S EH| 583]4] A 39¢ 2%
Korean J. Soil Sci. Fert. Vol. 39, No. 2, 109-115 (2006)

HAIZE 2Ef|M £HE ES FE A
UXE R MIIVNEES} FHETST o A

X 2lm - Newell R. Kitchen' - Kenneth A. Sudduth'

2= 338H71% 9, 'Columbia

Relationship of soil profile strength and apparent soil electrical
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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.

Key words : Soil strength, Apparent electrical conductivity, Claypan soil
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HEE, BERAE, £0% BUHY, EFUHE 5o
t} (Christy et al, 2004: Chung et al, 2002: Chung

et al, 2004: Sudduth et al, 2003). o]& AAME ES
of FAde] HES AU EYANEE AFTLE A

=
Aok P 52 A18e Aok 2dE6 238 A
A Agol 4% FolE AHgol odE WHE 9
AW GPSE AR T T0HA ARE A
o Z4T F A= AW A

UF FARA FESE FEANE EFS
Eo ¥ 4712 ¥ B¢ dusg, 22 Yol
Fol Ege] 4% B #do] g JOT By
93 gon YEANZ] FHA WolE AgHow

o

¢ @2 zolE YEe 2 Atk (Kitchen et al,
1998). Chung et al, (2004) HEZHWZ EgolA
B A&7t argilic S804 7P =4 dEhUH
Zol7t S el wet A ASTHE 70 cm ©]
de] Zolodl Al TA] EolX& Zo g B Tt

A7|HEE (EC: electrical conductivity) &= A7 9
Sgol tig ¥ W EFO Ao g 9FE
B dRtdos Ee HAIAEEE ESE
Al ERY FEE UEE 5ASE AREHI v
(Geonics Limited, 1997: Rhoades et al, 1976). E%2]
ARE AFst S/HTE £t EC SH7E S
Hale AFEA HHIA 89 JA FEHWH
(electromagnetic induction method)2 & A olA FH
A&EeA ESe H71A=% (ECa: apparent
electrical conductivity) & &4 E & A+ WHot
(Geonics Limited, 1997; Rhoades et al., 1976;
Sudduth et al, 2003). @7golA ZHE ECa & EF
T RE9 FF RAFTF BTES Zo|, FHFH 7
o3k Aol = Ao F HIFET Atk (Johnson et
al., 2003: Kitchen et al., 1999).
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4 ha®l 79L& AAHFR2H (
T 92°07°007), 19919%-E w
AL FdAT ANFEZLE HrAdes T
9F Fo §&o] AFE T vt (Kitchen et al, 1998).
T3 55 Bxswe 747 2508 ke ha ' # 10,079
kg ha' o|9 olo] wa} 55 Aujel F$ HAk 190
kg ha 'S AH|3tH A3, ik 3 ZeEls AAANE
st ok ARG | Hg 722 12CoH |
o oEHH AEES 1,004 mm ©TH(USDA-NRCS,
).

N

1995
Vertic Albaqualfs) 3} Mexico® (fine, smectitic mesic
Aeric Vertic Epiaqualfs)©]t}, o] EY2 AdF #j47}
2 EY £ E FF/ =9 FTIlE 2 FI3
AEZ o]FolAd (Nikiforoff and Drosdoff,
1943). AAbE 0-5% oln REQ EAE ALY
E, MAEYE, e ARo|th HEAWNFS] HEF
2L 50-65% H¢olth

