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Relationship of soil profile strength and apparent soil electrical 
conductivity to crop yield
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Understanding characteristics of claypan soils has long been an issue for researchers and farmers because
the high-clay subsoil has a pronounced effect on grain crop productivity. The claypan restricts water
infiltration and storage within the crop root zone, but these effects are not uniform within fields.
Conventional techniques of identifying claypan soil characteristics require manual probing and analysis
which can be quite expensive; an expense most farmers are unwilling to pay. On the other hand, farmers
would be very interested if this information could be obtained with easy-to-use field sensors. Two examples
of sensors that show promise for helping in claypan soil characterization are soil profile strength sensing
and bulk soil apparent electrical conductivity (ECa). Little has been reported on claypan soils relating the
combined information from these two sensors with grain crop yield. The objective of this research was to
identify the relationships of sensed profile soil strength and soil EC with nine years of crop yield (maize and
soybean) from a claypan soil field in central Missouri. A multiple-probe (five probes on 19-cm spacing)
cone penetrometer was used to measure soil strength and an electromagnetic induction sensor was used to
measure soil EC at 55 grid site locations within a 4-ha research field. Crop yields were obtained using a
combine equipped with a yield monitoring system. Soil strength at the 15 to 45 cm soil depth were
significantly correlated to crop yield and ECa. Estimated crop yields from apparent electrical conductivity
and soil strength were validated with an independent data set. Using measurements from these two sensors,
standard error rates for estimating yield ranged from 9 to 16%. In conclusion, these results showed that
the sensed profile soil strength and soil EC could be used as a measure of the soil productivity for grain
crop production.
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ࢲ ঱

੼ష க߈҃ షন (claypan soils)਷ Ҵ޷ ઺ࠗࢲ૑ߑ

ী ড 400݅ ha੿ب ࠙ನغয ੓ਵݴ (Soil Survey

Staff, 1981), ೂ੸ਵ۽ ػࢿࢤ షনਵࠗ۽ఠ ੼షੑ੗

੄ ੉زਵ۽ argillic கਤо ݴ঻ਵغ׳ߊ ੼షೣ۝਷

۽30-70% ҊغҊࠁ ੓׮ (Kitchen et al., 1998;

Nikiforoff and Drosdoff, 1943). Argillic கਤо غѼߊ

ח Ө੉ח ૑ഋী ۄٮ ਋ݒ ѱܰ׮ աఋդ׮. షনਬ

प੉ ݆੉ ૓೯ػ summit ੉ա shoulder ਤ஖ীחࢲ

಴ష৬ ਋ݒ оӰѱ աఋաӝب ೞա foot-slopeա

bottom ਤ஖ীחࢲ ૑಴ࠗ۽ఠ ࣻm ө૑ Ө਷ Ҕী

ࢲ ҙஏغӝب ೠ׮ (Kitchen et al., 1998). ੼ష҃߈

க షন੄ ਷ࢿ࢑ࢤ argillic கਤ੄ ҕр੸ ࠙ನ৬ ݆

਷ ҙ۲੉ ੓׮ (Kitchen et al., 1999). ҕр੸ షন

ౠٜࢿਸ ઑࢎೞҊ ೞӝࢳ࠙ ਤ೧ࢲ ੹ా੸ੋ షন࠙

਷ߨӝࢳ ݆਷ ֢۱җ दр੉ ࣗਃחغ ੼੉ױ ੓׮.

షন੄ கਤ߹ షনदܐ੄ ଻ஂ ਸࢳ࠙ ਤ೧ࢲ ੹ా

੸ੋ ۽ਵߨߑ ҳؕ੉ܳ ౵Ҋ दܳܐ ଻ஂೠݶ׮ द

ܳܐ ঳ӝ ਤ೧ࢲ ైੑೞח दрҗ ֢۱੉ җبೞѱ

ࣗਃغѱ ੉۞ೠ .׮ػ য۰਑җ ࠛಞೣਸ ೧ࣗೞӝ

ਤ೧ नࣘೞҊ рಞೠ షনࢲࣃ ١ਸ ੉ਊೠ ٜߨߑ

੉ ҊউغҊ Ҋغਊࢎ ੓ؘח ؀಴੸ੋ Ѫٜ੉ ੹ӝ
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੹بب, షন҃ب, ࣻഛ۝ بࢿ࢑ఠ݂, షনפݽ ١੉

׮ (Christy et al., 2004; Chung et al., 2002; Chung

et al., 2004; Sudduth et al., 2003). ੉ٜ חࢲࣃ షন

ী ୭ࣗೠ੄ ੽ୢਸ ೞѢա షনदܳܐ ੗زਵ۽ ଻

ஂೞח ߨߑ ١ਸ ਊೞҊࢎ ੓׮. ౟۩ఠী ੢଱ػ ࣃ

חࢲ ੘ޛ੉ ਭࢤ ઺ীח ਊ੉ࢎ য۵ח׮ ب੼ױ ੓

૑݅ GPSܳ ੢଱೧ࢲ ನ੢੄ ҕр੸ੋ ੿ܳࠁ दز

ী ஏ੿ೡ ࣻ ੓ח ੢੼ب ੓׮.

