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Contour ripping: A tillage
strategy to improve water
infiltration into frozen soil

J.L. Pikul, Jr., D.E. Wikkins, J.K. Aase, and J.F. Zuzel

ABSTRACT: Practices that combine stubble management for snow carch and contour-ripping for
snowmelt infiltration have potential to increase water infiltration and soil water storage. Our ob-

Jective was to [nvestigate soil ripping to improve water infiltration into frozen soil. Infiltration

studies on frozen soil were conducted ar sites near Pendleton, Oregon (sile loam soil), and Cul-
bertson, Montana (sandy loam soil). Ripping was performed with a single chisel or parabolic sub-
soiling shank at 6- to 8-m intervals on the contour to a depth of 0.2 to 0.3 m. Final infiltration
rate on the sandy loam averaged 11 mm h*' on the rip treatment and 1 mm b on the no-rip
treatment even when the soil was frozen deeper than 0.6 m. On the silt loam soils, when the av-
erage depth of frozen soil was 0.14 m, average final infiltration rate was 28 mm b’ on the rip
treatment and 2 mm b on the no-rip treatment. [here were no treatment differences on the silt
loam when the soil was frozen 0.35 m. Soil condition at the time of ripping determined the effec-
tiveness of tillage to improve water infiltration; there was little benefit from ripping a dry pulver-
1zed soil because loose soil flowed into the rip and obliverated the rip path. Desirable macropore
structure on loose soil was achieved by deferring ripping until the soil was frozen. Infiltration
measurements show that soil ripping has potential to increase water infiltration and consequently
decrease water runoff . and if used in conjunction with stubble mrzzzégement to MAXIIMIZe SHOW

[7'11P/)lllg, rmndy incredase gverwinter S(Iil water _»’[Ulﬂgé’.

Soil freezing and thawing affect large agri-
cultural areas. as well as range and forest
land. Within the United States. Formanck et
al. (1990) estimated that nearly 1.2 million
km® (0.46 million mi*) of crop land. 1.3
million km® (0.5 million mi’) of forese land

and 1.8 million km* (0.69 million m1*) of

erazing land arc impacted by freezing and
thawing. From an agriculwural perspective,
defining interactions of freeze-thaw on
movement of water and chemicals is of high
importance. Miller (1980) described diffi-
culties inherent to investigations related to
soil freezing and thawing, and stated that
“In narure. these processes [freezing induced
water redistribudion] go forward rather slow-

Iy within and below a frozen crust that may

“have the strengrh of concrete. They oceur

during a season of inclement weather. Io s

not surprising that knowledge of these
t £

processes is less than it should be nor that

much of what we do know 1s derived from
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laboratory tests and experiments.”

Water infiltration into frozen soil is pri-
marily determined by soil water content ac
the time of freezing (Kane 1980). The
freezing process induces water flux from
unfrozen soil to the freezing fronc (Pikul
et al. 1989). As the surface cools, a frac-
tion of the water in the soil pores freczes.
lce particles remain separated from the
soil by a thin water film; che thickness of
the film depends on temperacure, pore
size distribution, and solutes in the pore
water. Freezing of water effectually dries
the soil in the region of ice formation
thereby decreasing the matric potential.
Water flows towards the region of low ma-
tric potencal. An increasingly tortuous
water flow path devcelops as pore spacc fills
with ice and warter films decrease in thick-
ness. In the inland Pacitic Northwest,
which has a winter precipitation pateern,
soils often freeze at a high water content
resulting in a nearly impermeable condi-
ton. Air-filled macropores provide impor-
tant preferential water flow paths through
frozen soil and increase water infiltration
(Gray et al. 1990; Zuze! and Pikul 1987).