FAE%L Adco®E (fine, smectitic mesic

EdEed B Fzo| £F 20049 AE FF
T EY] 98 AxE F457] 93] Raper et al.
(1999) 0] arrg Fxok 2> Feje] GPS (Global
positioning system)7} &2t Ed ] F2e ohF

cone penetrometer MAE ALL3ATH FYozE 25
& AAME 15 em® Zo7 5o AAME o=
(19 cm 7+4) EHY FHd| F et olF F A
gto] FAl 579 AAME EY Fo FHOE AY
o A 1 m7bA 05 cm 992 B A=
S S48tk AFEGHANA 330X150 me] T+l
A 30 m AA AAHLE RTK-GPS (Real-time

kinematic global positioning system)Z& ©] &3} FA
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He Holes A5 EST olEdd 9% 14 9F
o2 sty @A A F4 g F ARE ALE
At tF AAME ol &t FAHT Aol XA
Aol A Eo] oz % oAE &4A4 BA & &
AE Aol Utk & AFES H3 54" A5E A
2] H9 el =+ 15 cm ©]ste] ZoldlME 0-7
cm®} 7-15 cm ZFA S Z, 15 cm ©olAe] Aol =
15 cmE ZFACS = 90 cm 74A 9] Zbzb W91 ¥ gk
A5E AHE3HATH

ECa o &H EYAE SRS e 9H9
A EHA A EM38 (Geonics)S Al&3dte] 43
(shallow mode)3} <3 (deep mode) 2.2 =A3FA
o ARG RS HAsEE7] fEte FE5EA
o S AL AAMY WIS RO E HPst
A &gstA st SA3AT AR S 2004 =
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T 58 5 23 R 2AEFH I AEXZFE 45 cm oW o] EFe] Zoldxe EGA
ol A S48t To] WolAlFIF 23% o]/l wale] 45 cm o]}
o Zolol A WMol AFTt 20% ol3tE Ueh} ¥k
g Syl 8 A4Ee £ GPST ZFHE  olH AUHoR EGAEY wolrt B AL
Frkel £ BUEY A2de] ste] FHHURCE  EGREC] Wolst A RO tehgnh
dole 3 & tlolE o AA AHES AH 10 m
A2 272 M3 (Kitchen et al, 2003) § F ECa EYo ECa §d  EYO AxWolA ECa A4
of BEYATE SHT X A2 AAHe F£F e EM38<% 7tz 4% (shallow mode)3¥ 4% (deep
At 52 AT mode) &2 FA3 & Table 2 o YeRZ Qlth
ECa %9 HFL shallow mode®t deep mode Z+7}t
Zda o nE 31 mS m'9 43 mS m’ °lF WE 7tzb 20-44

mS m™” ¢ 31-56 mS m” 2 UE} deep mode 7Ol

g B shallow mode FXETF =4 YEFE T Shallow mode$}
= Zol7t deep mode ECa ¢ WolAlgF= 24 18%9 14% =
[l e} shallow mode?] A kel A& OZ deep
o= Bt B AE gel 157 MPaz 3/ W L qeo o] 2AGHT 2 o2 Ax= oz )
Biston Eoke] o7t FtESE Fasitrt B Efstth (Table 2). o2 Z & Sudduth et al,
o Gol7h 45760 em AN 7pE RIUEE ELA (5003) o] 2g@ AT 2 AFL eI ALk

Zol7t 284S B A% @ =9 Frleks 4%
< HEol e (Table 1), 298] G5 2ol 1530 xg sarn goe 54 A955E AW 1995
cm ool =4 vetds AS HEARNS B4 dS A 98 199495 E 2002974 S8 RUE
S84 agrilic SSIE QIT MRS HHOE AL B gagg o)gale 2AE ATAGY FI} S5
FHEY F7H7F ARle®E EA AT I Eg 4 Sz REA G| 7E0] 3o eSS Table 3 oA U
ol 4560 emdl M ERAIE ROHAE RS WAL guyyn g 955 BEewe 199 899 45
argilic < otefel grjHom HEAHC) W2 SO oo we e Aol vehl Wtk 793} 599
e WEd Ao FAAE 60 cm o1de] EF B poere] 43 mm 9l 19999 S459] Fare] 2,325
5l 9B Opl=H o] = r .

oldl M= Astrol] o7 EFR S e AlA kg ha! gom 7& 717be] 7+9eo] 131 mm ©l
o] O] %] & L Ao] glojoa HAF 2= o) = - . ,
o] #AYPAEo] AAE Aol YAoE AT F Unt 1997d o S2=2me] HFSTL 6359 kg ha'2 U
Table 1. Descriptive statistics of profile soil strength data.

