Compaction Caused by Tractor Wheels in the
Cultivation of Sugar Beets

O. W, Moxsox’

The cultivation of sugar beets, five or six tmes during the scason, has
a cumulative compacting cifect on the soil, the results ol which have oot
vet been fully or definitely dewermined. That comiderable compaction occurs
is readily admitted since on all of the seeding and cultivating operatious,
the cquipment wsed is so designed that the tractor wheels travel in rhe
smine row or path cach tme. For fourrow equipment this means that every
owther row becomes w path for a wractor wheel. The lutervening rows, on
the other hand, receive the {ull benefit of the culuvation because no com-
paction occurs.

The compacting force will, of course, depend on the total weight of
the wactor and the weight disuribution on the wheels ol the wactor. For
example, & Model A International Tractor®, a size ordinarily used for cul-
tivating sugar beets, weighs about 2,830 pounds with the driver. The weight
distribution 1s as follows:

Front wheel 930 pounds or 173 cach wheel

Rear wheels 1,900 pounds or 905 cach wheel

With the beet cultivator mounted on the tractor, the wotal weight.
with driver, is increased 1o 3470 pounds; 1,160 on the ront and 2,310 on
the rear.

This tractor is cquipped with 3-inch tives on the front wheels and
S-inch on the rear. 'Phe normal or prescribed inflation for these dres s
24 pounds ol pressure in the front and 12 pounds in the rear. Such a
tractor weighing 2,850 pounds with driver at Huntey Field Station, Montana,
was used in connection with a study o measure the compaction which
occurs when cultivating sugar beets,

The bearing surface of the tres on the ground was measured with the
tractor standing still. ‘The method used was to juck the wheel oft the floor,
paint the lower section of the tire with black paint, then lower the wheel
onto a large sheet ol paper. 'This left a clear impression oF the bearing
surface of the tire. Only the Tugs left an hmpression on the paper. However,
on loose soil the grooves between the lugs would also carry some of the
load.

The arca, in sgquave inches, of the Impression made by cach tire was
carclully measured with a planimeter. From these measurements, and the
weight carrvied by cach wheel, the pounds per square inch bearing pressure
of the tractor wheel on the ground was calculated. The procedure described
above was repeated for both front and rear dres while inflated four pounds
above normal and four pounds below normal. The bearing surlface and
bearing pressure and pounds per square inch between wheel and ground
arce given in Table 1.

Mrrigation Eungineer. Montana Agricultural Exporiment Station. Boscman, Montana

A Model UAT tractor equipped as above was weighed at Huntdey Field Siation.
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Table 1. -Compacting Force ol Tractor Wheels with Tices Inflated Four Poouds
Above Normal, Nermal, and Four Pounds Below Normal,

TIRE INFLATION

+ Pounds Above Normat 4 Pounds Below

Normal Pressure Normal
Front Wheels 28 pus.i. 24 p.s.i 20 psii
Weight carvied on cuch wheel 175 1bs. 475 Lbs. 175 1hs,
Arca of bearing surface of Tugs 1016 sq. in. 10,00 sq. i 1247 s, 1n
Average welght per square inch 6.8 1bs, 47.40 1bs, 564 Ths.

beaving surface

TIRE INFLATION

4 Pounds Above Normal 4 Pounds Below
Rear Wheels Normal Prossure Novmal
Weight crried on each wheel 950 Ibs. 450 Ths. 950 1hs.
Arca of bearing surface of Tugs 1044 s i, 12.2% sy, in 1515 sq. i
square inches
Average weight per sguare inch G50 s, 7.5 1. G2.0 Ibs.

Note that the pounds per squarve Inch bearing pressure of the front
wheels when under inflated was nearly 20 percent less than with normal
iflation. The pounds per square inch bearing prossure when  inflated
above normual was practically the same as normal. For the rear wheels
the pounds per square inch bearing pressure was nearly 19 percent less
when under inflated and 12 percent more when over inflated than with
normal pressure. To iy believed that the vibration of the uaaor also affects
the amount ol compaction.

Compared to the above, the pressure Irom the hoof of an average work
horse, weight 1,600 pounds, is about 21 pounds per square inch, and of a
160 pound man, 57 pounds per square inch. It should, of course, be re-
membered that the arew compucted by o horse's hool is comparatively small
and that there is also litde possibility that the horse would siep i the same
place each time during succeeding  cultivations, whereas, the compaction
from a tractor whecel is a continuous strip along the entire row. Thus, the
cumulative compaction {rom horse’s hools would not be so pronounced as
from the tractor wheel

Some idea of the amount of compaction which takes place in the beet
row where the tractor wheel travels may be obtained by mcasuring the
force reguired to drive a stake or bar into the soil. Such a test was made
at the Huntley Ficld Station during the sununer of 1935 A small pile
driver was made which was used to drive o round bar into the ground by
striking 1t with o hammer dropped from a given distance.

In the test described, a 10-pound weight was used for a hammer. It
was dropped o distance of two feet for cach blow. The bar driven oo
the ground was 114 inches in diameter. Twenty-five blows were wsed for
cach test. The sests were made before and sfer irvigation and in cach case
were made i the row traveled by the wuctor wheel and in the adjacent
middle row.
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Figure l—Compaction tests, Field “K.” Huntley Field Station.

