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This study was carried out to compare physical properties of the horticultural substrates measured by the
European standard methods (CEN methods) and the Rural Development Administration of Korea
methods (RDA methods). Sixty horticultural substrates including 40 marketed substrates and 10 organic
and inorganic raw materials such as peat moss, coir dust, rice hull, perlite and zeolite were sampled. The
samples were then analyzed for 6 physical properties by both CEN methods and RDA methods. The results
of both methods were analyzed by linear regression. Bulk density (R2 = 0.8304), particle density (R2 =
0.8136) and porosity (R2 = 0.6374) values measured by the two methods were highly significant. Whereas
those for easily available water (EAW, R2 = 0.3327), water volume (R2 = 0.2692) and air volume (R2 =
0.0739) were not significant. Further research is needed to facilitate the conversion between the two
methods.
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ࢲ ঱

೒۞Ӓ ਭחޑ ੘਷ ҕрীࢲ ݆਷ ੘ޛਸ ਭޑೡ

ࣻ ੓ח ബਯࢿਸ ыҊ ੓Ҋ ੤ߓҗ੿੄ ੗زച ߂

۱ചоࢤ оמೞӝ ীޙٸ ਗ৘࢑স੄ җ׳ߊ ೣԋ

Ҵղী যغੑب օܻ ੉ਊغҊ ੓׮. ੉۞ೠ ਭ࢑ޑ

স੄ җ׳ߊ ೣԋ ష੄࢚ ੉ਊب۝ ֫ই૑Ҋ ੓׮. ೒

۞Ӓ ਭޑਊ ۽ష࢚ ۽੸ਵ҅ࣁ ݆੉ Ҋغਊࢎ ੓ח

ਬӝࢿ ח۽ܐష੤࢚ ೖ౟ݽझ, ௏੉য, ߄௼ ١੉ ੓

ਵݴ ࢿӝޖ ੤חܐ ঐݶ, ಏۄ੉౟, ۄ௺޷ߡ੉౟, ௿

ۨ੉ࠅ, झ౭۽ಬ, ੗т, ېݽ ١੉ ੓׮.

ష੄࢚ ੉ਊ۝੉ ૐоೣী ۄٮ धࢤޛਭী ബҗ੸

ੋ షী࢚ ҙೠ ݆਷ োҳо ੉ܖয૑Ҋ ੓࢚ .׮ష

ղਊޛ਷ ਬӝࢿ ੤ܐ ೠ ઙ۽ܨ ചੌױ ೞৈ ਊೞࢎ

ӝب ೞ૑݅ ؀ࠗ࠙਷ ਬӝࢿ ੤ܐ৬ ࢿӝޖ ੤ܳܐ

ഒ೤ೞৈ ੘ޛ ੤ߓী ੸೤ೠ ੉ࢿച೟ܻޛ ۾بغ

ઑઁೠ റ ੉ షо࢚ ਭীࢤ ח஖޷ ৔ೱਸ ҊೞҊࠁ

੓׮(Chung et al., 1998; Lee et al., 1999; Pill and

Ridley, 1998). ژೠ ష੄࢚ ܳب࢑ ઑ੺ೞҊ ணचਸ

ҕәೞӝ ਤ೧ Ҋաࢳ ഥܳࢳ ୎оೞӝب ೞҊ ೞࣻ

ठ۞૑৬ э਷ নೠ׮ ੄ޛ࢑সࠗ࢑ ੉ਊ оࢿמী

؀ೠ োҳب ഝߊೞѱ ੉ܖয૑Ҋ ੓׮(Dumroese et

al., 1990; Kim and Hong, 1999; Koo et al., 1999; Le

Gouellec et al., 2002; Shainberg et al., 1989).

धޛ੄ ਭীࢤ ੓যࢲ ష੄࢚ җࢿܻޛ ച೟ࢿ਷

਋ݒ ઺ਃೠ ਃੋ੉Ҋ धޛ ઙܨী ۄٮ ਃҳೞח ੸

੿ חਤߧ ѱܰ׮ աఋդࢲۄٮ .׮ п धޛ੄ ੢ࢤ

ী о੢ ബҗ੸ੋ ష੄࢚ җࢿܻޛ ച೟ࢿী ؀ೠ ૘
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ਸࢿ ೞӝࢳ࠙ ਤೠ ਷ߨࢳ࠙ Ҵоա োҳӝҙ߹۽