The importance of freeze-thaw on agri-
cultural lands as related ro runott and cro-
sion hazards 1s recognized and consider-
able research has been conducred to
identity problems and possible solutions.
However, implementing solutions at the
field scale can be difficult. Typically, soil
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Figure 1. Average monthly precipitation at infiltration sites near Pendieton, Oregon (61-
year average), and Culbertson, Montana (27-year average)
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Figure 2. Soil bulk density for Walla Walla silt loam in Oregon and Dooley sandy ioam in
Montana; brackets show one standard deviation

erosion control cftores have been chrough
tillage and residue management systemns
that maintain adequate surface roughness
and suitable amounts of crop residue on
the surtace. Atlmaras et al. {19795 have
shown that crosion control in castern
Oregon ofren requires combinations of
ullage, residuc management, contouring,
or terracing. Growers must plan on hav-
ing sufficient residuc cover following fall
planting. Percent surface cover is deter-
mined by the Nacural Resources Conser-
vation Service {(NRCS) to meet aceeptable
soil loss rolerances, bur even the best
management practices may fail o reduce
water runoff and crosion when the soil is
frozen or partially frozen (Saxton ¢t alb.
1981).

Frequent freezing and thawing of soil
together with wincer raintall or snowmelr
can create severe soil crosion problems.
For example, in the summer fallow-winter
wheat (7riticum aestivum L) production
arcas of the inland Pacific Northwese,
water crosion problems often develop
during the winter following fall planting.
Mcchanical summer fallowing, such as
rodweeding, o control weeds and o limig
soil water evaporation. rypically leaves the
surface soil i a pulverized state with mea-
ger amounts of surface residue. Wheat
plant development during the fall grow-
ing period rarcly provides sufficient sur-
face cover to prevent dispersion of the soil
surface by raindrop impact. Late fall and
carly winter rainfall causes crusting of the
soil surface which reduces water infilira-
ton. These fields enter the wineer months
susceptible to soil erosion. Frozen soil fur-
ther reduces soil permeability, increases
the risk of water runoft, and decreases the
potential o store soil water. Soil losses
caused by water erosion can be especially
high during hicavy rainfall or snow mcl
when a chawed soil laver overlies a frozen
faver (Zuzel coal. 1982).

On r;mgclands, various mechanical
treatments such as ripping, pitting, and
contour furrowing have been used 1o cre-
ate surface storage and increase water in-
filtration opportunity. For example, in
castern Monrtana conrour furrowing of
sloping land with low infiltration capacity
improved precipitation-use clficiency
(Wight and Siddoway 1972). Where
snowlall is significant, contour turrowing,
of range land ncreased snow water accu-
mulation by 60% and soil warer recharge
by 161% compared to natural range (Nett
and Wight).

On cropland. the objectives of tillage
are to incorporate residues or amend-
ments, control weeds, and prepare the soil
for seeding. Tillage to specifically prepare
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Figure 3. Water infiltration on rip and no-rip treatments at site 1 on Walla Walla silt loam
when the soil was frozen 0.12 m in December 1988 (a) and 0.35 m in February 1989 (b)

ficlds for spring runoft is generally noc a
consideration. Experiments designed to
test the effect of dllage on overwinter soil
water storage arc often executed using
whole-field rillage implemencs such as
disk or chisel plows. Interpretation of the
cffectiveness of tillage on warer infiltra-
tion is difficule because whole-field rillage
destroys vertical crop residue essential for
snow trapping and increases cvaporative
soil water loss. On the Canadian Prairices,
where snowfall accounts for approximate-
Iy 30% of the annual precipiation, Maulé
and Chanasvk (1990) reported chat
snowmelt recharge, measured from fall to
post-melt in the spring, was 36% grearter
in fields that were chiseled in the fall com-
pared to fields that were not chiscled. Lal
and Steppuhn (1980) reviewed literature
on the ctfect of fall dllage on soil water
storage and found that on the Canadian
Prairics, ¢llage did not increase overwin-
ter soll water storage.