Soil depth Avg. Min. Max. cv'

MPa %

0to 7cm 0.25 0.04 0.64 54

7to 15cm 0.98 0.50 1.59 23

15 to 30cm 1.57 0.80 2.56 25

30 to 45cm 1.42 0.92 2.84 27

45 to 60cm 1.36 0.98 1.92 13

60 to 75cm 1.82 1.23 2.24 14

75 to 90cm 3.00 1.77 5.04 20

' Coefficient of variation

Table 2. Descriptive statistics of apparent electrical conductivity.

Mode Avg. Min. Max. cv'

mS m’ %
Shallow 31 20 44 18
Deep 43 31 56 14

" Coefficient of variation
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b} FEke] xpolrf 7-8€ ] Fre-wFol| wiel B2 A
olE HolX JYtt Fo| AR S5 vlzg 4
g5 HolF lth Jung et al, (2004) w]#7| A H
o] AEARS EgoA 7-8€9 7FeH T 10d
o FEFFe] AARAS Bt Af-Fe] FAI 150
mm "L g0 ZFo] £ HEFo JIFs s
T e 7-899 Ao dAZE 150 mm W gkl
ASFE “dry year'2 2 7179 Fre-#eo] FAVE
150 mm ©]42l A$E “wet year” B A3 7-8¢Y
9] 7} 150 mmE 7]E=°2 2 “drought boundary” =
Aost Ut 19943d8 ALt F G wWolAF
7V S44 ke Hol ARt dA3 @A YERY
G WA Fe] FEEelrt &5 FRFHolHn
9o Aog B Hrh

Ecko| zZio|W Axel 2 U ECaol M@
Fo) e Eoko] Zlol7} 15-30 cm ¢} 30-45 cm
A Aol A EFe AE9 Fos &9 AAdAE
etz glom, Eoke] Zlo)7t 60-75 cm@t 75-90

Table 3. Descriptive statistics of yield data measured by combine monitoring system and monthly precipitation during growing
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Yield Precipitation
Crop year - -
Avg. Min. Max. CV April May June July August  September July-August
kg ha' % mm
1997 6,359 4,203 8,997 21 82 126 99 40 91 56 131
Corn 1999 2,325 1,375 3,979 25 175 86 140 9 34 31 43
2001 5911 4,704 7,286 11 115 185 154 89 21 50 110
1994 1,492 1,028 2,452 21 264 26 89 10 39 60 49
1996 3,053 2,795 3,185 3 62 174 88 70 122 86 192
Soybean 1998 2,019 1,599 2,235 7 103 55 240 149 42 142 191
2000 2,524 1915 2,371 8 22 86 171 71 223 47 294
2002 1,967 1,527 2,374 9 139 233 53 54 86 15 140
58 years avg.' 89 108 108 ) 89 92 179
! Monthly precipitation average since 1944.
Table 4. Relationship of profile soil strength to crop yield and apparent soil electrical conductivity.
) Corn yield Soybean yield ECa
Soil depth
1997 1999 2001 1994 1996 1998 2000 2002 Shallow Deep
0to 7cm -0.11 0.17 -0.17 -0.15 0.07 0.03 0.01 -0.10 0.20 0.04
7 to 15cm -0.08 0.13 -0.22 -0.17 0.11 -0.12 0.07 -0.06 0.03 0.02
15 to 30cm 0.51%* 0.57%** 0.43%* 0.47%* -0.32* -0.40%* -0.41%* 0.20 -0.47%* -0.527%*
30 to 45cm 0.37%* 0.59%* 0.39%* 0.56%* -0.38%* -0.54%* -0.44%%* 0.09 -0.60%* -0.55%*
45 to 60cm 0.12 0.12 -0.03 0.01 0.17 -0.17 -0.30 0.11 0.12 -0.15%*
60 to 75cm -0.38%* -0.44%* -0.48%* -0.54%* 0.34* 0.23 0.22 -0.11 0.50%* 0447
75 to 90cm -0.60%* -0.60%* -0.64%%* -0.60%* 0.24 0.29 0.41%* -0.29* 0.56** 0.53%*