ӝܰ׮ ীޙٸ ష࢚ܳ ೞҊࢳ࠙ Ѿҗܳ ೧ࢳೞؘח

੓য ݆਷ য۰਑੉ ੓ח प੿੉׮. ੉۞ೠ ੼ਸઁޙ

ੋधೠ ਬۣ ৈ۞ աۄীחࢲ ష੄࢚ ࢳ࠙ ਸߨߑ

Ҵઁ੸ਵ۽ ಴ળചೞӝ ਤೠ োҳܳ য়ۖزউ ૓೯

೧ Schmilewski and Gunter, 1988; Verdonck)׮৳

and Gabriels, 1998a, 1998b). ੉ Ѿҗܳ ઙ೤ೞৈ য়

झ౟ܻই, ֎؏٘ۆ ١ 19ѐҴ੄ ҙ۲ ೟੗ٜ਷ ష࢚

ী ҙೠ ਬۣ ಴ળ࠙ߨࢳ(CEN, European committee

for standardization method)ਸ 1999֙ী ઁदೞ৓׮

(CEN, 1999a, 1999b, 1999c, 1999d, 1999e). ೠಞ, Ҵ

ղীחࢲ ష, ౠ൤࢚ ਗ৘ਊ ష࢚ܳ ੉ਊೠ ݆਷ ো

ҳীࢲ ӝҙ݃׮ ܲ׮ ݻ о૑ ੉ߨߑࢳ࠙ ੉ਊغ঻

ਵա ػੌా ੉ߨࢳ࠙ হয োҳ Ѿҗ р ഐ࢚ Ү࠺

о ࠛоמೞ৓ਵݴ ੉ ীޙٸ ష࢚ ઁઑস୓৬ ਊࢎ

੗р੄ షী࢚ ҙೠ ࠙੬੉ ೮ਸࢤߊ ٸ ੉ܳ ઑ੿

ೞח ؘীب ݆਷ য۰਑੉ ੓঻׮. ੉ী ۄٮ ֪ୣ

૓൜୒ীࢲ ష࢚ ীߨߑࢳ࠙ ҙೠ ಴ળച োҳܳ ࣻ

೯ೞӝ द੘ೞ৓2001֙ .׮ ীߨࢳష಴ળ࢚࠙ ؀ೠ

Ӓ ಴ળউਸ ઁदೞ৓Ҋ ਋ܻաۄ ਬా షী࢚ ঌݏ

਷ җࢿܻޛ ച೟ࢿਸ ೞӝࢳ࠙ ਤೠ Ҵղ৻ प೷

ਸࢳ࠙ ҅ࣘೞৈ 2002֙ Ҵղ ష੄࢚ ಴ળ࠙ߨࢳ

(RDA, Rural Development Adminstration method)ਸ

ઁ੿ೞ৓׮(RDA, 2002). Ӓ۞ա CEN ࠙ߨࢳҗ

RDA ࠙ߨࢳਵ۽ ೠੌز ੤ܳܐ ೞ৓ਸࢳ࠙ ٸ ࢳ࠙

Ѿҗח ਋ݒ ӝܰ׮ ীޙٸ ഐр੄࢚ Ѿҗܳ Үೞ࠺

ؘח оઁޙ Ҋغ ੓׮.

ࢲۄٮ ֪оীࢲ ۽੸ਵ߈ੌ ੉ਊغҊ ੓ח ৈ۞

ઙܨ੄ ਬ·ޖӝࢿ ਗ੗੤ ߂ द౸ਊ ష࢚ܳ ࣻ૘ೞ

ৈ ਬۣীࢲ օܻ ੉ਊೞҊ ੓ח CEN ࠙ߨࢳҗ

RDA ࠙ߨࢳਵ۽ ਸࢿܻޛ ೞৈࢳ࠙ ҙҙ࢚҅ܳ ҳ

ೞҊ੗ ࠄ োҳܳ पदೞ৓׮.

੤ܐ ߂ ߨߑ

ীࢳ࠙ ػਊࢎ ਬӝࢿ ਗ੗੤৬ ࢿӝޖ ਗ੗੤ח Ҵ

ղ৻ীࢲ о੢ օܻ ੉ਊೞҊ ੓ח ઙܳܨ ఖೞ৓ࢶ

ীࢳ࠙ .׮ ੉ਊػ 4ઙܨ੄ ਬӝࢿ ਗ੗੤ח द֎بੋ

ই৬ झܻی஠࢑ ௏௏ೖ౟, நա࢑׮ ೖ౟ݽझ, Ҵղ࢑

ള఍੉Ҋ, 6ઙܨ੄ ࢿӝޖ ਗ੗੤ח ઺Ҵ࢑ ਗࢳਸ о

ҕೠ ಏۄ੉౟(1-3 mm)৬ ੑ੗ ௼ӝо пп 0.3-1, 2

߂ 3 mmੋ पߡ ૕ࢳҗ Ҏ٘૕ࢳ, ӒܻҊ Ҵղ࢑ ઁ

ೠژ .׮੉౟੉ۄৢ Ҵղীࢲ द౸غয ֪оীࢲ ݆੉

੉ਊೞҊ ੓ח 40ৈ ઙܨ੄ ଻ࣗ ਭޑਊ ష࢚ܳ ࣻ૘

ೞৈ ୨ 50ѐ੄ ਸࢳష࢚࠙ पदೞ৓࢚ .׮ష੄ ܻޛ

ਬബࣻ࠙ೣ ,࢚ӝ ,࢚ঘ ,ܫҕӓ ,ب޻੗ੑ ,ب޻о)ࢿ

۝)਷ CEN ࠙ߨࢳҗ RDA ࠙ߨࢳਸ ੉ਊೞৈ ஏ੿ೠ

റ ف р੄ߨࢳ࠙ ҙҙ࢚҅ܳ ઑࢎೞ৓׮.

