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ABSTRACT

Because of the increased interest manifest in the

water resources of southern lower~Michigan it is highly

desirable to ascertain the water yield contributions of areas

under various types of land use and vegetative cover. The

purpose of this study was to determine and evaluate the

effects of a commercial-type clearcut on soil and water rela-

tions on a small wooded watershed representative of the farm

woodlot-type. , .

A small wooded watershed, located within the Rose Lake

wildlife Experiment Station approximately ten miles northeast

of East lensing, Michigan, was established during 19141. The

watershed, supporting a well stocked stand of the oak-hickory

type, was calibrated hydrologically for an eleven year period.

During the fall and winter of 1951 the forest cover on the

watershed was subjected to a commercial-type clearcut opera-

tion, removing all trees larger than 5.5 inches d.b.h.

Hydrologic data were obtained after treatment through 1957.

Detailed soil sampling fer soil physical property

determinations was accomplished on the watershed during 1953,

1957. and on the adjacent uncut area during 1957. Gravimetric

soilxmoisture sampling was initiated during the latter part

of 19h5 and continued on.a bi-weekly basis through 1952.

Weekly soil moisture samples were obtained from March through

September of 1957.
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These soil and hydrologic data were obtained in an

effort to determine and evaluate the effects of the vegeta-

tive treatment on the soil reservoir and the water yield of

the watershed.

The results of the study do not indicate any pronounced

chance in soil texture, bulk density, porosity, and permea-

bili ty as a result of treatment. There was an apparent

increase in soil organic matter and a decrease in unincorpo-

rated organic matter.

Soil moisture showed a very definite and statistically

significant increase during the growing season of 1952 as a

result of treatment. During 195? soil moisture values were

intermediate between the high values of 1952 and the mean

pre-treatment values. Computed evapotranspiration values

were lower during the 1952 growing season than during the

pro-treatment period or during 1957.

Mean soil and air temperatures were generally increased

as a result of treatment.

Average monthly and annual runoff, maximum rates of

runoff, and average volume per runoff decreased slightly dur-

ing the post-treatment period. The average infiltration rate

for the watershed, as determined by hydrograph analysis,

increased slightly after treatment. A hydrologic summary for

the entire period of study indicated no significant change in

the established hydrologic characteristics of the watershed.
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The commercial-type clearcut has apparently not had

any deleterious effects on the soils of the watershed nor on

the water resources of the area.
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CHAPTER I

INTRODUC'HON

Many heavily industrialized and urbanized areas, such

as southern lower Michigan, are taxing existing water resour-

ces. The future development, as well as the present exist-

ence, of such areas depends upon the maintenance of adequate

water supplies.

Because of the increased interest manifested in the

water resources of southern lower Michigan it is highly desir-

able to ascertain the water yield contributions of areas

under various types of land use and vegetative cover. Water-

shed management experiments, in various parts of the country,

have indicated that the type of vegetative cover on an area

markedly affects the water yield from that area. Many of the

watershed experiments concerned with vegetative cover, especi-

ally forest cover, have envolved the determination of hydro-

logic response to drastic vegetative treatment. Colman (1953)

states "There is a great need for studies which do not deal

with extreme conditions, but rather with problems associated

with land use practices and the treatment of vegetation over

a wide intermediate range." The determination of pedologic

and hydrologic effects of cutting practices on fan: woodlots

in southern lower Michigan represents a study of the type

suggested by Colman. The most common type of timber harvest



cut on the 1.1; million acres of farm woodlots in southern

lower Michigan1 is the cotmnercial-type clearcut.

The purpose of this study is to determine and evaluate

the effects of a commercial-type clearcut on soil and water

relations on a small wooded watershed representative of the

farm woodlot-type. A small wooded watershed, 1.65 acres in

size, was calibrated hydrologically for an eleven year period,

then subjected to a commercial-type clearcut treatment. Soil

physical properties were determined under treated and untreat-

ed conditions in order to evaluate treatment effects on the

soil reservoir. Soil moisture regime was studied before and

after treatment in order to detect any changes in soil water

relations as a result of the vegetative treatment. Runoff

and erosion were also measured under treated and untreated

conditions in order to evaluate the effects of treatment on

water yield and water quality.

Although limited to one small watershed, it is felt

that the results of this study may permit a better understand-

ing of the contributions of the fam woodlot areas to the

water resources of southern lower Michigan.

—_—‘A “

lUnpublished data from the files of Dr. Lee M. James,

Professor of Forestry, Michigan State University.



CHAPTER 11

REVIEW OF' LITERATURE

within the past fifty years research in the hydrologic

and pedologic effects of various land-use practices has

received ever-increasing attention. This may be attributed

to the awareness among land managers and research workers of

the intimate relation between land use and hydrology. As a

result of this tremendous impetus the literature has become

so voluminous that no attempt will be made to review it all.

Instead, only representative studies will be cited, which

provide a particularly pertinent background to the concepts

and conduct of the present study.

Early studies, prior to 1900, were confined almost

exclusively to the relation of forest to streamflow. The

majority of these early studies were conducted in European

countries and consisted of observing the flow of rivers and

attempting to correllate the flow with the amount of deforest-

ation (Wax, 1873; Berghaus, 1837). Two exceptions may be

noted. iowdemilk reports a systematic watershed study made

in 1851 by Belgrand, a French engineer, in an attempt to

detemine the effects of varying degrees of forest cover on

streamflew.1 The Emmenthal study instigated by the Swiss

 

1H. C. