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Foliar Absorption Rates of 45Ca-labeled Calcium Compounds Applied 
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The foliar injuries and absorption rates of calcium compounds in tomato (Lycopersicon esculentum cv.
momotaro) and citrus [Shiranuhi(C. Marc. ××C. sinensis Osbeck)××C. reticulata Blanco)] were
investigated. 0.3, 0.5 and 1.0% of CaCl2, Ca(NO3)2, Ca(H2PO4)2, Ca-EDTA, Ca formate or Ca acetate
solution were applied to the leaves of tomato and citrus. The leaf burns were observed only in the foliar
applications of Ca-EDTA and Ca(H2PO4)2. Ca-EDTA exhibited more serious foliar injury than CaH2PO4.
As applied with 45CaCl2, 45Ca(NO3)2, 45Ca formate or 45Ca acetate, the rates of Ca absorptions by tomato
and citrus leaves for 7 days were 17 to 32% and 6.6 to 46%, respectively. It meant that the absorption was
differently influenced on calcium compounds. In tomato, the order of Ca foliar absorption was Ca(NO3)2 >
Ca formate = CaCl2 > Ca acetate. Although there was no difference in Ca absorption between the adaxial
and abaxial parts of tomato leaves, total absorption was greater in expanded leaves than in expanding ones.
On the other hand, in citrus Ca foliar absorption from Ca(NO3)2 or Ca formate was more active than that
from CaCl2 or Ca acetate. In conclusion, Ca(NO3)2 and Ca formate are recommended for the foliar
application of Ca in tomato and citrus in order to increase absorption of Ca into their leaves.
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ࢲ ঱

Ca਷ ನ߷੄ࣁ ҳ࠙ࢿࢿ੉ݴ ನ݄੄ࣁ ҳઑ৬ ӝמ

ӒܻҊ ನ੄ࣁ ܻࢤ җ੿ীࢎ؀ ੓য ೙ࣻਗࣗ੉׮.

धࣁޛನী ੓ח ؀ࠗ࠙੄ Ca਷ ইನ೒ۄझ౟৬ ঘನ

ղী ઓ੤ೞݴ(Mengel and Kirby, 2001), ࣁನ૕ղ ਬ

ܻ Ca ֪חب 0.1-0.2 mM ੿۽ب ਋ݒ ծ׮(Felle,

1988; Evans et al., 1991). ࢲۄٮ ನ૕ղࣁ ਬܻ Ca

੄ب֪ ૐоח ۽ച೟੸ਵࢤ·ܻࢤ ਋ݒ ઺ਃೠ ੄޷

ܳ о૑ݴ Ca-Calmodulin ࠂ೤୓੄ ഋࢿਸ ۽ѐݒ п

ઙ ബࣗܳ ഝࢿചदெ ৈ۞ ࢎ؀ܻࢤ җ੿ী ҙৈೠ

(Marschner, 1995; Mengel and Kirby, 2001)׮

ীܻࡸ ੄ೠ Ca੄ ൚ࣻח Ӕӂ੄ ઑѤ ૊, ࣻ࠙

stress, ৏ب֪ܨ৬ ৡب ١ী ੄೧ࢲ ݆਷ ઁডਸ ߉

ਸ ࣻ ੓׮(Pill and Lambeth, 1980; Adams and Ho,

1993; Choi et al., 1997; Ho et al., 1993). ژೠ, Ca਷

धޛ୓ղ ઑ૒ р੄ ੉ز੉ য۰ਕ Ѿ೛ݶغ যܽ੖

חژ ࢲ੢੼ীࢤ Ӓ അ࢚੉ ੷ݢ ,۽޲۞Ӓ .׮ػࢤߊ

ਗ৘੘ޛীبࢲ Ca਷ ੢җࢿ җपࢤਭী ௾ ৔ೱਸ

ח஖޷ Ѫਵ۽ ঌ۰ઉ ੓ח ؘ, Ѿ೛غ঻ਸ ٸ ೞࢤߊ

ח ח۽੢೧ܻࢤ নߓ୶(Palzkill et al., 1976), ࢚୶

(Collier, 1982) חژ ӝ੄ٱ tipburn(Shear, 1975), ష݃

ష੄ Ԟॅ਺җ(Dekock et al., 1979; Adams andߓ

Ho, 1994), хӑ੄ नୡҊࢎ ١ਸ ٜ ࣻ ੓׮.

