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ABSTRACT

The effects of soil erosion on yield and root development were determined for

soybean {Glycine max (L.) Merr.) (1984) and corn {Zea mays L.) (1985) grown on

Grenada silt loam (Glossic Fragiudalfs) in West Tennessee. Seven sites were selected

in a cropped field where depth to the fragipan ranged from 0 to 107 cm below the

soil surface. To verify the deep sites were relatively uneroded, selected physical and

chemical properties of the 107 and 15 cm sites were compared to an area of Grenada

silt loam in Crockett County, Tennessee with no history of cultivation. Across-the-

site comparisons involving bulk density, soil color, exchangeable Na, and organic

matter indicated that profile modification at the experimental sites had occurred

as a result of soil erosion. Soils were sampled to either 90 or 120 cm depths in 15

cm increments at six points each within the row and 25 and 51 cm from the row;

subsamples were composited by each depth increment. Four such samplings were

made for each site. Roots were extracted and total root length was determined by

the line-intercept method. Greater total root lengths were observed with increasing

depth to the fragipan. Crop yields were correlated with total root length. Soybean

yields ranged from 2.8 Mg ha'^ on the 107 cm site to 0.5 Mg ha'^ on the 0 cm site,

whereas, corn yields ranged from 10.0 Mg ha'^ to 5.5 Mg ha'^ from the 107 cm site

to the 0 cm site, respectively.

Ill



TABLE OF CONTENTS

CHAPTER PAGE

1. INTRODUCTION 1

2. LITERATURE REVIEW 3

Soil Erosion and Productivity 3

Roots ■. 7

3. MATERIALS AND METHODS 9

4. RESULTS AND DISCUSSION 13

Sites 13

Soybean Root Distribution as Affected by Fragipan Depth 16

Corn Root Distribution as Affected by Fragipan Depth 20

5. SUMMARY AND CONCLUSIONS 32

BIBLIOGRAPHY 33

APPENDIX 37

VITA 45

IV



 

 

 

 

 

 

LIST OF TABLES

TABLE PAGE

1 Selected chemical properties determined by averaging soil test results
for samples (0-15 cm) collected at each of the seven sites in Fayette
County, Tennessee 10

2 Selected physical and chemical properties of the virgin, deep (107 cm),
and shallow (15 cm) sites 14

3 Soybean yield and total root length (8 August sampling) for the seven
sites relative to the depth of the fragipan 21

4 Corn yield and total root length (13 August sampling) for the seven
sites relative to the depth of the fragipan 28

5 Rainfall recorded from 1 April to 30 September 1985 in Mason, Ten
nessee 29

6 Rainfall recorded from 1 April to 30 September 1984 in Mason, Ten
nessee 30

A.l Supplemental chemical and physical data from the virgin, deep, and
shallow sites 38

A.2 Soybean root length at three sites with varying depths to the fragipan
on 17 July 1984 39

A.3 Soybean root length at three sites with varying depths to the fragipan
on 8 August 1984 40

A.4 Soybean root length at three sites with varying depths to the fragipan
on 6 September 1984 41

A.5 Corn root length at four sites with varying depths to the fragipan on
6 June 1985 42

A.6 Corn root length at three sites with varying depths to the fragipan on
27 June 1985 43

A.7 Corn root length at three sites with varying depths to the fragipan on
13 August 1985 44

V



 

 

 

 

 

 

 

 

LIST OF FIGURES

FIGURE PAGE

1 Soybean root length for sites with deep, intermediate, and shallow
depths to the fragipan on 17 July 1984 17

2 Soybean root length for sites with deep, intermediate, and shallow
depths to the fragipan on 8 August 1984 18

3 Soybean yield and total root length (8 August sampling) for the six
sites relative to the depth of the fragipan 19

4 Soybean root length for sites with deep, intermediate, and shallow
depths to the fragipan on 6 September 1984 22

5 Corn root length for sites with deep, intermediate, and shallow depths
to the fragipan on 6 June 1985 23

6 Corn root length for sites with deep, intermediate, and shallow depths
to the fragipan on 27 June 1985 24

7 Corn root length for sites with deep, intermediate, and shallow depths
to the fragipan on 13 August 1985 26

8 Corn yield and total root length (13 August sampling) for the six sites
relative to the depth of the fragipan 27

VI



CHAPTER 1

INTRODUCTION

The Southern Loess Belt (Buol, 1973) is composed of loessially derived soils in

Kentucky, Tennessee, Mississippi, and Louisiana. The soils in this region are predom

inately Alfisols (Springer and Elder, 1980; Langdale et ah, 1985), which tend to be

productive but ecisily eroded due to their high silt contents. Cropland erosion rates

are among the nation's highest, ranging from 34 to over 56 Mg ha"^yr"^ (Langdale et

ah,1985).

