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Abstract

Seasonal Variation
of Infiltration Capacities

of Soils in Western Oregon

Michael G. Johnson and Robert L. Beschta

Infiltration capaciti'es were 50 percent greater during fall
than during summer for forest soils of western Oregon. These
results contrast with those measured in other studies. In
forested areas, investigators should be aware of potentially
| arge seasonal changes in infiltration capacities. Such
seasonal changes nmay exceed effects due to applied treatnents

(1 oggi ng, slash disposal, burning, etc.) and can confound study
resul ts.
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Introduction

Study Areas

Infiltration capacity is the rate at which rain or nelted snow
enters a thoroughly wetted soil surface. Infiltration capacity
is not usually constant throughout a year and appears to vary
with season. Beutner et al. (1940), Borst et al. (1945), and
Horner and Lloyd (1940) studied infiltration of desert and
agricultural soils in southern Arizona, central OChio, and
southwest Illinois, respectively. They found that infiltra-
tion capacities were higher during sumrer than during the

cool er seasons of the year. Bertoni et al. (1958) found that
infiltration capacity of farmsoils in southwest |owa appeared
to increase gradually fromMarch to md-June, then increase
sharply until late July, and decrease from August to m d-
Cctober. Satterlund (1972) reported that infiltration capacity
usual ly reaches a maxinumin late sunmer and a minimumin |ate
winter. Reichman (1954) and Gfford (1972) both observed that
infiltration capacity of grassland and range soils in central
Mont ana and sout heast |daho declined fromlate spring to fall.

In conjunction with an investigation of the effects of forest
harvesting activities on infiltration (Johnson and Beschta
1980), we al so observed a seasonal fluctuation in the infil-
tration capacity of forest soils at two locations in the
Cascade Range i'n Oregon. This change, however, was in direct
contrast to findings in all of the cited studies. W found
infiltration capacity was 50 percent higher during fall than
during summer.

Infiltration neasurenments were nmade at two locations: (1) the
Coyote Creek watersheds, |ocated on the South Urpqua
Experinental Forest approxi mately 65 km southeast of Roseburg,
Oregon, and (2) the Hi-15 watersheds, l|ocated on the H J.
Andrews Experinental Forest about 72 kmeast of Eugene, O egon
(fig. 1). Elevations range from 730 to 1 065 m above nean sea
level at the Coyote Oreek watersheds and from 855 to 1 050 m at
the Hi -15 watersheds. Both areas have relatively dry, warm
summers and wet, mld winters. The nmean annual precipitation
is 123 cmat the Coyote Creek and 234 cmat the H -15 water-
sheds. Over 80 percent of the annual precipitation nornally
occurs fromCctober to April. Mean tenperatures in January and
July average approximately 1°C and 17°C, respectively. The
Coyote Oreek watersheds contain a mxture of soils derived from
basalt and red and green breccias, agglonerates, and tuffs.
Scattered rhyolitic breccia and aggl onerate soils are al so
present. The H -15 watersheds have andesite-derived soils.
Dougl as-fir (Pseudotsuga nenziesii (Mrb.) Franco) dom nates
the overstory vegetation of undisturbed sites at both areas.




Methods
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Figqure I.--Location of the study areas in western
oregon.

In 1977, when sumer soil tenperatures were high and soil

noi sture levels low and late fall soil tenperatures were
noderate to cool and soil noisture levels at or near capacity,
Johnson (1978) determined infiltration capacities at both study
areas. He used an infiltroneter similar to that used by
Meeuwi g (1971). This instrunent is a rainfall sinulator which
uniformy applies water at controlled rates to about 0.3 nf

of soil surface. To determine infiltration capacity, Johnson
foll owed these procedures: Prior to the start of each nea-
surenent, he pre-wet the plots with 7.6 liters of water. He
then applied sinulated rainfall with the infiltrometer,
collected runoff at the downhill edge of the application area,
and determined the infiltration capacity by subtracting the

vol unme of runoff fromthe volume of water applied. During both
summer and fall seasons, he neasured infiltration this way on
the sane plots at both study areas.

Sumrer and fall infiltration capacities were evaluated with
paired t-tests at the 0.05 and 0.1 |evels of probability.
Because infiltration capacities were simlar for soils

di sturbed by logging activities and undistrubed soils, we
conbined the data at each study location for the t-test
conparisons. W also utilized regression analysis to further
illustrate changes in seasonal infiltration capacities.



