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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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Mode

Coefficient of variation

Shallow

Deep

31

43

20

31

44

56

18

14

CV

%

Max.Min.Avg.

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

Table 2. Descriptive statistics of apparent electrical conductivity.

Soil depth

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 
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20
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%

Max.Min.Avg.

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

Table 1. Descriptive statistics of profile soil strength data.
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Soil depth

*, ** Significant at the 0.05 and 0.01 probability level respectively.
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Table 4. Relationship of profile soil strength to crop yield and apparent soil electrical conductivity.

Crop
July-AugustSeptemberAugustJulyJuneMayAprilCVMax.Min.Avg.

Yield

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

Monthly precipitation average since 1944.

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

Precipitation
year

1997

1999

2001

1994

1996

1998

2000

2002

Corn

Soybean

58 years avg.

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 
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2,452 
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2,235 
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2,374
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55

86
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99
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154
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88

240

171

53

108

40

9
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10

70

149

71

54
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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" 

15-30 cm 30-45 cm 

. 

. 15-30 cm 30-45 cm 

ECa 

60-90 cm 

.

ECa ECa 1994

1996 , 1998 , 2000

. 1997 , 1999

2001 ECa

(Fig. 1). 

Jung et al. (2005) 7-8

“drought boundary"

, 7-8 “drought boundary" 

ECa

“drought

boundary" 

.

ECa

ECa

stepwise

regression 1% 

. 

(Table 5) 0.15 0.66

.

(n=30) . 

(Table 5). 

1996 , 1998 2000

Relationship of soil profile strength and ECa 113

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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Crop

Corn

Soybean

** Significant at the 0.01 probability level

Standard error of the estimated yield to the measured yield

year
(A/B)*100SE (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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