Erosion almost always reduces the productive potential of a soil, particularly when

there are subsurface features that may impede plant rooting depths. This situation

exists in the Tennessee portion of the Loess Belt, where approximately 55% of the

uplands have fragipans. In addition, this region constitutes the largest acreage of

cropland in the state (Springer and Elder, 1980).

Soil loss has reached a critical level on thousands of acres with root-restrictive

fragipans in the Mississippi River Valley (Rhoton and Tyler, 1990). No practical

reclamation program is currently available on these soils. This situation is particu

larly confounding since these soils are derived from loess; no more soil will be formed

like that being lost to erosion.

Research quantifying the effects of soil erosion on soil productivity is somewhat

limited. As a response to the need for more research in this area, a study was

conducted in Fayette County in West Tennessee, where fragipans are present in

approximately 70% of the uplands (Flowers et ah, 1964). Experimental sites were

located within a field with a wide range of depths to the fragipan. Data were collected



with respect to crop rooting, crop yields, and soil characteristics. The objectives of

the study were to quantify the effects of erosion on soil productivity using root length

estimates and yield data and to investigate physical and chemical soil properties and

determine how these change with degree of erosion.



CHAPTER 2

LITERATURE REVIEW

Soil Erosion and Productivity

Soil erosion influences the productivity of a soil via the modification of several

soil properties important to plant growth; this effect is generally reflected as a reduc

tion in crop yields. Researchers have consistently observed an increase in clay, less

organic matter, lower available water- and nutrient-holding capacity, and a decrease

in the thickness of the A horizon in eroded soils. A complex interrelationship exists

between these changes and the resulting effects on plant growth and productivity; in

the field these relationships are not easily separated (Rhoton and Tyler, 1990). Con

sequently, the experimental results are not always without contradictions due to the

diversity of soils and the interaction of chemical, physical, and biological influences

that may modify them over time (Crosson, 1983). As a result of this complexity

the quantitative data needed to assess the erosion-productivity relationship remain

relatively unavailable.

Yet, a uniform conclusion in erosion-productivity studies is that the loss of avail

able soil water-holding capacity is often the most significant yield limiting factor

(Rhoton and Tyler, 1990). Erosion reduces the effective rooting zone, particularly

in soils with restrictive subfeatures, confining root development and decreasing the

volume of soil from which plant roots can extract water. These losses increase the

possibility of moisture stress which can culminate in reduced yields.

The restoration of productivity in eroded soils was the focus of a 4 year study by

Batchelder and Jones (1972). Lime, fertilizers, irrigation, and the application of straw
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mulch were needed to restore corn yields on an artificially exposed Groseclose clay

loam (Typic Hapludult) containing >50% clay. Initially, low fertility and pH were

considered the principal limiting factors in the exposed subsoil. When these problems

had been rectified by fertilization and liming the availability of soil water became

the significant limiting factor. Mulching promoted increased water use efficiency

through reduced surface runoff and improved water infiltration. Over the study

period, corn yields increased from 3007 kg ha ̂ to 9205 kg ha ̂ on the mulched soil

without irrigation.

A watershed study was used to evaluate corn yield reductions on eroded Southern

Piedmont soils by Langdale et al. (1979). Corn yields were correlated to soil depth

above the Bt horizon. On severely eroded, moderately eroded, and alluvial soils,

corn yields averaged 2226, 4674, and 6429 kg ha'\ respectively. In addition to the

decrease in soil depth produced by erosion, other yield influencing soil modifications

included increased clay and relatively low values of total Kjeldahl N, extractable P,

and carbon for the eroded areas. Climatic variations possibly reduced yields on a

short term basis, but soil erosion was stated to be the primary long-term cause of

corn yield reduction in the Southern Piedmont.

In another Southern Piedmont study. White et al. (1983) similarly observed that

crop yields were correlated to soil depth. Erosion had a marked impact on soybean

production; yields averaged 2775 kg ha"^ for the slightly eroded sites decreasing to

1333 kg ha"^ on the severely eroded sites. Soil analyses indicated lower fertility in

the eroded soils.

The effects of soil erosion on the properties and productivity of two Kentucky

soils were investigated by Frye et al. (1982). Both the Maury and Crider soils (Typic

Paleudalfs) had strongly developed profiles and were known to vary in degrees of

past erosion. The Ap horizons of the eroded soils were observed to have higher clay



content, increased bulk density, less organic matter, and decreased fertility status.

Increased clay content was cited as the most obvious effect of erosion. Higher bulk

density and lower available water-holding capacity were attributed to this increase.

Results indicated that corn grain yields were lower on eroded soils, 12% on the Maury

and 21% on the Crider soil. Yield reductions were largely attributed to a 4 to 5%

decrease in the available water-holding capacity in the Ap horizon. Damage to a

soil's physical properties, particularly soil water-holding capacity, was concluded to

be the most injurious to productivity, usually resulting in long-term damage that is

difficult to amend.