Management practices that combine
the use of stubble management for snow
carch and contour-ripping for warter infil-

rration have potential to reduce runofft
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and increase soil water storage. In south-
ern Saskatchewan, Canada, Gray ct al.
(1990) reported greater spring wheat
yiclds on plots that had been managed
for snow catch and water infiltration than
on undisturbed stubble checks. In the in-
land Pacitic Northwest where freezing
and thawing accounts for a significant
portion of the soil crosion problems, Sax-
ton et al. {1981) used slot-mulching, also
termed vertical mulching (Spain and

McCune 1956), 1o reduce water runoff

from ftrozen soil. Saxton ct al. (1981)
found that water runoft was ten times
greater on no-till check plots compared to
the slot mulch plots. Pikul et al. (1992)
have shown that soil ripping can intercepr
and infilerate melowater [hmu%h frozen
soil and that spacing ot soil rips can be es-
timated from historic precipitation pat-
terns and permeability of unfrozen subsoil.
Methods that increase snowmelt infilcra-
tion when the soil is frozen need to be

considered as part of the management
plan in regions where soil warter limirts
plant growth and where soil erosion may
be a problem. Our hypothesis is that
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rlllagc induced macroporosity provides
important preferential water flow paths
through slowly permeable frozen soil.
This hypothesis needs to be tested for a
varicty of soils and weather conditions,
Our objective was to investigate soil rip-
ping as a tillage practice to improve water
infiltration into frozen soil.

Materials and methods

Experimental sites. Water infiltration
studies on frozen soil were conducted at
three sites near Pendleton, Oregon, and at
a fourth site near Culbertson, Montana,
on slopes that ranged from ncarly level to
38%. Pendleton has a Mediterranean cli-
mate; annual precipitation (01-year aver-
413 mm (16.27 in) (65% during
Ocrober through March). Culbertson has

age) s

a conuncental climate; annual precipita-
von (27-year average) is 359 mm (14.14
i) (20% during October through
March). Average precipitation for Pendle-
ton, Oregon, and Culbertson, Montana,
are shown in Figure 1.

Oregon. Site 1 was on a Walla Walla silc
loam (Typic Haploxeroll) with no apprecia-
ble slope. This field has been in a summer
fallow-winter wheat rotation where prima-
ry tillage was with a moldboard plow in the
spring of che fallow year. Secondary rillage
was done with a spring woth harrow and
rodweeder during the summer. Winter
whear was seeded in Seprember 1987.
Wheat was mowed to a height of abour
0.10 m (4 in) in June 1988 to create uni-
form surface cover. Cut wheat was raked
and removed from the ficld. Regrowth was
killed with glyphosphate. A single 0.05-m
(2.0 in) wide straight shank chisel was used
to rip the soil 0.20 m (8 in) deep on 6-m
(19.7 f1) intervals before soil freeze-up. Soil
water content at the time of ripping was
0.14m'm . Treatments were rip ot no rip.

A l’alousg rainfall simulator (Bubenzer
et al. 1985) was used to apply water at a
ratc of Al mm h' o 1 m* (1.2 in h' to

0.76 ) infilcration frames. Infilcration
frames were constructed of heavy gage
sheer meral and driven into the soil o a
depth of 0.25 m (9.8 in) before soil
freeze-up. Infiltration frames were in-
stalled at randomly selected locations on
rip and no rip areas. Inside edges of the
infiltration frames were scaled with ben-
tonite clay to prevent water leakage along
the metal-soil interface. For the rip treat-
ment, infiltration frames were centered
over the fracture zone. Soil was removed
from the rip adjacent to the outside of the
infilcration frame, then backfilled and
packed to climinate lateral flow of water.

Water application rates were measured
by collecting the runoff from a 1 m- cali-
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Figure 4. Ratio of cumulative runoff to cumulative precipitation at site 2 on Athena silt

loam

INote: Varneal Iines mdicate times when the soil was frozen ac least 0.05 mdeep. Fach uck mark corresponds o 9 days.

bration pan placed over the infiltration
framy ar the beginning and end of cach
test. Water was applied for 3 hours. Water
temperature for all infilration tests was

close 1o 0°C ro imirate the temperature of

runoff from snowmelt. Infiltration rarte
was caleulated as the difference between
application rate and runoff rate. This sim-
ulator has two rainfall heads, which pro-
vided simultancous infiltration measure-
ments on the rip and no-rip treatments.
[nfiloration measurements with the simu-
Lator were nort replicated because of the
ditficulry of moving che simulator follow-
ing the frozen soil rests. Infilcracion was
measured 1 December 1988 and Febru-
ary 1989, The soil was frozen o a depth
ol .12 m {4.7 in) at the ume of the De-
cember tests and 0.35-m (13.8 in) for the
February tests. After the December tests
the soil complerely thawed and refroze
prior to the February tests. Infiltration
frames used for the December tests were
not reused for the February teses. doil
bulk density on the no-rip treatment was
measured m 0.02-m (0.79 1n) increments
to adepth of 0.5 m 119,69 1) with a tube
sampler having an inside diameter of 20,4
1O8E ).
Swelve cores, cach cut into 20-mm 10,79

mm 0.8 0 CAllmaras e al.