Results and Infiltration capacities for the Coyote Creek and Hi-15

Discussion wat er sheds averaged about 50 percent higher in the fall than
during the summer (table 1). All data on infiltration capacity
appeared to be normally distributed. Even though the nunmber of
sampl es were relatively small, differences between sumer and
fall means were highly significant (a = 0.01). The pattern of
greater infiltration in fall, conpared with summer, was found

in both disturbed and undi sturbed soils at both study areas.
Li near regression analysis of the data from both study areas
further denmonstrates that infiltration capacities were greater
in fall than in sunmer (fig. 2).

Table 14 nfiltration capacities for forest soils at study sites in western Oregon,
1977

Mean infiltration capacity

Number of L/
Locati on Summrer Fal | sanpl es Si gni fi cant
- - Centimeters per hour - -
Coyote Creek watersheds, 8.42 12. 33 17 **
Sout h Unpqua Experi ment al
For est (2.82)2/ (4.28)
Hi - 15 wat er sheds, 6. 89 12. 11 6 * %
H J. Andrews Experinmental
For est (1.43) (4.35)
Average, all watersheds 8. 02 12. 27 23 **
(2.59) (4.20)
:-L/'Significance of differences in paired t-tests (** = significant at 0.01 |evel of

probability).
2/ Values in parentheses are standard devi ati ons.
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Figure 2.--Seasonal variation in infiltration capacities from
summer to fall for the Coyote Creek and Hi-15 watersheds, 1977.

The cause of this seasonal increase in infiltration capacity is
not known. Field observations, however, indicate that during
the summer nonths the soil surface presents a non-wettable
condition. This condition may result fromchanges in char-
acteristics of the soil organic natter caused by the hot and
dry climate of sumrer. This surface-limting condition
apparently changes after the first fall rains, and infil-
tration capacities increase



In contrast to the results of this study, most other investi-

gators have found fall infiltration capacities 30-80 percent
| ower than those occurring during sumer (fig. 3). Possi bl e
expl anations for reduced infiltration during summer are: (1)

greater vegetal cover which protects the soil surface and
prevents sealing, (2) |lower surface soil noisture resulting in
a greater degree of deep soil cracking, and (3) high soil
tenperatures which reduce the viscosity of water. Satterlund
(1972) hypot hesized that seasonal changes in infiltration were
caused by the addition and deconposition of organic matter, the
growt h of plants, the activities of soil organisms, and
seasonal climatic patterns. G fford (1972) indicates that
reduced infiltration in fall may be the result of both normal
seasonal fluctuations and the influence of |and management
practices (i.e., grazing).
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Future
Considerations

Metric Equivalents

1

Many infiltration studies have been performed throughout the
United States during the past 40 years. Mst of these have
been done on agricultural and range |ands (Parr and Bertrand
1960, G fford and Hawkins 1978). Sel dom have these studies
taken into account the seasonal variations in the infiltration
process. Even though nobst investigations were conducted during
the sumer, sonme nust have started in the spring or extended
into the fall. Future investigators should be aware that
tenperature or noisture changes during or between seasons can
trigger a major change in the infiltration capacity of soil.
Thi's seasonal change coul d exceed the effects of land use or an
applied treatnment and thus confound results.

In spite of the large nunber of infiltration studies done in
the United States, relatively little information exists about
soils associated with forest vegetation types, particularly
those in the Pacific Northwest. Yet such information is vita
to inmproving our understanding of runoff processes and ways
they are influenced by forest managenent practices. Results of
our study raise several fundanental questions relating to the
understanding of and ability to predict infiltration capacity.
For exanple: (1) Is an increase in infiltration in fall found
in other forest types in the Pacific Northwest or elsewhere?
(2) Does infiltration capacity al so change during w nter and
spring? If so, how? (3) Wiat are the specific causes of
variation in infiltration capacity? Are they changes in
tenperature and noi sture or chenmical and physical properties of
soi'ls? (4) Do infiltration studies provide an accurate
neasurement of soil's capability to receive and transmt

nmoi sture downward in the profile during natural rainfall and/or
snowrel t? Until such questions are answered, the ability of
soil scientists, hydrologists, and other natural resource
specialists to predict the hydrologic effects and inpacts of
land use on either forest or rangeland (as illustrated by
Gfford and Hawkins 1979) wll be limted.

centimeter (cm = 0.39 inch
i Kilometer (kn) = 0.54 mle
1 meter (m) = 1.09 yards
i liter = 1.06 quarts
°C=5/9 (°F -32)
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