
ೠҴషনܐ࠺೟ഥ૑ ઁ 39ӂ 2ഐ
Korean J. Soil Sci. Fert.  Vol. 39, No. 2, 102-108  (2006)

নন౵౵ ࠂࠂೖೖקק࠺࠺ ੤੤ߓߓীীࢲࢲ ୶୶࠺࠺ ੺੺ххਸਸ ਤਤೠೠ
ҴҴࣗࣗदद࠺࠺ ബബҗҗ

Effect of Band Spotty Fertilization for Reduction of Additional Application 
in Plastic Film Mulching Cultivation of Onion(Allium cepa L.) 
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It is very important to improve fertilizer use efficiency for the saving of fertilizers and for environmental
purposes as well. However, there was no effective ways for the fertilization in the mid of growth under the
plastic film mulching cultivation so far. For this, a Band Spotty Fertilization (BSF) machine was developed
recently. So, we tried to establish a low input fertilization technique using this BSF machine in the vinyl
mulching cultivation of onion (Allium cepa L.). Fertilization efficiency, soil properties, and crop yield were
examined and compared among treatments from 2000 to 2001. The content of exchangeable K in soils were
higher after fertilization but that of available P2O5 was lower than before the experiment in all plots. The
content of nitrate-N was highest at the early growth stage, and higher in BSF plots than that of
conventional fertilization (CF). BSF plot showed higher growth rate, and uptake amount of nitrogen of
onion by 59-69% than that of CF. N use efficiency in BSF was higher in the order of two time-split
application, one time-split application, and three time application. K use efficiency was high 13-17% BSF
plots than that in CF(63 kg ha-1) plots. The amount of residual N in soils was high by 8-14% in BSF plots
compared to that in CF plots, and the loss of N was lowered 26-34% by BSF. Also, the amount of residual
K in soils was high by 13-18% and the loss of K was low by 29-31% in BSF plots compared to that in CF
plots. The yield of onions increased by 7-13% by BSF due to increased diameter and weight of bulbs. As
the results, N fertilization efficiency increased by 22-42% by BSF. 
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ࢲ ঱

दח࠺ ੘ޛ੤ߓী ੓যࢲ ୌোҕәਵ۽ ࠗ઒ೠ ৔

ন࠙ਸ ࢲ۽ܐ࠺ ҕәೞח Ѫ੉ݴ షন࢚క, ੘ޛ ઙ

ܨ ١ী ܲٮ ੸੺ೠ दܳ࠺ ೯ೞח Ѫ੉ ӝࠄ੉ غ

ח࠺җ੔द ,ݴ ੉աޛ ؀ӝ ١ ജ҃ী ࠗ੿੸ੋ ৔ೱ

ਸ ۽޲஖޷ ਸࢿ࢑ࢤ ઑ੿ೞࢲݶ ച೟ܐ࠺੄ ੺хਸ

ԫೠ द࠺ബਯਸ ૐ؀ೡ ೙ਃо ੓׮.

੄ܐ࠺ ೤ܻ੸ दਊߨߑ ߂ ӝࣿ਷ ੄࠙ࢿ ੉ਊܫҗ

ബਯਸ ֫੉ӝ ਤೠ ۽޲੉ױࣻ షন, ੘ޛ חژ ӝ࢚

ઑѤ ١ী ۄٮ द࠺दӝ, ਤ஖, ߨߑ, ഋక ١ਸ ઑ੺

߸҃ೣਵࢲ۽ द࠺ബҗܳ ֫ৈঠ ೡ Ѫ੉׮(Lim,

1982).

ച೟ܳܐ࠺ షন࠺ৠب ૐо৬ ୭Ҋࣻ۝ਸ ۽಴ݾ

ೞৈ җ۝ਸ दਊೞҊ ੓য 1990֙؀ࠗఠח ಣ఍૑੄

଻ࣗ੤ߓ૑ ݅ࡺ ইۄפ Ҋۘ૑షনীبࢲ ౠࣻ࠙ࢿ

ী ؀ೠ ೣ۝੉ ೠ҅ࣻળ ੉࢚ਵ۽ ૘੸غয ੓Ҋ

(NIAST, 1999; NIAST, 2000; Yang et al., 2001) ন

࠙੄ җ׮ী ܲٮ ૑಴ࣻ ߂ ૑ೞࣻয়৏ ١ ജ҃ࠗೞ

ܳ о઺दఃҊ ੓׮(Cho, 1999; Park et al., 2001).