in} segments, were taken to estimare bulk
density. Soil samples for gravimetric soil

water content were taken from ourside of

che infilcrarion frame.

Site 2 was on an Athena sile loam (fine-
silty, mixed, mesic Pachic Haploxeroll) on
a 33 to 38% slope. This field has been
managed in a wheat-fallow rotation and is
highly crodible. Primary tillage was with a
moldboard plow in the spring of 1988,
Sccondary tillage was with a field cultiva-
tor and rodweeder during the summer,
Winter whear was sceded Ocrober 13,
1988, into a dry scedbed. After sceding,

the field was ripped at contour intervals of

about 8 m (26.25 {t) w a depth of 0.30 m
{11.81 in}) using a special single-shank
cillage rool designed to rip the soil and
create a series of pock marks along rhe
rip-path (Wilkins ¢t al. 1991} Ripping
failed ro create a well defined macropore
channel that was open to the surface be-
cause dry soil flowed into the rip. Treat-

ments were l'iP ‘Hld no l'ip. water runott

during the winter of 1988-1989 was mea-

sured using duplicare bordered runoft

plots on the rip and no rip teatments.
Each runott plot was 3.33 m” {35.84 fi).
Corrugared sheer metal borders were dri-
ven about 0015 m (5.9 i) deep into the

soil. On the rip vearment. borders were
installed so thar dhe rip was focated in the
lower (down slope) portion of the runaofi
plot near 1o the collecror, This provided a
27 m (886 o catchment up slope from
che np. The ment of this positioning was
to test the capability of the rip w inter-
cept runoff. Runoff was measured from
1988, to March 30, 1989.
Soil temperature was measured ac a depth
of 0.05 m (1.97 in) and was used to de-
termine when the soil was trozen.

November 8,

Site 3 was on a Palouse sile loam (fine
silty. mixed, mesic Pachic Ultic Haploxe-
roll) on a 18% slope. This ficld has been
classified highly erodible by the Natural
Resources Conservation Service. Primary
tllage was with a moldboard plow in the
spring of the vear. Sccondary tliage was
done with a spring woth harrow and rod-
weeder during the summer. Winter wheat
was seeded Seprember 1990, The ficld
was ripped at contour intervals of abour 8
m (26.25 fu) and to a depth of 0.30 m
(11.81 1) on December 31, 1990, when
the soil was frozen 0.10-m (4 in) deep.
Ripping was done using a special single-
shank allage tool designed o rip che soil
and create aseries of pock marks along
the rip path (Wilkins ¢t al 1991). Rip-
ping when the sotl was frozen resuled in
awell defined vipping trough thar re
mained opened to the surface which is in
contrast to the ripping performed on Sire
2 when the soil was Toose and dry.

Borders for the infiltracion plots were
installed when the sotl was frozen by first
curting through the frozen soil with a car-
bide-tipped chainsaw perpendicular to the
direction of the rip. On cthe no-rip treat-
ment, cuts were made perpendicular 1o
the seed row (furrow). Steel plates were
driven into che cuts 0.3 m (11,81 in) deep
o detine o T-m (328 1) lengih of ripped
sotf on the rip reament and T-m lengeh
of furrow on the no-rip treatment. Inside
edges of the plares were sealed wich ben-
tonite clay to prevent water leakage along
the metal-soil interface. Soil was compact-
¢d on rhe ourside of the plate to climinate
lateral iow of water. The cffeciive arca tor
infiltration was defined by the steel plates
and rthe soil berm and was approximately
0.27 m* (2.9 t') on the rip trearment and
0.13 m° (1.4 f') on the no-rp treatment.
Infiltration trames were installed ac three
randomiv sclected locations on the rip
treatment and two randomly sclected Jo-
cations on the no-rip treatment.