Ҵ޷ ઺ࠗࢲ૑৉ী ࠙ನೞח ੼ష҃߈க షন਷ ੼

ష੄ ೣ۝, ਬӝޛ ೣ۝, షন ചਯ, ಴ష੄ױੑ Ө੉

١੉ షন੄ җࢿ࢑ࢤ ݆਷ ҙ۲੉ ੓ח Ѫਵ۽ Ҋࠁ

Ҋغ ੓ਵݴ ੼ష҃߈க੄ ҕр੸ ߸੉ب ૑৉੸ਵ۽

਋ݒ ݆਷ ର੉ܳ աఋղҊ ੓׮ (Kitchen et al.,

1998). Chung et al., (2004)਷ ੼ష҃߈க షনীࢲ

షন੄ оب҃ argillic கਤীࢲ о੢ ֫ѱ աఋաݴ

Ө੉о ૐоೣী ۄٮ ൤ࢲࢲ хࣗೞ׮о 70 cm ੉

੄࢚ Ө੉ীࢲ द׮ ֫ই૑ח Ѫਵ۽ ҊೞҊࠁ ੓׮.

੹ӝ੹بب (EC: electrical conductivity)ח ੹ܨ੄

൒ܴী ؀ೠ ҕр ղ ૕੄ޛ ੷೦ী ؀ೠ ৉ࣻ۽ ա

ఋղݴ ۽੸ਵ߈ੌ షন੄ ੹ӝ੹חبب షনਊঘী

ࢲ ৏ܨ੄ ܳب֪ աఋղח ౠࢿਵ۽ Ҋغਊࢎ ੓׮

(Geonics Limited, 1997; Rhoades et al., 1976). షন੄

दܳܐ ଻ஂೞৈ ૐܳࣻܨ ഒ೤ೞৈ EC ஏ੿ӝ۽ ஏ

੿ೞח ৏ࢳ࠙ܨ җߨߑ ܻ׳ ੹੗ ਬߨب

(electromagnetic induction method)਷ അ੢ীࢲ ૒੽

नࣘೞѱ షন੄ ੹ӝ੹بب (ECa: apparent

electrical conductivity)ܳ ஏ੿ೡ ࣻ ੓ח ׮੉ߨߑ

(Geonics Limited, 1997; Rhoades et al., 1976;

Sudduth et al., 2003). അ੢ীࢲ ஏ੿ػ ECa ח షন

઺ ੼ష੄ ಴ష੄ ,۝ೣېݽ ,۝ೣ Ө੉, ࣻ۝١җ ਬ

੄ೠ ҙ੉࢚ ੓ח Ѫਵ۽ ҊغҊࠁ ੓׮ (Johnson et

al., 2003; Kitchen et al., 1999).

੼ష҃߈க షনীࢲ ௖੉ա ৠࣻࣻܳ ੤ߓೡ ҃਋

ী ֫਷ ੼షೣ۝ਵ۽ ੋೞৈ షন ઺ ੄ޛ ੉زҗ

ন࠙੄ ੉ز ١ী ݆਷ ઁডਸ Ҋ߉ ੓ਵݴ ౠ߹൤

Ҋৡ Ѥઑӝੋ ૑৉ীחࢲ 6ਘࠗఠ 8ਘө૑ח షনѤ

ઑ۽ ੋೠ షন಴ݶ Ӑৌ ١੉ աఋաҊ ੓׮. ੉ী

ۄٮ ҙѐदࢸ੉ ҳغ࠺૑ ঋ਷ ֪੢ীחࢲ ࣻ۝੄

ҕр੸, ֙ର р ߸੉о ਋ݒ ֫ѱ աఋաҊ ੓ٮ .׮

ࢲۄ ࠄ োҳח ੼ష҃߈க షনীࢲ ࣻ۝ ߸੉੄ ౠ

ਸࢿ ౵ঈೞӝ ਤೞৈ ܳࢲࣃ ాೞৈ ҙஏػ கਤ߹

షন҃ب ߂ ECa ৬ ੘ޛ੄ ࣻ۝җ੄ ҙ۲ࢿਸ ࢳ࠙

ೞؘח ੸੉ݾ ੓׮.

੤ܐ ߂ ߨߑ

द೷ನ੢੄ ѐਃ द೷ನ੢਷ Ҵ޷ ઑܻ઱޷ ౟ࣃ

ইܻۇ ࠘ଃ 3 km ૑੼੄ 35 ha ݶ੸੄ ನ੢ ղীࢲ

4 ha੄ ҳ৉ਸ ݴ੿ೞ৓ਵࢶ (ਤ48′13⁜39 :ب″; ҃

1991֙ࠗఠ ,(″00′07⁜92 :ب ࢿޖ֪޷ ֪সোҳ୒੄

੿֪޻সোҳ द೷ನ੢ਵ۽ ୭ࣗ҃਍ਸ ాೠ ৠࣻࣻ

৬ ௖੄ ਮ੘੉ द೯غҊ ੓׮ (Kitchen et al., 1998).

