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5-0-::‘\\ Tillage Treatment Total Water Absorbed
N in 2 hours
¥, Ripping 5.72 inches
' ] Noble blade 5.42 inches
4’% Chisel 4.06 inches
404 N Check 2.98 inches

354

2.54

204

WATER-INTAKE RATE IN INCHES PER HOUR

1.5

0.54

Repeat test 72 hours late:
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Fig. 7—Waterintake rates in relation to different types of fall tillage.
(Water-intake rates in inches per hour at 5-minute intervals.)

where the residue amounts to 2,000,
Ibs. per acre or less. Quantities greater
than this result in excessive machine
clogging. Heavy chisels spaced at 4-ft.
intervals and operated at 10- to 15-in.
depths in very dry soil produce a
good shattering and loosening effect
and can be used on fields with greater
amounts of residue. However, at the
4-ft. spacing there is a zone between
the chisel marks that receives little
disturbance and water-intake rates in
this area are very slightly improved.
The Noble blade, operated at 8- to
10-in. depths in the fall when the soil
is dry, does an excellent job of shat-
tering, loosening and creating condi-
tions receptive to water. Considerably
more power is required to operate
the Noble blade under these condi-
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tions than is required for the other
two tools. One of the advantages of
the above type of fall tillage is the
loosening effect without seriously dis-
turbing the standing stubble.

Water-intake measurements were
made on land treated with these three
implements soon after treatment and
compared with undisturbed stubble-
land. Results of two I-hour tests
shown in Figure 7 show that treated
stubble land took in water 60 to over
100 percent faster than the non-
treated stubble land. Deep chiseling
greatly increased water absorption,
but was less effective than the Noble
blade or a ripping treatment with the
alfalfa implement.

Additional tests of water-intake
rates were made the next summer on



the fields tilled the previous fall. This
was done after the usual summer-fal-
low operations, which had included a
subsurface tillage and a disk oper-
ation for weed control. At the time
water-intake tests were made during
the summer there was little surface
residue remaining. Only two treat-
ments were completely evaluated in
terms of water-intake rates. Tests
made were on the stubble land that
was fall treated with the Noble blade
as compared with stubble land that
had received no fall tillage. Results
of these tests are shown in Figure 8.
In the average of a series of 2-hour
runs there was no appreciable differ-
ence in the rate of water absorption

Fall Tillage

Noble blade
No fall

=8 tillage

35

30

254

WATER-INTAKE RATE IN INCHES PER HOUR

0s

on the land that had been tilled the
previous fall with the Noble blade
as compared with land receiving no
fall tillage. In other words, the sum-
mer-tillage operations had erased the
advantage that had existed during the
fall and winter on land receiving a
fall-tillage treatment. The other fall
treatments would be expected to fol-
low a similar pattern.

These tests strongly indicate that
ripping or similar tillage operations
in the fall would generally have little
influence on water-intake rates after
mechanical tillage was used for sum-
mer weed control. If chemical weed
control can be used and thereby re-
tain the shattering and loosening ef-

Total Water Absorbed
in 2 hours

3.20 inches
3.12 inches

T T r T

T . T - B
60 70 80 90 100 1o 120

TIME IN MINUTES

Fig. 8—Water-intake rates measured in late summer on land fall-tilled with
Noble blade as compared with non-fall-tilled land after similar summer tillage

operations.

(Water-intake rates in inches per hour at 5-minute intervals.)



fects of the fall tillage the results have
shown an advantage for fall tillage.
Fall tillage of a stubble land in some

areas is usually beneficial during the
winter where water losses occur from
fast snowmelt.

Water-Intake Rates During the Winter

Some preliminary work was done
during the winters of 1957 and 1958
at Sheridan on water absorption when
the soil was frozen to a depth of 1 ft.
or more. In these tests an attempt was
made to simulate flowing water
as would occur with melting snow.
The temperature of the water used
in these was reduced to about 35 de-
grees. On the different test plots a
continuous flow of a known quantity
of water was maintained for l-hour
periods. This applied amount minus
the measured runoff provided a rel-
ative measure of water absorbed in
the soil.