۽੸ਵ߈ੌ ৐ݶदח࠺ ীܻࡸ ੄ೠ ౠ੿ ন࠙੄ ൚

ࣻо ઁೠغয ੸ੋܻࢤ ੢೧о ਬؼߊ оࢿמ੉ ੓

ਸ ٸ ܲࡅ दੌղী ੘ޛ੄ ਭਸࢤ ੿࢚੸ਵ۽ ഥࠂ

दఃח ؘ ݴ੸੉ܫמ ബҗ੸ੋ ۽ਵߨߑ ঌ۰ઉ ੓

Ca੄ .׮ ৐ݶदח࠺ пઙ ਗ৘੘ޛ੄ Caী ੄ೠ ࢤ

ܻ੢೧੄ ഥࠂҗ җੌ੄ ಿ૕ ߂ ੷੢ࢿ ١ী ਑ਸب
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઱ח Ѫਵ۽ ঌ۰ઉ ੓׮(Wada et al., 1996; Jeong

et al., 1998; Moon et al., 1998; Kim and Kim, 1999;

Moon et al., 2002; Kim et al., 2004; Kwak et al.,

2004). ઱۽ חغਊࢎ ணचച೤ח۽ޛ CaCO3, CaCl2,

Ca(NO3)2, Ca(H2PO4)2, Ca-formate, Ca-acetate ١੉

੓ਵա(Bramlage et al., 1985; Wada et al., 1996;

Jeong et al., 1998; Moon et al., 1998; Cheon and

Jeong, 2003), Ӓ ൚ࣻਯ੉ ઑغࢎ૑ ঋই җো যځ

ೠ ணच ഋకо ؊ ബਯ੸ਵ۽ ൚ࣻೞח ૑ ੜ ঌ۰

ઉ ੓૑ ঋ׮. ౠ൤, Ca਷ ઱۽ ৏ ഋక੄ Ѫਸ ݆੉

ਊೞӝࢎ ীޙٸ ൚ࣻ۝ਸ ֫੉ӝ ਤ೧חࢲ Ҋ֪ܳب

ਊೞѢաࢎ оب֪ ծ਷ ҃਋ীח ৈ۞ߣ ࢲ೧ࠂ߈

ನೞৈঠ࢓ ೞ۽޲ ୷੸ػ ৏ਵ۽ ੋ೧ ੖੉ ৏೧ܳ

ਸ߉ ਋۰о ੓ژ .׮ೠ, Ca੄ ܻࢤ ੢೧о बп೧૑

ӝ ੹ী ബਯ੸ਵ۽ ൚ࣻೞח Ca ച೤ޛ੄ ਊ੉ࢎ ઺

ਃೞ׮. Ӓ۞ࠄ ,۽޲ োҳীחࢲ 45Ca زࢿࢎߑਤਗࣗ

۽ ಴૑ػ Ca ച೤ޛ߹ ష݃ష৬ хӑ੄ ৐ݶ ൚ࣻਯ

ਸ ҮೞҊ࠺ ணचച೤ޛਸ ৐ݶद࠺ೞ৓ਸ ٸ Ӓ ֪

߹ب ৐ ೖ೧ ৈࠗܳ ઑࢎೞ৓׮.

੤ܐ ߂ ߨߑ

धޛ੤ܐ ઁ઱द ࣗ੤ ࢲജ֪࢑ী࢖ ࣻ҃੤ߓೞ

ח ష݃ష(Lycopersicon esculentum) Ⴝᴉᅃ(ݽݽఋ

ࢲಿઙী(۽ 2઱ ੿ب ੢ೠࢿ ஏ૑ܳ ଻ஂೞৈ пࢎ

਎(10×10×7.5 cm)ীۅ ೞҊݾࢗ 45ੌр ߓ1/4

Hoagland ৔নঘਸ ҕәೞৈ ܻܳࡸ ਬبदఃҊ ۽࢜

਍ ৐ਸ ੿࢚੸ਵ۽ ਭदெࢤ ৐੉ࢿ ঻ਸغ ٸ धޛ

੤۽ܐ ೠ, хӑ਷ژ .׮ਊೞ৓ࢎ ച࠙ীࢲ ੤חغߓ

ࢤ2֙ ࠗ૑ച[Shiranuhi{(C. Marc.×C. sinensis

Osbeck)×C. reticulata Blanco}]੉঻ਵݴ, ୸૑ীࢲ ߊ

ೠࢤ ৐੉ ৮੹൤ ੹ѐغ঻ਸ ٸ ҕद੤۽ܐ ਊೞࢎ

৓׮.