௖җ ৠࣻࣻ੄ ಴ࣻ۝਷ݾ пп 2,508 kg ha-1җ 10,079

kg ha-1 ੉ݴ ੉ী ۄٮ ৠࣻࣻ ੤ߓ੄ ҃਋ ૕ࣗ 190

kg ha-1ਸ द࠺ೞݴ ࢑ੋ ,ഥࢳ ߂ ணܻח Ѩ੿दܳ࠺

ೞҊ ੓׮. োҳ૑৉੄ ֙ ಣӐ ӝৡ਷ 12℃੉ݴ ֙

р ಣӐ ъࣻ۝਷ 1,004 mm ੉׮(USDA-NRCS,

1995). ҕदషন਷ Adcoా (fine, smectitic mesic

Vertic Albaqualfs)җ Mexicoా (fine, smectitic mesic

Aeric Vertic Epiaqualfs)੉׮. ੉ షন਷ ੌࠗ оࣻߓ

ࠛ۝ೞݴ షন ઺ ޛ ஜైо ܽו ೂചష ߂ ೂചਖ਼

੸ష۽ ੉ܖযઉ ੓׮ (Nikiforoff and Drosdoff,

חࢎ҃ .(1943 0-5% ੉ݴ ಴ష੄ షࢿ਷ ૕धনࢎ޷

ష, ࢎ޷૕धష, חژ धష੉׮. ੼ష҃߈க੄ ੼షೣ

۝਷ .׮ਤ੉ߧ 50-65%

షনகਤ߹ షন ੄ب҃ ஏ੿ 2004֙ ੘ޛ ࣻഛ

റ షন੄ கਤ߹ ܳب҃ ஏ੿ೞӝ ਤ೧ Raper et al.

(1999)੉ Ҋউೠ ੢஖৬ э਷ ഋక੄ GPS (Global

positioning system)о ੢଱ػ ౟۩ఠী ࠗ଱ೠ ઺׮

cone penetrometer ܳࢲࣃ ۽ਬ঑ਵ .׮ਊೞ৓ࢎ ੘ز

חغ חࢲࣃ 15 cm੄ рѺਵ۽ 5ѐ੄ ܳࢲࣃ ഫਵ۽

(19 cm рѺ) ౟۩ఠ റݶী ࠗ଱ೞৈ ੉ز ઺ ੿૑

ೞৈ दীز 5ѐ੄ ܳࢲࣃ షন ઺ী ࣻ૒ਵ۽ ੑࢗ

ೞ৓ਵݴ ୭؀ 1 mө૑ 0.5 cm ױਤ۽ షন੄ ب҃

ܳ ஏ੿ೞ৓׮. द೷ನ੢ղীࢲ 330×150 m੄ ҳ৉ী

ࢲ 30 m Ѻ੗ ૑੼ਸ RTK-GPS (Real-time

kinematic global positioning system)ܳ ੉ਊೞৈ ಴द

ೞҊ 55ѐ ૑੼ਸ ஏ੿ೞ৓׮. ஏ੿ػ ੗ܐ ઺ ౠ੉ೠ

чਸ ח੉ࠁ ੗חܐ షন઺ ੉ޛ૕ী ੄ೠ рࢼ ৔ೱ

ਵ۽ ೞҊױ౸ അ੢ীࢲ ੤ ஏ੿ ೠ റ ੗۽ܐ ਊࢎ

ೞ৓׮ .׮઺ ܳࢲࣃ ੉ਊೞৈ ஏ੿ೡ ҃਋ী ஏ੿૑

੼ীࢲ ౠ੉ чਵ۽ ੋೠ য়ରܳ ࣚऔѱ ੿ࠁ ೡ ࣻ

੓ח ੢੼੉ ੓ࠄ .׮ द೷ਸ ਤ೧ ஏ੿ػ ੗ܳܐ ҃

਍੄ ਤߧ ղী ח٘ 15 cm ੉ೞ੄ Ө੉ীחࢲ 0-7

cm৬ 7-15 cm рѺਵ15 ,۽ cm ੉࢚੄ Ө੉ীחࢲ

15 cmܳ рѺਵ۽ 90 cm ө૑੄ пп ਤ੄ߧ ಣӐೠ

੗ܳܐ .׮ਊೞ৓ࢎ

ECa ੄ ஏ੿ షন҃ب ஏ੿૑੼җ э਷ ਤ஖੄

૑಴ݶীࢲ EM38 (Geonics)ਸ ਊೞৈࢎ ࣻ૒

(shallow mode)җ ࣻಣ (deep mode) ਵ۽ ஏ੿ೞ৓

੹੗ӝ੢੄ .׮ рࢼਸ ୭ࣗചೞӝ ਤೞৈ Әࣘޛ୓

৬ Ӕ੽ਸ ೖೞ৓Ҋ ੄ࢲࣃ ೱਸߑ թ࠘ਵ۽ ಣ೯ೞ

ѱ ೱೞѱ ೞৈ ஏ੿ೞ৓׮. ੗ܐ੄ ஏ੿਷ 2004֙ ੘
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ޛ ࣻഛ റ ನ੢੄ కо࢚࠙ࣻ ನ੢ਊࣻ۝ী оө਍

ࢲకী࢚ ஏ੿ೞ৓׮.