Ponded infiltracion tests were made on
January 3. 1991 when the soil was frozen

0 16-m (6.3 i) deeps A ponded infilira-

tion test imitates runoft events where
water would naturally accumulace 1 the
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Figure 5. Water infiltration on rip and no-rip treatments at site 3 on Palouse silt loam

when the soii was frozen to 0.16m

Note: Brackets show one seandard deviauon tor the rip creaunent and duphicace duts points are shown for the no-

RN freatnnent g

rip or the furrow of the sced row. Water
temperature for all infiltration tests was
close to 0°C o imitate the temperacure of
runoft from snowmelt. Ae the stare of the
infiltration test, an estimate ol surface
storage was made by rapidly filling the vip
or furrow with water.

Montana. Site 4 was located near Cul-
hertson, Montana, on a Dooley sandy
loam (linc-loamy, mixed Typic Argi-
borollt with about a 5% slope. Prior 1o
1975, the experimental arca was in grass.
Berween 1975 and 1991 dhe land was
cropped in a wheat-fallow roration. On
both the rip and no-rip treatments,
spring \th;l( ‘1;1.\‘ l)CL'I] g[‘()wn Jnnug”y
since 1991, Scedbeds were prepared
with 0.45 m (177 1in} wide medium-
crown sweeps. In 1992 wheat was har-
vested using a conventional combine
header. Stubble height was about 0.20 m
{8 1ni.
with a stripper headan wiich e stupnic
most as tall as the 0.6-m (23,6 1)
TO-m (2992 )

In 1993 wheat was harvesoed

uncut crop. Plots were

Tong and 23-m (755 fu) wide with the
long axis parallel o the slope. In Octo-

ber 1992 and 1993 a single 0.05-m

(1.92 in) wide parabotic sub-soiling

i v NN
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shank was used to rip the soil 0.30 m
{(11.81 in) deep on 6-m (19.7 fO) con-
tour intervals. Statistical design was
completely randomized with three repli-
cations of rip and no-rip trearments.

Infiltration frames were 1.16 m (3.8
() long by 0.61 m (2 ) wide by 0.3 m
(11.81 in) deep and were installed on
cach replication of cach treatmenc prior
to suil freezing in 1992 and 1993. Edges
were sealed using techniques previously
described. Ponded water infiloration teses
were made in January 1993 when che
soil was frozen to a depeh thae exceeded
1 m (3.28 t1) and in February 1994
when the soil was frozen 0.6 m (2.0 fr)
deep. Water remperature for all infilera-
tion rests was close to 00C 1o imitate the
temperature of runott from snowmelt. At
the start of the infilieation test. an est-
mare of surface storage was wade lw_\'
rapidly tilling the rip or furrow with
watcr.

Sotl bulk density on the no-rip treat-

ment was measured in 0.03-m (1.2

) -
crements o a depth of 0.6 m (2 o) using
the tube sampler previously described.
Three cores were taken from cach replica-
tion of the no-rip treatment. Soil samples

for gravimeurie sotl water content were

taken ouwside the mifthration frame.
Results and discussion

Timing ot precipiation can be an im-
portant factor affecting water intake into
frozen soil. Generally, a soil frozen in a
wet state will have less infil racion capaci-
ry than the same soil frozen at a lower
water content. Average precipitation for
Pendleron, Oregon, and Culbertson,
Montana, are shown in Figure 1. Rains in
October and November at Pendleton may
he a habilicy for infileration Tater in the
winter because the sotd surlace freezes ina
wet state. In contrast, chere are few au-
tumnal rains in castern Montana and with
annual cropping practices, the soil gener-
ally freezes in a drier state than thac of
castern Oregon. For the infiltraton mea-
surements conducred in Oregon (site 1, 2,
and 3) precipitation was 23 mm (091 1n)
below normal tor measurements made on
December 28, 1988; normal for measure-
ments made on Fcbru;uy 2. 1989; and 51
mm (2 in) below normal for measure-
ments made on January 3. 1991, For the
mtileration measurements conducted 1
Montana (site 4). precipitation was 26
mm (1.02 in) below normal for measure-
ments made on January 20, 1993, and 29
mm (1.14 in) below normal for measure-
ments made on February 16, 1994.