ணचച೤ޛ੄ ৐ݶद࠺ ৏೧ઑࢎ CaCl2, Ca-

EDTA, Ca(NO3)2, Ca(H2PO4)2, Ca-formate חژ Ca-

acetate ਊঘ੄ ܳ(%1 ,%0.5 ,%0.3)ب֪ ܻ׳ ઑઁೞ

ৈ धޛ ৐ী ୊ܻೞৈ ష݃షח 1઱ റ ӒܻҊ хӑ

਷ 15ੌ റী ৐ݶী աఋդ ৏೧ ೖ೧ ৈࠗܳ ઑࢎ

ೞ৓׮.

45Ca ച೤ޛ ਊঘઑઁ 45CaCO3ח CaCO3(GR 99%,

Hayashi Pure Chemical Industries Ltd., Japan)ਸ ೠ

Ҵਗ੗۱োҳࣗ੄ ೞա۽(઺ࢿ੗ࣘ; 3×1013 n/㎝2·

sec)ী ੄܉ೞৈ ઁઑೞ৓ਵ45 ,ݴCa੄ ਷מࢎߑ࠺ 7

×10-2 MBq/㎎ Ca৓45 .׮Ca ಴૑ Ca ച೤ੋޛ
45CaCl2, 45Ca(NO3)2, 45Ca-formate חژ 45Ca-acetate ਊ

ঘ਷ 100 ㎎ 45CaCO3ܳ ਷ޜ ৏࢑, ૕࢑, ѐ࢑޷ חژ

ୡ࢑ਊঘਵ۽ пп ֣ৈ ઑઁೞ৓ਵݴ ୭ઙ ਊঘ੄
45Ca מࢎߑ਷ 2.8 MBq/㎖(1.4×10-1 MBq/mM)ਵ۽

ೞ৓Ҋ pHח 6.0ਵ۽ ઑ੿೮׮.

45Ca ച೤ޛ ਊঘ ৐ݶ୊ܻ 45CaCl2, 45Ca(NO3)2,
45Ca-formate חژ 45Ca-acetate ਊঘ 10 ㎖ী ੹଱ઁ

10 ㎖ܳ оೞҊ ࠗ٘۞਍ ࠠী ਊঘਸ ৈޢ ৐ݶী

חష݃ష .׮ನೞ৓ب न৐җ ৐, ৐੄ࢿ খݶҗ ,ݶّ

৐ ੹୓ী ؀೧ࢲ ӒܻҊ, хӑ਷ ৐ ੹୓ী ؀೧ࢲ
45Ca ച೤ޛ ਊঘਸ ୊ܻೞ৓׮. Ӓ ୊ܻ۝਷ ୊ܻ ੹

റ੄ ਊঘޖѱܳ ஏ੿ೞৈ ҅࢑ೞ৓׮.

45Ca מࢎߑ ஏ੿ 45Ca ୊ܻػ ష݃ష৬ хӑ੄ ৐

਷ ୊ܻ റ 7ੌ੉ ҃җ೮ਸٸ ଻ஂೞ৓׮. न৐җ ࢿ

৐ ӒܻҊ ৐੄ খݶҗ ݶّ Үप೷੄࠺ ҃਋ীח ୊

ܻറ 2ੌ ҃җ೮ਸ ٸ ଻ஂೞ৓׮. ৐਷ 0.01% ઺ࢿ

ܳઁࣁ ೣਬೞח 0.2% ୡ࢑ਊঘਵ۽ 3ഥী Ѧ୛ ࠗ٘

۞਍ ࠠਵ۽ ੜ ۞૕ޙ ಴ݶী ൚ࣻغ૑ ঋ਷ ਬܻ
45Ca ച೤ޛਸ অযմ റ ൒ܰח ীޛرࣻ 5࠙р ୋࣁ

ೞ৓׮. ൚ण૑۽ ಴ݶ ӝܳޛ ઁѢೠ ৐਷ 70℃ীࢲ

24दр ѤઑೞҊ 550℃ী 5दр ഥചܳ दௌ׮

(IAEA, 1976). ഥदחܐ ૕࢑ਊঘ(1:2)ਸ ࣗ۝ оೞ

ৈ ৌ౸ীࢲ ѤઑदఃҊ ૐܳࣻܨ оೞৈ 45Caܳ ׮

द ਊ೧ೞ৓׮. Ӓ റ 45Caਊঘਸ ஂೞৈ ҅ஏ߽ী ֍

Ҋ cocktail(Ultima gold, PerkinElmer)ܳ ୎оೞৈ

liquid scintillation counter(Packard 2700TR, USA)۽

ਸמࢎߑ ஏ੿ೞ৓׮(Song and U, 2000).