द࠺ী ੄೧ ӝੋחغ ജ҃য়৏ਸ ҃хदఃӝ ਤೠ

ӝࠄ੸ ؀଼਷ షন ઺ী җ੔੄ ੉࠙ࢿܐ࠺ ਖ਼غܨ

૑ ঋ۾ب షন ૓ױী ੄ೠ షন੄ ন࢚࠙కܳ ౵ঈ

ೞҊ द࠺ೞৈ ૕ࣗ, ੋ࢑ ߂ ৏ӝ࠙ࢿ੄ ୷੸੉ա ࠛ

Ӑഋਸ ח૑ೞߑ Ѫ੉׮. ੉ܳ ਤೠ উ੄ߑ ೞաࢲ۽

੘ޛӔ৉੄ Ҵࣗ दח࠺ ੘ޛ੄ ੉ਊܫਸ ೱ࢚दெ

੘ޛ੄ ಴ࣻ۝ਸݾ ਬ૑ೞࢲݶ द۝࠺ ੺х੉ оמೡ

݅ࡺ ইۄפ ജ҃ࠗೞ੄ ҃хب ബҗ੸ੌ Ѫ੉׮.
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ন౵ח 1990֙؀ ੉റ ੗ٜ੄࠺ࣗ धࢤഝ ߸ച৬ Ѥ

ъী ؀ೠ ҙबب ૐо৬ ؊ࠛয ۝੉࠺ࣗ ૑ࣘ੸ਵ

۽ ૐоೞৈ ଻ࣗܨ ઺ী ૐоਯ੉࠺ࣗ о੢ ௾ ੘ݾ

੉ݴ ੤ݶߓ੸਷ 12,352 ha۽ ੹թ 54%, ҃թ 18%,

҃࠘ ۽16% ࣽਵ۽ ੤غߓҊ ੓׮(KREI, 2003). ਋

ܻաۄ ন౵੤חߓ 8ਘ ೞࣽ-9ਘ ী࢚ࣽ ౵ઙೞৈ ੉

ٞ೧ 4ਘ-6ਘী ࣻഛೞח ୶౵੤ߓо ؀ࠗ࠙੉׮. ন

౵੤ߓী ੓য ਷ࠂೖק࠺ ৡࠁ ߂ णীࠁ ਬܻೞৈ

ࣻ۝ਸ ૐ؀दఃҊ ઑࢤઙ ন౵੄ ࣻഛӝب খ׼ӡ

ࣻ ੓ਵݴ ౠ൤ ୶౵੤ߓ ੘ഋীࢲ ѹ਎ী ੷ৡ ߂

Ѥઑо बೡ ٸ ࣻ۝੄ ૐ؀ബҗо ௼׮. ೠಞ ೖࠂ੤

оߓ ࢲݶغച߈ੌ ബਯ੸ੋ ୶ח࠺ Ҋഋܳܐ࠺ ק࠺

ਤী חܻࡸ Ѫ੉ ݴ੉ాࠁ ੉ח ֢૑ীࢲ షনࣻ࠙

ী ੄ೞৈ ۽߄ ֣ই धޛ୓ী ൚ࣻחغ Ѫী ೞৈ࠺

Ӓ ബҗо ݆੉ पઁ .׮য૓ڄ ন౵੤ߓ ֪о੄ ୶࠺

पకܳ ݶࠁ ъ਋ী ۄٮ ୶࠺दӝ ߂ പࣻܳ ઑ੺ೞ

ח Ѫ੉ ؀ࠗ࠙ਵ۽ द࠺ബਯ੉ য૕ڄ ݅ࡺ ইۄפ

۱੉ز֢ җ׮ೞѱ ਃҳݴغ द۝࠺ җ׮ ߂ ਷ן ୶

ܳ࠺ ঠӝ೧ ੷੢ࢿਸ ঈചदఃח Ѿҗܳ ୡېೠ׮

(Lee et al., 1996).

ন౵ח ܳܐ࠺ ݆੉ ਃҳೞח ੘ޛ ઺੄ ೞա۽ ష

ޛਬӝ ,ࢿ ೣ۝ ١੄ ର੉ী ੄೧ द۝࠺੉ ઉঠۄ׳

ೠק࠺ .׮ ೖࠂ੤חߓ షন ઺ী ੓ח ੉࠙ࢿܐ࠺ ҙ

ѐա ъ਋ ١ী ੄ೠ ਬप੉ ੸ӝ ীޙٸ द࠺ബਯਸ

ૐ૓दఆ ࣻ ੓ਵա ী࠙ࢿܐ࠺ ۄٮ షনী ҅ࣘ ૘

੸חغ ҃਋о ੓Ҋ ۝ਃࣗо޷ ࠗ઒ ؼ ࣻ ੓ਵ۽޲

੤ߓషন੄ ਸࢳ࠙࠙ࢿ ాೠ द࠺୊ߑ੉ ೙ਃೞݴ द

۝਷࠺ ಴ળद۝࠺ਸ ӝળਵ۽ ೞݴ షন࠙ࢿਸ ࢳ࠙

ೞৈ ೙ਃೠ ݅ఀ ઑ੺೧ ઱যঠ ೠ׮.