CEN ࠙ߨࢳ оب޻, ૓ب޻, ҕӓܫ, ঘ࢚, ӝ࢚਷

਺җ׮ э਷ ਸߨߑ ੉ਊೞৈ ஏ੿ೞ৓׮. प೷ ਊӝ

ח ૒҃ 100 mm, ֫੉о 50 mmੋ ਗాഋ ਊӝ࢚ࠗ

৬ ૒҃ 100 mm, ֫੉о 127 mmੋ ਗాഋ ೞࠗਊӝ

ܳ ળ࠺ೞৈ ৬࢚ࠗ ѱоޖ ஏ੿ػ ೞࠗਊӝ(M1)ܳ

োѾೠݾݎ .׮ 5 mm ୓ܳ ాҗदఅ ੜ ਷ࢴ दܳܐ

प೷ਊӝী Ҋܰѱ ଻਍ റ ਊӝ࢚ܳࠗ ઁѢೞৈ ਤ

ܳ ಣಣೞѱ ೮׮. ਊӝ੄ ইې৬ ਤܳ Ѣૉ۽ ॻ਍

റ ইېী ҳоࣻߓ ܽ׳ ాী ష࢚ܳ ଻਍ ਊӝܳ

֍Ҋ ਊӝ ֫੉ীࢲ ۽߄ ইې 1 cm ө૑ ૐ۽ࣻܨ

ୌୌ൤ ଻ਕࢲ 24-48दр উز दܳܐ ৮੹൤ णਮ

दఅ റ sand suction table(Fig. 1)۽ ৤ѹࢲ 48दр

উز -50 cm(-5 kPa)੄ ର(water pressure head)فࣻ

੉ܳ .׮঻ف

ର੉ܳفࣻ оೠ दחܐ ѱܳޖ ঌҊ ੓ח ೞࠗਊ

ӝ(M1)ী द׮ Ҋܰѱ ਷׸ ਺׮ э਷ ۽ਵߨߑ द

ܳܐ ನചदఅ റ ನചदఅ दחܐ sand suction table

рߨࢳ࠙ ਗ৘ਊ ష੄࢚ ࢿܻޛ Ү࠺ ࢳ࠙ 117

Fig. 1. Schematic diagram of sand suction table.



۽ ৤ѹ 48-72दр উز -10 cm(-1 kPa)۽ ୊ܻೠ

റ ೞࠗ ਊӝ৬ दܐ੄ ܳѱ(M2)ޖ ஏ੿ೞ৓ޖ .׮ѱ

ܳ ஏ੿ೠ റ 48दр ੉࢚ ۽℃103±2 ৮੹൤ Ѥઑद

అ റ Ѥઑػ दחܐ ܳѱ(M3)ޖ ஏ੿ೞৈ оܳب޻

ؘחೞ࢑҅ ੉ਊೞ৓Ҋ दܐ੄ ֫੉(d)৬ ૒҃ਸ ஏ

੿ೞৈ दܐ੄ ࠗೖ(V)ܳ ҳೞ৓׮.

૓חب޻ ਬӝޛ ೣ۝(Wom)җ ഥ࠙ ೣ۝(Wash)ਸ

੉ਊೞৈ ҳೞؘח ਬӝޛ ೣ۝਷ ࠼ ܳפоب 450±

10℃੄ ੹ӝ۽ীࢲ 16दр оৌೠ റ ؘदா੉ఠীࢲ

पৡਵ۽ պпदఅ റ ѱܳޖ ஏ੿ೞ৓׮(W0). दܐ

ܳ 75℃ীࢲ Ѥઑदఅ റ ғѱ ࠙ࣧೞৈ ѱܳޖ ঌҊ

੓ח ীפоب दܳܐ 5 g ੉࢚ ֍Ҋ 103±2℃੄ ੹

ӝ۽ীࢲ 4दр ੉࢚ Ѥઑदఅ റ ؘदா੉ఠী ֍য

पৡਵ۽ պпदఅ റ ѱܳޖ ஏ੿ೞ৓׮(W1). ੉ द

ܳܐ ੹ӝ۽ী ֍য 450±10℃੄ ৡبীࢲ 6दр ੉

࢚ ৮੹൤ োࣗदఅ ਺׮ पৡਵ۽ пदఅࢤ റ ѱޖ

ܳ ஏ੿ೞ৓׮(W2). ਬӝޛ ೣ۝(Wom)җ ഥ࠙ೣ۝

(Wash)੄ ਷ߨߑ࢑҅ ਺җ׮ э׮.

оب޻(dry bulk density, DB), ҕӓܫ(porosity, Ps),

ӝ࢚੄ ࠗೖ(air volume, Av), ঘ࢚੄ ࠗೖ(water

volume, Wv)਷ пп ইې੄ धਸ࢑҅ ੉ਊೞৈ ҳೞ

৓׮.

