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Effects of Slope and Fertilizer Application Method on the Behavior of 
Nitrogen in Saprolite Piled Highland 
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The lysimeter (1.2 m with 1.6 m length) experiment using 15N tracer method was conducted to
investigate the influence of slopes (degree 5, 15 and 30%) and fertilizer application methods (solid
application and fertigation) on the behavior of applied urea in saprolite piled highland with Chinese
cabbage cultivation. NDFFs( nitrogen derived from fertilizer) in soil were increased with decreasing of
degree of slope and of depth of soil. 
The recovery as percentage of fertilizer nitrogen by Chinese cabbage were 69.5% for solid application and
76.5% for fertigation in 5% slope, 65.0% for solid application and 70.2% for fertigation in 15% slope, and
56.1% for solid application and 62.3% for fertigation in 30% slope. 
There, fertigation will make great contributions to the reduction of environmental contamination by run
off and to the increase of fertilizer efficiency in Chinese cabbage cultivated highland.
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ࢲ ঱

Ҋۘ૑ח ৈ୍ܴ ੷ৡ ӝറ੗ਗਸ ੉ਊೠ ޖ ,୶ߓ

਋ ١ ੷ৡࢿ ੘ޛ੄ ੤ߓ૑۽ ഛҊೠ ੗ܻݒӣਸ ೞ

Ҋ ੓ਵա, ҃بࢎ 7%੉࢚੄ ੉ߒ ର૑ೞח ਯ੉࠺

62%ա যغ (NIAST, 1992) షন ߂ ਬपܐ࠺ ١ਵ

۽ ੋೠ ജ҃য়৏੉ ਋۰غҊ ੓ژ .׮ೠ 1980֙؀ী

੽যٜয ୶ߓ ١ ਗ৘੘ޛ੉ Ҋࣗٙ ੘ݾਵ۽ әࠗ

ࢲݶೞ࢚ ੄ݾ੘ੌױ ੤۽ߓ ੋೠ ো੘੢೧ (NIHA,

2002)о बചغҊ ੓ਵݴ, Ӕӂജ҃ѐࢶ ١ਸ ਤೠ ࢳ

ۨ࠺ җ׮ షࢿ (Lee et al., 2002)৬ ؀ҙ۸ ૑৉੄

ৈ୍ܴ ૘઺ഐ਋ח షনਬपҗ ਬӝޛ ߂ ܐ࠺ ਊఎ

ਸ о઺दఃҊ ੓׮ (Cho, 1999). അ੤ Ҋۘ૑ীࢲ੄

दח࠺ ਬӝޛҗ ӝܳ࠺ ైੑೞҊ, ୶ܳ࠺ 1ഥ חژ 2

ഥ पदೞ؀ࠗ࠙ ,ؘח ੸ਸݶ؀ ੤ߓೞӝ ীޙٸ ୶

࠺ ֢۱ਸ ઴੉ӝ ਤ೧ Ҋی಴ݶী ܳܐ࠺೤ࠂ ನ࢓

ೞҊ ੓ਸ ݅ࡺ ইۄפ ۨ࠺ࢳ ష૑ীࢿ ੉۽࢜ ైੑ

ػ ਬӝޛҗ חܐ࠺ ъ਋ী ੄೧ ਊఎغӝ औӝ ޙٸ

ী ಣ૑ب׮ࠁ җ׮ द࠺ೞѱ Ҋغ (Lee et al., 2002)

੉ٜ ৔ন৏ܨ੄ ੉ز਷ ജ҃য়৏ਸ ੌਵఆ ਋۰о

੓׮. Huh et al. (2001)੄ Ҋীࠁ ੄ೞݶ ࣠ୌਬ৉਷

߈ੌ ೞୌ ਬ৉ী ೞৈ࠺ ਋ݒ ֫਷ ܳبࢎ҃ ਬ૑ೞ

Ҋ ੓য ъ਋द ۝੄׼࢚ షࢎо ਬ୹ݴغ, ਬ৉ղী

ࢲ חೞࢤߊ ઱ য়৏ ਃੋਸ о୷ ߂ ҃੘૑ࠗ۽ఠ

ਬ୹חغ য়৏ޛ૕ੋ Ѫਵ۽ ୶੿ೞҊ ੓ژ .׮ೠ

Komor and Anderson (1993)੄ ઺૕ࣗܳ ੉ਊೠ য়৏

ਗ ୶੸ োҳীبࢲ ҃੘૑ࠗ۽ఠ੄ ਬېೠ য়৏ਗ੄

ਯ੉࠺ Ҋ׮֫ ࢲۄٮ .׮Ҋೞ৓ࠁ ੄ࢲਗ૑৉ী࢚ࣻ

৔֪ߨߑ਷ ୭؀ೠ షনਬप ١ য়৏ਗ ਬ୹ਸ ૑ߑ

ೡ ࣻ ੓ח ੤ߑߓध୓҅۽੄ ੹ജ੉ ੉ܖযઉঠ ೡ

Ѫਵ۽ .׮ੋࠁ

਋ܻաۄ੄ दࢸ੤ߓ ഑਷ ৻Ҵ੄ ੌࠗ ֢૑ীחࢲ

ҙ࠺੤ߓо যغച߈ੌ ੓ਵݴ, ҙ࠺ೡ ҃਋ ಴ݶ ࢓

ನೞח Ѫ׮ࠁ दܐ࠺࠺੄ ബਯ੉ ׮֫ (Jung, 2001;