৐ݶ ൚ࣻਯ ҅࢑ Ca ৐ݶ ൚ࣻਯ਷ ৐ী ൚ࣻೠ

୨ 45Ca מࢎߑਸ ৐ী ನೠ࢓ ঘ઺੄ ୨ 45Ca מࢎߑ

ਵ۽ ա־Ҋ ੉ী 100ਸ ғೞৈ ಌࣃ౟۽ աఋչ׮.

ా҅୊ܻ SAS ా҅೐۽Ӓ۔(Ver. 9.1 for

Windows)ਵ۽ ਸࢳ࢑࠙࠙ पदೞ৓Ҋ प೷୊ܻ ಣӐ

஖р੄ ਬ੄ࢿ਷ Duncan's multiple ranges(P<0.05)ਵ

۽ Ѩ੿ೞ৓׮.

Ѿҗ ߂ Ҋ଴

ணचച೤ޛ੄ ৐ݶद࠺ ৏೧ઑࢎ ష݃ష ৐ী ؀

ೠ ணचച೤ޛ ߂ ߹ب֪ ৏೧ઑࢎ Ѿҗח Table 1җ

э࢓ .׮ನػ ੄ࢲਤীߧب֪ ணचച೤ޛ੄ ৏೧ח

ੋ࢑җ EDTA৏ী݅ࢲ աఋլ׮. ৏೧ী ੄ೠ ৐੄

Ҧࢎഅ࢚(necrosis)਷ EDTA ৏੄ ҃਋о ઁੌ ஼Ҋ

Ӓ ୊ܻ֪بо 0.3% ੌ بীٸ աఋլ׮. ౠ൤, хӑ

ীחࢲ ৏೧о ۽੼ഋక߈ ৓ਵաࠁ ష݃షীחࢲ ৐

؀ࠗ࠙੄ ࢲ੸ীݶ աఋլҊ ৐ઑ૒੉ োডೠ ҃਋ী

؊ बೞѱ աఋլ׮. ੉୊ۢ, ࢚؀੸ਵ۽ য়झب֪ށ

ணचച೤ޛ੄ ৐ݶ൚ࣻਯ 81



о ծ਷ ઁੌੋ࢑ணचҗ Ca-EDTAܳ ನ೮ਸ࢓ ٸ ৏

೧о աఋդ Ѫ਷ ঑ై࢖ ബҗী ੄ೠ ৏೧۽ ೞݺࢸ

ӝח Ҍۆೞ৓ژ .׮ೠ, ࢓ನ ਊঘ੄ pHо ծਸ ٸ ৏

೧ܳ ੸ѱ Ҋ׮ח߉ ঌ۰ઉ ੓ח ؘ(Neumann et al.,

1983), ੉ٜ ਊঘ੄ pHܳ ஏ੿ೞݶ(data not shown)

ઁੌੋ࢑ணच(3.71)җ ૕࢑ணच(4.56)ਸ ઁ৻ೠ ܲ׮

ணचച೤ޛ਷ Ѣ੄ pH 7ղ৻੄ ਤܳߧ ৓਺ਸࠁ х

উೡ ٸ pHী ੄ೠ ৔ೱب ইשਸ ঌ ࣻ ੓঻ٮ .׮

ীݶ৐ ,ࢲۄ दػ࠺ ઁੌੋ࢑ணचҗ Ca-EDTA ਊঘ

੉ Ѥઑغয ৏ഋక۽ թই ৐಴ݶী ৡܳب ࢚थद

ெ ৐ ઑ૒ী ܲ׮ ணचച೤ޛ ׮ࠁ ؊ ݆਷ ೧ܳ ઱

য ৐੉ Ҧػࢎ Ѫਵ۽ .׮ػܐࢎ

۽੸ਵ߈ੌ ணचച೤ޛ੄ ৐ݶदח࠺ 0.5% ੉ೞ੄

ࢲীب֪ ݆੉ ੉ܖয ૑ݴ(Bramlage et al., 1985;