धޛ੉ औѱ ੉ਊоמೠ ࣻ࠙ੋ ਬബࣻ࠙ೣ۝਷ ׮

਺җ э਷ ۽ਵߨߑ ஏ੿ೞ৓׮. ૒҃ 100 mm, ֫੉

о 50 mmੋ ਗాഋ ਊӝ৬࢚ࠗ ೞࠗਊӝܳ োѾೠ

റ दܳܐ Ҋܰѱ ଻ਕࢲ ૐ۽ࣻܨ 24-48दр উز

୽࠙൤ ನചदௌ׮. ನചػ दחܐ sand suction table

۽ ৤ѹࢲ -50 cm (-5 kPa)ীࢲ 24-48दр উز ߓ

ࣻदఅ റ ਊӝ৬࢚ࠗ दܳܐ ઁѢೞҊ ೞࠗਊӝ৬

दܐ੄ ѱܳޖ ஏ੿ೞ৓׮. э਷ ۽ਵߨߑ दܳܐ ನ

ചदఃҊ -10 cm (-1 kPa)੄ ࢲର੉ীفࣻ 24-48द

р উز दఅࣻߓ ਺׮ दܐ੄ ѱܳޖ ஏ੿ೞ৓׮. ੉

৬ э੉ ਬബࣻ࠙ೣ۝਷ दܳܐ -10 cm (-1 kPa)৬

-50 cm (-5 kPa)ীࢲ दఅࣻߓ റ ࣻ࠙ೣ۝ ର੉ܳ

ஏ੿ೞৈ ҳೞ৓׮.

RDA ࠙ߨࢳ оب޻ ਸࢳ࠙ ਤ೧ ష࢚ܳ 105℃੄

ৡبীࢲ 16दрزউ Ѥઑӝীࢲ Ѥઑदఅ റ ࢚ࠗ

(֫੉ 25 mm, ૒҃ 74 mm)৬ ೞࠗ(֫੉ 76 mm, ૒

҃ 74 mm)۽ ҳػࢿ 300 mL ਗాഋਊӝ(V)ী ଻ਕ

֍঻׮. ଻ਕ ֍਷ ੄࢚ࠗ ష࢚ܳ ಣಣೞѱ ೠ റ 500

g੄ ೒۠੷ܳ ৢ۰֬Ҋ 3࠙р ஖ೠߑ റ प೷ਊӝ ೞ

ࠗ੄ दܳܐ ಣಣೞѱ ೠ റ प೷ਊӝ ೞࠗ(M0)৬

दܐ(M1)੄ ѱܳޖ ஏ੿ೞৈ оܳب޻ ஏ੿ೞ৓׮.

૓חب޻ ೾ܬ, ૕ࣗоझܳ ੉ਊೞৈ ࣁ޷ ҕӓਸ ୽

૓ೞৈ ӝ୓੄ ࠙঑ର۽ ੑ੗੄ ࠗೖܳ ஏ੿ೠ റ ҳ

ೞ৓׮. ૓חب޻ ೂѤ ܳܐషद࢚ ੜ ࠙ࣧೠ റ 105

℃੄ Ѥઑӝী ֍Ҋ 16दр উز Ѥઑदெ ؘदா੉

ఠীࢲ ध൦ Ѥઑदܐ 3 g(M2)ਸ ೾ܬӝ୓ ૓ب޻

ஏ੿ӝӝ(Micrometrics, USA)ܳ ਊೞৈࢎ ஏ੿ೞ৓

਷࢚ӝ ,࢚ঘ ,ܫҕӓ .׮ ೂѤػ ਗ৘ਊ ష࢚ܳ Ѥઑ

ӝীࢲ 105℃੄ ৡ۽ب 16दр Ѥઑदெ ࣻ࠙ਸ ৮੹

൤ ઁѢ೮100 .׮ mL ਗాഋ ਊ۝(֫੉ 51 mm, ૒҃

50 mm)੄ ࠼ प೷ਊӝী ష࢚ܳ ଻਍ ਺׮ 48दр

উز ನചदఅ റ sand suction table۽ ৤ѹࢲ 24दр

উز -10 cm (-1 kPa)੄ ରܳفࣻ ઱঻24 .׮दр റ

ਊӝਤ۽ ಉହೠ दܳܐ ઁѢೠ റ द׮ 24दрزউ

ನചदௌ׮. ನചदఅ ਊӝח द׮ sand suction table

۽ ৤ѹࢲ 48दрزউ -10 cm (-1 kPa)੄ ੉֫فࣻ

۽ ਊӝ ղী ੓ח ਸޛ ৮੹൤ .׮दௌࣻߓ ݶغࣻߓ

sand suction tableীࢲ ਊӝܳ ԁղ ܳѱ(M3)ޖ ஏ੿

ೠ റ 105℃੄ ৡ۽ب ৮੹൤ Ѥઑदఅ റ Ѥઑػ द

੄ܐ ܳѱ(M4)ޖ ஏ੿ೞ৓׮. оب޻(DB), ૓ب޻

(PD), ҕӓܫ(Ps), ঘ࢚(Wv), ӝ࢚(Av)਷ ਺җ׮ э਷

धਸ ੉ਊೞৈ ஏ੿ೞ৓׮.

