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Abstract
Borrow areas are created where soil is needed to provide fill for con-

struction projects. This research evaluated (1) the changes in row crop

- productivity resulting from removal of soil for highWay»éonstructhn in IOwa.
and (2) restoration methods which included: depth of topsoil, subsoil til-
lage, manure application, and two years of legume growth prior to row crop-
ping. The research was Cafried out from 1977-1981 at four locations. Corﬁ 
and soybean yields from borrow areas have been be]ow, equal to, and greater
than yields from undisturbed, neighboring farmland. Little or no.yie1d in-
crease was noted from restored topsoil at coarse textured sites. At finer
textured sites, a marked yield increase of both crops occurred after the
addition of 6 inches of topsoil but Tittle added yield increase resulted
from .restoring 12 inches of topsoil. Subsoil tillage has shown 1little or
no beneficial effect on crop yields. The'manufe treatment has resulted

in a corn yield increase but only in the first year.after application.




Henning, S. J. and Dolling, H. D.

Background

Borrow areas are created where soil is removed from one place to provide
fi11 material needed at another place. The material removed from these bor-
row areas where this research was conducted was used for highway embankment con-
struction.” In all instances, the borrow needed for construction had to be
" obtained from beyond the right-oleay, and the land would be returned to
private ownership. Al1ithe borrow areas used in this study had been used for
.agricultural land use after the borrowing was comp]eted..

When a site is selected to provide borrow méte?ia], there are generally
two questions to be answered: thevsuitébi1ity of the soil for Eonstruction,
and the proximity of the borrow to need area.

For thié-research project, four borrow area sites were selected. At each
: site highway construction.was<underway. The sites were selected so they rep-
resented a wide range of soil conditions that might be encountered in Iowa.
The locations (figure 1) of the sites are: Audubon CoUnty, representing the :
Ldeep'1oess soils of western Iowa; BUChgnan'County, representing coarse-textured
or sandy soil; Lee County, where soil had developed on several feet of loess .
deposited over pre-Illinoian glacial ti]]; and Ham{1ton CqUhty,’where édi]
had developed on late Wisconsin ghacial till.

Research was begun at the Audubon and Buchanan County sites in 1978. The
sites in Lee County and Hanﬁ]ton County were used for research startihg in
1979. The experimental plan called for plots to feceive 6 or 12 inches of"
salvaged topsoil, and these plots were to be compared to others that rééeived
ho-topsoi]. In order to replace the desired depth of topSoi], trenches were
cut in the subsoil to either 6 or 12 inches. At the Hamilton County'Site;

" each. trench was 40 feet wide and 400 feet long. After the trench was fi]led

with topsoil, the research area was finished to a 2% grade to provide surface
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drainage. In addition to topsoil replacement, the research plan called for
‘comparisons of manurevapp1iéatidns versus hone; subsoil tillage versus none;
and corn and soybean production fo]iowing two years of alfalfa -growth or hone.

. Of these additional treatménts, only the response to alfalfa will be included
in the results presented here. | '

A row crop rotation consisting of corn alternated with soybeans was fol-
Towed at each borrow area research site. The replications were divided so
that corn and soybeans were grown each year. A similar division of p]ots was

_ employed where alfalfa was grown for two years, and that allowed both corn and
soybeans to appear in the same year on those plots.

Both corn and soybeans were grown using'consérvation tillage practices.
Fekti]izer:was applied according to soil tést recomméndafions'and herbicides
were a]so-abp]iedvaccording to label recdmmendations. Weeds germinated abun-
dantly in the topsoiled plots and that required the use of herbicides.

J,Resu1ts |
‘ Thiee years of research data have been collected at each of the four
borrow sites selected to be representative of major soil materials in Iowa.

| | .

" Audubon County
At the Audubon County borrow site (figure 2 and figure 3), coirn and soy-
" bean yields équa]ed or exceeded county average yields durjhg the Tast two
years of the three-year study. This was done wifhout topsoil rep]acemént.
Topsoil Was’deTeted ffom this site because the site was too small to include
this}freatment. Secondly, topsoil was not salvaged at this site. Previous
research work done by Iowa State Uhiversity has shown that excellent crop
yields can be achievedldn loess subsoil in western Iowa if it is pkopér]y

fertilized and managed. The othefitreatment-variab1és'weré included in the

research at this site, but their effects were non-significant or short-Tived,




- Henning, S. J. and Dolling, H. D.
~5-

as in the case of the manure application. The alfalfa treatment resulted in
~ greatly depressed yields of row crops because it removed nearly all the plant-
available water the year before row crops were planted and there was not enough

precipitation to grow corn and soybeans without the subsoil moisture reserve.