੘ޛ ࣻ۝੄ ஏ੿ ੘ޛ੄ ࣻ۝਷ GPSо ੢଱ػ

௓ੋ߄ ࣻ۝ ఠ݂פݽ दझమী ੄ೞৈ ஏ੿غ঻ਵݴ

ؘ੉ఠ ࣻ૘ റ ؘ੉ఠ ী۞ ઁѢ җ੿ਸ Ѣ୛ 10 m

Ѻ੗ഋ ੗۽ܐ ߸ജ (Kitchen et al., 2003) ೠ റ ECa

৬ షন҃ܳب ஏ੿ೠ ਤ஖৬ э਷ ૑੼੄ ࣻ۝ чਸ

ఖೞৈࢶ ੗۽ܐ .׮ਊೞ৓ࢎ

Ѿҗ ߂ Ҋ଴

கਤ߹ షন ੄ب҃ ౠࢿ షন੄ Ө੉߹ షন҃

ب ஏ੿ӝ۽ ஏ੿ೠ द೷ನ੢੄ షন҃חب Ө੉о

ૐо ೡࣻ۾ ૐоೞৈ ૑಴ࠗ۽ఠ 15-30 cm Ө੉ী

੉ܰ۞ ಣӐ షন੄ ب҃ ч੉ 1.57 MPa۽ ֫ѱ ա

ఋլਵݴ షন੄ Ө੉о ૐоೡࣻ۾ хࣗೞ׮о షন

੄ Ө੉о 45-60 cm ૑੼ীࢲ о੢ ծওਵݴ షন੄

Ө੉о ૐоೡࣻ۾ షন ب҃ ч ೠژ ૐоೞח ҃ೱ

ਸ աఋղҊ ੓׮ (Table 1). షন੄ ب҃ ч੉ 15-30

cm Ө੉ীࢲ ֫ѱ աఋաח Ѫ਷ ੼ష҃߈க షন੄

ౠ૚ੋ agrillic கਤ۽ ੋೠ ੼ష੄ ૘੸ਵ۽ ੋೠ ష

ন҃ب੄ ૐоо ਗੋਵ۽ ೠژ .׮ػࢳ࠙ షন੄ Ө

੉ 45-60 cmীࢲ షন҃بо ծই૑ח Ѫ਷ ૘੸ػ

argillic க ইېী ۽؀੸ਵ࢚ ੼ష૘੸੉ ծ਷ க੉

੓ח ੋޙٸ Ѫਵ۽ ୶੿60 .׮ػ cm ੉࢚੄ షন Ө

੉ীחࢲ ૑ೞࣻী ੄ೠ షনࣻ࠙੄ ૐо חژ ࢲࣃ

੄ ҙੑ੷೦੉ ழ૑ח Ѫ੉ ਗੋਵ۽ ೡࢳ࠙ ࣻ ੓׮.

૑಴ࠗ۽ఠ 45 cm ੉ղ੄ షন੄ Ө੉ীחࢲ షন҃

੄ب ߸੉҅ࣻо 23% ੉࢚੐ী ೞৈ߈ 45 cm ੉࢚

੄ Ө੉ীחࢲ ߸੉҅ࣻо 20% ੉ೞ۽ աఋա ಴ష

ীࢲ ۽؀੸ਵ࢚ షন҃بী ߸੉о ݆Ҋ बషীחࢲ

షন҃ب੄ ߸੉о ੸਷ Ѫਵ۽ աఋլ׮.

షন੄ ECa ౠࢿ షন੄ ૑಴ݶীࢲ ECa ࢲࣃ

EM38ਸ пп ࣻಣ (shallow mode)җ ࣻ૒ (deep

mode) ਵ۽ ஏ੿ೠ чਸ Table 2 ী աఋղҊ ੓׮.

ECa ч੄ ಣӐ਷ shallow mode৬ deep mode пп

31 mS m-1৬ 43 mS m-1 ੉Ҋ חਤߧ пп 20-44

mS m-1 ৬ 31-56 mS m-1 ۽ աఋա deep mode ч੉

shallow mode ч׮ࠁ ֫ѱ աఋլ׮. Shallow mode৬

deep mode ECa ੄ ߸੉҅ࣻח пп 18%৬ ۽14%

աఋա shallow mode੄ ஏ੿ч੉ ۽؀੸ਵ࢚ deep

modeীࢲ੄ ஏ੿ч׮ࠁ ௾ ߸੉ܳ о૑ח Ѫਵ۽ ա

ఋլ׮ (Table 2). ੉۞ೠ Ѿҗח Sudduth et al.,

(2003) ੉ ஏ੿ೠ Ѿҗ৬ э਷ ҃ೱਸ աఋղҊ ੓׮.

੘ޛ ࣻ۝җ ъ਋۝ ౠࢿ ఔࣻࣻܳࢎ ੤ߓೠ 1995

֙ਸ ઁ৻ೠ 1994֙ࠗఠ 2002֙ө૑ ࣻഛ۝ ఠ݂פݽ

दझమਸ ੉ਊೞৈ ઑࢎೠ োҳ૑৉੄ ௖җ ৠࣻࣻ੄

ࣻ۝җ ੘ࢤޛਭӝр઺੄ ъ਋۝ਸ Table 3 ীࢲ ա

ఋղҊ ੓׮. ৠࣻࣻ੄ ಣӐࣻ۝਷ 7ਘҗ 8ਘ੄ ъ਋

۝ী ۄٮ ݆਷ ର੉ܳ աఋղҊ ੓7 .׮ਘҗ 8ਘ੄

ъ਋۝੉ 43 mm ੋ 1999֙ী ৠࣻࣻ੄ ࣻ۝੉ 2,325

kg ha-1 ৓ਵݴ э਷ ӝрী ъ਋۝੉ 131 mm ੋ

1997֙ীח ৠࣻࣻ੄ ಣӐࣻ۝਷ 6,359 kg ha-1۽ ա
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Mode

䝑Coefficient of variation

Shallow

Deep

31

43

20

31

44

56

18

14

CV䝑

%

Max.Min.Avg.

------------------------------------ mS m-1 ------------------------------------

Table 2. Descriptive statistics of apparent electrical conductivity.