ਬബࣻ࠙ೣ۝ਸ ஏ੿ೞӝ ਤೞৈ दܳܐ ֫੉ 51

mm, ૒҃ 50 mm੄ ਊӝী ଻਍ റ 24दр উز ನ

੉അ೯·ೞ࢚Ѥ·ӣ҅ള·ъ૑৔118

W1-W2
Wom(%) =           × 100

W1-W0

W2-W0
Wash(%) =           × 100

W1-W0

1
PD (kg·m-3) =  

(Wom/(100×1550)+(Wash/(100×2650)

W0: بоפ  ,ѱޖ

W1:दޖܐѱ ஏ੿(103±2℃ীࢲ Ѥઑ റ),

W2: ৮੹൤ োࣗ റ दޖܐѱஏ੿

V(cm3) = π×(0.5×d)2×h 

M3 - M1
DB(kg·m-3) =              × 1000

V

DB
Ps(%, v/v) = (1 -       ) × 100

PD

M2 - M1
Wv(%, v/v) =             × 100

V

Av(v/v) = Ps - Wv

M1: ೞࠗਊӝ  ,ѱޖ

M2: ೞ݂ࠗҗ दܐ੄ ,ѱޖ

M3: Ѥઑػ दܐ੄ .ѱޖ



ചदௌ׮. ৮੹൤ ನചػ दחܐ sand suction tableী

ࢲ 24दрزউ -50 cm (-5 kPa)۽ ର੉ܳفࣻ যف

दܐղ੄ ࣻ࠙ਸ दఅࣻߓ റ ѱܳޖ ஏ੿ೞ৓׮. э

਷ ۽ਵߨߑ दܳܐ ನചदெ -10 cm (-1 kPa)ীࢲ

24दр উز ର੉ܳفࣻ оೠ׮਺ दܐ੄ ѱܳޖ ஏ

੿ೞ৓׮. ਬബࣻ࠙ೣ۝਷ -10 cm (-1 kPa)৬ -50

cm (-5 kPa)ীࢲ пп ஏ੿ػ दޖܐѱର੉ܳ ஏ੿

ೞৈ ҳೞ৓׮.

Vcalib: calibrationਊ Әࣘ ҳठ੄ ࠗೖ, 

Vcell: ਊӝ੄ ࠗೖ,

Vexp: ؀ӝ/द೷ ܳ࠳ߖ द೷ਤ஖ী ֬ਸ ٸ

ഛ੢חغ ࠗೖ,

M0: प೷ਊӝ ೞࠗ੄ ,ѱޖ

M1: दܐ੄  ,ѱޖ

M2: ੑ੗ب޻ ஏ੿ӝղ੄ Ѥઑदܐ ,ѱޖ

M3: sand suction table ղ੄ ਊӝ৬ दޖܐѱ, 

M4: Ѥઑ റ दܐ੄ ѱޖ

Ѿҗ ߂ Ҋ଴

ࠄ प೷ীࢲ ਊೠࢎ ష৬࢚ ೖ౟ݽझ, ௏௏ೖ౟, ള

఍, ૕ࢳ ١ ਗ੗੤੄ ਸࢿܻޛ CEN ࠙ߨࢳҗ RDA

۽ਵߨࢳ࠙ ೠࢳ࠙ Ѿҗܳ Table 1җ 2ী աఋղ঻׮.

ࠄ प೷ীࢲ CEN ߨߑਵ۽ ೠࢳ࠙ ష੄࢚ оب޻

ח 0.11-0.33 g cm-3ਸ աఋղ঻Ҋ RDA ߨߑਵ۽ ࠙

ೠࢳ Ѿҗ оחب޻ 0.07-0.23 g cm-3੉঻׮. п ࢳ࠙

۽ਵߨߑ ೠࢳ࠙ Ѿҗ ࣗ׮ ର੉ܳ աఋչਵա ࢳ࠙

рীߨߑ ֫਷ ܳҙҙ҅(R2=0.8304, p<0.01)࢚ աఋղ

঻׮. ੉৬ э੉ ف ۽ਵߨߑ ೠࢳ࠙ оחب޻ ֫਷

ҙҙ࢚҅ܳ աఋչؘח ੉ח ࠗೖח ૑݅ܰ׮ ੌ੿ೠ

ਊӝܳ ੉ਊೞৈ э਷ ۽ਵߨߑ ஏ੿ೞ৓ӝ ੋޙٸ

Ѫਵ۽ חب޻о .(Fig. 2)׮ػпࢤ ࠗೖ۽ ஏ੿غҊ

ҕӓܫҗ ӝ࢚ী о੢ ௾ ৔ೱਸ ,Bunt)ؘח஖޷

1974: Cattivello, 1991) ੉۞ೠ оחب޻ ف ߨߑࢳ࠙

ਵ۽ ೞৈࢳ࠙ Ѿҗܳ Үೡ࠺ ࣻ ੓঻׮.