Buchanan County

Corn and soybean :yields exceeded county average yields (figure 4 and
figure 5) in only one of three years at the Buchanan County borrow site. The
first year's yields were greatly reduced as a result of the poor seedbed that
was prepared only a few days after the site was restored by hea&y earth-moving
machinery. A1l other sites used in this research were restored in the fall
before the first year of crop production. In the secohd year of research,
1979, excellent corn and soybean yields were measured at the borrow area and
they exceeded the éounty averages. The results of the third and final year
were disappointing because heévy rains, wind, and hail damaged the corn and
soybean plots so much that the yields suffered greatly. The most important
result from this research §ite was the lack of response by corn-and soybeans

to topsoil replacement.

Hamilton County

Corn yields (figure 6) have equaled county average yields at the Hamil-
ton County borrow site in two out of three years where topsoil was.restored.
Only the second year's results showed no response to topsoil, and corn yields
‘were greatly reduced compared to the county yield. Drought severely affected
all plots in 1979 and there was a differential in pollination date between
plots with and without topsoil. Corn grown without topsoil pollinated two
weeks later than corn grown on topsoil. The stress from the drought was much

more severe during the'ear]ier'po11ination’peribd and a greater percentage of
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barren b]ants'resulted. Alfalfa treatment tended to increase corn yields
slightly, but the effect was not significant. | a

Soybean yier (figure 7) results at the Hamilton County site were of
some interest. In the first year, yields from plots receiving topgoii were
twice as great as yields from plots without topsoil. The county's average
soybean yield wés equaled by soybeans.grown oh}topsoii, but there was no
significant difference in yield bétween piotéireCéiving 6 or 12 inches of
topéoi]T In the second“yeér of the study, drought greatly reduced SOybeah-
yieids at the borrow site combared to thé county, but unlike corn, the yié]ds
from plots redeiving topsoil were twice asAgreat as the yields from plots
receiving no topsoil. In 1981 the effect of a]falfa'gkOWth on soybean yields
could be evaluated and it was significant. debean yields Whéré no t0psoi1
 was restored were three times as great fo]]oﬁing two.years of alfalfa growth.
The yield increase on piots-recéiving topsoil waé neafiy 20 buSheTs_pek acre.
The explanation for the yield increase from previous a]fa]fa'growfh was a lesser
occurrehcé'of Phytophtora root rot infection. 'This disease organiSm'probab]y
bécame.eStablished when thé'firsf crop oi soybeans was,groWh in 1979 and be-
came severe in the second crop growh in 1981._'RéStokation'6f,topsoi1 les-
sened the sevérity_of the diseasensomewhat;:th not.eﬁqugh to prevent a yield

: reduction of approximately 20 busheis-per acre.

Lee'County
Corn yields (figure 8) have been disappoinfing_at the Lee County borrow
site. There has been a significant response to tbpsoi] repiacehent, but Tittle
difference has been found between the 6~ and 12-inch depths. Two years of

alfalfa growth appeared to increase corn yieids; but the respohse was not sig-

nificant.
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Soybean yields (figure 9) are reborted for only the Tast year of the
study. Topsoil rep]acement accounted for a 1argé'yie1d increase, but the
. differencé between 6 and 12 fnches of topsoiT'was not significant.
Two years of:and1fa'growth did not 1mprbve‘soybean yields as it did
“in HamiTtoh County. However, there was no infection of soybeans by Phytdph-
tora root rot at the Lee County site.
Weather probably accounted for much of the'variability in_yietds at this
sife by injuring fhe crqp or-causing other’management~prob1ems. In 1980,
heavy rains in excess bf 7 inches over 24 hours'washed éway plants, ferti-
Tizers and. herbicides. In 1981? the p1anting:date was greatly delayed by
wet weéther and only the pTots that had:réceived topéoi] were in a good con-
dition when seed was planted; Consequently, plant density at harQéSt was
greatly reduced on.thelsubsoil plots because of poor seed germination and
{emergence of seedlings. waever, this did serve to poinf out tdpsaii was

a. superior material when seedbeds were prepared.