Water infileration rates vary between
soil types and wide differences in infiltra-
tion can occur within a given soil type be-
cause of difterent antecedent soil warter
contents or management that has creared
unique tllage pans. Soil bulk density for
the Walla Walla silt foam and Dooley
sandy loam are shown in Figure 2. The
Walla Walla soil 1s a loess and has a very
uniform texture (55% silt) tn the rop 0.5
m (19.7 in). A distinct mcrease in bulk
density ac about 0.2 m (7.9 1n) roughly
corresponds to the depth of moldboard
plowing. Soil ripping did not penctrace
the tllage pan. The Dooley sandy foam is
glacial dll. In the top 0.3 m (11.81 mnj.
sand content decreases from about 65% at
0.05 m (1.97 in) 1o about 35% at the 0.3-
m depth, while clay content Increases
from about 12% ro 20%. The distinet in-
crease in bulk density starting at about
0.05 m (Figure 2) roughly corresponds to
the depth of sweep tillage. This pan was
fractuied by ripping with the parabolic
subsoiling shank.

Infiltration. Oregon. In the inland Pa-
cific Northwest there are frequent freezing
and thawing cycles cach year (Zuzel et al.
1986). However, the depth of freezing is
typically shallow and rarcly exceeds 0.4 m
(15.75 in) under a bare surface. In the ab-
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Figure 6. Water infiltration on rip and no-rip treatments at site 4 on Dooley sandy loam
when the soil was frozen deeper than 1 m (a) and 0.6 m (b)

(Note: Brackets show one standard deviaton.)

Time (h)

sence of snow cover, freezing depth can be
35% less under standing stubble than
under a bare surface (Pikul et al. 1986).
Depths of frozen soil at the time of the in-
fileration measurements (Table 1) are typ-
ical of the expected freezing depths in
eastern Qregon.

Site 1. This field was ripped when che
soil was consolidated but unfrozen. Large
clods and fractures and incorporated
straw in the ripping trough provided a
system of surface-connected macropore
channels that remained open throughout
the winter. For the December 1988 infil-
tration tests, the depth of frozen soil was
less than the depth of rillage and surface
connected macropores provided impor-
tant preferencial water flow pachs. Final
infilration rate on the rip treaument was
21 mm h ' (0.83 in h '} compared 10 0
mm h"' on the no-rip treatment (Figure
3a). The Walla Walla soil when frozen ar a
water content of 0.6 m* m * and nor
ripped (Table 1) was impermeable. High
water content in the surface 0.05 m (1.97
in) was a consequence of water accumula-
tion due to the freezing process.

Depth of freezing may limic the effec-
tiveness of ripping as a means to increase
water infiloration on the Walla Walla soil.
There was no difference in water infiltra-
tion when the depth of freezing was
greater than the depth of ripping (Figure
3b). Depth of ripping was 0.20 m (7.87
in). Water content of the frozen soil di-
recely under the rip was 0.26 m* m*’
When the Walla Walla sile loam soil was

Table 1. Selected soil and infiltration parameters for the infiltration tests conducted in Oregon and Montana

Infiltration
test

Site 1

0.12 m frozen soil (Dec. 1988)
Rip
No-Rip

0.35 m trozen soil (Feb 1989)
Rip
No-Rip

Site 3

0.16 m frozen soil (Jan 1991)
Rip
No-Rip

Site 4

1+m frozen soil (Jan 1993)
Rip
No-Rip

0.6 m frozen soil (Feb. 1994)
Rip
No-Rip

* Water storage capacity ot ripped trough or non-ripped surface

69

Snow water
Soil volumetric equivalent on
water content on day day of test
of test mm
0to Bottom
_ 005m of rip
0.27 0
0.6 0
0.26 0
0.64 0
0.25 0
0.44 0
- 0.26 28
0.31 28
0.24 69
0.24

Surface Temperature of Final
storage on water used for infiltration
day of test” infiltration test rate’

mm ‘C mm/h
0.8 21
0.8 0
1
0
40 (55) 0.1 3516
7 (0) 0 4(4)
0 12
112 0.3 1+1
56+4 2.5 9+2
5+2 3.0 1+1

* Final infiltration rate following 3 h of water application on the Walla Walla soil, 1 h of water application on the Palouse soil, and 2 h water

application on the Dooley soil.