Fig. 9—Appearance of wheat stubble in t

Stubble fields on finer-textured
soils when ripped or tilled in the fall
while the soil is dry usually are well
shattered and loosened by such treat-
ment. This condition is shown in
Figure 9. During the winter when
the soil is frozen this loosened soil
has taken in flowing water at a rate of
over 6 in. per hour. Stubble fields that
are left undisturbed in the fall freeze
in a consolidated condition that is

almost impervious to water. In a series
of hour-long runs on frozen soil on
undisturbed stubble ground, less than
5 in. of water was taken in by the
soil, and this was in the top 2 in. of

he fall following tillage with a toolbar

with alfalfa-renovator teeth at 9-in. intervals operated at 6- to 8-in. depths.
A good shattering and loosening job is obtained but still leaves much standing
stubble to hold snow and protect the soil. This operation is followed the next
summer with chemical fallow, which retains this standing stubble until after
winter wheat is again seeded.
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surface soil. Water held in this zone
would usually be lost by evaporation.
Thus, in locations where water is
commonly lost during snowmelt and
particularly on fields where consider-

able snow drifting may occur, fall till-
age of stubble land may be worth-
while as a means of getting water into
the soil at a depth where it will be
retained for growing-season use.

Water-Intake Rates on Different Fallow Methods

Recognizing the importance of sur-
face cover to maintaining high water-
intake rates, a study was started in
1954 to find a method of using chem-
icals to control weeds on fallow land
and thereby preserve residue cover.
Studies made during this period in-
dicate that chemical fallowing on
some soils results in some undesirable
soil conditions but a combination of
tillage and chemical weed control ap-
pears desirable.

A number of tests have been made
of these methods in terms of ability

yields were studied also and informa-
tion on this may be obtained from the
Wyoming Experiment Station at
Laramie,

Figure 10 shows the water-intake
rate from land fall-ripped with an
alfalfa renovator and then fallowed
with Dowpon and 2,4-D all the next
summer with no mechanical disturb-
ance except drilling of the wheat at
the end of the fallow season. This
method is compared with convention-
al fall plowing and with mechanical

to handle intense storms. W heat summer fallowing. The third method
3.0,
............. I1-R;
T S T
el e"”'(‘al/y £
Sanl alig,,
. 254 e e e m T
3 i
I R Intake rate at end of 1 hour
g % ™ 2,16 in./hr
@ 20/ \
z \
z \
z \
N
R B N
2
¥
< N 1.18 in./hr.
£ 1.04 N
g g
£ Fallow Method  Total Water Absorbed N
¥ in 1 hour N 0.69 in./hr.
0s) Fall ripping
and chemicals 2.57 inches
Chemical fallow 2.12 inches
Plowed fallow 1.67 inches
1 1 3 2 e e
0 10 20 30 40 50 60

TIME IN MINUTES

Fig. 10—Water-intake rates on three different fallow methods.
(Water-intake rates in inches per hour at 5-minute intervals.)
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compared is chemical fallow with no
mechanical tillage at any time.
Water-intake data in Figure 10 rep-
resent an average of nine 1-hour runs
for each treatment. The results show
that the plowed or “black” fallow in
midsummer took in an average of
1.67 in. of water in 1 hour as com-
pared with 2.57 in. on the fall-ripped
chemical fallow and with 2.12 in. on
the chemical-fallow land. Intake rates
at the end of the 1-hour run on the
plowed fallow were .69 in. per hour
as compared with 2.16 in. on the fall-
ripped chemical fallow and 1.18 in.
per hour on the chemical-fallow land.
At the time the above tests were

made the fall-ripped chemical-fallow
land had an average of 2,050 1bs. of
surface residue per acre as compared
with 3,150 Ibs. on the chemical-fallow
land and no residue on the plowed
fallow. It is apparent that the fall-
ripping operation in connection with
the chemical fallow has provided a
surface condition that is sufficiently
more receptive to water entry to off-
set the usual effects of the greater
amount of residue that was present
on the chemical-fallow land. Also, the
data indicate that, when chemical
fallow is used after fall tillage, the
treatment benefit persists through the
summer.