Mohammad, 2004). ҃ࢎо बೠ ҃੘૑ীࢲ੄ ੼੸

ҙѐߑधਸ അप੸ਵ۽ ੸ਊೞӝীח दࢸ੄ ஖աࢸ
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ҙܻ੸ ஏݶীࢲ ই૒ Ҍۆೠ ੼੉ ੓׮. Ӓ۞ա খਵ

۽ ؼࣘ҅ ജ҃য়৏ ਬߊ ঑߅ী ؀ೠ ӝࣿ੸ ؀୊ܳ

ਤ೧חࢲ ਬपਸܐ࠺ ୭ࣗചೞח ध੉ߑ ѐߊㆍੑب

যঠغ ೡ Ѫ੉׮. ੉ܳ ਤ೧חࢲ ૑ࢎ҃ షনীࢲ੄

ܐ࠺ दਊߨߑী ܲٮ द࠺ೠ ૕ࣗܐ࠺о যڌѱ ੉

חغㆍ൚ࣻز ૑ ൤޻ݶ Ѩషೞৈঠ ೞؘח, ઺૕ࣗ

ܳ ୶੸੗۽ ੉ਊೞݶ షন ઺ ਤ஖ী ܲٮ ૕ࣗ ೣ

۝ ର੉ܳ ؊ ੿ഛ൤ ஏ੿ೡ ࣻ ੓ਵݴ (Selles et al.,

1986), दਊೠ ఠࠗ۽ܐ࠺ ਬېೠ ૕ࣗܳ ҳ࠙ೡ ࣻ

੓য ಞܻೞӝ (Lee and Yoo, 1994) ޙٸী ੄ܐ࠺

੉ز ߂ ੉ਊബਯਸ োҳㆍ࠙ࢳೞؘח ഝਊغҊ ੓׮

(Gormly and Spalding, 1979; Yun and Yoo, 1994;

Jung, 2001; Mohammad, 2004).

ೠಞ Ҋۘ૑ীחࢲ ܳۨ࠺ࢳ ੉ਊೠ షоࢿ ݆੉

੉ܞ૑Ҋ ੓ਵݴ (Lee et al., 2002), ੉ٜ షনઑѤ਷

ࠛউ੿ೞৈ ন࠙੄ ੉ز ౠࢿ੉ షনҗ߈ੌ ܳ׮ Ѫ

ਵ۽ ৈѹ૓׮. ૑Әө૑ ܳۨ࠺ࢳ ੉ਊೠ ష૑ࢿ ష

ন੄ ౠࢿҗ షনਬप੷хߑউ (Joo et al., 2004;

Park et al., 2004; Park et al., 2005) ١ী ҙೠ োҳ

ח ࣗ׮ ੉ܖয઎ਵա दਊ ন࠙੄ ੉زী ҙೠ োҳ

ח ই૒ ૓ೠ޷ प੿੉׮.

੉ী ࠄ োҳח ۨ࠺ࢳ ࢲష૑ীࢿ Ҋۘ૑ߓ୶ ੤

दߓ द࠺ ബਯ ૐ؀ܳ ਤೠ ӝୡ ੗ܳܐ ঳ӝ ਤೞ

ৈ, ۄ੉दݫఠীࢲ ઺૕ࣗ ୶੸੗ߨਸ ੉ਊೞৈ ҃

بࢎ ߂ दߨߑ࠺੉ दਊ ૕ࣗ੄ ೯زী ח஖޷ ৔ೱ

ਸ ౵ঈೞ৓׮.

੤ܐ ߂ ߨߑ

ఠ੄ݫ੉दۄ ஖ࢸ بࢎ҃ ߹ द࠺૕ࣗ੄ ೯زౠ

ਸࢿ ҳݺೞӝ ਤೞৈ ੢ࢎ҃ 1.6 m, ಩ 1.2 m, ֫੉

1 m, ҃بࢎ ߂ 15 ,5 30%੄ ఠܳݫ੉दۄ пп 2ઑ

ঀ ઁ੘ೞ৓׮ (Fig. 1). ஜ୹ࣻ੄ ਗഝೠ ܳࣻߓ ਤ

ೞৈ ਸݶׯ߄ ೞ࢚ 10%, ઝ਋ 15%੄ ܳࢎ҃ যف

о਍ؘ۽ ஜ୹ࣻо ൒ܰ۾ب ೞҊ, ઺ঔী ψ40 mm

੄ ҙਸࣻߓ Ӓ .׮஖ೞ৓ࢸ ਤী 5 mm فԋ੄ ࠗ૒

ನܳ ӭҊ 2∼3 cm੄ ъ੗тҗ ܳېݽ пп 10 cmঀ

ؗ঻ۄ .׮੉दݫఠ੄ ୽૓਷ ۽ۨ࠺ࢳ షೞৈࢿ 3֙

р ҃੘ೠ షনਸ ఠݫ੉दۄ .׮ਊೞ৓ࢎ ইۖ ࠗ࠙

70 cmܳ ҃੘ ಴க ೞࠗ੄ షনਵ۽ ଻਋Ҋ, ਪࠗ࠙

30 cmܳ ҃੘૑ ಴ష۽ ଻ਛۄ .׮੉दݫఠ ஏ߷җ

୽૓ షন ੉੄ࢎ рӓী ੄ೠ ఠݫ੉दۄ ೞࠗ۽੄

नࣘೠ ൒ܴਸޛ ରױೞӝ ਤೞৈ ಴க 20 cm ਤ஖

ী ಩ 3 cm੄ Ѻ݄ਸ షনݶҗ ࣻಣਵ۽ ஏ߷ ߑࢎ

ী ࠗ଱ೞ৓׮.

઺૕ࣗ (15N) द࠺ ߂ ߓ୶੤ߓ ୶ઙ੗ߓ (CRयय,

൜֪)ܳ ష࢚ܳ ଻਍ 128ҳ ೒۞Ӓ ౟ۨ੉ী ౵ઙೞ

ৈ ৡपীࢲ ਭޑೞ৓׮. ੉یਸ Ҋܰѱ ੘ࢿೠ റ 60

× 35 cm ੄ ੤धрѺਵ۽ द೷ҳ ׼ 16઱ঀ 2005֙

7ਘ 5ੌী ੿धೞ৓׮. द۝࠺਷ ֪ୣ૓൜୒੉ ӂ੢ೞ

ח ୶ߓ ಴ળद۝࠺ (N-P2O5-K2O : 32-7.8-

19.8kg/10a)ਸ ӝળਵ۽ (NIAST, 1999), ӝ࠺ ח40%

7ਘ 5ੌী ಴கী Ҋܰѱ ನೞҊ࢓ ഒചೞ৓ਵݴ, ୶

Fig. 1. Schematic diagram and photographs of lysimeter used in experiment.
Left : front view, Right : side view
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ח࠺ աݠ૑ 60%ܳ 7ਘ 26ੌ, 8ਘ 9ੌ, 8ਘ 24ੌ ١

ীߣ3 Ѧ୛ 20%ঀ Ӑ١ೞѱ ࠙दೞ৓׮. दߨߑ࠺߹

द࠺ ૕ࣗ੄ ೯ز ౠࢿਸ ҳݺೞӝ ਤೞৈ Ҋഋܐ࠺

द࠺৬ ҙܳ࠺ ઺૕ࣗ .׮Үೞ৓࠺ ೣ۝੉ 10 atom

%ੋ ਃࣗ (Aldrich 49097-0)ܳ ߈ੌ ਃࣗܐ࠺ (઺૕

ࣗ ೣ۝ 0.366 atom %)৬ ഒ೤, ઺૕ࣗ ೣ۝੉ 2

atom %о ۾بغ ൞ࢳೞৈ दਊೞ৓׮. ӝ࠺ दਊद

ীח Ҋഋܐ࠺द࠺ҳա ҙ࠺ҳ فݽ ੑ੗࢚క۽ ઺૕

ࣗܳ दਊೞ৓ਵݴ, ୶࠺ दਊदীח Ҋഋܐ࠺द࠺ҳ

ח ੑ੗ ۽క࢚ షন ಴ݶী חҳ࠺ҙ ,ݴನೞ৓ਵ࢓

ীޛ ֣ৈࢲ Ҋیҙࣻೞ৓׮. द೷ҳ ח஖ߓ ҳઁױ

۽ ೞ৓ਵݴ, ӝఋ ੸ੋ߈ੌ ੤ߨߑߓ਷ ֪ୣ૓൜୒

಴ળ੤ߨߓী ળೞ৓׮.

షনച೟ࢿ ߂ ઺૕ࣗ ࢳ࠙ द࠺ ੄ܐ࠺ షন ઺

੉زౠࢿਸ ҳݺೞӝ ਤೞৈ ୶࠺૒੹ী ಴ష, 25, 50

߂ 75 cm੄ Ө੉߹ షনਸ য়Ѣ৬ 100 mL core۽ ଻

ஂೞৈ ਺Ѥೠ Ѥઑషনਸ 2 mm੄ ୓۽ ୛ࢲ ࢳ࠙

द۽ܐ חܐदޛਊೞ৓Ҋ, धࢎ 8ਘ 31ੌী ୶ܳߓ ࣻ

ഛೞৈ Ѥઑೠ റ ݃ࣧೞৈ ୓৬ޛध .׮ਊೞ৓ࢎ ష

ন ઺ ୨૕ࣗ ೣ۝਷ షন ߂ धޛ୓ ߨࢳ࠙

(NIAST, 2000)ী ۄٮ ఆߨ׳ਵ۽ ޛध .׮ೞ৓ࢳ࠙

୓৬ షন੄ ઺૕ࣗ ೣ۝਷ োࣘ ൒ܴഋ উ੿زਤਗ

࠺ࣗ ૕ࢳ۝࠙ӝ (IsoPrime-EA, Micromass, UK)ܳ

੉ਊೞৈ ୓৬ޛध .(Hauck, 1982)׮ೞ৓ࢳ࠙ షন ઺

ী दਊೠ ਃࣗࠗ۽ఠ ਬېೠ ૕ࣗо ର૑ೞח ਯ࠺

(Nitrogen derived from fertilizer, NDFF)җ दਊೠ ࠺

੄ܐ ഥࣻਯ(Recovery)਷ ਺੄׮ धਵ۽ .׮ೞ৓࢑҅

Ntotal × NDFFח धޛ חژ షন ઺ दਊೠ ਃࣗ۽

ࠗఠ ৡ ૕ࣗ੄ ೣ۝੉ݴ, ഥࣻਯ਷ धޛ୓ী ٜয ੓

ח दਊೠ ૕ࣗ ਯਸ࠺ աఋմ׮.

Ѿҗ ߂ Ҋ଴

ࠄ োҳח ܳۨ࠺ࢳ షೞৈࢿ ੘ޛਸ ੤ߓ೧ য়؍

షনਵ۽ ୽૓ೠ ਬ੷ ࢲఠীݫ੉दۄ पदೞ৓ਵݴ,

୽૓ೠ షন੄ द೷ ੹റ੄ షন ੉ച೟ࢿ਷ Table 1

җ э׮. ୽૓द੄ оب޻৬ ҕӓܫ਷ пп 1.22

g/cm3 ߂ 54.1%৓ਵա द೷ റীח пп 1.31 g/cm3

߂ ۽50.5% షন੉ উ੿ചחغ җ੿ীࢲ оب޻৬ ҕ

ӓܫ੄ ߸ചо աఋդ Ѫਵ۽ Ҋۘ૑ .׮ੋࠁ ૑৉ী

חࢲ షনਬपী ੄೧ ঩ই૓ ੘షகਸ ഛࠁೞҊ, Ӕ

଻ܨ ١੄ ಿ૕ೱ࢚ਸ ਤೞৈ ൔ൤ ܳۨ࠺ࢳ ੉ਊೠ

ёࢿషо ੉ܞ૑Ҋ ੓ؘח, ੉Ѫ਷ షনਬपਸ ؊਌

о઺दఃݴ (Joo, et al., 2004), ҃੘֙ࣻо ૐоೣী

ۄٮ җޛ ন࠙੄ ੉ز ন࢚੉ షনҗ߈ੌ ׮ܰ׮

(Park et al., 2004)Ҋ ঌ۰ઉ ੓׮. Neilsen et al.

(1998)ী ੄ೞݶ חࢲনషীࢎ షন Ө੉ 75 cm ࠗਤ

ীࢲ షনਊঘ ઺ ૕࢑క ૕ࣗ੄ оب֪ ҙࣻߨߑী

ח ҙহ੉࢚ חࢲथೞ৓ਵա, धনషী࢚ 30 cm੉ೞ

੄ ࠗਤীࢲ ૕࢑క૕ࣗ੄ оب֪ ൤׼࢚ ծҊ 75

cm ੉ೞ੄ ࠗਤ۽ ੉زೞח Ѫب ൤׼࢚ ੸঻׮Ҋ

Ҋೠࠁ ৬߄ э੉, షࢿী ࢲۄٮ ন࠙੄ ੉ز ౠࢿ੉

੹ഃ ীۨ࠺ࢳ ,ࢲۄ׳ ੄ೠ ёࢿష షনীࢲ੄ ੤ߓ

ח షন੉ Үػۆ ઑѤীࢲ ੤ߓೞח Ѫ੉߈ੌ ,۽޲

֪স૑৉׮ࠁ ন࠙੄ ਊఎ੉ ֫਷ Ѫਵ۽ ঌ۰ઉ ੓

׮ (Park, 2002). ࢲۄٮ ੉৬ э਷ ઑѤীࢲ੄ ઺૕

ࣗ ਃࣗܳ ੉ਊೠ ૕ࣗ੄ ੉ز ౠࢿਸ ҳݺೞח Ѫ਷

੸੺ೠ ন࠙ҙܻܳ ਤೠ ӝୡ ੗ܳܐ ঳ח ؘ ௾ ੄

ܳ޷ о૕ Ѫਵ۽ ৈѹ૓׮.

Table 2ח ীبࢎ҃ ܲٮ షন Ө੉߹ ૕ࣗ੄ ੉ز

ౠࢿਸ ঌইࠁӝ ਤೞৈ ӝ۽࠺ ઺૕ࣗо ಴૑ػ ਃ

ܳܐ࠺ࣗ ҙ೯ߨߑী ۄٮ दਊೞҊ 15ੌ੉ ҃җೠ

റী Ө੉ ۽߹ షনਸ ଻ஂೞৈ T-N, 15N atom %

߂ NDFFܳ ઑࢎೠ Ѿҗ੉׮. ಴ష੄ T-N ೣ۝਷

ࢲҳীࢎ҃ 30% о੢ ծওҊ, ೞகషীبࢲ оبࢎ҃

ழ૕ࣻ۾ ծও׮. ੉ח दਊೠ ૕ࣗ੄ ੌࠗо بࢎ҃

о ૐоೡࣻ۾ ஜైࣻী ੄ೠ ੉׮ࠁز ಴ݶ ਬѢী

੄ೠ ૕ࣗ੄ ࣚप੉ ח׮݆ Ѫਸ ੄޷ೠ׮. ೠಞ ೞக

ਵ۽ тࣻ۾ ୨૕ࣗ੄ ೣ۝਷ ծই઎ਵա షন੄ ઺

૕ࣗ ೣ۝਷ ҕӝ ઺ ઺૕ࣗ੄ ੗োઓ੤0.366)࠺

atom %)׮ࠁ ֫ѱ աఋա दਊ ਃࣗ ઺ ૕ࣗ࠙ࢿ੉

ъ਋ী ੄೧ ೞகਵ۽ ੉غز঻਺ਸ ૗੘ೡ ࣻ ੓׮.

ࢲۄٮ ੘ޛ੤ߓद दਊೠ ૕ࣗח ೞகਵ۽ ੉غزѢ

ա ਬप۽޲غ ੘ޛী ੄ೠ ܐ࠺ ੉ਊܫ਷ оࢎ҃ ब

ೡࣻ۾ ծই૑ѱ חKang and Cho (2001) .׮ػ ֢૑

(Soil or Plant 15N atom %  - 0.366)
NDFF(%) =                                      × 100

Fertilizer  15N atom % - 0.366

Ntotal × NDFF
Recovery(%) =                                     × 100

Amount of fertilizer nitrogen applied

Division

Before expt.

After expt.

6.7

6.3

0.040

0.040

PorosityBulk densityT-NpH

1:5 %

1.22

1.31

g cm-3

54.1

50.5

%

Table 1. Physico-chemical properties of soil used in lysimeter experiment.
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ನ੢ীחࢲ షக 20∼40 cm ࠗਤ੄ ন࠙਷ द࠺ റ

1ѐਘ҃ о੢ ֫ওਵա ೞகష۽ ੉ز੉ যغࣘ҅ 5

ѐਘ റীח द೷ ੹ షনҗ तೠ࠺ ࣻળ੉ Ҋ׮঻غ

ೞ৓ࠄ ,ؘח োҳীחࢲ दਊೠ റ ҃җदр੉ ૣও

ӝ ীޙٸ ੉۞ೠ Ѿҗо աৡ Ѫਵ۽ ,ݴغױ౸

NDFFо ೞகషח׮ࠁ ಴షীبࢎ҃ ,ࢲо ֫਷ ୊ܻ

ҳח׮ࠁ ծ਷ ୊ܻҳীࢲ ֫਷ Ѫ੉ ੉ܳ ஜೞ߉ّ

Ҋ ੓׮.

Table 3਷ بࢎ҃ 30%੄ ࢲఠীݫ੉दۄ दߨߑ࠺

ী ܲٮ 1ର ୶࠺ റ 15ੌ ҃੄ షন Ө੉߹ T-N,
15N atom % ߂ NDFFܳ ઑࢎೠ Ѿҗ੉׮. T-N ೣ۝

਷ ಴షীࢲ о੢ ݆ওҊ, ೞகਵ۽ ղ۰тࣻ۾ ੸য

૑ח ҃ೱਸ ҳ੄࠺दܐ࠺Ҋഋ .׮৓ࠁ ಴ష੄ ૕ࣗ

ೣ۝੉ ҙ࠺ҳী ೧࠺ ࣗ׮ ֫਷ Ѫ਷ ୶࠺द ҙ࠺ҳ

ਃࣗदਊ਷ ীޛ ֣ৈ షন ಴ݶী Ҋیҙࣻೞ৓ӝ

ীޙٸ दਊػ ਃࣗо ѱܰࡅ షন ղࠗ۽ ഛغ࢑য

(Lee and Yoo, 1994) Ҋഋܐ࠺द࠺ҳী ೧࠺ ъ਋ী

੄ೠ ಴ݶ ਬѢࣚप੉ ੸঻ӝ Ҋۄ੉ޙٸ .׮ػпࢤ

Ҋۘ૑ ૑৉ীחࢲ ୶࠺द Ҋیী ܐ࠺೤ࠂ ١ Ҋഋ

ܳܐ࠺ ઱Ҋ ੓ӝ ীޙٸ ъ਋ী ੄೧ ਊఎغӝ ए਍

ઑѤ੉ݴ, ੉ ীޙٸ ೙ਃೠ ন ੉࢚੄ ܳܐ࠺ दܳ࠺

ೞח ҃਋о ੓׮. ੉۞ೠ ஏݶীࢲ ୶࠺दীח ҙ࠺

۽ ೞח Ѫ੉ ܐ࠺ ੉ਊܫਸ ֫੉ؘח ബҗ੸ੌ Ѫਵ

۽ Ӓ۞ա .׮঻غױ౸ ಴ష੄ T-N ೣ۝੉ ҙ࠺ҳী

ࢲ ࣗ׮ ֫ও૑݅ NDFFח ҙ࠺ҳ׮ࠁ Ҋഋܐ࠺द࠺

ҳীࢲ ֫ওؘח, ੉۞ೠ Ѿҗח दਊೠ ਃࣗо ೞࠗ

۽ नࣘೞѱ ੉زೠ ҙ࠺ҳ׮ࠁ Ҋഋܐ࠺द࠺ҳীࢲ

ח ೞࠗ۽੄ ੉ز੉ ੸য ಴షী ؊ ݆੉ թই੓ӝ

۽ਵޙٸ ೧׮ػࢳ.

Figure 2ח ҙ࠺ҳ੄ ઺૕ࣗ ਃࣗदਊী ܲٮ ಴

ష੄ ҃द੸ 15N atom % ߂ NDFF ߸ചܳ աఋմ

Ѫ੉׮. ୶࠺ दਊപࣻо ૐоೣী ۄٮ NDFFо

ૐоೞח ҃ೱ੉঻ߓ .׮୶о ਭೣীࢤ ࢲۄٮ ൚ࣻ

۝੉ ݆ই૑Ҋ, ই਎۞ ಴షীࢲ ೞகਵ۽੄ ૕ࣗ

੉ز੉ ੓׮ ೞ؊بۄ ਃࣗܳ दਊೣী ۄٮ షন

૕ࣗ ઺ द࠺૕ࣗо ର૑ೞח ਯ੉࠺ थೠ࢚ Ѿҗ۽

.׮ػױ౸

Slope

5

15

30

0

25

50

75

0

25

50

75

0

25

50

75

0.040 

0.019 

0.025 

0.027 

0.042 

0.019 

0.017 

0.019 

0.036 

0.019 

0.012 

0.014

0.4978 

0.4324 

0.3931 

0.3813 

0.4712 

0.4366 

0.4247 

0.3892 

0.4187 

0.4183 

0.3947 

0.3919 

8.0 

4.0 

1.6 

0.9 

6.4 

4.3 

3.6 

1.4 

3.2 

3.2 

1.7 

1.6 

NDFF15NTotal-NDepth of soil

cm% % atom % %

Table 2. Distribution of total nitrogen, 15N atom % and NDFF of soil in lysimeter with 3 different slops ovserved at 21 days after
basal dressing.

Fertilizer application

Solid fertilizer

Fertigaton

0

25

50

75

0

25

50

75

0.037 

0.021 

0.010 

0.011 

0.041 

0.014 

0.011 

0.013 

0.7648

0.4640

0.5089

0.4962

0.5662

0.4662

0.3893

0.6366

24.4 

6.0 

8.7 

8.0 

12.2 

6.1 

1.4 

16.5

NDFF15NTotal-NDepth of soil

cm % atom % %

Table 3. Contents of total nitrogen, 15N atom % and NDFF of soil in 30% sloped lysimeter as affected by fertilizer application
method at 15 days after 1st top dressing.
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୶ߓ ࣻഛ റ ੄بࢎ҃ 30% ఠݫ੉दۄ షন Ө੉

߹ ਬബੋ࢑ ߂ ஖ജࢿ ন੉ৡ ೣ۝਷ Table 4৬ э

੉ࢿز੉ .׮ ੸਷ ਷࢑ੋ ಴கী ݆੉ ࠙ನೞҊ ੓ਵ

ਸޛ੘ ,ݴ ҃੘ೞ৓؍ షনਵ۽ ఠܳݫ੉दۄ ୽૓

ೞ৓ӝ ীޙٸ ೞࠗகীب ݆਷ ন੉ ੓঻׮. ஖ജࢿ

ন੉ৡ ઺ Ca੄ ೣ۝਷ ೞࠗகਵ۽ тࣻ۾ ؀୓۽ ׮

ࣗ ծই૑ח ҃ೱਸ K৬ ,ݴ৓ਵࠁ Mgח ೞࠗகਵ۽

тࣻ۾ ডр ֫ই૑ח ҃ೱਸ ৈࠁ ъ਋ द ஜైࣻী

੄ೠ ੄࠙ࢿ ੉ز੉ ੓঻਺ਸ ૗੘ೡ ࣻ ੓঻׮.

߹بࢎ҃ दߨߑ࠺ী ܲٮ ୶ীߓ ੄ೠ दਊ ૕ࣗ

੄ ഥࣻਯ਷ Table 5৬ э׮. ੹୓੸ਵ۽ оبࢎ҃ ծ

ਸࣻ۾ ഥࣻਯ੉ ֫ও׮. ੉Ѫ਷ оࢎ҃ बೡࣻ۾ ъ

਋द ਬѢ۝੉ ח׮݆ ੄޷ (Park, 2002)۽ .׮ػпࢤ

ೠಞ द೷ҳ ׼ ୶੄ߓ Ѥޛ઺਷ दߨߑ࠺੉ա ࢎ҃

ী ۄٮ ௾ ର੉ܳ աఋղ૑ח ঋই ਊఎী ੄ೠ द

ਊ ૕ࣗ੄ ࣚप੉ ࣻ۝੄ ର੉ܳ աఋյ ݅ఀ ௼૑

ঋও਺ਸ ঌ ࣻ ੓঻׮. Ӓ۞ա ௾ ର੉ח হ঻ਵա

ҙ࠺ҳо Ҋഋܐ࠺द࠺ҳ׮ࠁ धޛ୓ ղ ૕ࣗೣ۝੉

؊ ݆ওҊ, ઺૕ࣗ ب۝ೣ ࣗ׮ ֫ই, NDFFо ֫ѱ

աఋլࢲۄٮ .׮ ୨૕ࣗ۝җ NDFF੄ ғਵ۽ ೠ࢑҅

૕ࣗഥࣻਯ਷ ҙ࠺ҳীࢲ ֫ও׮. ૕ࣗ दਊ۝੉ ૐ

оೡࣻ۾ धޛী ੄ೠ ૕ࣗ ੉ਊܫ਷ хࣗೞҊ (Lee

and Yoo, 1994), ૕ࣗ ൚ࣻ ੉ਊܫ਷ दӝী بࢲۄٮ

ݴ૑ۄ׳ (Song et al., 1996), Ҋഋܐ࠺द࠺ҳח׮ࠁ

ҙ࠺ҳীࢲ ੉ਊബਯ੉ Ҋ׮֫ ঌ۰ઉ ੓׮

(Mohammad, 2004). द࠺ ۽߹ߨߑ ૕ࣗ दਊ۝੄ ର

੉о হ঻Ҋ, ୶࠺द ҙ࠺ҳח ਃࣗܳ ীޛ ֣ৈ दਊ

ೞ৓ਵ۽޲ ൚ࣻㆍ੉ਊחغ ୶ߓ Ӕӂࠗ۽੄ ੉۝ز

੉ Ҋഋܐ࠺द࠺ҳ׮ࠁ ݆ওӝ ۽ਵޙٸ ಽ੉׮ػ.

૊ ীࢎ҃ ܲٮ ର੉ח ъ਋ী ੄ೠ ਬप۝੄ ର੉

(NIHA, 2004)ীࢲ Ҋ׮঻غ܃࠺ ࠅ ࣻ ੓ਵݴ, द࠺

ߨߑ р੄ ର੉ח ী࢑ൃ ੄ೠ ఎ૕੄ ର੉ (Jung,

2001)ա ੉ࢿز੄ ର੉ (Lee and Yoo, 1994)ࠗ۽ఠ

঻ਸغ܃࠺ Ѫਵ۽ ೠಞ .׮ػױ౸ ҙ࠺੄ ബҗח ब

க द࠺ ബҗੌ Ѫਵ۽ Ҋࠁ (Lee and Yoo, 1994) ೞ

৓ؘח, Kang and Cho (2001)ب ૕ࣗ द࠺द 10 cm

Fig. 2. Changes in 15N atom% and NDFF of surface soil with
fertigation treatment in 5% sloped lysimeter. 

Recovery‡

%

NDFF

%

15N

atom %

Ntotal
䝑

g

Total-N

%

Dry wt.

g plot-1

Fertilizer application

Solid fertilizer

Fertigation

Solid fertilizer

Fertigation

Solid fertilizer

Fertigation

1818 

1822 

1820 

1829 

1816 

1824

4.89

4.92

4.57

4.63

4.59

4.83

88.9 

89.6 

83.2 

84.7 

83.4 

88.1

1.1517 

1.2255 

1.1528 

1.2000 

1.0439 

1.0784

48.1 

52.6 

48.1 

51.0 

41.5 

43.6

69.5 

76.5 

65.0 

70.2 

56.1 

62.3 

Slope

%

5

15

30

䝑Amount of total nitrogen in plant : dry weight × T-N(%) of plant.
‡ Recovery = (Amout of total nitrogen in plant derived from 15N labeled fertilizer / Amount of total nitrogen applied) × 100. 

Table 5. Recovery of fertilizer-N by Chinese cabbage grown in 15N labeled urea fertigated soil in saprolite piled lysimeter.

Fertilizer

application

Solid fertilizer

Fertigaton

MgCaK

Ex. cations(cmol+ kg-1)Av. P2O5

(mg kg-1)

Depth of soil

(cm)

0

25

50

75

0

25

50

75

157 

54

48

34

149 

44

38

48 

0.32 

0.38 

0.39 

0.41 

0.31 

0.32 

0.37 

0.44 

8.5 

5.7 

7.7 

6.0

9.2 

6.1 

5.9 

5.8 

1.6 

2.1 

2.4 

2.3 

1.6 

2.1 

2.8 

2.5 

Table 4. Changes in chemical properties of soil in 30% sloped lysimeter as affected by fertilizer application method. 
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ղ৻੄ Ө੉ী द࠺೮ਸ ٸ ૕࢑ചо Ҋ׮য૓ן ୶

੿ೞ৓Ҋ, షন द࠺द ಴க दب׮ࠁ࠺ बக द࠺ೞ

ח Ѫ੉ NO3-N੄ ਊఎ ૑ীߑ ਬܻೞ׮Ҋ ೞ৓׮.

ೠژ ਃࣗܐ࠺ दਊद बக द࠺ೞݶ ಴க द࠺ী ࠺

೧ ੄ܐ࠺ ഥࣻਯ੉ ֫ই૑ؘח, ਃࣗ оࣻ࠙೧ੋޛ

NH4
+о ੼షա ਬӝޛ ١ী ൚଱غয ಴ݶਵ۽੄ ഛ

੉࢑ ॄ۽޲غ૑ߑ ঐפݽই੄ ੉ա࢑ൃ ఎ૕੘ਊী

੄ೠ ૕ࣗ ࣚप੉ ઴যٜӝ ۽ਵޙٸ ঌ۰ઉ ੓׮

(Smith et al., 1990). Table 5ী աఋդ ৬߄ э੉ Ҋ

ഋܐ࠺द࠺ҳ׮ࠁ ҙ࠺ীࢲ ૕ࣗ ഥࣻਯ੉ ֫ই 15%

੄ࢲҳীࢎ҃ ҙח࠺ ੄ࢲҳীࢎ҃ 5% Ҋഋܐ࠺द࠺

ҳ৬ Ѣ੄ ١ೠز ૕ࣗ ഥࣻਯਸ ੉ .׮৓ࠁ Ѿҗ৬

֪স૑৉ীࢲ য়৏ਗਸ ઴੉ӝ ਤ೧ ੘ޛ੉ ೙ਃೠ

दӝী ೙ਃೠ ݅ఀ੄ ܳܐ࠺ ઱ח ١੄ दߨߑ࠺੉

ѐغࢶযঠ ೠח׮ Ҋࠁ (Choi and Shin, 1998)ী ࠺

୶য, ҙח࠺ ੄ܐ࠺ ബਯਸ ֫੉ܐ࠺ ,ࢲݶҗ׮ दਊ

ী ܲٮ ജ҃য়৏ ١ਸ ഥೖೡ ࣻ ੓ח જ਷ ਵױࣻ

۽ ੉ਊؼ ࡺ ইۄפ, ੉ܳ ੉ਊೠ ੿֪޻সਸ पୌೞ

ৈ খਵ۽ Ҋۘ૑ߓ୶ ੤ߓী ੓যبࢲ ੄ܐ࠺ ੺х

߂ Ҋಿ૕੄ ୶ܳߓ ೡ࢑ࢤ ࣻ ੓ਸ Ѫਵ۽ .׮ػױ౸

੸ ਃ

ۨ࠺ࢳ ࢲష૑ীࢿ Ҋۘ૑ߓ୶ ੤ߓ द द࠺ ബਯ

ਸ ૐ؀ী ೙ਃೠ ੗ܳܐ ঳ӝ ਤೞৈ, ઺૕ࣗ ୶੸੗

ਸߨ ੉ਊೠ ࢲఠীݫ੉दۄ ৬بࢎ҃ दߨߑ࠺੉ द

ਊ૕ࣗ੄ ೯زী ח஖޷ ৔ೱਸ ઑࢎೞ৓ۨ࠺ࢳ .׮

ష૑ࢿ షনਵ۽ оبࢎ҃ ߂ 15 ,5 30%о ۾بغ ۄ

੉दݫఠ (಩ 1.2 m × ӡ੉ 1.6 m)ܳ ୽૓ೠ റ ઺

૕ࣗ۽ ಴૑ػ ਃࣗܳ ੑ੗ഋక۽ ನ࢓ (Ҋഋܐ࠺द

ҳ) ೞѢա࠺ ҙѐࣻী ֣ৈ Ҋیҙࣻ (ҙ࠺ҳ) ೞ৓

షন .׮ ૕ࣗ ઺ दਊೠ ਃࣗࠗ۽ఠ ਬېೠ ૕ࣗо

ର૑ೞח ਯ࠺ (NDFF, nitrogen derived from

fertilizer)਷ оبࢎ҃ ծਸࣻژ ,۾ೠ షনӨ੉о ঩ਸ

۾ࣻ ૐоೞ৓ߓ .׮୶ী ੄ೠ द࠺ ૕ࣗ੄ ഥࣻਯ਷

بࢎ҃ 5%ীࢲ Ҋഋܐ࠺द࠺ҳ 69.5%, ҙ࠺ҳ

بࢎ҃ ,76.5% 15%ীࢲ Ҋഋܐ࠺द࠺ҳ 65.0%, ҙ࠺

ҳ ߂ 70.2% بࢎ҃ 30%ীࢲ Ҋഋܐ࠺द࠺ҳ 56.1%,

ҙ࠺ҳ ࢲ۽62.3% оبࢎ҃ ծਸࣻ۾ ֫ওਵݴ, ҙ࠺

ҳо Ҋഋܐ࠺द࠺ҳ׮ࠁ ֫ও׮.

ࢲۄٮ Ҋۘ૑ߓ୶ ੤ߓद ҙ࠺ഋక੄ दߨߑ࠺ਸ

ݶਊೞࢎ दਊܐ࠺ী ੄ೠ ജ҃য়৏ਸ хࣗदఃҊ,

੘ޛী ੄ೠ दਊܐ࠺੄ ੉ਊܫਸ ૐоदఃؘח ௼ѱ

ӝৈೡ Ѫਵ۽ .׮ػױ౸
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