੉۞ೠ ੼ਸઁޙ ೧Ѿೞӝ ਤೞৈ द࠺ബਯૐ૓ ߂

ӝࣿਸ࠺۱दࢤ ഛ݀ೞҊ੗ ੘ޛӔ੽ షন ઺ী दਊ

੉ оמೠ ష઺द࠺ӝܳ ѐߊೞৈ ࠂೖק࠺ ਗ৘੘ޛ

ন౵ ੤ߓ ٸ ష઺द۽࠺ द۝࠺·୶࠺പࣻ ੺х ߂

ন࠙੉ਊܫ ೱࢤ ,࢚ਭҗ ীࢿ۝ࣻ ؀ೠ ബҗܳ Ѩష

ೠ ߄ द೷Ѿҗܳ חҊೞࠁ .׮੉߄

੤ܐ ߂ ߨߑ

ࠄ द೷਷ 2֙ җ೟ਗޛউ(2000-2001) ੘ز ನदݾ

೷੢ ߂ ഐթ֪সোҳࣗ ੹੘җܨݓ ನ੢ীࢲ ࣻ೯ೞ

৓׮. द೷ ੹ షন ੉ച೟੸ ౠࢿ਷ Table 1җ э੉

షন pHо ઺ࢿ੉Ҋ ਬӝޛ ߂ ஖ജࢿ ন੉ৡ ೣ۝

੉ ծ਷ ࢲ۽নషࢎ оبৠ࠺ ؀୓۽ ծও׮. ୌ઱؀

Ҋܳ 8ਘ ೞࣽ-9ਘ ী࢚ࣽ ੤धѢܻ 20×10 cm۽ ౵

ઙೞҊ 11ਘ ઺ࣽী-࢚ࣽ ੿धೞৈ ੉ٞ೧ 6ਘ ࢚ࣽ

ী ࣻഛೞ৓׮. ন౵ द۝࠺਷ షনѨ੿ റ ૓ױद࠺

۝ N-P2O5-K2O＝264-84-314 kg ha-1۽ ૕ࣗ 4ഥ ࠙

द, ੋ࢑਷ ੹۝ӝ࠺, ணܻח 2ഥ ࠙द ೞ৓ਵݴ ࢝ߔ

ק࠺ ೖࠂ ੤ܳߓ पदೞ৓׮.

୊ܻח 1֙ରী ҙ೯द࠺(ӝ࠺＋୶3࠺ഥ), ష઺द࠺

(ӝ࠺＋୶1࠺ഥ, ӝ࠺＋୶2࠺ഥ, ӝ࠺＋୶3࠺ഥ), 3ਃ

ࣗ दਊਸޖ 2֙ରী ҙ೯द࠺(ӝ࠺＋୶3࠺ഥ), ష઺

द࠺(ӝ࠺＋୶1࠺ഥ, ӝ࠺＋୶2࠺ഥ, ӝ࠺＋୶3࠺ഥ),

૕ࣗ दਊ, ணܻޖ दਊ, 3ਃࣗޖ दਊਸޖ যف ࣻ೯

ೞ৓ਵݴ ୶ח࠺ ҙ೯द࠺ীחࢲ ਤীק࠺ 3ഥ ൝য

۰ળࡸ ݶ߈ ష઺द࠺ীחࢲ ష઺द࠺ӝܳ ਊೞৈࢎ

ন౵ Ӕ੽ ࠗਤী ੤ࢤӝ ੉റ 10ੌ рѺਵ۽ 1ഥ, 2

ഥ ߂ 3ഥ दਊೞ৓׮.