Wada et al., 1996; Jeong et al., 1998; Moon et al.,

1998; Kim and Kim, 1999; Moon et al., 2002; Cheon

and Jeong, 2003; Kim et al., 2004; Kwak et al.,

2004), ੉۞ೠ חبನ֪࢓ ನപࣻ৬࢓ ӝ࢚ ١җ ҙ۲

੉ ੓ਸ ࣻ ੓׮. Ӓ۞ա, ࠄ प೷ীࢲ৬ э੉ ৏೧о

աఋա૑ ঋও؍ ૕࢑ணच, ৏ചணच ߂ ਬӝ࢑ ணच

৏਷ 2-3 ੿ب੄ ৐ݶ द࠺ೡ ҃਋ীח Ӓ оب֪

1% ө૑ب դೡޖ Ѫਵ۽ .׮ػܐࢎ

৐ࠗਤ߹ ৐ݶ൚ࣻਯ Table 2ח ணचച೤ޛ߹ ష

݃ష ৐੄ খݶҗ ੄ݶّ ணच൚ࣻਯਸ աఋմ Ѫ੉

ష݃ష .׮ ৐੄ ணच ൚ࣻਯ਷ Ӓ ച೤ޛী ۄٮ ׳

ਵաۋ খݶҗ ݶّ рীח ର੉ܳ ੉૑ࠁ ঋও׮. о

झ ഋక੄ ন࠙(NH3, SO2)਷ ӝҕਸ ా೧ ੜ ൚ࣻؼ

ࣻ ੓૑݅ ীޛ ֣ই ੓ח ੉ৡഋక੄ ন࠙਷ ઁೠ੉

੉ৡഋక੄ ,ࢲۄٮ .(Ziegler, 1987)׮ػ ন࠙੄ ৐ݶ

൚ࣻח ৻ࠗ ಴ೖࣁನ߷ী ੓ח ஘ࣻࢿ ݃੉௼۽଻օ

ੋ ুషؘझ݃ఋ(Franke, 1967)ਸ ా೧ ੉ܖয ૓׮

Ҋ ঌ۰ઉ ੓׮(Franke, 1967). Ӓ۞۽޲, धޛ ৐ী

ػನ࢓ ন࠙਷ ৎ਷ ঘ୓೙ܴ࢚క(Mengel and Kirby,

۽(2001 ੓ਸ ٸ ഛ࢑ী ੄೧ ಴ೖࣁನ੄ ௸౭௿ க

ਸ ాҗೞҊ Ӓ റীח ীܻࡸ ੄ೠ ন࠙൚ࣻӝ੘җ

݃ଲо૑۽ ਗഋ૕݄ਸ ా೧ ನীࣁ ൚ࣻۄٮ .׮ػ

৐ী ,ࢲ ੄ೠ ন࠙੄ ൚ࣻח ৐಴ݶ੄ ৭झக ӒܻҊ

௸౭௿ க੄ ౠࢿী ੄೧ ઝ਋ؼ ࣻ ੓׮(Marchner,

1995; Mengel and Kirkby, 2001). ష݃ష੄ ҃਋ী খ

җݶ ݶّ рী ணच൚ࣻ۝ী ର੉ܳ ੉૑ࠁ ঋও׮

ח ੼਷ ನਊঘ੄࢓ ಴ݶ੢۱ਸ ઁѢೞৈ ত਷ ঘ୓

೙ܴ࢚కܳ ਬ૑दఅݶ׮ ۾࠺ খݶ੉ ׮ࠁݶّ ৭झ

க੉ ؊ যغ׳ߊ ੓؊بۄ ন࠙੄ ൚ࣻਯ੉ तೞ࠺

ח׮ Ѫਸ दࢎೞח Ѿҗ੉׮. ৡ઱޻хীبࢲ ੹଱

ઁܳ ୎оೠ ਃࣗਊঘ੄ ৐੄ খݶҗ ੄ݶّ ൚ࣻਯ

਷ Ѣ੄ Ҋ׮तೞ࠺ ঌ۰ઉ ੓׮(Song and U, 2000).

৐۸߹ ৐ݶ൚ࣻਯ ష݃ష੄ न৐җ ৐рীࢿ ண

च ൚ࣻਯਸ Үೞৈ࠺ ݶࠁ Table 3җ эࢿ .׮৐੄

ணच൚ࣻਯ਷ न৐׮ࠁ ੸঻׮. ੉ח ৡ઱޻х੄ ৐

ীࢲ ਃࣗ੄ ൚ࣻ(Song and U, 2000) ӒܻҊ য়۪૑

ೠथц·ъ৔ӡ82·۾ળ·ӣনࢿ࣠

Compounds

CaCl2

Ca(NO3)2

Ca(H2PO4)2

(CH3COO)2Ca

(HCOO)2Ca

EDTA-Ca

䝑 0.3, 0.5 and 1.0% of calcium solutions from its different formulae were

sprayed on tomato leaves. Leaf burn was evaluated at 7 days after spray. 
‡ 0.3, 0.5 and 1.0% of calcium solutions from its different formulae

were also sprayed on citrus leaves three times at 7 day's interval. Leaf

burn was evaluated at 21 days after the first spray.