Soil depth

䝑Coefficient of variation

0 to  7cm

7 to 15cm

15 to 30cm

30 to 45cm

45 to 60cm

60 to 75cm

75 to 90cm

0.25 

0.98 

1.57 

1.42 

1.36 

1.82 

3.00

0.04 

0.50 

0.80 

0.92 

0.98 

1.23 

1.77

0.64 

1.59 

2.56 

2.84 

1.92 

2.24 

5.04

54 

23 

25 

27 

13 

14 

20

CV䝑

%

Max.Min.Avg.

-------------------------------------- MPa --------------------------------------

Table 1. Descriptive statistics of profile soil strength data.



ఋա ࣻ۝੄ ର੉о 7-8ਘ੄ ъ਋۝ী ۄٮ ݆਷ ର

੉ܳ ੉Ҋࠁ ੓׮. ௖੄ ҃਋ীب ৠࣻࣻ৬ तೠ࠺ ҃

ೱਸ ੉Ҋࠁ ੓׮. Jung et al., (2004)਷ ҙѐ࠺ ૑৉

੄ ੼ష҃߈க షনীࢲ 7-8ਘ੄ ъ਋۝җ ୭Ӕ 10֙

੄ ࣻ۝җ੄ ҙ҅࠙ࢳਸ ాೞৈ ъ਋۝੄ ೤҅о 150

mm ੌ݅޷ ҃਋ী ੘ޛ੉ ࣻ࠙ ࠗ઒੄ ৔ೱਸ ਸ߉

ࣻ ੓ਵݴ 7-8ਘ੄ ъ਋۝੄ ೤҅о 150 mm ੋ݅޷

҃਋ܳ“dry year"۽ э਷ ӝр੄ ъ਋۝੄ ೤҅о

150 mm ੉ੋ࢚ ҃਋ܳ“wet year" ۽ ੿ೞҊ 7-8ਘ

੄ ъ਋۝ 150 mmܳ ӝળਵ۽“drought boundary"ܳ

੿੄ೞҊ ੓1994֙ .׮ਸ ઁ৻ೠ ௖ ࣻ۝੄ ߸੉҅ࣻ

о ৠࣻࣻ ࣻ۝੄ ߸੉ ׮ࠁࣻ҅ അ੷൤ ծѱ աఋա

ನ੢ ղীࢲ ௖੄ ࣻ۝߸੉о ৠࣻࣻ੄ ࣻ۝߸੉׮ࠁ

ծ਷ Ѫਵ۽ ࢳ࠙ .׮ػ

షন੄ Ө੉߹ ৬ب҃ ࣻ۝ ߂ ECa੄ ҙ࢚ ৠࣻ

ࣻ੄ ࣻ۝਷ షন੄ Ө੉о 15-30 cm ৬ 30-45 cm

ੋ ૑੼ীࢲ షন੄ ৬ب҃ ਬ੄ೠ ন੄ ҙҙ࢚҅ܳ

աఋղҊ ੓ਵݴ, షন੄ Ө੉о 60-75 cm৬ 75-90

cm ੋ ૑੼ীחࢲ ਬ੄ೠ ਺੄ ҙҙ࢚҅ܳ աఋղҊ

੓׮ (Table 4). 1994֙੄ ௖ ࣻ۝਷ షন੄ Ө੉о

15-30 cm ৬ 30-45 cm ੋ ૑੼ীࢲ షন੄ ৬ب҃

ਬ੄ೠ ਺੄ ҙҙ࢚҅ܳ աఋղҊ ੓ਵݴ, షন੄ Ө

੉о 60-75 cm৬ 75-90 cm ੋ ૑੼ীחࢲ ਬ੄ೠ ন

੄ ҙҙ࢚҅ܳ աఋղҊ ੓߂ ,1998֙ ,1996֙ .׮

2000֙੄ ௖ ࣻ۝਷ షন੄ Ө੉о 15-30 cm৬ 30-45

cm ૑੼੄ షন੄ ৬ب҃ ਬ੄ೠ ਺੄ ҙਸ࢚ ੉ࠁ

Ҋ ੓׮. ਤীࢲ ࠄಝ࢓ ৬߄ э੉ 7-8ਘ੄ ъ਋۝੉

Jung et al., (2004)੉ ઁউೠ“drought boundary" ޷

݅ੋ חীٸ 15-45 cm షন Ө੉ীחࢲ ௖ ࣻ۝җ

షন ৬ب҃ ন੄ ҙҙ࢚҅ܳ ח੉ࠁ ݶ߈ 7-8ਘ੄

ъ਋۝੉“drought boundary" ੉ੋ࢚ חীٸ э਷ ష

ন Ө੉ীࢲ ௖ ࣻ۝җ షন҃ب৬ ਬ੄ೠ ਺੄ ҙ࢚

ҙ҅ܳ աఋղҊ ੓׮. ੉۞ೠ അ࢚਷ Ѥઑӝী షন

੄ Ө੉о ঩਷ Ҕীחࢲ షন੄ ৬ب҃ ࣻ۝੉ ਺੄

ҙਸ࢚ ח੉ࠁ Ѫਵ۽ ইࠁ ಴షীחࢲ ࠙ࠗ׼࢚ ࣻ

࠙ ࠗ઒੄ ৔ೱਸ Ҋ߉ ੓ח Ѫਵ۽ ୶੿ೡ ࣻ ੓׮.

