
Differences Between Selected High and Low
Ground Soils of Indiana 1

Russell K. Stivers

Agronomy Department
Purdue University, Lafayette, Indiana 47907

Abstract

High ground soils and adjacent upland depressional or low ground soils in the

same field were compared. The plow layers of the low ground soils were higher in

organic matter, extractable calcium and magnesium, and cation exchange capacity,

than the high ground soils. Grain yields over a four-year period were significantly

higher on low ground than on high ground soils. These higher yields were associated

with earlier tasseling and silking, lower moisture percentage in the grain at harvest,

taller plants in some cases, and a higher plant population in many comparisons.

Total soil moisture by volume tended to be higher on the low ground soils. The
hypothesis was advanced that, in these low ground soils, higher organic matter

content may be important in reducing surface crusting and in increasing plant

population.

Potential capacity of soils to produce crops at high levels of

management can be estimated from their present crop yields, from
their internal characteristics, from adjacent physiographic features,

and from climate. Odell and Oschwald (7) have made estimations

of crop yields of Illinois soils. Differences in Illinois soils with respect

to rooting characteristics had previously been described by Fehren-

bacher and Alexander (2). Similar publications estimating crop yields

from Indiana soils have been prepared (4).

The purpose of this report is to supply additional information

associating soil differences with corn performance. Many character-

istics of soils are interrelated in their influence on crop performance.

Specific cases will be mentioned.

Methods and Procedures

Five farms with high corn yields in the Indiana Five-Acre Corn

Contest were selected for this study. On each farm two adjoining

soils in the same field were chosen. On 3 of the farms the same
soil locations were used all 4 years. On 2 farms, 2 different fields

were used during the 4-year period.

The soils used in this study were primarily Alfisols (Gray-Brown

Podzolic soils) on the upland high ground and Mollisols (Humic-

Gley in this study) in adjacent upland depressional (low ground)

areas. The two soils in the same field received the same production

practices and management (i.e., planting rate, date, hybrid, fertiliza-

tion, weed control, etc.) and approximately the same rainfall, tempera-

ture, and sunlight. The farmer's name and location, soil types, im-

portant production practices, and July and August rainfall for each

year are given in Table 1.

1 Journal Paper No. 4260, Purdue University Agricultural Experiment Station. The
author wishes to acknowledge the help of Russel C. Miller, Wyman E. Nyquist, Ethel

M. Tudor, Jerry M. Arnold and Enola M. Ruff.
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Descriptions of the soils listed in Table 1 were made by D. P.

Franzmeier, A. L. Zachary, and P. W. Harlan (personal communica-
tions). Samples from all horizons of the 10 soils at selected locations

were collected in 1967. Analyses of samples from the plow layers were
made in 1970 by the Purdue Soil Testing Laboratory. Soil water

pH and available P (Bray No. 1) were determined by procedures

listed by Hood (3). Organic matter was determined using a modifi-

cation of the Walkley-Black procedure reported by Jackson (5). Ex-

tractable bases were determined using a modification of the neutral

normal ammonium acetate procedure used by the U. S. Department
of Agriculture (9). Extractable acidity was determined using a modi-

fication of the triethanolamine method reported by Peech et al. (8). Cation

exchange capacity was determined by addition of milliequivalents of

calcium, magnesium, potassium, sodium, and hydrogen (extractable

acidity). Base saturation percentages were obtained by dividing the

sum of the extractable bases including sodium by the cation exchange
capacity and multiplying by 100.

A nested design with five replications or sublocations was used

for determining crop yields in each soil type. The diameter of the

area sampled on each soil was 41 m (135 ft). The five harvested

areas on each soil type were each two rows wide and 10.7 m (34.8 ft)

long.

Crop yields were determined by hand harvesting ears, weighing

these ears, determining moisture percentages in the grain, and calcu-

lating yields using Remmenga's tables of pounds of ears required

for a bushel of 15.5% moisture shelled corn. These tables were con-

tained in Brunson's Purdue Agricultural Extension Circular 472 (1).

Each fourth ear was harvested, and all ears and barren stalks were

counted.

Grain moisture percentages were determined using shelled grain

from 10 or more ears from each replication. Shelled grain was weighed,

dried at 100 to 105 °C for 24 to 30 hours, weighed again, and per-

centage of moisture calculated.

Soil moisture measurements were made with a Troxler neutron

probe and scaler. The source of neutrons was Americium and Beryllium.

Principles explained by C. H. M. Van Bavel (10) were used by D.

Wiersma to calibrate this probe. On the Priebe and the Franklin

Farms, three replications of neutron probe access pipes on each soil

type were used. On the McKowen and Bosstick farms two replications

on each soil type were used. On the Neyhouse Farm only one replica-

tion was used. Electrical conduit pipes were buried 1.4 m (4.5 ft)

in the soil and 15 cm (6 inches) of the pipe was allowed to protrude

above the soil surface. These neutron probe access pipes were in-

stalled in the corn row. Counts were made for 3 minutes for the

standard and for each of the 4 depths (30, 61, 91, and 122 cm or 12,

24, 36, and 48 inches) at which soil moisture readings were taken. Soil

moisture is reported as percent by volume.
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Both crop production and soil moisture data were subjected to

analysis of variance and F tests of significance. Percentage data

were converted to the arc sine and compared.

