ࣻ࠙ী ৔ೱਸ ݆੉ ח߉ Ѫਵ۽ .׮ػױ౸

ࣻ࠙࠙ನ (Fig. 3)৬ ੘۝࠙ࣻޛನ (Fig. 7)ܳ ,ݶࠁ

୶৬ߓ חޖ ࣻ࠙੉ ֫਷ ૑৉ীࢲ ب۝ࣻ ֫਷ ҃ೱ

ਸ ח৓Ҋ, х੗ࠁ ۽؀߈ ࣻ࠙੉ ֫਷ Ҕীࢲ ࣻ۝੉

ծѱ աఋաח ҃ೱਸ ࢲۄٮ .׮৓ࠁ ୶৬ߓ חޖ ࣻ

࠙ҙܻ۽ ૐࣻബҗо ӝغ؀Ҋ, х੗ܳ ੤ߓೡ ҃਋

ח ࣻ࠙੉ ੢ӝр ֫਷ ࣻળਵ۽ ਬ૑غ૑ ঋ۾ب ೞ

ৈঠ উ੿੸ੋ ࣻ۝ਸ ӝ؀ೡ ࣻ ੓ਸ Ѫਵ۽ ػпࢤ

.׮

੸੿ दࣻܐ (೙ਃ दࣻܐ)   Table 4ח п ੘ޛ੤

ҳ੄ߓ షনࣻ࠙, షন҃ب, ੘۝ࣻޛী ؀ೠ ಴ળಞ

ର৬ 5% ਬ੄ࣻળীࢲ 10%੄ য়ରܳ о૑ח ҃਋ܳ

ӝળਵ۽ ҅࢑ೠ दࣻܐ੄ Ѿ੿ Ѿҗ੉׮. ઁदೠ ઑ

Ѥਸ ݅઒दఃӝ ਤ೧ࢲ 500 m2੄ ࢲ੸ীݶ п ੘ޛ

੤۽߹ߓ ೙ਃೠ दܐ੄ חࣻ ࣻ࠙੄ ҃਋ 8-40ѐ, ҃

ب 7-25ѐ۽ Ү੸࠺ ੸਷ ࣻо ೙ਃೞա ࣻ۝ী ೙ਃ

ೠ दחࣻܐ 424-4678ѐ۽ ݆਷ ࣻо ਃҳחغ Ѫਵ

۽ աఋլ׮. ૊, ࣻ࠙җ ীب҃ ؀ೠ ઑࢎ੄ חࣻ খ

ীࢲ ҕр߸੉ ࢲীࢳ࠙ ੉ܖয૓ Ѫ੉ ੸੺ೠ Ѫਵ

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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۽ աఋլਵա ࣻ۝੄ ઑ۝ࢎ਷ ਋ݒ ࠗ઒ೠ Ѫਵ۽

աఋա ੌ੿ ನ੢ী ؀ೠ ࣻ۝੄ ؀಴ࢿਸ աఋղӝ

ਤ೧חࢲ न઺ೠ दܐ଻ஂо ੉ܖযઉঠ ೡ Ѫਵ۽

.׮ػпࢤ

द೷ റ షন੄ ച೟ࢿ਷ ਬӝޛҗ ਬബੋ࢑੄ ೣ

۝੉ ࣗ׮ ֫ই઎ਵܲ׮ ,ݴ ਷࠙ࢿ द೷ ੹җ Үೞ࠺

ৈ ର੉о ௼૑ ঋও׮ (Table 5).

द೷ Ѿҗ۽ ইࠁ ۽࢜ ਸߒ ઑࢿೞҊ੗ ೡ חٸ

షন੄ ੸ܻޛ ౠࢿ੄ ࠛӐੌী ੄೧ࢲ חೞࢤߊ ੘

۝੄ࣻޛ ҕр੸ ಞରܳ ઴੉ӝ ਤ೧ ৬ࣻߓ ୽࠙ೠ

ਬബషब ߂ Ӑੌೠ ੄ب҃ ࠙ನ ١ਸ Ҋ۰ೞৈ ਸߒ

ѐр ߂ ઑࢿೞৈঠ ೡ Ѫਵ۽ ೠژ .׮ػпࢤ ࠛӐੌ

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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ೠ షন࠙ನ੄ ౠࢿਵ۽ ੋೞৈ উ੿੸੉Ҋ Ӑੌೠ