Soils with subsurface features that may restrict rooting depths comprise a sig

nificant portion of the cultivated land in the United States. Erosion may impose

considerable damage to these soils over a relatively short period of time and hence

pose a special research priority (Meyer et ah, 1985) as the damage is difficult and

expensive to mitigate. Continued erosion will eventually make crop production un

economical.

Frye et al. (1983) studied the effects of soil erosion on a Zanesville silt loam (Typic

Fragiudalf) containing a fragipan. Erosion from the surface of these soils can result in

shallower depths to the pan, reducing the available water-holding capacity. Yet, this

effect was not observed, rather available water-holding capacity was not significantly

reduced due to the high silt (71%)—low clay content of the illuvial horizon. Instead,

a decrease in the volume of soil available for root growth and water storage was the

primary factor affecting the water-supplying capacity as demonstrated by lower grain

yields associated with decreasing depth for three of the four years of the study. It

was suggested that productivity losses would be relatively small on comparable soils

without a fragipan, whereas erosion of a soil with a fragipan shallower than 40 to 50

cm would adversely affect productivity.



Erosion-induced changes in the properties of a fragipan soil were the focus of a

study by Rhoton and Tyler (1990). Research sites in Mississippi were Grenada silt

loam (Glossic Fragiudalfs) with varying degrees of erosion. To assess the changes in

soil properties as fragipan depth decreased, these sites were compared to a virgin site

in Tennessee. Depth to the fragipan accounted for a major percentage of the vari

ability observed in the chemical properties considered to be unaffected by lime and

fertilizer amendments (exchangeable Na, organic matter, extractable Fe and Mn).

The modification of soil physical properties was attributed to increased clay con

tent and declining organic matter with depth. Increased surface sealing, runoff, and

crusting also contributed to productivity losses, however, decreased available water-

holding capacity and available water content were the most yield limiting changes. It

was concluded that a minimum depth of 60 cm above the fragipan should maintain

productivity in most years.

A decrease in soil depth coupled with a loss of available water-holding capacity

was responsible for yield reductions in a study by Olson and Nizeyimana (1988).

The impact of soil erosion on corn yields and soil properties of seven soil series in

Illinois was investigated; parent materials were either loess or loess overlying glacial

till. Restrictive subsoil features, evidenced as either claypans or fragipans, were

present in some of the soils. Comparisons of moderately and severely eroded phases

were made for each soil, with sites located within the same field. Erosion was most

detrimental on soils with root restricting features, a 24% reduction in corn yields as

compared with a 5% reduction in soils with no restrictions.

Hairston et al. (1988) investigated the effect of soil depth on soybean yield in the

Mississippi Blackland Resource Area where erosion has exposed the parent material,

Selma chalk, on many upland sites and sideslopes. Research sites were selected

with depths of chalk ranging from 100 to 1500 mm and were predominantly silty



clay in texture. With regression analyses, the combination of decreasing soil depth,

organic matter, and water storage capacity were determined to be the major factors

affecting soybean yields. Yet, the variability observed between soil and climatic

factors rendered it difficult to use depth to chalk as a consistent predictor of soil

productivity.

Roots

On soils with restrictive subfeatures, such as fragipans, erosion reduces the depth

of the rooting zone and decreases the availability of soil water. Additionally, the

inherent properties of the fragipan may also influence root growth, particularly those

of high bulk density and high soil acidity.

Soil acidity can adversely affect root development when the pH falls below 4.0

(Moore, 1974; Barber, 1984). Toxic metals, primarily aluminum and manganese,

are brought into soil solution at this pH level. Generally, these two elements, rather

than hydrogen, are the main factors influencing root growth in acid soils. Manganese

toxicity is not observed frequently as plants can tolerate higher concentrations (Bar

ber, 1984). Furthermore, manganese is usually more toxic to shoots than to roots

(Bennett, 1974).

Aluminum is a common toxic element in soils with low soil pH values and may

pose a particular problem in subsoils because their acidity is not easily corrected by

liming. The aluminum levels resulting in inhibition of root growth vary with plant

species, cultivar, and soil characteristics. Generally, excess soluble aluminum in the

soil reduces root penetration and increases the possibility of drought stress (Foy,

1974; Barber, 1984).

Root growth may also be influenced by high bulk density within the soil profile.



Plant roots grow by penetrating through pore spaces and by moving soil particles

aside from the root's path. Increases in soil bulk density are accompanied by a

decrease in the size of pore spaces. Consequently, root elongation will be reduced,

which, in turn, will alter the root's capacity to absorb water and nutrients (Taylor,

1974; Barber 1984).