૓חب޻ CEN ߨߑਵ۽ ೠࢳ࠙ Ѿҗ 1.6-2.7 g cm-3

੉঻Ҋ RDA ߨߑਵ۽ ೠࢳ࠙ Ѿҗ 1.0-2.4 g cm-3 ߧ

ਤܳ աఋղ঻׮. ૓חب޻ ف рߨߑࢳ࠙ Ѿҗо ਬ

ೠࢎ ҃ೱਸ ৓Ҋࠁ э਷ दܐী ؀ೠ بѾҗࢳ࠙ ࠺

तೠ ࣻ஖ܳ աఋղ঻ਵݴ ف рীߨࢳ࠙ ֫਷ ҙ࢚
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(M0+M1) - M0
DB(Mg·m-3) =

V

Vexp
Vcalib = Vcell -  

P1/P2 - 1

P*1

Vexp = (      - 1) × Vcell
P*2

Vexp
Dw(दܐ੄ ࠗೖ cm3) = Vcell(cm3) - 

P1/P2 - 1

M2
PD(Mg m-3) = 

Dw

DB
Ps(%, v/v) = (1 -      ) × 100

PD

M3 - M4
Wv(%, v/v) =            × 100

M4

Av(%, v/v) = Ps - Wv

AVWVPSDPDB
䝑

g m-3 g m-3 ---------------------------- % ----------------------------

Substrate

Min.

Max.

Avr.

䝑DB: dry bulk density, DP: particle density, PS: total pore space, WV: water volume, AV: air volume.

0.11

0.33

0.19

1.6

2.7

2.1

85

94

91

52

86

74

5

38

17

Table 1. Physical properties of the horticultural substrates analyzed by CEN method.

AVWVPSDPDB
䝑

g m-3 g m-3 ---------------------------- % ----------------------------

Substrate

Min.

Max.

Avr.

䝑DB: dry bulk density, DP: particle density, PS: total pore space, WV: water volume, AV: air volume.

0.07

0.23

0.13

1.0

2.4

1.8

88

95

93

20

63

51

30

75

41

Table 2. Physical properties of the horticultural substrates analyzed by RDA method.



ҙ҅(R2=0.8136, p<0.01)ܳ աఋղ঻׮(Fig. 3).

CEN ߨߑਵ۽ ೠࢳ࠙ Ѿҗ ҕӓܫ਷ 85-94%ܳ ա

ఋչҊ RDA ߨߑਵ۽ ೠࢳ࠙ Ѿҗ ۽88-95%% э਷

दܐী ؀ೠ بѾҗࢳ࠙ ਬࢎೞ৓ਵݴ R2਷

0.6374(p<0.01)ܳ աఋղ঻׮(Fig. 4). CEN ߨߑਵ۽

ೠࢳ࠙ Ѿҗ ঘ࢚੄ ࠗೖח 52-86%৓Ҋ ӝ࢚਷ 5-

38%৓׮. RDA ࠙ࢳѾҗ ঘ࢚੄ ࠗೖח 20-63%৓Ҋ

ӝ࢚੄ ࠗೖח 30-75%ܳ աఋղ঻׮. ӝ࢚җ ঘ࢚੄

ࠗೖח CEN ߨߑҗ RDA ߨߑী ੄ೠ Ѿҗоࢳ࠙

਋ݒ ݴਵۋ׳ ف рীߨߑ ҙ҅ܳ ݶࠁ ঘ࢚਷

R2=0.2692 (p<0.01), ӝ࢚਷ R2=0.0739 (p<0.05)۽ ݒ

਋ ծ਷ чਸ ਸܫҕӓ .׮৓ࠁ חೞࢳ࠙ חؘ ف ࠙

ߨࢳ فݽ ૓ب޻৬ оب޻ Ѿҗܳ о૑Ҋ ઑࢎೞ৓

৬ب޻૓ .׮ оب޻੄ ࢳ࠙ Ѿҗח ف рীߨࢳ࠙ ਬ

ೠࢎ Ѿҗܳ ৓ӝࠁ ীޙٸ ҕӓبܫ तೠ࠺ Ѿҗܳ

঳ਸ ࣻ ੓঻ࢲۄٮ .׮ CEN੉ա RDA ઺ ೞա੄ ࠙

݅ߨࢳ ఖೞৈࢶ ҕӓܫਸ ஏ੿ೠݶ׮ ܲ׮ ਵߨࢳ࠙

۽ ஏ੿غয ؼ୹ب ࣻ ੓ח ҕӓܫ੄ Ѿҗܳ যו

੿ب ৘ஏೡ ࣻ ੓׮.

ҕӓܫ਷ ష࢚ ղী ҕәחغ ҕӝ৬ ࣻ࠙ী ۄٮ

ח૑ۄ׳ ࠗ࠙ਵ۽ ҕӓܫ੉ ֫ই૑ݶ ਊӝղ ࣻ࠙җ

ҕӝ ਬ۝੉ࠁ ૐоೞؘח ాࠁ ਬӝࢿ ష੄࢚ ҕӓ

਷ܫ 75-85% ੉׮. షন ࢿܻޛ ઺ ੘ޛ ਭীࢤ ੺؀

੸ੋ ৔ೱਸ ח஖޷ ਃੋ਷ ӝ࢚җ ঘ࢚੄ ؀੸࢚ ࠺

ਯ੉ݴ ౠ൤ ӝ࢚੉ ૐоೞݶ ాӝࢿ੉ ૐоೞৈ ध

ਭীࢤޛ নഐೠؘ ాӝࢿ ੿ܳب աఋղח ૑಴۽

ӝ࢚੉ ݆੉ ੉ਊغҊ ੓׮(Choi, 1998).