Effects of Chemical Fallow for Four Years on Water-Intake Rates

When the chemical-fallow studies
were started at Sheridan, water-intake
measurements showed relatively large
advantages for this method as com-
pared with plowed fallow. The sur-
face protection provided by the chem-
ical-fallow method resulted in water-
intake rates of from 1 to more than
2 times greater than on the plowed
fallow land. However, as the same
land was kept in chemical fallow with
no mechanical disturbance, the evi-
dence began to indicate the develop-
ment of a dense, compact soil condi-
tion that may interfere with water
movement. Figure 11 shows water-
intake rates on plots under a chem-
ical-fallow system that has not been
plowed or mechanically disturbed
since 1953 as compared with soils that
have been plowed every other year

for fallowing. In 1957 the chemical
fallow took up 2.27 in. of water in
1 hour compared with 2.08 in. on the
plowed “black” fallow. Three years
previously the same plots showed a
difference of about 100 percent in
favor of the chemical fallow.!

On the basis of data collected to
date, it appears that on finer-textured
or “heavier” soils some form of me-
chanical tillage is probably necessary
in connection with chemical fallow-
ing. It appears that a hard, dense lay-
er develops after a few years in the
top 2- to 4-in. of soil which adversely
affects water entry as well as plant
development. All indications to date
are that some type of tillage for shat-
tering and loosening at depths of 6- to
12-in. when the soil is dry improves
this condition.

Effect of Surface Conditions on Water-Intake Rates

Comparisons of water-intake rates
were made on the same plots of

“black” fallow in 1956 and 1957. In
1956 the surface soil was mellow and

'Water-intake measurements made by Frank Rauzi, ARS, in 1954.
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Fig. 11—Water-intake rates on plowed fallow land as compared with chemical
fallow that has had no mechanical tillage since 1953.

(Water-intake rates in inches per hour at 5-minute intervals.)

would be considered in good tilth.
In 1957 one tillage operation left the
surface with numerous clods of 1 to
3 in. in diameter. These became baked
and extremely hard. This condition
persisted throughout the summer. To
evaluate these two conditions of
“black” fallow, a series of runs were
made with the rainfall simulator. The
data collected on these conditions are
shown in Figure 12. In this series of

I-hour tests the hard, cloddy condi-
tion took in 2.30 in. of water as com-
pared with 1.67 in. where the surface
was less cloddy. As shown in Figure
12, the cloddy surface conditions ab-
sorbed a storm of 2.85 in. of water
per hour for 30 min. as compared with
only 10 min. for the soil with the more
pulverized surface. The appearance
of these two soil conditions is shown
in Figure 13.

Long-Time Cropping Effects on Water-Intake Rates

Numerous variations in cropping
methods have been studied at the
Sheridan Station over the past 40
yFars. In general most cropping prac-
tices through this period have re-
sulted in a loss of 20 to 40 percent of
the organic matter since the land was

first broken from virgin sod in 1916.
One continuous cropping rotation in-
cluded the use of barnyard manure
every third year throughout this pe-
riod. This practice has maintained
the organic matter at approximately
the same level that was present in

-
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1916. An adjacent plot that had the
same crop rotation but with no ma-
nure, lost approximately 36 percent
of its organic matter since 1916.

In 1956 both of these plots were in
“black” fallow with no evident dif-
ference in surface condition. A series
of water-intake tests was made to test
these two conditions for water absorp-
tion during an intense storm. Figure
14 shows the results of this test. Un-
der an intense simulated storm and
with no residue protection on the
surface there was little difference in
water absorption for soil where the
organic matter had declined by 36
percent as compared with soil where
the organic matter level had been
maintained through the period of
years by addition of manure. It
should be emphasized that these tests

3.0

WATER-INTAKE RATE IN INCHES PER HOUR

were with an intense rain of nearly
3 in. per hour and that the surface
had no residue cover.

Another comparison was made on
soil where a green-manure crop had
been turned under every year since
1916. No crop had been removed
from this land; it had produced a
crop of peas each year but these were
plowed under for green manure. The
adjoining plot had been cropped each
year, alternating small grains and
corn, and the crop was harvested and
removed each year. Turning the peas
under each year had no significant ef-
fect on the organic matter of the soil
during this period, as compared with
the normally cropped land. Water-in-
take measurements were made to eval-
uate these two soil-management prac-
tices.