షন ߂ धޛ୓ח ֪সҗ೟ӝࣿਗ షনച೟࠙ߨࢳ

(NIAST, 2000)ী ળೞৈ pHח ୡ੗੹ӓߨ, ୨૕ࣗח

Kjeldahlߨ, ਬӝޛ਷ Tyurinߨ, ਬബੋ࢑਷ Lancaster

חక૕ࣗ࢑૕ ,ߨ ন੉ৡ ,ߨࢳ࠙࢑۝ഛ޷ Ca, Mg, K

ח NH4OAc۽ ஜ୹दெ ICP(Varian Liverty 110)ܳ

੉ ਊ ೞ ৈ ࠙ ࢳ ೞ ৓ ׮ . ష ࢿ ਷ Sodium

hexametaphosphate ਊঘী ੄ೠ ࢑࠙ റ Hydrometer

۽ ೞ৓Ҋࢳ࠙ ীߨ(USDA)ࢿޖ֪޷ ۄٮ ೞ৓ܨ࠙

ח୓ޛध .׮ 60℃ীࢲ Ѥઑ റ ࠙ࣧೠ दܳܐ

H2SO4-H2O2۽ णध࠙೧ ೞҊ ࠙೧ৈঘਸ ੉ਊೞৈ

୨૕ࣗח Indophenol-blueߨਵ۽ ೞ৓Ҋࢳ࠙ द࠺૕ࣗ

൚ࣻ۝਷ द࠺ҳ ൚ࣻޖ-۝द࠺ҳ ൚ࣻ۝, ૕ࣗ੉ਊ

਷ܫ द࠺૕ࣗ ൚ࣻ۝/૕ࣗद۝࠺ 100ਵࢤ ,۽੢ࣘب

ח dw(w2-w1)/dt(t2-t1)۽ ݴ୹ೞ৓ਵ࢑ ৐࢝਷

SPAD-502meterܳ (Minoltaࢎ) ࢎਊೞৈ ஏ੿ೞ৓׮.

ন౵ ਭࢤ ߂ ࣻ۝਷ ֪ୣ૓൜୒ द೷োҳࢎ֪ ઑ

ӝળ(RDA, 2000)ীࢎ ળೞৈ ৐ࣻ, ৐ୡ҃, ҳҊ, ҳ

҃, ҳ઺ ١ਸ ઑࢎೞ৓׮.

Ѿҗ ߂ Ҋ଴

షন੄ ച೟੸ ౠࢿ ߂ ন࠙ೣ۝ ߸ച

द೷ റ షনച೟ࢿ ߸ചח Table 2৬ э׮. ਬബੋ

࢑ ೣ۝਷ хࣗغ঻Ҋ ஖ജࢿ ணܻ੄ ೣ۝਷ ૐоغ

ন౵ ୶࠺ ੺хਸ ਤೠ ష઺द࠺ ബҗ 103

pH

1:5 g kg-1

6.9 10.7 328 0.36 4.8 1.2 0.97 SL

mg kg-1 ----------------- cmolc kg-1 ----------------- g kg-1

Soil textureT-N
MgCaK

Exchangeable cation
Av. P2O5OM

Table 1. Physico-chemical properties of the soil before experiment.



঻ਵݴ ష઺द࠺ীࢲ ֫਷ ҃ೱਸ աఋչ׮. ন౵੤

ীߓ ੸׼ೠ షন ઺ ஖ജࢿ ணܻ ೣ۝਷ 0.70-0.80

cmolc kg-1۽ ୶ୌغҊ ੓ਵա(RDA, 1999) ਋ܻաۄ

ߒ షন ઺ ಣӐ ஖ജࢿ ணܻ ೣ۝਷ ૑ࣘ੸ਵ۽ ૐ

оغয ੸੿ ਤܳߧ ௼ѱ ୡҗೞҊ ੓ਵݴ ౠ൤ ৐଻

੄ܨ ઱ਃ ੤ߓ૑ੋ दب ӔҮ ૑৉੄ ߒ షন ઺ ஖

ജࢿ ணܻ੄ ૘੸חب ֙ݒ ܲࡅ ۽بࣘ ૐоغҊ ੓

ীߓন౵੤ .(Lee et al., 1982)׮ ੸਽חغ షন਷ ࢎ

নషࠗఠ धషী ੉ܰӝө૑ ҟߧਤೞݴ షনীࢿ࢑

חࢲ ਭҗࢤ ҳ؀࠺о ਋ݒ աࡅ૑۽޲ షনܳب࢑

۾بغ 6.0-6.5 ઑ੺೧ ઱যঠೠ׮.