੘ޛ ਭীࢤ ੸೤ೠ ҕӓܫ਷ 75-90%,੉Ҋ ঘ࢚਷

65-70%, ӝ࢚਷ ۽20-30% ߄ػҊࠁ ੓׮(Bunt,

1974; Cattivello, 1974; Fonteno and Nelson, 1990;

Goh and Haynes, 1977). ঘ࢚җ ӝ࢚ਸ ؘחೞࢳ࠙

੓যࢲ ف ߨߑ فݽ пп ੌ੿ೠ ਊ۝ਸ о૓ ਊӝ

ী ష࢚ܳ ଻ਕ ನചदఅ റ فࣻ ֫੉ ରী ੄ೠ ঑

۱ਸ оೞৈ ஏ੿ೞח ਷ߨߑ э૑݅ CEN ߨߑীࢲ

ח दܳܐ Ѥઑೞ૑ ঋҊ ਊӝ੄ ਊ੸ਸ Ҋ۰ೞৈ ஏ

੿ೞח ীݶ߈ RDA ߨߑ਷ दܳܐ ৮੹൤ Ѥઑदఅ

Ѫҗ ઺۝ࣻ࠙ೣ۝ਸ ೣԋ Ҋ۰ೞৈ ஏ੿ೞӝ ীޙٸ

ҙҙ҅о࢚ ਋ݒ ծওਸ Ѫਵ۽ .׮ػпࢤ

ੌز दܳܐ ੉ਊೞৈ пп੄  ,ର੉(-10 cmفࣻ

-50 cm)ী ܲٮ ࣻ࠙ೣ۝ਸ ઑࢎ೧ࠄ Ѿҗ ࣻ࠙ೣ۝

рীח ௾ ର੉ܳ աఋչ׮. ਬബࣻ࠙ೣ۝਷ ରفࣻ

੉о -10--50 cm (1-5 kPa)ղী ੓ח ࣻ࠙ೣ۝ର੉

۽ ஏ੿ೠ Ѿҗ CEN ࠙ߨࢳਵ۽ ੉ਊೞ৓ਸ חٸ 5-

71% ৓Ҋ RDA ࠙ߨࢳਸ ੉ਊೞ৓ਸ חٸ ۽ 1-35%

ف ߨࢳ࠙ рী ௾ ର੉ܳ ࢲۄٮ .׮৓ࠁ ࣻ࠙ೣ۝਷

-10 cm ীחࢲ 58-85% ৓Ҋ -50 cmীחࢲ 29-47%

৓׮. ਬബࣻ࠙ೣ۝਷ ର੉оفࣻ -10--50 cm (1-5

kPa)ղী ੓ח ࣻ࠙ೣ۝ਵ۽ धޛ੉ औѱ ੉ਊೡ ࣻ

੓ؘח(Deboodt and Verdonck, 1972) ف ߨࢳ࠙ р੄
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Fig. 2. Relationship between CEN method and RDA  method
for bulk density.

Fig. 3. Relationship between CEN method and RDA method
for particle density. 

Fig. 4. Relationship between CEN method and RDA method
for porosity. 