੘۝ࣻޛ੄ ഛࠁী য۰਑੉ ೞ૑ࢤߊ ঋ۾ب ҙܻೞ

ӝ ਤ೧ ࠄ ࢲীޙ֤ ࠄಝ࢓ షন੄ߒ ੸ܻޛ ౠࢿ੄

ҕр߸੉ࢿਸ ੉ਊೞৈ ੘ࢿೞח ࠙ನܳب ഝਊೠ׮

ݶ ׮ࠁ ੿޻ೠ ನ੢ҙܻܳ ೞؘח ݆਷ ਑੉ب ؼ

Ѫਵ۽ .׮ػпࢤ

੸ ਃ

Ҋ۸૑ ࢲ૑ীࢎ҃ ੉࠙ࢿېݽ ݆਷ নషࢎ ࠺ࢳ)

ۨ) ѐр૑੄ షনౠࢿী ؀ೠ ҕр߸੉ࢿҗ ࠙ನب

ܳ ੘ࢿೞৈ ҕр੸ ߸੉ܳ Ҋ੗ࠁಝ࢓ пп 10 m

× 50 m੄ ੸ਸݶ о૑ח 5ѐ੄ ನ੢ীࢲ х੗, ন

౵, ׼Ӕ, ߓ୶, ܳޖ ੤ߓೞৈ द೷ਸ ࣻ೯ೞ৓׮. п

ನ੢੄ ઑࢎ૑੼ࣻח షনࣻ࠙ 33, షন҃ب 11, ੘ޛ

ࣻ۝ 33੉঻׮.

Semivariance ࠙ࢳ Ѿҗ, ؀ࠗ࠙੄ ഋ਷ݽ spherical

ഋਸݽ Ҋܰٮ ੓঻ਵݴ, п ഋীݽ ؀೧ ҕр੸ਵ۽

োࣘࢿ੉ ੋ੿חغ Ѣܻܳ աఋղח ਤߧ (range)ח

х੗੤ߓҳীࢲ 33-35 m۽ Ҋܰѱ ௾ чਸ ,৓Ҋࠁ

ח૑ߓ୶੤ߓ 5-6 m۽ ഋীݽ ؀ೠ োࣘࢿ੉ ծ਷

Ѫਵ۽ աఋլ׮. ࣻ࠙җ ب҃ ߂ ࣻ۝ী ؀ೠ ߸੉҅

חࣻ ۽14-59% নೞ৓Ҋ, х੗ࣻ۝੄׮ ߸੉҅ࣻо

۽59% о੢ ֫ওਵޖ ,ݴ੤ߓ૑੄ ࣻ࠙਷ ۽14% ծ

ও׮. ಴ળಞର 5% ਬ੄ࣻળীࢲ 10%੄ য়ରܳ о૑

ח ҃਋ܳ ӝળਵ۽ ੸੿दܐ੄ ࣻܳ ઑࢎೠ Ѿҗ, ೙

ਃೠ दחࣻܐ ࣻ࠙ 8-40ѐ, ҃ب 7-25ѐ, ࣻ۝ 424-

4,678ѐо ೙ਃೠ Ѫਵ۽ .׮঻غࢳ࠙

Variogramҗ ࠙ನܳب ా೧ ࣻ࠙җ ب҃ ߂ ੘ࣻޛ

۝੄ ҕр੸ ࠙ನ ߂ ߸੉ࢿਸ औѱ ౵ঈೡ ࣻ ੓ਵ

੉ܳ ,ݴ ഝਊೠݶ׮ ׮ࠁ ബਯ੸੉Ҋ ੿޻ೠ షনҙ

ܻо оמೡ Ѫਵ۽ .׮ػױ౸

Cultivation crops

Potato

Onion

Carrot

Chinese cabbage

Radish

䝑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, b䝑Measured 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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