When adverse soil conditions impose stress on the root system, growth may be

reduced or stopped. Translocation of water and nutrients then becomes limited, and

the equilibrium that exists between root and shoot growth is disrupted. Under these

conditions the plant cannot reach optimum yield (Brown and Scott, 1984).

The absorption and translocation of water and nutrients are the primary func

tions of a plant's root system, making root density and distribution significant de

terminants of crop yield. When the environment is favorable the rooting pattern is

genetically controlled. Whereas, in most field situations the physical and chemical

properties of the soil determine root morphology (Pearson, 1974).



CHAPTER 3

MATERIALS AND METHODS

The study was conducted from 1984 to 1985 in a 94 ha field located in Fayette

County in western Tennessee. The experimental area was classified Grenada silt

loam (fine-silty, mixed, thermic Glossic Fragiudalfs). Six sites, with the addition of

a seventh site in 1985, were established with fragipan depths of 0, 15, 38, 51, 56, 76,

and 107 cm below the soil surface with slopes ranging from 0 to 5%. Determination

of fragipan depth was achieved by averaging 6 separate depth measurements using a

soil tube. Selected chemical characteristics of the top 15 cm for each site are shown

in Table 1.

The deepest sites, 107 and 76 cm, were located within a previous homesite area

that had been row cropped only 13 to 20 years, while the remainder had proba

bly been continuously cropped for over 50 years. Conventional tillage consisting of

moldboard plowing and discing were used in the experimental area. Soybeans (As-

grow 5475) were planted in early June 1984 following a previous crop of soybeans.

Phosphorus (P) and potassium (K) were applied at recommended rates based on

University of Tennessee soil test results with the exception of eroded areas where the

rates were doubled or tripled by the farm operator. Corn (Pioneer 3147) was planted

in mid-April of the 1985 growing season. At planting 392 kg of 17-17-17 was applied

followed 4 weeks later by 224 kg of ammonium nitrate. For each crop the herbicides

used for weed control were those recommended by the University of Tennessee.

Soil samples for root length estimates were collected three times for each crop

during the growing season: 17 July, 8 August, and 6 September for soybeans and



Table 1. Selected chemical properties determined by averaging soil test results for
samples (0-15 cm) collected at each of the seven sites in Fayette County,
Tennessee.

Depth to Organic

fragipan PH P K carbon

-cm- kg ha"^ - g kg'
107 6.5 157V^ 168M 13

76 6.6 107V 358V 14

56 6.1 45H 190H 9

51 5.7 58H 158M 7

38 5.7 54H 123M 7

15 5.4 49H 168M 5

0 5.1 22M 123M 3

^University of Tennessee plant nutrient status rating scale: V=very high, M=medium,
and H=high.
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6 June, 27 June, and 13 August for corn.

Six separate 6 m row length measurements were used to determine grain yield at

each site. Samples were cut in the field, machine threshed, and weighed. Soybeans

were adjusted to 13.5% moisture, corn 15.5%.

The soil samples were taken in 15 cm increments down to either 90 or 120 cm soil

depths. At each site, four separate samples were taken in the row, and 25 and 51 cm

from the row and composited for each 15 cm depth. Roots were separated from the

soil by washing the sample through a 40-mesh screen. The remaining material was

placed in a container of water, allowing the roots to float to the surface. The water

was decanted onto a small 2 mm screen; the roots removed with tweezers and placed

in a beaker of water.

Root length was estimated using the line-intercept method (Tennant, 1975). For

length estimates a specially designed box was used—characterized by a "box within

a box" design. The root sample was poured into the inner box, which had a bottom

composed of nylon fabric. The roots were positioned so that no overlapping occurred.

After positioning, the inner box was placed into the outer box onto which a 1/2 x V2

cm grid had been attached. The number of X-Y intercepts between the roots and

the grid lines were counted manually. Length estimates were calculated using the

following formula:

Root Length = Number of Intercepts x Length Conversion Factor (0.3928)

One soil sample from each site was reserved for soil analysis from the first soybean

sampling to describe the upper 90 cm of soil. Samples were collected to 120 cm during

the second corn sampling. Therefore, one sample was reserved from the additional

30 cm of soil to further characterize the soil profile.

All soil samples were air dried, ground, and sieved to <2 mm. Soil pH was mea

sured both in a 1:1 soil/water suspension and in 0.01 M CaCl^ (McLean, 1982). Ex-
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changeable cations were extracted with 1 M NH^OAc and then measured by atomic

spectroscopy (Thomas, 1982). The potassium chloride method was used to deter

mine exchangeable acidity (Thomas, 1982). Extractable Fe and Mn were determined

by atomic absorption spectroscopy following double acid extraction (Gambrell and

Patrick, 1982). Particle size analysis was completed using the pipet method (Gee

and Bander, 1986). The saran-coated clod method was used to estimate bulk density

(Blake and Hartge, 1986). Total C was determined by dry combustion on a Leco

Model CR-12 Carbon Analyzer (Nelson and Sommers, 1982).