ਬബࣻ࠙ೣ۝੄ חҙҙ࢚҅ ೞա੄ ۽ਵߨࢳ࠙ ܲ׮

ೞա੄ ਸߨࢳ࠙ חೞӝীݺࢸ ծ਷ чਸ(R2=0.3327,

p<0.01) աఋղ঻ف .׮ ߨࢳ࠙ فݽ ਬബࣻ࠙ਸ ஏ੿

ೡ ٸ э਷ ঑۱ীࢲ ର੉ܳفࣻ যف ஏ੿ೞח ߨߑ

਷ э૑݅ CEN ߨߑীࢲ ਊӝח ֫੉ 50 mmী ૒

҃ 100 mmੋ ਊӝܳ ۽ೞ࢚ োѾೞৈ ର੉ܳفࣻ ف

Ҋ RDAীחࢲ ֫੉ 50 mmী ૒҃ 50 mm੄ ਊӝܳ

ਊೞৈࢎ ஏ੿ೞח ਊӝ੄ ਊ۝ী ର੉о ੓ژ .׮ೠ

RDA ߨߑীחࢲ दܳܐ 105 ীࢲ Ѥઑܳ दఅ റ ੉

ਊೞؘח ੉ٸ ನചо ੜ উחغ ҃਋о ੓঻׮. ੉۞

ೠ ੉ਬ۽ ੋ೧ э਷ दܐী ؀ೠ ਬബࣻ࠙ೣ۝੄ Ѿ

җо ѱܰ׮ ա৳ਵݴ ҙҙ࢚҅ ೠژ ਋ݒ ծওਸ Ѫ

ਵ۽ ۽ਵ࢚੉ .׮ػпࢤ CEN ࠙ߨࢳҗ RDA ࠙ߨࢳ

ਵ۽ ష੄࢚ ਸࢿܻޛ Ү࠺ ೠࢳ࠙ Ѿҗ, CEN ࠙ࢳ

ਸߨ ੉ਊೞৈ ஏ੿ػ оب޻৬ ૓ب޻੄ Ѿҗч਷

੉ী ؀਽ೞח RDA ࠙ߨࢳ Ѿҗ৬ب ੽ೠ޻ ҙ҅ܳ

ৈ઱Ҋࠁ ੓ࢲۄٮ .׮ ف рীߨࢳ࠙ فݽ ਬ੄ೠ ੿

੄ ҙҙ࢚҅ܳ ҳೡ ࣻ ੓঻Ҋ ׮ࠁ ࣚऔѱ ੉ਊೡ

ࣻ ੓ח ਸߨࢳ࠙ ఖೞৈ ೠࢳ࠙ റ ഐ࢚ Ѿҗчਸ

بؘחҮೞ࠺ ਊ੉ೡ Ѫਵ۽ җ࢚ঘ .׮ػױ౸ ӝ࢚,

ਬബࣻ࠙ೣ۝਷ ҙҙ҅о࢚ ծѱ ஏ੿غয ೞա੄ ߑ

ਸ݅ߨ ੉ਊೞৈ ݶೞࢳ࠙ ஏ੿ػ Ѿҗܳ ഐജೞৈ

೧ࢳೞؘח ࣗ׮ য۰਑੉ ੓ӝ ীޙٸ ف ࢳ࠙ р੄

Ѿҗܳ ೧ࢳೞӝ ਤೠ োҳܳ ҅ࣘ೧ࢲ ࣻ೯ೡ ೙ਃ

о ੓׮Ҋ .׮ࠄ

੸ ਃ

೒۞Ӓ ਭޑ ࢲসী࢑ ష੄࢚ ઺ਃࢿ਷ ֫ই૑Ҋ

੓Ҋ धޛ ਭীࢤ ੸੺ೠ ష੄࢚ җࢿܻޛ ച೟ࢿী

؀೧ ઺੼ਸ যف ׮ࠁ ؊ ૘઺੸ੋ োҳо ੉ܖয૑

Ҋ ੓׮. Ӓ۞ա ੉۞ೠ ష࢚ ਸࢳ࠙ ਤೠ ੉ߨࢳ࠙

Ҵղ৻੸ਵ۽ ಴ળചغ૑ ঋইࢲ ࢳ࠙ Ѿҗܳ Үೞ࠺

ৈ ೧ࢳೞؘח য۰਑੉ ੓ࢲۄٮ .׮ ࠄ োҳח ਬۣ

ীࢲ ಴ળചػ ష࢚ җ(ߨࢳ࠙ CEN)ߨࢳ࠙ Ҵղীࢲ

಴ળചػ ష࢚ ਸ(RDA)ߨࢳ࠙ ੉ਊೞৈ ష࢚ܳ ࠙

ೠࢳ റ пп ীߨࢳ࠙ ܲٮ Ѿҗܳ ઑࢎೞҊ ഐр࢚

ী Ѿҗܳ ഐജೞӝ ਤೞৈ पदೞ৓࢚ .׮షח Ҵղ

ীࢲ द౸غҊ ੓ח ష৬࢚ ೖ౟ݽझ, ௏௏ೖ౟, ള఍,

૕ࢳ ١੄ ਗ੗੤ܳ ੉ਊೞ৓Ҋ ష੄࢚ ਷ࢿܻޛ

CEN ࠙ߨࢳҗ RDA ࠙ߨࢳਵ۽ пп ஏ੿ೞৈ ف

рীߨࢳ࠙ ҙҙ࢚҅ܳ ઑࢎೞ৓׮. оب޻

(R2=0.8304, p<0.01)৬ ૓ب޻(R2=0.8136, p<0.01) ߂

ҕӓܫ(R2=0.6374, p<0.01) ஏ੿ীחࢲ ف ߨࢳ࠙ р

ী ֫਷ ҙҙ࢚҅ܳ աఋչҊ ঘ࢚(R2=0.2692,

p<0.01)җ ӝ࢚(R2=0.0739, p<0.05) ߂ ਬബࣻ࠙ೣ۝

(R2=0.3327, p<0.01)਷ CEN ࠙ߨࢳҗ RDA ࠙ߨࢳ

рী ծ਷ ҙҙ࢚҅ܳ աఋչ׮. ঘ࢚җ ӝ࢚, ਬബࣻ

࠙ ೣ۝਷ ஏ੿ػ Ѿҗܳ ۽ࢲ Үೞӝ࠺ ਤ೧חࢲ ӝ

ઓ ীߨߑࢳ࠙ ؀ೠ োҳܳ ࣻ೯ೞࢲݶ ҅ࣘ೧ࢲ ࣻ

੿ ৮೧ঠࠁ ೡ Ѫਵ۽ .׮ػпࢤ
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