ೠ, షন੄ژ Ө੉о Ө਷ 60-90 cm੄ ૑੼ীחࢲ ష

ন੄ ৬ب҃ ࣻ۝җ ਺੄ ҙҙ࢚҅ܳ ੉Ҋࠁ ੓ਵݴ

੉ח 7-8ਘ੄ ъ਋۝੉“drought boundary" ੉ੋ࢚

೧৬ Ү೧࠺ ࠅ ٸ ؀੄߈ ҙਸ࢚ աఋղҊ ੓׮. ੉

ח Ѥઑӝ੄ ҃਋ बషী ؀ೠ ੄ࢲࣃ ҙੑ੷೦੉ ֫

ই૑Ҋ ੉ী ۄٮ షন੄ оب҃ ֫ই૓ Ѫҗ ҙ੉࢚

੓ח Ѫਵ۽ ୶੿ژ .׮ػೠ, 7-8ਘ੄ ъ਋۝੉
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Soil depth

*, ** Significant at the 0.05 and 0.01 probability level respectively.

0 to  7cm

7 to 15cm

15 to 30cm

30 to 45cm

45 to 60cm

60 to 75cm

75 to 90cm

-0.11

-0.08 

-0.51**

-0.37**

-0.12 

-0.38**

-0.60**

-0.17 

-0.13 

-0.57**

-0.59**

-0.12 

-0.44**

-0.60**

-0.17 

-0.22 

-0.43**

-0.39**

-0.03 

-0.48**

-0.64**

-0.15 

-0.17 

-0.47**

-0.56**

-0.01 

-0.54**

-0.60**

-0.07 

-0.11 

-0.32*

-0.38**

-0.17 

-0.34*

-0.24

-0.03 

-0.12 

-0.40**

-0.54**

-0.17 

-0.23 

-0.29 

-0.01 

-0.07 

-0.41** 

-0.44**

-0.30 

-0.22 

-0.41**

-0.10 

-0.06 

-0.20 

-0.09 

-0.11 

-0.11 

-0.29*

-0.20 

-0.03 

-0.47**

-0.60**

-0.12 

-0.50**

-0.56**

-0.04 

-0.02 

-0.52**

-0.55**

-0.15**

-0.44**

-0.53**

DeepShallow20022000199819961994200119991997

Corn yield Soybean yield ECa

Table 4. Relationship of profile soil strength to crop yield and apparent soil electrical conductivity.

Crop
July-AugustSeptemberAugustJulyJuneMayAprilCVMax.Min.Avg.

Yield

------------ kg ha-1 ------------

䝑Monthly precipitation average since 1944.

% ---------------------------------------- mm ----------------------------------------

Precipitation
year

1997

1999

2001

1994

1996

1998

2000

2002

Corn

Soybean

58 years avg.䝑

6,359 

2,325 

5,911 

1,492 

3,053 

2,019 

2,524 

1,967

4,203 

1,375 

4,704 

1,028 

2,795 

1,599 

1,915 

1,527

8,997 

3,979 

7,286 

2,452 

3,185 

2,235 

2,871 

2,374

21 

25 

11 

21 

3 

7 

8 

9

82

175

115

264

62

103

22

139

89

126

86

185

26

174

55

86

233

108

99

140

154

89

88

240

171

53

108

40

9

89

10

70

149

71

54

90

91

34

21

39

122

42

223

86

89

56

31

50

60

86

142

47

15

92

131

43

110

49

192

191

294

140

179

Table 3. Descriptive statistics of yield data measured by combine monitoring system and monthly precipitation during growing
season in the research site.



“drought boundary" ੉ੋ࢚ ೧ীח షন੄ ৬ب҃ ࣻ

۝җ 15-30 cm ߂ 30-45 cm షনӨ੉੄ షন҃ب৬

ࣻ۝җ ਺੄ ҙҙ࢚҅ܳ աఋղҊ ੓׮. ੉۠ അ࢚਷

಴ష੄ ࣻ࠙੉ ୽࠙ೠ חࢲకী࢚ बష੄ җणਵ۽

ੋೠ ੄ܻࡸ ഐ൚੷ೞ ١ী ܲٮ ৔ೱੋ Ѫਵ۽ ୶੿

షন੄ .׮ػ Ө੉о 15-30 cm ߂ 30-45 cm ੋ ૑੼

ীࢲ੄ షন੄ חب҃ షন੄ ECa ৬ ਬ੄ೠ ਺੄

ҙਸ࢚ ੉Ҋࠁ ੓ਵݴ షন੄ Ө੉о 60-90 cm ੋ

૑੼ীחࢲ ਬ੄ೠ ন੄ ҙਸ࢚ աఋղҊ ੓׮.

షন੄ ECa৬ ੘ޛ ࣻ۝੄ ҙ࢚ ECaח ب1994֙

௖ ࣻ۝җ ਬ੄ೠ ਺੄ ҙҙ࢚҅ܳ աఋղח ݶ߈

߂ ,1998֙ ,1996֙ ੄ب2000֙ ௖ ࣻ۝৬ח ਬ੄ೠ

ন੄ ҙҙ࢚҅ܳ աఋղҊ ੓1999֙ ,1997֙ .׮ ߂

੄ب2001֙ ৠࣻࣻ ࣻ۝਷ ECaী ؀ೞৈ ਬ੄ೠ ਺

੄ ҙਸ࢚ աఋղҊ ੓׮ (Fig. 1). ੉۞ೠ അ࢚਷

Jung et al. (2005) ੉ ઁউೠ 7-8ਘ੄ ъ਋۝ਸ ӝળ

ਵ۽ ೠ“drought boundary"ܳ ੉ਊೞৈ ೡݺࢸ ࣻ

੓7-8 ,ؘחਘ੄ ъ਋۝੉“drought boundary" ੉ೞੋ

੄ب֙ ҋޛ ࣻ۝਷ ECaী ؀ೞৈ ਬ੄ೠ ਺੄ ҙ࢚

ਸ աఋղҊ ੓ਵա э਷ दӝ੄ ъ਋۝੉“drought

boundary" ੉ੋ࢚ णਮೠ ೧ীח ੘ޛ੄ ࣻ۝җ ন੄

ҙਸ࢚ աఋղҊ ੓׮.