' Duplicate runs are indicated in parenthesis, otherwise +1 standard deviation.
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frozen, even ac a relanively low water con-
tent. infittration was reduced (Table 1)
Site 1. ripping did nort fracture the rillage
pan which iy located ac abour 0.20 m
(Figurc 2). Pikul and Allmaras (1986)
have shown thar the unfrozen saturated
hydraulic conductvity of the ullage pan
was nearly ten-fold less than the underly-
ing soil. The combination of frozen soil
and inherently low unfrozen saturated hy-
draulic conductivity of the dllage pan
may cxplain why infiltradon was reduced
when this soil was frozen, even at a rela-
tvely low water coneent.

Site 2. The sequences of dllage during
the summer preceding wheat seeding cre-
ated a pulverized, dry soll that was vulner-
able to soil erosion. Because of the dry tall
conditions, whear was sceded into a dry
seed bed. Ripping failed to creatc well de-
fined mactopore channels opening to the
surface because dry soil flowed into the
rip and obliterated the path of the ripping
tool. Scanty amounts of crop residue pro-
vided liede surface prorection from an in-
tense 35 mm (1.38) rain storm during the
end of Ocrober and before soll freeze-up.
Down-slope soil movement from this one
event silred-in most of che depression
arcas that were created by ripping,

Runoft measurements from November
9. 1988, ro March 30. 1989, failed 1o
show consistent differences berween rip
and no rip treatments (Figure 4). During
a period of intermittent freezing and
[hawing from January 6, 1989, to January

1989, the ratio of runoff to prccipita—
tion increased 70% on the no rip treat-
ment and 42% on che rip weatment. Dur-
ing this shore time interval runoft was
reduced from the rip treaument. For the
season. the ratio of cumulative runoft 1o
cumulative precpitation was 33% on
both the rip and the no np treamments.
These dara show that there was litde ben-
cficial effect of ripping on water infiltra-
tion when surface connected macropore
channcls were silted-in.

Site 3. This site was similar to Sirte 2
having a sequence of rllage during fallow
which lefe the surface pulverized. Because
of the Toose soil conditions ac seeding
time. ripping was deferred until the soil
froze approximately 0.10 m (4 in) deep.
When

structure which was evidenced by large

frozen. this soil maintained tllage
well defined fraceures in the illage trough
opening 1o the surface. Infiltration mea-
surements when che soil was frozen to a

depth thar was less than the depth of

rillage showed trends thar were similar to
the measurements made ar Site 1. Final
infileration rate on the rip treatment was
abour 14 mm h ' (0.55 in hr ') greater
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Water con-
in) was .44
T'his sotl froze ar a warer

than that measured ar Sice 1.
tent of the top 0.05 m (197
m'm {Table 1).7
content thar was less than chat of Site 1.
and final infiloation on the rip treatment
was nearly 10 times greater than on the
no-rip rrearment (Figure 5).

Montana. There is considerable variabili-
ty in winter weather across Montana. One
broad classification to characterize freeze-
thaw frequency has been to map the fre-
quencey of Chinooks (Capri ct al. 1981).
Culbertson, Montana, is located in an arca
of low Chinook frequency. Typically. there
is one treeze-thaw evele where the soil can
frecze as carly as the first part of November
and remain frozen through March. In both
1993 and 1994 the soil froze deeper than
0.6m (23.62 in) (Table 1).