Intake rate at end of 1 hour

0.97 in./hr.
Total Water 2%
Absorbed Y087 in/hi.
0.5 Surface Condition in 1 hour
Cloddy 2.30 inches
Mellow 1.67 inches
A 1 L L ' L
v AJ T L -
0 10 20 30 40 50 60

TIME IN MINUTES

Fig. 12—Comparison of water-intake rates on cloddy soil surface with mellow,

well-pulverized surface.

(Water-intake rates in inches per hour at 5-minute intervals.)



At the time intake tests were made,
both plots were in “black” fallow
with no surface residue. Figure 15
shows the results of the water-intake
tests and that the rate of the water en-
try was almost identical for both soil
treatments.

The results of such tests appear to

Fig. 13-A—Soil surface
is mellow and well pul-
verized. Lack of surface
cover on soil in this
condition results in rap-
id decline of water in-
take during intense
rainstorms. During a
simulated rainfall of
2.8 in. per hour, runoff
started on this soil con-
dition in 10 minutes.

Fig. 13-B—A cloddy soil
surface will handle
heavy sto rm s longer
than those shown
above. In a simulated
rainstorm of 2.8 in. per
hour, runoff started in
about 30 minutes.

emphasize the need for surface cover
to accommodate heavy rainstorms. Ex-
treme differences in organic matter
within the soil or in soil management
practice failed to make any impor-
tant difference in water-intake rates
during intense storms when the soil
was unprotected.

Water-Intake Rates for Long-Duration Storms

To determine the behavior of these
soils when exposed to long periods of
rainfall, tests were made for a 6-hour
period. In this test the surface was
covered with straw in an amount
equal to 5000 1bs. per acre. This pro-
vided complete surface protection.

Tests had been made previously to
determine the amount of water inter-

cepted and held by straw. These tests
showed that 4000 Ibs. of straw per
acre took up .07 in. of water. Thus,
with 5000 Ibs. of residue the first .09
in. of rainfall would be intercepted
and held by the residue. This amount
of water would vary slightly with the
kind and condition of residue, but in
any event this amount would be a mi-
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Total Water Absorbed
in 1 hour

1.27 inches
1.52 inches

Land with no O.M. loss
Land with 369%, O.M. loss

Intake rate at end of 1 hour
0.30 in./hr,

0.25in./hr.
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Fig. 14—Water-intake rates on land where organic matter had been maintained
at the 1916 level as compared with land where organic matter declined 36
percent since 1916 (Tests made on bare fallow).

(Water-intake rates in inches per hour at 5-minute intervals.)

nor factor under the conditions of the
tests reported here.

Figure 16 reports the results of the
6-hour test. An application rate of 3
in. per hour was used and the data
show that for a period of 30 min. no
runoff was produced and at the end
of 1 hour the water-intake rate was

2.9 in. per hour. At the end of 6
hours the water-intake rate was still
.8 in. per hour and a total of 8.98 in.
was absorbed by the soil in the 6-hour
period. This is reported to indicate
the capacity of the soil over a longer
period of time and with complete
surface protection.

One opportunity for increased lated rainfall on various soil condi-
moisture conservation in the Great tions of cropping and residue-manage-

Plains is by reduction of water loss
from runoff during intense storms
and from rapid snowmelt. In an ef-
fort to evaluate effectiveness of a
number of soil and residue-manage-
ment practices in terms of water-ab-
sorption rates, a study was set up at
the Sheridan Station to apply simu-
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ment. A mobile infiltrometer was con-
structed and a number of soil condi-
tions were evaluated in terms of their
capacity to handle the intense type of
storm. Limited work was done also
on water absorption during the win-
ter when soils were frozen.
Comparisons were made of water-
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Fig. 15—Water-intake rates on land where peas grown since 1916 and returned
each year as green manure, compared with land with normal crop removal
each year (Tests made on bare fallow).

(Water-intake rates in inches per hour at 5-minute intervals.)

30 Total Water Absorbed
in 6 hours

25 8.98 inches
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Fig. 16—Water-intake rates over a 6-hour period with a residue cover equal
to 5000 Ibs. per acre.

(Water-intake rates in inches per hour at 30-minute intervals.)
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