షন Ө੉߹ షন ৬ب҃ ECa੄ ੘ޛ ࣻ۝୶੿

಴ળചػ షন Ө੉߹ షন ৬ب҃ ECaܳ ࣻ߸݀ة

۽ ೞҊ ب֙ ߹ ੘ޛ੄ ࣻ۝ਸ ઙࣘ߸ࣻ۽ ೞৈ ࣻ

۝ਸ ୶੿ೞח ਬബ߸ࣻܳ ଺ӝ ਤ೧ stepwise

regressionਸ ੉ਊೞৈ 1% ਬ੄ࣻળীࢲ Ѿ੿҅ࣻ੄

чਸ ୭۽؀ ೞח ߸ࣻܳ ػఖࢶ .׮ఖೞ৓ࢶ ߸ࣻ੄

ஏ੿чҗ ੘ޛ ࣻ۝р੄ ഥӈधਸ ୶੿ೞ৓ਵݴ

(Table 5) ୶੿ػ ഥӈध੄ Ѿ੿҅ࣻח 0.15ীࢲ 0.66

੄ ݴਤ੉ߧ ઺߸ࣻо׮ ػఖࢶ ৠࣻࣻ ࣻ۝ ୶੿ध

ীࢲ Ѿ੿҅ࣻо ੌױ ۽ࣻ߸ ୶੿ػ ௖੄ ࣻ۝ ୶੿

धীࢲ ׮ࠁ ֫ѱ աఋլ׮.

੘ޛ ࣻ۝ ୶੿ध੄ Ѩૐ ୶੿ػ ഥӈध੄ Ѩૐ

ਸ ਤೞৈ ୶੿ী ػਊࢎ ؘ੉ఠ৬ ۽੸ਵ݀ة Ѩૐ

ؘ੉ఠ (n=30) ܳ ػ୶੿ .׮ਊೞ৓ࢎ धਸ ੉ਊೞৈ

୶੿ೠ ب֙ ߹ ੘ޛ੄ ಣӐ ࣻ۝җ ࣻഛ۝ ఠ݂פݽ

दझమী ੄೧ࢲ ஏ੿ػ ಣӐ ࣻ۝ਸ աఋղҊ ੓׮

(Table 5). ֙ب ߹ ஏ੿ೠ ࣻ۝ী ؀ೠ ୶੿ ࣻ۝੉

಴ળ য়ର৬ ੉ٜ ਯ੄࠺ ਯਸ࠙ߔ Ү೧࠺ ࠅ ٸ

1996֙, 1998֙ ߂ 2000֙੄ ಴ળয়ର৬ ਯ੉࠺ ؀࢚
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Fig. 1. Relationships between apparent electrical conductivity and crop yield. Dry years had July and August precipitation was less
than 150 mm. Wet years had July and August precipitation was greater than 150 mm.



੸ਵ۽ ծѱ աఋա 7-8ਘ੄ ъ਋۝੉ 150 mm ੉࢚

ਵ۽ ੘ࢤޛਭী ୽࠙ೠ ࣻ࠙੉ ҕәػ ীٸ ୶੿ػ

धਵࠗ۽ఠ ৘ஏػ ࣻ۝੄ য়ରо ੸਷ Ѫਵ۽ աఋ

լ׮. ੉৬ ۽؀߈ 7-8ਘ੄ ъ਋۝੉ “drought

boundary" ੉ೞ۽ Ѥઑೠ חীٸ ୶੿ػ ࣻ۝੄ য়ର

о ௾ Ѫਵ۽ աఋլ׮. Fig. 2 ীחࢲ ৠࣻࣻ৬ ௖੄

୶੿ࣻ۝җ ஏ੿ࣻ۝җ੄ ҙ҅ܳ աఋղҊ ੓׮. ৠ

חࣻࣻ 1997֙җ 2001֙੄ ஏ੿ػ ࣻ۝੉ ୶੿ػ ࣻ

׮ࠁ۝ ֫ѱ աఋաҊ ੓7-8 .׮ਘ੄ ъ਋۝੉

“drought boundary" ׮ࠁ ݆਷ ب֙ (1996֙, 1998֙

߂ 2000֙) ীࢲ э਷ दӝ੄ ъ਋۝੉“drought

boundary" ׮ࠁ ੸਷ ,1999֙ ,1997֙ ,1994֙)ب֙

2001֙ ߂ 2002֙) ী ೞৈ࠺ ஏ੿ػ ࣻ۝җ ୶੿ػ

ࣻ۝ рী ীࢶ 1:1 оө਍ ࠙ನܳ աఋղҊ ੓׮.