Root length data was analyzed by site (depth to the fragipan) to determine

the effect of soil depth on root development using the general linear model (GLM)

procedure (SAS Institute, 1985).

12



CHAPTER 4

RESULTS AND DISCUSSION

Sites

To verify the deep sites were relatively uneroded based on depth to the fragipan,

selected physical and chemical properties of the 107 and 15 cm sites were compared to

an area of Grenada silt loam in Crockett County, Tennessee (Table 2). Dendrological

studies established that this 35 ha wooded area was uncultivated, as evinced by the

presence of 300 year old trees. Fragipan depth over this area was relatively uniform

and averaged approximately 90±10 cm (Rhoton and Tyler, 1990).

Generally, fragipans have inherently high bulk densities, which subsequently serve

cis diagnostic criteria for these horizons. Increases in bulk densities were observed

in the Btx horizons at each site. Upon comparison, bulk densities below the Ap at

the 15 cm site correspond to those approximately 90 cm below the surface on the

107 cm site. The virgin A1 and A2 horizons exhibit low bulk density values (1.08

Mg m'^) as compared to the Apl and Ap2 horizons of the relatively uneroded 107

cm site. The values observed in these horizons, 1.37 and 1.56 Mg m'^, respectively,

occur as a result of tillage compaction. However, the high bulk density of the Ap2

horizon, though comparable with those observed in the fragipan, did not appear to

significantly influence root growth. This effect may be attributed to the absence of

other characteristics normally associated with fragipans.

The physical property of soil color was also indicative of topsoil removal by ero

sion. The dark brown color (7.5YR 4/4) of the fragipan horizons (Btxl and Btx2)

could be compared across the sites. However, an increase in the amount of yellow

13



Table 2. Selected physical and chemical properties of the virgin, deep (107 cm), and
shallow (15 cm) sites.

Color Bulk Exchangeable Organic

Horizon Depth (moist) density Na matter

—cm— Mg m'^ cmol^ kg' g kg"'
Virgin

A1 0-10 lOYR 3/2 1.08 0.02 49.8

A2 10-20 lOYR 3/3 1.08 0.01 13.7

BA 20-36 lOYR 4/4 1.28 0.02 7.3

BW 36-48 lOYR 5/6 1.44 0.02 4.4

Btl 48-64 lOYR 5/6 1.51 0.04 2.7

E/Btx 64-74 lOYR 6/2 1.54 0.06 2.1

Btxl 74-127 7.5YR 4/4 1.58 0.18 1.5

Btx2 127-1- 7.5YR 4/4 1.60 0.62 1.0

Deep (107 cm)
Apl 0-11 lOYR 4/4 1.37 0.02 16.3

Ap2 11-18 lOYR 4/4-5/4 1.56 0.06 6.6

BA 18-30 lOYR 5/4 1.45 0.10 4.4

BW 30-47 lOYR 5/4 1.41 0.13 2.4

Btl 47-59 lOYR 5/4 1.40 0.15 1.9

E/Btx 59-70 lOYR 6/4 1.40 0.15 1.4

Btxl 70-101 7.5YR 4/4 1.55 0.29 1.1

Btx2 lOl-f 7.5YR 4/4 1.56 0.37 0.8

Shallow (15 cm)

Ap 0-12 lOYR 5/4 1.46 0.04 8.6

E/Btx 12-50 lOYR 6/2 1.54 0.13 1.0

Btxl 50-130 7.5YR 4/4 1.50 0.32 1.1

Btx2 m+ 7.5YR 4/4 1.51 0.39 0.9

14



color was observed in the surface horizons of the cultivated sites as compared to the

very dark grayish brown (lOYR 3/2) color of the virgin A1 horizon. As the depth to

the fragipan was reduced by erosion, the incorporation of subsurface material and a

decrease in organic matter content resulted in the lighter color of these horizons.

Lime and fertilizer amendments to the cultivated sites modified several soil chem

ical properties, but exchangeable Na and organic matter were considered unaffected

by past amendments and were used for site comparisons. Values for exchangeable Na

were higher throughout the profile on the 107 cm site as compared to the virgin site,

with the exception of the Btx2 horizon. Closely corresponding values were observed

in the E/Btx, Btxl, and Btx2 horizons of the 107 and 15 cm sites, however, a slight

increase was noted in the fragipan horizons of the severely eroded site. This data sug

gests that subsurface horizons with greater Na concentrations have gradually moved

toward the surface as erosion has reduced soil depth.

As would be expected, the virgin Al horizon had a high organic matter content.