**#* Significant at the 0.05 and 0.01 probability level respectively.
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“drought boundary” ©]4Ql sldl<= EU AEe 4
Z7t 15-30 cm % 30-45 cm Eole] EYAE9
%

FEH o AABAE YR ok old #de EY zlojH Ed AEel ECael ZHE TTFH
FES Fio] 2RI AHAME UEY FFow  mEsE EF 4o B AR} ECa EYus
A% Po) TFA Sol E PP AOB FY 2 L U ¥ AEY FFL THUFE o] &
dth £ Zol7t 15-30 cm 2 30-45 cm 91 A Fe FAG= FEaWUFE Z7] 918 stepwise
oxe] B Are EYS ECa ¢ o3 &9 regressione &8kl 1% FolFFolr AHAG
e ol QoW Bde] Aozt 60-90 em o @& AU st WHE Adagn. dud wWie
A-oNAM = Frolg Fol das Jebiy Aok SAHRA AE FIFLY FqANE FAHFALH
(Table 5) F4¥ A2 ARAF= 015914 0.66
%ol ECa%t HE S 4B ECak 19049% 9 Welon tEuFl AgE S35 F¥ 244
T FYBR FoF SO ARWAL Vs wd A ZAAS 9Y WFE FRE T £ A
19961, 1998, 2 20008 %9 F FEE Hold Aol A ®Hoh A yERsT
Fol AHAAE e Aok 1997, 1999 B
2001459 S5% £3S ECad] dote] £ & HE £ MY FZ FAW AN 43
o] s deEi Aok (Fig. 1), ol8g @42 = st FAo AMSHE dolE o 5YHor A
Jung et al. (2005) o] AlQtgt 7-8¥€9| A¢-FE 7IF tol8 (n=30) & A&t F8E A& o]&3dt]
©% @ “drought boundary"E ol&3tel MR £  FAW UE ¥ AE W £ £RF U
A=, 7-899] 7ol "drought boundary™ °]st<l Alzgel faiy S48 Hd s JEiL o
WEe) F2 53 ECadl tialel fol@ o A#  (Table 5). WE W ZRF Fae] @ F4 ol
= YER I Joy 2 A7) Fh9-Fo] “drought EF 228t olE HIEY WMEES v E o
boundary” o] 4¢l &3 ol AZe| FFw okl 1996, 19989 W 20009 EF AL H]go] A
dry vear S 1994) — wet year
I ® Soybean (1984), 1=-0.7 " .
— v Soybean {2002), r=-0.25 . o A 'l:,.." \‘:: .
= e o - . " AT a
k) LI |
= -l- F X - .
2 . n a " .
o v am ™ .
2 v - "= ¢ Ty Vo W
> vv v g 9 v L] v v
o g s SR kA
2 e VVCV v % e v g v ® g V»V v v
& v eV v v
0 V.‘ - V. V%
.;' ':v' S . ®  Soybean (1996), (=0.44**
8 ,%, ‘! v Soybean (1998}, =0.55*
g . m  Soybean {2000), r=0.62%
oy " ‘
1000 . . — ; . .
20 30 40
dry year ® Com (1997}, 1=-0.76**
- v Com (1999), 1=-0.77** Apparent electrical conductivity, mS m!
Y 2 . ®  Corn (2001), r=-0.62**
'2 ..; '.
2 -- . .': 'I. st
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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.
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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.