Citrus‡Tomato䝑

Leaf burnsConcentrations

(%)

0.3

0.5

1.0

0.3

0.5

1.0

0.3

0.5

1.0

0.3

0.5

1.0

0.3

0.5

1.0

0.3

0.5

1.0

None

None

None

None

None

None

None

Slight

Moderate

None

None

None

None

None

None

Severe

Severe

Severe

None

None

None

None

None

None

None

Slight

Moderate

None

None

None

None

None

None

Severe

Severe

Severe

Table 1. Effects of foliar-applied concentrations of calcium
compounds on tomato and citrus leaf burns.

Ca compounds䝑 Absorption rates‡Leaf parts

䝑 45Ca-labeled calcium compound solutions were applied to adaxial and

abaxial parts of leaves. 
‡ Leaves were detached 2 days after application and 45Ca activities were

measured. 

5.16

4.76

4.89

5.54

4.94

5.74

3.83

3.80

NS

NS

‡

adaxial

abaxial

adaxial

abaxial

adaxial

abaxial

adaxial

abaxial

CaCl2

Ca(NO3)2

(HCOO)2Ca

(CH3COO)2Ca

Significane

Ca compound(A)

Part(B)

Interaction(A*B)

Table 2. Ca absorptions depending on its compounds and
applied parts in tomato leaves.



੄ ৐ীࢲ NO3
- ൚ࣻ੄ ҃਋৬ח(Lea-Cox and

Syvrtsen, 1995) ؀߈੄ ҃ೱਸ ח৓ࠁ ؘ, धޛ חژ

ਗࣗী ۄٮ ৐ݶ൚ࣻ ౠࢿ੉ ܳ׮ ࣻ ੓ਸ Ѫਵ۽

.׮ػпࢤ

ష݃ష ৐ݶ൚ࣻਯ Table 4ח ష݃ష৬ хӑ੄

৐ী ணचച೤ޛਸ ৐ݶद࠺ೞ৓ਸ ٸ Ӓ ൚ࣻਯਸ

աఋմ Ѫ੉׮. ૕࢑ணܬ੄ ൚ࣻਯ੉ ઁੌ ஼Ҋ ѐ޷

࢑ணचҗ ৏ചணच਷ तೞ৓ਵա࠺ ୡ࢑ணच਷ ઁੌ

ծ਷ чਸ ୶(Palzkill et al., 1976), ࢚୶ߓন .׮৓ࠁ

(Collier, 1982) חژ ӝ੄ٱ tipburn അ࢚(Shear,

1975), ష݃ష੄ ;Ԟॅ਺җ(Dekock et al., 1979ߓ

Adams and Ho, 1994)ח ઱۽ ணच Ѿ೛ী ੄೧ࢲ ࢤ

ӟ׮Ҋ ঌ۰ઉ ੓׮. ணच਷ धޛ୓ղ ੉ز੉ ੜ উغ

ח ন࠙੉যࢲ ఠࠗ۽ܻࡸ ணच ҕә੉ ઁೠ੉ ݶغ

Ѿ೛ઑ૒੄ ੢೧ܻࢤ ഥࠂਸ ਤ೧חࢲ ৐ݶद࠺о ࠛ

оೖೞ׮. അ੤ ݆੉ חغਊࢎ ࣻਊࢿ ணचઁ੤ח۽

৏ചணच, ૕࢑ணच, ѐ࢑޷ணच, ୡ࢑ணच, ੋ࢑ணच

١੉ ੓ਵݴ(Chung, 2001; Bramlage et al., 1985;