Whereas, a significantly lower content was observed in the surface horizon of the 107

cm site, indicating that cultivation had resulted in organic matter decomposition.

Further organic matter reductions were seen in the Ap horizon of the 15 cm site.

Organic matter contents in the fragipan horizons of the 15 cm site parallel those

approximately 90 cm below the surface of the 107 cm site. Consequently, it may be

assumed that root growth did not advance into the fragipan horizons of the shallow

site as no increase in organic matter was observed in these horizons above those

recorded at the deep site.

Root development may be adversely affected by the strongly acidic conditions

that are generally characteristic of fragipan horizons. Exchangeable acidity levels

(Table A.l) observed in the fragipan horizons of the 107 cm site were comparable to

those in the BW and Btl horizons above the pan. Root length data indicates that

15



elongation was not restricted in horizons above the fragipan at this site. Therefore,

acidity does not appear to be a primary factor in root restriction in the fragipan at

the experimental sites.

Soybean Root Distribution as Affected by Fragipan Depth

Soybeans were initially sampled on 17 July 1984, following planting in early

June. Total root lengths, as measured in 15 cm increments, for the deep (107 cm),

intermediate (51 cm) and shallow (15 cm) sites are shown in Figure 1. Although the

plants are in an early vegetative phase of growth, the fragipan has begun to influence

root development on the shallow site. Measurements from this site were significantly

lower in the 0-15, 30-45, and 60-75 cm increments as compared to the deep site,

while intermediate site measurements were not significantly different as compared to

the deep site at any depth increment.

The second sampling date for soybeans was 8 August, which represented the

peak blooming and pod setting stage of development. This is a critical point in the

growing season as water stress during this period can result in yield reductions (Doss

et ah, 1974). Total root lengths for the deep (107 cm), intermediate (51 cm) and

shallow (15 cm) sites are shown in Figure 2. Measurements on the shallow site were

significantly lower at all depths except the 60 to 75 and the 75 to 90 cm increments

as compared to the deep site. Whereas, the intermediate site measurements were

significantly lower only at 45-60 cm, the location of the fragipan, when compared

to the deep site. This data is most demonstrative of the restrictive nature of the

fragipan to root development.

Total root lengths and soybean yields for the six experimental sites relative to

fragipan depth are shown in Figure 3. Root length values decreased significantly
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Figure 1. Soybean root length for sites with deep, intermediate, and shallow depths
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^Data shown are for three of the six sites. Refer to Table A.2 for the 38, 56, and 76
cm sites. For each depth in Figure 1 values followed by the same letter are not
significantly different at P<0.05 according to Duncan's Multiple Range test.
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Figure 2. Soybean root length for sites with deep, intermediate, and shallow depths
to the fragipan on 8 August 1984.

^Data shown are for three of the six sites. Refer to Table A.3 for the 38, 56, and 76
cm sites. For each depth in Figure 2 values followed by the same letter are not
significantly different at P<0.05 according to Duncan's Multiple Range test.
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from the deep sites to the shallow site, between 500 and 600 cm to less than 200

cm, respectively. Soybean yields maintained a similar pattern. Yields of 2.7 Mg ha'^

were observed on the deepest site and dropped to 1.3 Mg ha'^ on the shallow site.

As expected, the yield for the intermediate site falls between these values. Yields on

the 0 cm site were 0.5 Mg ha'^ (Table 3).

Total root length measurements for the three sites on the final sampling date, 6

September, are shown in Figure 4. The plants at this growth stage are at physiological

maturity. Soybean roots were concentrated in the top 30 centimeters of soil. No

significant differences in root lengths were observed beyond this depth. However, root

lengths were significantly different in the 0-15 cm depths for both the intermediate

and shallow sites as compared to the deep site.

Corn Root Distribution as Affected by Fragipan Depth

Corn was planted in the experimental area in mid-April 1985 and was initially

sampled on 6 June. Total root lengths, as measured in 15 cm increments, for the deep

(107 cm), intermediate (51 cm), and shallow (15 cm) sites are presented in Figure

5. Measurements from the shallow site were significantly lower when compared to

the deep site at the 15-30 and 30-45 cm increments. As with soybeans, early corn

root growth is restricted by the decreased depth to the fragipan on the shallow site.

Intermediate site measurements were significantly lower at the 30-45 cm increment

as compared to the deep site.