Conc1usidhs
This research showed that topsoil replaéement'is'not'always necessary at
borrow areas. At coarse-tektured,sités which include deeplloeés:and éandy
materiais, excellent yields may be obtained without topsoil réb]&cement.
Where finer—téxtufed.soi] materials occur over glacial till, one‘fth of top-
soil should be salvagédibefbre borrowing and rebTaced when the borrow area is
’reclaimed. ‘By sélvaging-the'topifoot of soil, this will ensdfe that.af least
-'six inches of topsoil will be restoved to the borrow area because losses of
up tb-SO%.of the topsoil may ocEUr throu§h hand1ing Ahd shrinkage.
Alfalfa or other suitab]e‘jegumes'shou1d be grown in the yeaks immediately

after a borrow area is reclaimed. Where tbpsoil is not restored, this practice

1 -
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should be mandatory to prevent erosion. When these areas are row éropped,

conservation tillage practices shou]d be app]fed to continue to minimize

'érosion.' Another behefit of conservation tillage will be a redubtibn in

rsoi] crusting where organic matter is Tow, especially when topsoil was ndt'

- applied. Alfalfa treatment appeafs to lessen the_severity of Phytophtora
.rooi rot infection in soybeans. This benefit from alfalfa is still being

~ studied at the Hamilton County borrow site. |

Subsoil tillage generally was not beneficial for row crops. The tillage
equipment used for this.research could not benetrate beyond 20,inche$ into
the soil. Tﬁis same zone 1is a]so greatly affected by freezing and thawing
and wetting and drying. . The advantage of subsoi1.ti11age, in‘the first year
after reclamation, is to loosen the soil when construction equipment compacts
the soil, particulary when borrow is removed dufing wét conditioﬁs.

Manure appliéation was beneficial to corn grown the first'yeér after.ap-
p11¢ati6n. This is generally e£pected. Howévér,_exce]lent corn yields can
be achieved without manure. Farmers with available manure wi]]'generaj]y
apply it to lands that they wish to improve, and borrow areas are no excep-
tion. Many of the benefits of manuring may be dupiicated with good conser-
vation tillage programs where crbp-residués afe left at the surfaée. Manures
can also provide a mulching effect, but- other materials can serve equally
well where mulch is needed. .'

Finally, some conclusions regarding productivity'can be_dfaWn from this
. research. Row crop yie1ds may -be greaf1y<reduced in the first year after a
porrow.area is restored. Yields were greatly reduced if row crop production
was initiated immediately after reclamation without the benefit of a winter :
fréeiing'and thawing. -After a period of one to several years, yie]dé frOﬁ

these areas can equal or exceed county average yields. Certain sites, such
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as those deve1oped.on glacial till, will require the replacement of at least
six inches of salvaged topsoil-and may equal county-wide yield in a period
of two years. '
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Borrow'Area Research,'Project Number HR-186.
Corn yield response at a loess borrow area in Audubon County, IOW&.

Soybean yield response at a loess borrow area in Audubon County,

Iowa.

Corn yie]d_response to restored topsoil at a coarse-textured bor-
row area in Buchanan County, Iowa.
Soybean yield response to restored topsoil at a coarse-textured

borrow area in Buchanan County, Iowa.

‘Corn'yie1d response to restored topsoil and alfalfa treatment at

a late Wisconéin glacial ti11 borrow area in Hamilton County, Iowa.
Soybegn yield résponse to restored topsoil and alfalfa freatment-
at a late Wisconsin glacial ti17 borrow area in Hamilton County,
Towa. . | |

Corn yield response to resfdfeﬁ.topsoil and alfalfa treatment at

a Kansan glacial till borrow area in Lee County, Iowa.

Soybean yield response to' restored ‘topsoil and alfalfa treatment

at a Kansan glacial till borrow area in Lee County, Iowa.
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Figure 1. Borrow Area Research, Project Number HR-186
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Figure 2. Cornyieldresponse ataloess borrow areain Audubon
County, lowa.
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Figure 3. Soybean yield response at a ioess borrow area in
Audubon County, lowa.
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Figure 4. Corn yield response to restored topsoil at a coarse-
' textured borrow area in Buchanan County, lowa.
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Figure 5. Soybean yield response to restored topsoil at a coarse-
textured borrow area in Buchanan County, lowa.

604
o
8 401
o
Q
[72) -
o
, L
3 20
32 204
oj6n2 0]6|12] B 0|61{12} |
0 : L .
1978 1979 1980 5 year
- average

County
yield

Borrow area
yield

Note: 0, 6, 12 refers to depth of topsoil in inches.




bushels per acre

150 A

Henning, S. J. and Dolling, H. D.

Figure 6. Corn yield response to restored topsoil and alfalta
treatment at a late Wisconsin glaclal till borrow area in’
Hamilton County, lowa. o
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Figure 7. Soybean yield response to restOréd topsoil and alfaifa
treatment at a late Wisconsin glacial till borrow area in
Hamilton County, lowa.
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Figure 8. Corn yield response to restored topsoil and alfalfa
treatment at a Kansan glacial till borrow area in Lee
County, lowa. '
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Figuré 9. Soybean yield response to restored topscil and aifalfa
treatment at a Kansan giacial till borrow area in Lee
County, lowa.
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