Wada et al.,1996; Jeong et al., 1998; Moon et al.,

1998; Cheon and Jeong, 2003) ੉઺ ઁੌ ݆੉ ਊࢎ

ೞৈ ৡ Ѫ਷ ৏ചணच੉׮. Ӓ۞ա, ࠄ োҳ੄ ৏೧

ઑࢎীחࢲ ৏ചணच੉ যځೠ ࠗ੘ਊب হ঻ਵա, Cl

୷੸ী ੄ೠ ৏೧੄ ਋۰ܳ ૑੸ೞҊ ੓׮(Fochessati

et al., 1977; Johnson et al., 1974). ࠄ ,ࢲۄٮ प೷ী

ࢲ ૕࢑ணच੄ ൚ࣻਯ੉ ֫਷ Ѫ਷ ࠂ߈ दਊী ܲٮ

৏೧੄ ࢤߊ оࢿמਸ ؊਌ ੸ѱ ೞৈ ઴ ࡺ ݅ ইפ

ۄ ࠗо੸ਵ۽ ૕ࣗܳ ೣԋ ҕәೡ ࣻ ੓ח ੢੼੉

ؼ ࣻ ੓׮Ҋ ೠ, ૕࢑ணचژ .׮ػܐࢎ ൚ࣻਯח׮ࠁ

ծ૑݅ ѐ࢑޷ ணच੄ ҃਋ীب ൚ࣻਯ੉ જ਷ ؘ,

Ca ةױ੄ ബҗܳ ӝ؀ೡ ীٸ ݶਊೞࢎ જਸ Ѫਵ۽

.׮ػܐࢎ

хӑ ৐ݶ൚ࣻਯ ணचച೤ޛ߹ хӑ৐੄ ணच ൚

ࣻਯب Table 4ী աఋչ׮. ష݃ష੄ ҃਋৬ ݃ଲо

૑۽ ૕࢑ணच੄ ൚ࣻਯ੉ о੢ ֫ওҊ, Ӓ ਺੉׮ ѐ

࢑޷ ணच੉঻ਵա, ৏ചணच਷ ୡ࢑ணच੄ ൚ࣻਯҗ

तೞৈ࠺ о੢ ծ਷ ಞ੉঻׮. ੉ח धޛ੄ ৐ ౠࢿী

ۄٮ Ӓ ച೤ޛ੄ ൚ࣻਯ੉ ܳ׮ ࣻ ੓਺ਸ दࢎೞ৓

җࣻ੄ .׮ ҃਋ীب ੢೧৬ܻࢤ җੌ੄ ಿ૕, ੷੢ࢿ

١ਸ ೱ࢚दఃӝ ਤ೧ࢲ নೠ׮ ணचઁ੤о Ҋغਊࢎ

੓׮. ணचച೤ޛ ઺ ࣻਊࢿ ઁ੤ח۽ ৏ചணच, ૕࢑

ணच, ୡ࢑ணच, ѐ࢑޷ணच੉ Ҋغਊࢎ ੓ਵݴ

(Bramlage et al., 1985; Wada et al., 1996; Jeong et

al., 1998; Moon et al., 1998; Cheon and Jeong, 2003)

դਊࢿ ઁ੤۽ ఍࢑ணच੉ Ҋغਊࢎ ੓׮(Moon et

al., 1998; Kim and Kim, 1999; Kim et al., 2004). դ

ਊࢿ ઁ੤ח ணच Ӓ ੗୓о ൚ࣻغয աఋաח ബҗ

ח ਸݶೞҊ, җप಴޷޷ ௏౴ೞৈ җੌ੄ ଱࢝ਸ જ

ѱ ೞח ബҗо ੓ਸ Ѫਵ۽ ӝغܐࢎ ী(Kimޙٸ

and Kim, 1999; Kim et al., 2004) ࣻਊࢿ ணचҗ э

੉ ൚ࣻബਯਸ Үೡ࠺ ೙ਃח হਸ Ѫਵ۽ .׮ػпࢤ

ࢲҗীࢎ ৏ചணचਸ ৐ݶ द࠺೮ਸ ٸ ৐ חژ җੌ

੄ ணचೣ۝੉ ֫ওҊ җੌ੄ ಿ૕ীب જ਷ ৔ೱਸ

઱঻׮Ҋ ೞݴ(Bramlage et al., 1985) хӑীחࢲ ѐ

࢑޷ ணचਸ ৐ݶद࠺೮ਸ ٸ ܲ׮ ணच੤੤ী ೧࠺

৐ ઺ ணचೣ۝਷ ૐоೞ૑ ঋওਵա җੌ੄ ଱࢝җ

ܳب׼ ૐоदఃח ബҗо ஼ח׮ Ҋоࠁ ੓׮(Kim

et al., 2004). ژೠ, ৏ചணच਷ ৐ী ড೧ܳ ઴ ࣻ ੓

Ҋ ૕࢑ணच਷ җੌী ড೧ܳ ઴ оࢿמ੉ ੓׮Ҋ ঌ

۰ઉ ੓ਵݴ(Fochessati et al., 1977; Johnson et al.,

1974), ࠗо੸ਵ۽ ҕәػ ૕ࣗ࠙ࢿ਷ җੌ੄ ࣼӝী

৔ೱਸ ઴ оبࢿמ ೡઁߓ ࣻ হࠄ .׮ प೷ীࢲ ૕
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Ca compounds䝑 Absorption rates‡Leaf parts

䝑 45Ca-labeled calcium compound solutions were applied to the

expanding and expanded leaves. 
‡ Leaves were detached 2 days after application and 45Ca activities were

measured.