Mengel(1982)਷ షন ઺ীࢲ ૕࢑੄ ੉زী о੢

௼ѱ ৔ೱਸ ח஖޷ ਃੋ਷ షনࣻ࠙੉ݴ Ѥઑ࢚కী

ࢲ ੘ష಴கਵ۽ ૕࢑੉ ૘੸חغ Ѫ਷ ࣻ࠙ૐߊী

ܲٮ ࣻ࠙੉ز ۄ੉ޙٸ ೞ৓Ҋ ੘ࢤޛਭী о੢ ઺

ਃೠ ৔নਗੋ ૕ࣗ੄ بӝച੘ਊޖ షনࣻ࠙ী ੄ઓ

ݴغ ౠ൤ ૕࢑ചࢿӐ੄ ഝࢿ਷ Ҋৡҗ ࣻ࠙ઑѤী

਋ݒ ন .(Powlson, 1980; Rice et al., 1983)׮хೞ޹

౵ ਭӝрࢤ উز షন ઺ ૕࢑క૕ࣗ ೣ۝਷ Fig. 1

җ э੉ ష઺द࠺ীࢲ ୶࠺പࣻо ݆ਸࣻ۾ ࣻഛӝө

૑ ֫਷ ҃ೱਸ աఋչ׮. ૊ ҙ೯दח࠺ ਭୡӝࢤ

112 mg kg-1ীࢲ 22 mg kg-1ਵ۽ ష઺द࠺ ୶3࠺ഥ,

୶1࠺ഥח 171 mg kg-1, 143 mg kg-1ীࢲ 105 mg kg-1,

95 mg kg-1۽ ֫ও׮.

࢚ਭনࢤ दӝ߹ ৐࢝਷ Table 3җ э੉ ష઺द࠺

୶࠺ 2ഥীࢲ ૜঻ਵݴ ਭ઺ӝীࢤ о੢ ֫਷ ࣻ஖ܳ

աఋչࢤ݅ .׮ઙ ন౵ীחࢲ 4ਘ ೞࣽࠗఠ ࢚੺അ࠺

੉ աఋա۽޲ ୶ܳ࠺ पद೧ঠ ೞؘח ࠄ द೷ನ੢

ীחࢲ ੉࢚੺അ࠺ աఋա૑ ঋও׮. ৐࢝਷ ৐ࣗ۾

߂ ৐ ઺ ૕ࣗೣ۝੉ ݆ਸࣻ۾ ૜য૑ח ҃ೱਵ۽ ಿ

ઙ, ੤ߨߓ ١ী ۄٮ ௼ѱ ߸ೞݴ ৐࢝ਸ ૜ѱ ೞҊ

޹ఋ࠺ ਸ࠙ࢿ ૐоदఃࢲݶ ૕ܳب֪࢑ ֫੉૑ ঋח

दߨߑ࠺җ ੤ߨߓ ഛ݀੉ ೙ਃೞ׮. ন౵੄ ਤӝױ

р ઺ী ૐоೠ ੸ݶਤױ ઺ Ѥ۝ޛਸ աఋղח ੢ࢤ

חبࣘ Fig. 2৬ э੉ ਭറӝীࢤ ష઺द࠺ ୶࠺ 2ഥ

164.8 g m-2 d-1, ୶࠺ 3ഥ 154.4 g m-2 d-1, ୶࠺ 1ഥ

150.8 g m-2 d-1, ҙ೯द࠺ 134.9 g m-2 d-1 ࣽਵ۽ ֫

਷ ૐоਯਸ աఋչ߈ੌ .׮੸ਵ۽ ୶౵੤ߓ ন౵ח

ਘزਸ Ѣ୛ 2ਘ ੉റ ੤ࢤਸ द੘ೞݴ ӝৡ੉ ۄৢ

оח 3·4ਘী ୭؀੄ ৔নࢤ੢ӝী ٜযоח Ѫਵ۽

ঌ۰ઉ ੓׮(Cho et al., 2001; Ha et al., 1998; Suh

নହോ·୍ܨഅ·नࠂ਋·ъथਗ104

Fig. 1. The change of NO3-N content in soil during growth stage on fertilization method.
* CF : Conventional Fertilization  1TSA : 1 Time-Split Application 

2TSA : 2 Time-Split Application  3TSA : 3 Time-Split Application

Treatment

䝑Conventional Fertilization  ‡ Band Spotty Fertilization 
䤀 1 Time-Split Application    ⁽2 Time-Split Application    ∮ 3 Time-Split Application

CF䝑

No Fertilization

6.9

6.8

6.8

6.8

6.7

10.9

10.8

10.6

10.9

9.9

266

269

259

257

241

0.66

1.22

1.26

1.25

0.33

4.8

4.8

4.8

4.8

4.7

1.2

1.3

1.3

1.3

1.0

1 TSA䤀

2 TSA⁽

3 TSA∮

BSF‡

MgCaK

Exchangeable cation
Av. P2O5OMpH

1:5 g kg-1 mg kg-1 ------------------- cmolc kg-1 -------------------

Table 2. The changes of soil chemical properties after experiment.



and Ryu, 2002). ন౵ח ੤ߓӝр੉ ӡҊ ੿ध 4ѐਘ

੉റী Ѻ੸ੋࠄ ੢੉ࢤ द੘۽޲غ ਭ઺ӝ੄ࢤ द࠺

ҙܻо ઺ਃೞ׮. दߨߑ࠺߹ ࣻഛӝ ন౵ ਭ਷ࢤ

Table 4৬ э׮. ୶࠺ 2ഥ＞୶࠺ 1ഥ＞୶࠺ 3ഥ＞ҙ೯

द࠺ ࣽਵ۽ ৐ୡ҃, ҳ҃੉ ҸҊ ҳ઺੉ .׮Ѣਕ઎ޖ

ন࠙൚ࣻ۝ ߂ ੉ਊܫ ࣻഛӝ धޛ୓(ҳ, ৐҃)੄

૕ࣗ, ணܻ द࠺૕ࣗ(ணܻ) ൚ࣻ۝ ߂ ૕ࣗ(ணܻ)੉ਊ

਷ܫ Fig. 3, Fig. 4৬ э׮. ૕ࣗೣ۝੉ ҙ೯द࠺ী

ೞৈ࠺ ੘ޛӔ੽ ష઺द࠺ীࢲ ֫ই द࠺૕ࣗ ൚ࣻ۝

਷ ҙ೯द࠺(78 kg ha-1)ী ೞৈ࠺ ష઺द࠺ীࢲ 124-

132 kg ha-1۽ 59-69％ ݆ওҊ ૕ࣗ੉ਊܫ਷ ҙ೯द࠺

(29.5%)ী ೞৈ࠺ ୶࠺ 2ഥ 50%, ୶࠺ 1ഥ 48.1%, ୶

࠺ 3ഥ ۽47% 18-20％ ֫ওژ .׮ೠ द࠺ணܻ൚ࣻ۝

਷ ҙ೯द࠺(63 kg ha-1)ী ೞৈ࠺ ష઺द࠺ীࢲ 96-

108 kg ha-1۽ 52-71％ ݆ওਵݴ ணܻ੉ਊܫ਷ ҙ೯द
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Fig. 2. Changes of CGR during growth stage on fertilization method.  
* CF : Conventional Fertilization  1TSA : 1 Time-Split Application 

2TSA : 2 Time-Split Application  3TSA : 3 Time-Split Application  

Treatment

䝑Conventional Fertilization  ‡ Band Spotty Fertilization 
䤀 1 Time-Split Application    ⁽2 Time-Split Application    ∮ 3 Time-Split Application

CF䝑

No Fertilization

70.5

74.6

73.9

73.0

50.0

74.8

78.0

78.3

77.8

57.1

63.8

68.5

69.5

68.9

48.6

1 TSA䤀

2 TSA⁽

3 TSA∮

BSF‡

HarvestMiddleEarly

Growth stage

Table 3. Changes of leaf color during growth stage on fertilization method. (unit : SPAD)

Treatment

䝑Conventional Fertilization  ‡ Band Spotty Fertilization 
䤀 1 Time-Split Application    ⁽2 Time-Split Application    ∮ 3 Time-Split Application

CF䝑

No Fertilization

6.9

6.8

6.8

6.8

6.7

7.6

7.9

8.0

7.8

7.4

16.75

19.25

19.35

18.80

14.90

157

177

178

167

96

7.3

8.2

8.4

8.9

5.1

7.4

8.0

7.9

7.6

5.7

1 TSA䤀

2 TSA⁽

3 TSA∮

BSF‡

Bulb

diameter

Bulb

height

Bulb 

weight

Leaf sheath

diameter

No. of

leaf

Plant 

height

cm plant-1 mm g plant-1 cm cm

Table 4. Growth status of onion on fertilization method.



ী(23.9%)࠺ ೞৈ࠺ ۽36.4-40.9% 13-17％ ֫ও׮. ন

౵੄ ন࠙൚ࣻ۝਷ 3ਘ ઺ࣽ ੉റী ૐоೞӝ द੘ೞ

ݴ ணܻ＞૕ࣗ＞ੋ࢑ ࣽਵ۽ ૐоೠ׮(Kato et al.,

1999).