Corn had entered the silking stage when the second sampling was completed

on 27 June. Total root lengths for the site are shown in Figure 6. Sensitivity to

moisture stress is greatest during this developmental phase, resulting in a reduction

in kernel number (Claassen and Shaw, 1970). Significant differences in root lengths
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Table 3. Soybean yield and total root length (8 August
relative to the depth of the fragipan.

sampling) for the seven sites

Average Depth Root

to Fragipan Length Yield

cm Mg ha'^
107 520.3 2.8±0.2^

76 579.9 2.8±0.1

56 473.5 2.4±0.2

51 425.8 1.7±0.1

38 318.0 1.4±0.2

15 184.2 1.3±0.1

0^ 0.5±0.03

^95% confidence interval
^No root length measurement
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Figure 4. Soybean root length for sites with deep, intermediate, and shallow depths
to the fragipan on 6 September 1984.

^Data shown are for three of the six sites. Refer to Table A.4 for the 38, 56, and 76
cm sites. For each depth in Figure 4 values followed by the same letter are not
significantly different at P<0.05 according to Duncan's Multiple Range test.
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the fragipan on 6 June 1985.

^Data shown are for three of the six sites. Refer to Table A.5 for the 38, 56, and 76
cm sites. For each depth in Figure 5 values followed by the same letter are not
significantly different at P<0.05 according to Duncan's Multiple Range test.
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^Data shown are for three of the six sites. Refer to Table A.6 for the 38, 56, and 76
cm sites. For each depth in Figure 6 values followed by the same letter are not
significantly different at P<0.05 according to Duncan's Multiple Range test.
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were observed at the shallow site only at the 30-45 cm increment as compared to

the deep site. While intermediate site measurements were significantly lower at the

30-45 and 45-60 cm depths.

The final sampling for corn was 13 August, which corresponded to the end

of the grain-fill period. Total root lengths are shown in Figure 7. Compared to the

deep site, shallow site measurements were significantly lower at the 0-15 and 45-60

cm depths. Whereas, measurements at the intermediate site were significant at the

0-15, 45-60, and 60-75 cm increments.

Total root lengths and corn yields for the six experimental sites relative to

fragipan depth are shown in Figure 8. The relationship between yield and total root

length was not as distinct as that observed with soybeans, but the general patterns

of yield reductions associated with shallower fragipan depths were evident. Yields

of 10.0 Mg ha"^ were observed on the 107 cm site and decreased to 6.7 Mg ha"^ on

the 15 cm site. A further yield reduction of 5.5 Mg ha'^ was recorded at the exposed

fragipan site (Table 4).

Crops growing on shallow soils are more susceptible to water stress, particu

larly during growing seasons without adequate rainfall. Sufficient rainfall with even

distribution was observed in 1985 (Table 5) as compared to lower rainfall with uneven

distribution in 1984 (Table 6). The relative differences in yields recorded for corn

and soybeans, two-fold and six-fold, respectively, correspond to the rainfall patterns.

Three distinct yield ranges could be distinguished for corn in 1985. Essentially

identical yields were observed at the deepest sites. Another division of reduced, but

similar, yields was noted at the 56 and 51 cm intermediate sites, followed by a third

closely corresponding set at the 38, 15, and 0 cm sites. Whereas, 1984 soybean yields

were divided into only two ranges, there being a significant yield reduction between

the 56 and 51 cm sites. Thus, it may be concluded that the loss of available soil
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the fragipan on 13 August 1985.

^Data shown are for three of the six sites. Refer to Table A.7 for the 38, 56, and 76
cm sites. For each depth in Figure 7 values followed by the same letter are not
significantly different at P<0.05 according to Duncan's Multiple Range test.
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Table 4. Corn yield and total root length (13 August sampling) for the seven sites
relative to the depth of the fragipan.

Average Depth

to Fragipan

Root

Length Yield

cm Mg ha"^
107 729.1 10.0±0.6^

76 509.0 9.9±0.9

56 430.8 8.7±0.8

51 320.7 8.9±0.9

38 376.1 7.4±0.4

15 390.6 6.7±0.9

0^ — 5.5±0.7

^95% confidence interval
^No root length measurement
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Table 5. Rainfall recorded from 1 April to 30 September 1985 in Mason, Tennessee.

Date April May June July August September

1-7 8 48 0 33 28 0

8-14 10 5 15 5 10 0

15-21 3 61 30 13 38 0

22-28 94 25 33 30 33 30

29-3%i 0 3 8 0 0 51

Total 115 142 86 81 109 81
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Table 6. Rainfall recorded from 1 April to 30 September 1984 in Mason, Tennessee.

Date April Map June July August September
-mm-

1-7 33 — 8 0 8 28

8-14 15 — 5 5 3 15

15-21 61 — 0 43 0 3

22-28 36 — 13 20 25 13
29-30/31 23 — 0 0 3 0
Total 168 165 26 68 39 ^

^No daily measurements were taken.
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water-holding capacity and water-supplying capacity, resulting from decreased depth

to the fragipan, are the primary yield limiting factors when rainfall is inadequate

during the growing season.
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CHAPTER 5

SUMMARY AND CONCLUSIONS

Selected physical and chemical properties of the 107 and 15 cm experimental

sites as compared to a virgin area in Crockett County, Tennessee indicated that

profile modification at the cultivated sites had occurred as a result of erosion. Thus,

depth to the fragipan can be used to estimate the degree of past erosion that has

occurred on the Grenada series.