3.33

4.15

5.73

7.42

4.44

5.33

2.69

5.17

䝑

NS

‡

Expanding

Expanded

Expanding

Expanded

Expanding

Expanded

Expanding

Expanded

CaCl2

Ca(NO3)2

(HCOO)2Ca

(CH3COO)2Ca

Significane

Ca compound(A)

Part(B)

Interaction(A*B)

Table 3. Ca absorptions depending on its compounds and  leaf
age of tomato. 

Ca compounds䝑

Citrus䝑
Absorption rates‡

Tomato䝑

䝑 45Ca-labeled calcium compound solutions were applied to leaves.

Leaves were detached 7 days after application and 45Ca activities were

measured.
‡ Absorption rates were determined by dividing 45Ca radioactivities in

the applied amount by those absorbed in the leaves.

CaCl2

Ca(NO3)2

(HCOO)2Ca

(CH3COO)2Ca

21.9ab

31.8a

22.0ab

17.1b

17.0b

45.8a

31.2ab

16.6b

Table 4. Ca absorptions depending on its compounds in
tomato and citrus leaves.



࢑ணचҗ ѐ࢑޷ ணच੉ ൚ࣻਯ੉ જওؘח, ૕࢑ண

च਷ хӑ(ࠗ૑ച)੉ ணचী ੄ೠ ৔নࢤ੢੄ ੢೧ܳ

ই߉ नୡࢤߊ੉ রઁؼ ٸ ݶਊೞࢎ જਸ Ѫ эਵݴ,

ѐ࢑޷ ணच਷ ౠ߹ೠ Ҋ۰ হ੉ ৔ন੉ա җੌࢤ੢

ীفݽ ਊ੉ࢎ оמೡ Ѫਵ۽ .׮пೠࢤ

Ѿ ۿ

ష݃ష৬ хӑ੄ ৐੄ ணचച೤ޛ߹ ড೧৬ ൚ࣻਯ

ਸ ੄ب֪ 1.0% ,0.5 ,0.3 .׮Үೞ৓࠺ ৏ചணच, ૕࢑

ணच, ઁੌੋ࢑ணच, ఆۨ੉౟ணच(EDTA-Ca), ѐ޷

࢑ணचҗ ୡ࢑ணचਸ ৐ݶद࠺೮ਸ ٸ ష݃ష৬ хӑ

৐੄ ড೧ח ઁੌੋ࢑ணचҗ ఆۨ੉౟ணचীࢲ աఋ

լਵݴ, ఆۨ੉౟ ணच੉ ઁੌੋ࢑ணच׮ࠁ Ӓ ੿ب

о ब೮׮. ష݃ష ৐੄ খݶҗ р੄ݶّ ணच ൚ࣻਯ

਷ ର੉о হ঻ਵա ৐੉ࢿ न৐׮ࠁ Ӓ ൚ࣻਯ੉ ֫

਷ ҃ೱ੉঻׮. ணचച೤ޛ߹ ష݃ష੄ ৐ݶ൚ࣻਯ਷

૕࢑ணच੉ о੢ ஼Ҋ ѐ࢑޷ணचҗ ৏ചணच੉ त࠺

ೠ чਸ ݴ৓ਵࠁ ୡ࢑ணच਷ ઁੌ ծওژ .׮ೠ, х

ӑ੄ ৐ݶ ൚ࣻਯ਷ ૕࢑ணचҗ ѐ࢑޷ணच੉ ֫ওਵ

৏ചணचҗ ,ݴ ୡ࢑ணच਷ ծ਷ ҃ೱ੉঻׮. ੉୊ۢ

ୡ࢑ணचҗ ѐ࢑޷ணच੄ ৐ݶ൚ࣻਯ੉ ష݃ష৬ х

ӑীࢲ فݽ ֫਷ Ѫਵ۽ ইࠁ ৐ݶद࠺ਊ ணचച೤

ޛ ੤ઁ۽ ૕࢑ணचҗ ѐ࢑޷ ணचਸ ݶਊೞࢎ જਸ

Ѫਵ۽ .׮ػܐࢎ

ࢎ ࢎ

ࠄ োҳח ب2003֙ ઁ઱؀೟Ү ೟ࣿোҳ࠺੄ ૑ਗ

ਸ ই߉ ࣻ೯غ঻ਵݴ ੉ী х׮פ݀٘ࢎ.
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