ন౵੄ ন࠙൚ࣻח ૕ࣗ, ணܻ, ࢳഥо ਘز റ ੢ࢤ

੉ द׮ द੘ࢲݶغ әࣘೠ ૐоܳ ੉Ҋࠁ җ࢑ੋ Ҋ

ష ൚ࣻ۝਷ ӓ൤ ੸؀ࠗ࠙ .׮੄ ଻ࣗ੘ޛ਷ ணܻ ൚

ࣻ۝੉ ݆਷ Ѫী ೞৈ࠺ ন౵ח ૕ࣗ ൚ࣻ۝੉ ݆਷

Ѫ੉ ౠ૚੉۽޲ ন౵੤ߓী ੓যࢲ ૐࣻਃ۸਷ ૕ࣗ

੄ܐ࠺ ೤ܻ੸ ҕәী ੓׮Ҋ ೡ ࣻ ੓׮.

ন࠙ ਖ਼ઓ۝ ߂ ࣚप۝ दߨߑ࠺߹ షন ઺ ૕ࣗ

(ணܻ) ਖ਼ઓ۝ ߂ ࣚप۝਷ Fig. 5, Fig. 6җ э׮. द

૕ࣗ࠺ ਖ਼ઓ۝਷ ҙ೯द࠺(32 kg ha-1)ী ೞৈ࠺ ష઺
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Fig. 4. K use efficiency and amount of K uptake on fertilization method. 
* CF : Conventional Fertilization   1TSA : 1 Time-Split Application 

2TSA : 2 Time-Split Application   3TSA : 3 Time-Split Application  

Fig. 3. N use efficiency and amount of N uptake on fertilization method. 
* CF : Conventional Fertilization  1TSA : 1 Time-Split Application 

2TSA : 2 Time-Split Application  3TSA : 3 Time-Split Application   

Fig. 5. Amount of loss and residual of nitrogen on fertilization method.  
* CF : Conventional Fertilization  1TSA : 1 Time-Split Application 

2TSA : 2 Time-Split Application  3TSA : 3 Time-Split Application   



द࠺ীࢲ 8-14％ ݆਷ ীݶ߈ ࣚप۝਷ ҙ೯(154 kg

ha-1)ী ೞৈ࠺ ష઺द࠺ীࢲ 26-34％ ੸঻ਵݴ द࠺

ணܻ ਖ਼ઓ۝਷ ҙ೯द࠺(90 kg ha-1)ী ೞৈ࠺ ష઺द

ࢲী࠺ 13-18％ ݆ওҊ ࣚप۝਷ ҙ೯द167)࠺ kg

ha-1)ী ೞৈ࠺ 29-31％ ੸਷ Ѫ਷ ੘ޛӔ੽ী ܳܐ࠺

द࠺ೠ Ѿҗ ъ਋ ١੄ ৔ೱ੉ ੸਷ Ѫਵ۽ .׮ػпࢤ

द࠺ബਯ ߂ ࢿ۝ࣻ ন౵ҳ੄ ૒҃ ௼ӝ߹ ࠙ನ

ਯ਷࠺ Fig. 7җ э੉ ҳ҃ 8 cm ੉࢚੉ ҙ೯द࠺

(28.1%)ী ೞৈ࠺ ୶࠺ 2ഥ 45.0%, ୶࠺ 1ഥ 44.5%,

୶࠺ 3ഥ ۽41.8% ֫ওҊ दߨߑ࠺߹ ন౵ࣻ۝਷

Table 5৬ э׮. ష઺द࠺ীࢲ ಿҳਯ(ҳ࢚҃ 6 cm

੉࢚)੉ ֫ই ҙ೯द࠺(38.15 Mg ha-1)׮ࠁ 12-19%

ಿࣻ۝੉࢚ ݆ইઉ ୨ࣻ۝਷ 7-13% ૐࣻغ঻ژ .׮ೠ

ন౵ ୶࠺ ੺хਸ ਤೠ ష઺द࠺ ബҗ 107

Fig. 6. Amount of loss and residual of potassium on fertilization method.  
* CF : Conventional Fertilization  1TSA : 1 Time-Split Application 

2TSA : 2 Time-Split Application  3TSA : 3 Time-Split Application   

Treatment

* yield of onion above 6 cm bulb diameter 

Conventional Fertilization  Band Spotty Fertilization 

1 Time-Split Application    2 Time-Split Application    3 Time-Split Application

CF 38.15

45.02

45.40

42.73

83.1

87.4

87.1

87.0

45.91

51.50

52.10

49.13

100

112

113

107

56.3

77.5

79.8

68.5

1 TSA

2 TSA

3 TSA
BSF

Fertilization 

efficiency

Ykg Nkg-1

Yield

index
Yield

Mg ha-1

Commercial bulb 

ratio

%

Commercial bulb 

yield*

Mg ha-1

Table 5. Fertilization efficiency and yield on fertilization method. 