Results and Discussion

Corn grain yields for the 4-year period varied from a high of

11,917 kg/ha (190.0 bu/A) to a low of 5,971 kg/ha (95.2 bu/A) as

shown in Table 2. Both of these yields were obtained in 1967, a very

cool year with average air temperatures varying from 1.7 to 4.4 °C

(3 to 8° F) below normal in August.

Four-year average corn grain yields were significantly higher

(1% level) on the low ground than on the high ground soils on three

of the five farms (Table 2). The four-year average yield of 9,984

kg/ha (159.2 bu/A) of the low ground soils on all five farms was
significantly higher (1% level) than the 9,122 kg/ha (145.4 bu/A)
yield of the adjacent high ground soils.

Higher grain yields of corn on the low ground soils were as-

sociated with a slightly earlier tasseling and silking. Seven counts

made over a three-year period indicated that corn on low ground

soils was 58% in silk while that on adjacent high ground soils was
33% in silk. The difference is estimated to be two days earlier in

maturity on the low ground soils.

Further evidence that corn tends to grow and mature faster on

low ground soils is found in the moisture content of the corn grain

at harvest. Corn from the low ground soils of three of the five farms

was significantly (1% level) lower in moisture than that from ad-

jacent high ground soils when all four years of data were analyzed.

When data from all five farms were combined, corn moisture per-

centages were significantly (1% level) lower from the low ground

than from the high ground soils. The moisture in the corn grain

from the high ground soils averaged 26.1%, while that from the

low ground soils averaged 24.6%.

To get more information on rate of growth, extended leaf height

measurements were made on the Priebe Farm on July 16, 1970.

Average height of corn on the Ragsdale silty clay loam or low ground

soil was 222 cm (87.4 inches) while that on the Reesville silt loam or

high ground soil was 206 cm (81.1 inches).

Higher grain yields of the low ground soils were also associated

with higher plant populations. The Franklin Farm location had a

significantly higher population of plants on low ground than on

high ground soils for the four-year period. When population data

of all locations and all years were combined, those data from the low

ground soils averaged 57,132 plants/ha (23,121 plants/A), while those

from the high ground soils averaged 55,874 plants /ha (22,612 plants/A).

The difference in population was significant at the 5% level.

Higher grain yields, faster growth, and higher populations of

corn plants were found on the low ground soils. These soils were
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higher in organic matter, extractable calcium and magnesium, and
cation exchange capacity than were the high ground soils (Table

3). It is known that these soil characteristics are interrelated and
that they influence soil structure and tilth and hence, crop growth.

Under field conditions it is very difficult to prove that one soil char-

acteristic or property results in faster growth or a higher stand.

However, it is believed that the higher percentages of organic matter

in the low ground soils are very important, particularly in reducing

surface crusting and in improving stands. Mannering and Wiersma

(6), investigating reduction of infiltration rates in seven different

soil types, found that soil texture was important in determining which

soils were affected most severely by surface sealing.

Summarized results of soil moisture percentages by volume ob-

tained with a neutron probe in 1970 are given in Table 4. At two
locations, the McKowen Farm and the Franklin Farm, total soil

moisture (average of four depths) percentages were significantly

(1% level) higher on the low ground than on the high ground soils.

On the other three farms the same trend was evident, but the differ-

ences were not significant.

Soil moisture is often in short supply for corn in July and August
in the Corn Belt. Precipitation was very light on the McKowen Farm
in both July and August, 1967. The difference of 3,613 kg/ha (57.6

bu/A) between the high ground and low ground soils in their 1967

grain yields on this farm was large. Total inches of available water
for corn may have been greater on the Brookston silt loam or low
ground soil, partially because it received any run-off of water from
the adjacent, higher Crosby silt loam. Lower organic matter on

the high ground soil may have contributed to more crusting and

run-off. Similarly, low precipitation in July and August probably

favored higher yields on the low ground soil, Ragsdale silty clay

loam, on the Franklin Farm in both 1967 and in 1968. In 1970, South-

ern Corn Leaf Blight (Helminthosporium maydis), appeared to have

done more damage to corn on the low ground soils and thus reduced

some of the advantages of low ground soils with respect to moisture.

Low ground soils are, however, sometimes at a disadvantage compared

to high ground soils when ponding of water occurs and corn plant

populations are reduced.

Even though total soil moisture and that soil moisture available

to crops are different on a given soil, sometimes total soil moisture

appears to be a good relative measure of soil moisture available to the

plant. In 1970, on the Franklin Farm, wilting of corn leaves occurred

sooner on the high ground soil which was consistently lower in total soil

moisture than the adjacent low ground soil. Also in 1970, free water

was found at the bottom of neutron access pipes at a depth of 1.5

m (5 ft) in two of the low ground soils, while no free water was
found at this depth in the adjacent high ground soils.
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