Cro car Estimat i Rior Validation
P y stimation equation, (R”or r) Measured avg. (A) Estimated avg. SE! B) (A/B)*100
kg ha
1997 =13,645-124ECa_s-634SSd, (0.60**) 6,594 8,259 937 14
Corn 1999 =5,480-47ECa_s-39ECa_d, (0.66**) 2,457 2411 358 15
2001 =8,948-39ECa_s-455S85d, (0.52**) 6,052 6,561 550 9
1994 =2,784-42ECa_s, (0.54**) 1,648 1,542 267 16
1996 =2,789+9ECa_s, (0.19%*) 3,016 3,055 122 4
Soybean 1998 =1,598+14ECa_s, (0.30**) 2,027 2012 163 8
2000 =1,604+21ECa_d (0.39**) 2,540 2,498 151 6
2002 =2,435-11ECa_d, (0.15%*) 1,981 1,967 177 9
** Significant at the 0.01 probability level
" Standard error of the estimated yield to the measured yield
Aoz 7 yehy 7-899 Aol 150 mm o] i*} ok
om ABAK FEE FRo FFH Wl F3H
AogRE oZH F ox7t HL Aow g HERWNS EgddA 3 Hole] 542 3ofs]
ok, oot Wi E 7-89¢ 7F$8o] “drought Hste] AME Foto BSFE HolE EYAR ¥
boundary” ©|3tZ A3 del= FHE FHFY 23 ECast #=9] e ddAS &4 23 ol
b2 A0 ey, Fig 2 A= 42 2o ¥ E%e] ARE 98/ Y48 AEWORRE 15-
ZH gy Z2A%&LIe BAE JeE T Q. = 30 cm A H9 AEAWZE (argillic horizon) oA =4
FFEE 199793 200139 SAHE FFo] FAHH F et slom B¢k dolrh d2 AN EY
Fug =4 Ueuz Qo 7-89¢ 49Tl AR wolzh 27 uhEhgh 199435 E 20024747
“drought boundary” ¥.th B WX (1996'd, 1998 T S TS A=A e BT
9 20009) oA BE A7le] Z$Fo] “drought A 7-89el FSFol A FF3t vl AW
boundary” HTh A& WX (19943, 1997, 1999, HAE 7HAA dem o] 7|Zke] AFg-%Fel 150 mm
20019 2 20024) o] M ZAE sy 2@ olFelW FFo] FE FE:om Fe] Yol 3
S o] 1:1 Ao 77 BEE U ik SR HERTh ARRFE 1545 cm AHAM B
12000 r
l 1lne
-~ 3000 r
Te 9000 s
o =
= 6000 | g
3 Za000 | a
g T IR A“gﬂ% i g o 1994
3 0. & i Z ° e o 1996
= 3000 b o © 1999 g o 5
&S 4 1997 = oo Ao ° - Loos
o0 5 2001 R 4 2000
: o e A 2002
6= ] I ‘ ‘ 1000 k2 - : :
0 3000 6000 9000 12000 1000 2000 3000

. . N B}
Estimation of corn vield from selected equation, kg ha

Estumated sovbean vield trom selected equation, kg ha’

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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o] A&t ECa 7} A& %% w¢ Fo3 &
2 zZt= Ao E veyroemwm “drought boundary™ <1
7-8€ 9] 7ol 150 mmE VIFoE ZH7] v o
FiE Holg AR Uruth AR ES ol
¥ A% I ECa & ol&ste 3% FAAS ALt
sor #3490 BEL skl WEel =YH3
ARE olgdle] 48 U3 249 F%e| wE
g v A3 " FH U 2L
Mgl 4-16% Z bErgom 7-89e] 452l 150
mm o|aE Axe Feo] RELATL 2E Al
B3] 150 mm OO & AFHT AA}
A FESAT 2A ekt

dgHoz A&y AAMeR 8T + Yt
A SAAES} AFEFFHe] FEYE BHS 4
7, Aol ol ¥ HEAWNS EFAdA AAE ol &
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