Fig. 7. Distribution ratio of bulb diameter on fertilization method.  
* CF : Conventional Fertilization  1TSA : 1 Time-Split Application 

2TSA : 2 Time-Split Application  3TSA : 3 Time-Split Application 
NF : No Fertilization 



ష઺द࠺ Ѿҗ ૕ࣗद࠺ബਯ਷ 22-42％ ૐغ؀঻Ҋ

୶࠺പࣻо ੺х Ҋۘ૑ .׮঻غ ন౵੤ߓद ৮ബࢿ

࠺ࠂ दਊਵ۽ ҙ೯द׮ࠁ࠺ 13% ૐࣻೞݴ ୶࠺ 2ഥ

۱ਸز֢ ੺хೡ ࣻ ੓঻ח׮ Ҋ(Choi et al., 2000)ࠁ

৬ ਬࢎೠ ҃ೱਸ աఋչ׮.

੸ ਃ

ޛ੘ࠂೖק࠺ ੤ߓद द࠺ബਯ ૐ؀ ߂ ӝ࠺۱दࢤ

ࣿ ഛ݀ਸ ۽੸ਵݾ ష઺द࠺ӝܳ ѐߊೞ৓Ҋ 2000֙

ࠗఠ 2001֙ө૑ 2֙ উز ੉ܳ ੉ਊೞৈ ন౵ܳ ੤

ೠߓ റ షনѐ۝, ন࠙੉ਊܫ ߂ ীࢿ۝ࣻ ח஖޷ ৔

ೱਸ ಣоೞ৓ਵݴ Ӓ Ѿҗח ਺җ׮ э׮.

द೷ ੹ షন׮ࠁ ٚݽ ୊ܻীࢲ ஖ജࢿணܬ ೣ۝

਷ ૐоغ঻ਵա ਬബੋ࢑ ೣ۝਷ хࣗغ঻ࢤ .׮ਭ

दӝ߹ షন ઺ ૕࢑క૕ࣗ ೣ۝਷ ٚݽ ୊ܻীࢲ ࢤ

ਭୡӝী о੢ ֫ওਵݴ ౠ൤ ҙ೯द࠺ী ೞৈ࠺ ష

઺द࠺ীࢲ 30-60 ㎎ kg-1 ֫ওҊ 3ഥ ୶࠺ীࢲ ਭࢤ

റӝө૑ ֫ѱ .׮঻غഅߊ

ন౵੄ חب੢ࣘࢤ ష઺द࠺ীࢲ ֫ওҊ ਭ઺ӝࢤ

੉റ ର੉о ௼ѱ աఋլਵա ష઺द࠺ ୶࠺പࣻ ࢎ

੉ীח ਬ੄ࢿ੉ হ঻׮. द࠺૕ࣗ ൚ࣻ۝਷ ҙ೯द

ী(kg ha-1 78)࠺ ೞৈ࠺ ష઺द࠺ীࢲ 59-69％ ݆ও

Ҋ ૕ࣗ੉ਊܫ਷ ୶࠺ 2ഥ＞୶࠺ 1ഥ＞୶࠺ 3ഥ ࣽਵ

۽ 18-20% ֫ও׮. द࠺ணܻ ൚ࣻ۝਷ ҙ೯द63)࠺

kg ha-1)ী ೞৈ࠺ ష઺द࠺ীࢲ 52-71％ ݆ওਵݴ ண

ܻ੉ਊܫ਷ 13-17％ ֫ও׮.

दߨߑ࠺߹ द࠺૕ࣗ ਖ਼ઓ۝਷ ҙ೯द࠺ী ೧࠺ ష

઺द࠺ীࢲ 8-14％ ݆ওҊ द࠺૕ࣗ ࣚप۝਷ ҙ೯

(154 kg ha-1)ী ೧࠺ ష઺द࠺ীࢲ 26-34％ ੸਷ ߈

ীݶ द࠺ணܻ ਖ਼ઓ۝਷ 13-18％ ݆ওҊ द࠺ணܻ ࣚ

प۝਷ 29-31％ ੸঻׮.

ন౵ ਭࢤ ߂ ࣻ۝਷ ష઺द࠺ীࢲ ৐ୡ҃җ ҳ҃

੉ ҸҊ ҳ઺੉ Ѣਕޖ ҙ೯द࠺(45.91 Mg ha-1) ؀

࠺ 7-13％ ૐࣻغ঻ਵݴ ૕ࣗद࠺ബਯ੉ 22-42％ ૐ

.׮঻غ؀
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