The results of these tests can best be shown graphically. Figure 1, which
is the average of five tests, shows o comparison botween the resistce of
the soil in the wheel roww compared o the soil resistance in the middle row
before drrigation. The data taken belore irrigation show that the bar was
driven 7.6 inches in the middle row and 5.9 inches in the wheel row which
was 1.7 inches or 2R percent farther with 25 blows in the middie row than
it was in the row compacted by the tractor wheel, Alter irrigation the test
showed a difference ob 2.3 inches or 20 pereent in favor of the middle row

{Sce Figure 2).
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Figure 2—Compaction tests, Field “0,” Huntley Field Station.
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Before irvigation, the effect of compaction appeared at a depth of one
inch m the wheel row when the distance driven became less than onc-fourth
inch for cach blow. In the middle row the bar was driven 5.4 inches belore
the resistance was great cnough to reduce the distance driven per blow o
Tess than one-fourth inch,

Onc day alter arrigation o similar test was made. The results are
shown in Figure 20 In this test the bar was driven 145 inches by 25 blows
in the middle row compared to 12,1 inches in the wheel row, The bar was
driven over three inches by the first blow of (he hammer in the middle row
as compured with 2.2 inches in the wheel row or ncarly an inch lavther.
Alter 20 blows, the distance driven by onc blow of the hammer dropped
to less than onc-fourth inch per blow in both cases, but the distance driven

“by 20 blows was nearly 18.2 inches in the middle row as compared to 10.9
mches in the wheel row.

These tests clearly show that wactor wheels cause considerable com-
pacuon, They also give o measure ol the amount of compaction in the
sotl dr the end of the season.

[rrigators recoguize this condition and make allowance for the differ-
ence in orate ol absorption of wuater. The gencral practice is (o wrn w
sinaltler stream into the wheel rows because ol the low intake rate, and a
larger amount into the middle rows since the mtake rate is greater. Where
the plastic tubes are used, 2 one-inch tubes are set in the middle row and
one in the wheel row. When the same size stream s turned into all rows,
the wheel rows usually reach across the fickd in about one-hall the time
reguired for the others.

Infiltration readings were taken in both wheel rows and middle yows
by the ring method. Six rings were used fov this west; three in the wheel
rows and three in adjacent middle rows. The results are shown in Figure 3.
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Figure 3.—Eflect of compaction by tractor wheels on infiltration, Hunt-
iey Field Station.
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These data show that a total of 3 5716 Inches of water were absorbed
in the middle row in 314 hours, almost an inch per hour. During the same
time, 514 hours, only 114 inch was absorbed in the wheel row. This test
was made at the end of the irrigation scason alter six cultivations. The
tractor wheel had, therefore oaveled seven times along the same pathe—
ouce for seeding, six times during caltivating operations,

The last irrigation of the scaon was applied during the second week
in September. The difference in time Tor the water to reach the end of
the row between the middle furrows and those compacted by the wractor
wheels was not as obvious because of the large shrinkage cracks in the seil,
Many ol these exeended all the way across the row so that the water from
adjacent rows intermingled to such an exeent that all rows reached the end
at the same time.

There was, however, o difference between rows in the amount of water
stored i the seill Soil samples taken belore and after drrigation showed
that with the meisture content approximately the same in all vows before
irvigation, comparatively Hule absorption of water took place in the wheel
row while the middle row ahsorbed the {full field capacity. The soil where
the tests were taken s a heavy siliy dlay,

ttis ot known to what extent compaction interferes with the root
development bur it is thought that compaction of the soil may aflect the
beet in two ways: (0} Through reduced acration, and (b) ihrough adverse
change in structure. There is also the possibility that the soil fertility may
be affected indirectly by the reduced acration. Two dozen beets were care-
fully lifted o as not o damage the roots. The soil was then washed away
hy means of a fine sprav ol water. Belore litung, cach bheet was marked
on the side next to the wheel row with a colored pencil.

Mier the soil had been washed away from the roots. the beets were
carcfully smdied and photographed 1o determine ff any significant differ-
ences in the root development existed. As {ur as could be observed, there
were no differences in the root development on the two opposite sides of
he beet, either in the total number of rootlets or their length. The fine
oots of the beet occur i two grooves or bands, The band ol raots sometimes
urves half way around the beer. Tn some cases these hands of roots are on the
sides of the beet next o the Turrows, i other cases they are on opposite sides
tongitudinally in the rows. Their position appears to result from the acck
dental way the sced comes to vest when dropped from the drill.

The conclusions reached from this short study are as follows:

. Considerable compaction occurs in the rows mraveled by the fractor,
This compaction is apparent [rom the driven bur test, hoth before and
after irrigation.

2. The compactionr causes a marked rveduction in the rate of infilra-
ton of irrigation water and also in the wotal amount of water stored in
the soil Irom onc irvigation. Whether or nat this affecrs the vield of ihe
sugar beets adversely Is not known.
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It is believed that the amount ol compaction can be reduced by under
inflation of the tractor tres. The amount of mfluation of water could, no
doubt, be increased by widening the wheel row so o wide shallow Turrow
could be made. This would increase the area covered with water and also
the amount of water entering the soil.

I wider equipment were designed, such as six or cight rows, the
velative mumber of wheel rows in proportion o the total would be greatly
reduced. Further stdies are needed o determine to what extent com-
paction interferes with the growth and yield of sugar beets. Then measures
to overcome the campacting effece of the tractor wheels can be devised as
far as the expected benefits will justify.