Infileration was measured during two
winters. In January 1993 and February
1994, soil water content at the surface
was less than that of the Oregon test sites,
but at the depth of rillage. soil water con-
tent for the Montana test site was similar
to that of the Oregon test sites (Table 1)
1993-1994 winter.
stubble trapped snow and accumulated 69

mm (2.72

During the tall wheat
in) snow water cquivalent
(Tahle 1)
that had 0

lated only abour 20 mm

By LI()IHP;[I'i\'()I) adjacent tields
2 m (7.87 in) stubble accumu-
((1.78 in) snow
water equivalent.

Similar to the Oregon tests, water infil-
(ration was greater on the rip treatment
compared to the no-rip treatment (Figure
6). The soil was frozen deeper than 1 m
{(39.37 in) during the 1993 tests and o
0.6 m (25,62 in) during the 1994 tests
{Table 1), In both years the depth of rip-
plll” was 0.3 m (11.81 in) and final inhi-
(0.04 1n

[l‘l[l()ll rate «l\rlef_"L‘d mm l]

hr ) on the no-rip reatment and 11 mm
h 0.43inh
Infiltration rates into frozen soil have

¢ ') on the rip treatment.

been shown to be closely linked to soll
water content ar the time of freezing,.
However, soil water content alone cannot
be used to explain why the ripped treat-
ment had greater water infiltration chan
the non-ripped treatment in 1994, be-
cause soil water content at the surface was
the same as soil water contenrt at the
depth of dillage (Table Thin surface
crusts that form as a resule of high intensi-
()’ sumimer ratnstorms cause Ir(dUCCd
water inhiltration in unfrozen soil (Pikul
and Aase 19995).
frozen at relacively Tow water content
could be expected to further reduce water
infiltration. Our measurements show a
difference in water infiltration between
uppcd and non-ripped soil and the dis-
ruption of surface crusts and tillage pans

These same crusts when

AND WATER CONSERVATION

by ripping as well ay the creatuon of pref-
crental flow paths may all contribute o
the increased water infiltracion on the
ripped plots.

Conclusions

Infilcracion tests were conducted at four
sites with three ditferent ripping tools.
Specific tillage tools were not evaluated in
this study; however, the objective of rip-
ping was to create large soil fractures that
remained open to the surface throughout
the winter. Ideal fracture zones could be
obtained by ripping a soil that was consol-
idated and ar an intermediate water con-
tent: however, weather vagaries often cre-
ate condinons that are less than ideal. For
cxamplc at Site 2, there was litde benefit
of ripping a dry pulverized soil in antici-
pa[mn of 1 unpmvmiﬁ water infiltration
later in the winter because loose soil
flowed into the rip and obliterated the rip
path. Unforrunately, fields such as this
present the greatest risk for water runoff
and soil crosion during the winter follow-
The field ar Site 3 was
Hallowed,

strucrure

ing fall sceding.
also mechanically summer but

desirable macroporc was
achicved by deferring ripping until the
soil was frozen. Berween fall seeding and
soil ripping at treeze-up the field was vul-
nerable to runoft and crosion, thercfore
ripping alone should not be considered a
substitute for residue management sys-
tems that maintain surface cover. At Site 1
and 4 the soil was consolidated at the
time of tillage. Ripping created large clods
and consequently large fractures, which
remained open to the surface throughout
In addirion, the surface was

protected by residue cover.

the wincer,
The annual
wheat cropping system ar Site 4 provided
ideal conditions to combine management
of residue for snow carch and surface
cover and tillage for increased water infil-
tration. Teses at Site 4 are continuing to
assess the effecr of ripping on soil water
recharge and grain yield.

Infilcration measurements are impor-
tant because they show similarities of the
effect of ripping on water infiltration at
three sites. With the exception of one test,
ripping increased water infiltration nto
frozen soil compared to non-ripped
checks. In the inland Pacitic Northwest
soil losses due 1o water erosion can be es-
pecially high during heavy rainfall or
snow melt when a thawed soil layer over-
lies a frozen layer. Ripping in combina-
tion with other conservation practices
provides another tool to reduce water
runoff and soil crosion. In the northern
Great Plains snow 1s an important warter
resource and snow trapping with standing



wheat stubble is an important parc of

overall water management. Infileration
measurements show that ripping has the
potential to increase overwinter soil water
storage when used in conjunction with
stubble management methods thar maxi-
mize snow trapping.
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