ਃ ড

੼ష҃߈க షনীࢲ ࣻ۝ ߸੉੄ ౠࢿਸ ౵ঈೞӝ

ਤೞৈ ܳࢲࣃ ాೞৈ ҙஏػ Ө੉߹ షন҃ب ߂

ECa৬ ੘ޛ੄ ࣻ۝җ੄ ҙ۲ࢿਸ ೠࢳ࠙ Ѿҗ, Ө੉

߹ షন੄ חب҃ ੼షо ૘੸ػ ૑಴ݶਵࠗ۽ఠ 15-

30 cm ૑੼੄ ੼ష҃߈க (argillic horizon)ীࢲ ֫ѱ

աఋղҊ ੓ਵݴ షন੄ Ө੉о Ө਷ ૑੼ীࢲ షন

੄ب҃ ߸੉о ੘ѱ աఋլ1994֙ࠗ .׮ఠ 2002֙ө૑

௖җ ৠࣻࣻ ࣻ۝җ ੘ࢤޛਭӝ੄ ъ਋۝ਸ ೠࢳ࠙

Ѿҗ 7-8ਘ੄ ъ਋۝੉ ੘ޛ੄ ࣻ۝җ ਋ݒ ੽ೠ޻

ҙ҅ܳ о૑Ҋ ੓ਵݴ ੉ ӝр੄ ъ਋۝੉ 150 mm

੉ೞ੉ݶ ੘ޛ੉ ࣻ࠙ ࠗ઒ਵ۽ ࣻ۝੉ ծই૑ח Ѫ

ਵ۽ աఋլ׮. ૑಴ࠗ۽ఠ 15-45 cm ૑੼ীࢲ షন
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Crop

Corn

Soybean

** Significant at the 0.01 probability level
䝑Standard error of the estimated yield to the measured yield

year
(A/B)*100SE䝑(B)Estimated avg.Measured avg. (A)

Estimation equation, (R2 or r2)
Validation

------------------- kg ha-1 -------------------

1997

1999

2001

1994

1996

1998

2000

2002

= 13,645-124ECa_s-634SSd, (0.60**)

= 5,480-47ECa_s-39ECa_d, (0.66**)

= 8,948-39ECa_s-455SSd, (0.52**)

= 2,784-42ECa_s, (0.54**)

= 2,789+9ECa_s, (0.19**)

= 1,598+14ECa_s, (0.30**)

= 1,604+21ECa_d (0.39**)

= 2,435-11ECa_d, (0.15**)

14

15

9

16

4

8

6

9

937

358

550

267

122

163

151

177

8,259

2,411

6,561

1,542

3,055

2,012

2,498

1,967

6,594

2,457

6,052

1,648

3,016

2,027

2,540

1,981

Table 5. Comparison of crop yield estimation equation of ECa, which were selected from stepwise regression analysis of soil profile
strength and apparent soil electrical conductivity data. ECa_s, ECa_d, and SSd stand for shallow and deep mode of  apparent
electrical conductivity measured by EM38 and soil strength at the soil depth of 75 to 90cm measured by multiple cone penetrometer
respectively. For validation, independent data set (n=30) was used to compare measured and estimated yield.

Fig. 2. Relationship of estimated yield and measured yield. Independent data set (n=30) was used for validation of estimated yield
from regression equation with selected variables of soil strength by soil depth and soil apparent electrical conductivity. 
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੄ ৬ب҃ ECa о ੘ޛ੄ ࣻ۝җ ਋ݒ ਬ੄ೠ ҙ࢚

ਸ ыח Ѫਵ۽ աఋլਵݴ“drought boundary" ੋ

7-8ਘ੄ ъ਋۝੉ 150 mmܳ ӝ੼ਵ۽ пӝ ؀੄߈

ҙਸ࢚ ח੉ࠁ Ѫਵ۽ աఋլ׮. ஏ੿ػ షন੄ Ө੉

߹ ب҃ чҗ ECa ܳ ੉ਊೞৈ ࣻ۝ ୶੿धਸ ࢑҅

ೞ৓ਵݴ ୶੿ध੄ Ѩૐਸ ਤೞৈ ੄ب߹ ੸ੋ݀ة

੗ܳܐ ੉ਊೞৈ ୶੿ػ ࣻ۝җ ஏ੿ػ ࣻ۝੄ ಴ળ

য়ରܳ Үೠ࠺ Ѿҗ ஏ੿ػ ࣻ۝ী ؀ೠ ಴ળয়ର੄

ਯ੉࠺ ۽ 4-16% աఋլਵݴ 7-8ਘ੄ ъ਋۝੉ 150

mm ੉ೞ۽ Ѥઑೠ ҃਋ী ಴ળয়ରо э਷ दӝী

ъ਋۝੉ 150 mm ੉࢚ਵ۽ णਮೠ ҃਋׮ࠁ അ੷ೞ

ѱ ಴ળয়ରо ௼ѱ աఋլ׮.

Ѿۿ੸ਵ۽ नࣘೞҊ ҃ઁ੸ਵ۽ ੉ਊೡ ࣻ ੓ח

ࢲࣃ ஏ੿੗ܐ৬ ੘۝ࣻޛҗ੄ ҙ۲ࢿਸ ೠࢳ࠙ Ѿ

җ, োҳী ੉ਊػ ੼ష҃߈க షনীࢲ ܳࢲࣃ ੉ਊ

ೞৈ ஏ੿ೠ ECa ߂ Ө੉߹ షন҃ب৬ ੘ޛ ࣻ۝

рী ా҅੸ਵ۽ ਬ੄ೠ ҙ੉࢚ ੓਺ਸ ঌ ࣻ ੓঻׮.
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