Total root lengths and crop yields for both soybeans and corn were reduced

significantly as depth to the fragipan decreased. However, the effects of reduced

soil depth on plant productivity were more pronounced when rainfall was inade

quate throughout the growing season. The loss of available soil water-holding and

water-supplying capacities were concluded to be the primary factors limiting crop

productivity in these soils.

Continued erosion will eventually make crop production uneconomical as dam

age to soil water-holding capacity is difficult and expensive to mitigate. This research

observed significant yield reductions when there was less than 50 cm of soil above the

fragipan. As no practical reclamation program is currently available on these soils,

the development of management strategies that maintain the soil above the critical

depth should be emphasized.
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Table A.2. Soybean root length at three sites with varying depths to the fragipan
on 17 July 1984.

Soil Average depth to fragipan (cm)
depth 56 38

-cm-

0-15 54.3bc^ 94.4ab 55.5bc
15-30 66.0a 54.1ab 32.6ab

30-45 62.3a 7.5c 28.2bc

45-60 19.1a 12.2a 15.1a

60-75 7.2ab 15.6ab 5.6ab

75-90 TTa 11.8a T7a

^Values are the means of four sub-samples; means in the same row followed by the
same letter are not significantly different at P<0.05 according to Duncan's Multiple
Range test.
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Table A.3. Soybean root length at three sites with varying depths to the fragipan
on 8 August 1984.

Soil Average depth to fragipan (cm)
depth 76 56 38

-cm-

0-15 233.1a^ 208.1a 137.1b
15-30 99.6a 76.3a 32.1bc

30-45 65.7ab 43.5b 34.1b

45-60 69.Gab 67.2ab 66.4ab

60-75 65.1a 48.4ab 36.0ab

75-90 46.8a 30.0ab 12.3b

Values are the means of four sub-samples; means in the same row followed by the
same letter are not significantly different at P<0.05 according to Duncan's Multiple
Range test.
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Table A.4. Soybean root length at three sites with varying depths to the fragipan
on 6 September 1984.

goil Average depth to fragipan (cm)
depth 76 56 38

-cm-

0-15 320.3ab^ 295.0ab 172.0dc
15-30 84.5ab 75.0ab 26.5b

30-45 51.8a 32.7a 34.6a

45-60 62.8a 68.3a 44.8a

60-75 73.0a 92.3a 83.0a

75-90 66.5a 29.3a 42.8a

^Values are the means of four sub-samples; means in the same row followed by the
same letter are not significantly different at P<0.05 according to Duncan's Multiple
Range test.
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Table A.5. Corn root length at four sites with varying depths to the fragipan on
6 June 1985.

Soil Average depth to fragipan (cm)
depth 76 56 38 0

0-15 192.6bc^ 383.6a 340.9ab 166.0c

15-30 165.2ab 167.9ab 215.4a 88.4bc

30-45 48.5b 37.1b 54.5b 42.0b

45-60 13.2ab 6.2b 42.1ab 1.3b

60-75 8.2a 4.8a 30.2a 2.1a

75-90 7.8a 3.4a 18.2a 0.5a

^Values are the means of four sub-samples; means in the same row followed by the
same letter are not significantly different at P<0.05 according to Duncan's Multiple
Range test.
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Table A.6. Corn root length at three sites with varying depths to the fragipan on
27 June 1985.

goil Average depth to fragipan (cm)
depth "^76 56 38

-cm-

0-15 297.6ab^ 220.2bc 196.0c
15-30 144.6a 44.9c 65.9bc

30-45 83.0ab 49.3b 58.7b

45-60 28.1b 64.0ab 58.9ab

60-75 47.3a 22.9a 25.2a

75-90 38.7a 14.8ab 1.5b .

^Values are the means of four sub-samples; means in the same row followed by the
same letter are not significantly different at P<0.05 according to Duncan's Multiple
Range test.
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Table A.7. Corn root length at three sites with varying depths to the fragipan on
13 August 1985.

Soil Average depth to fragipan (cm)
depth 76 56 38

-cm-

0-15 208.2abc^ 279.4ab 169.8bc
15-30 116.1a 59.0a 53.9a

30-45 77.8a 37.8a 27.2a

45-60 44.2b 22.2b 28.3b

60-75 29.4ab 22.3ab 64.7a

75-90 33.3a 10.1a 32.2a

^Values are the means of four sub-samples; means in the same row followed by the
same letter are not significantly different at P<0.05 according to Duncan's Multiple
Range test.
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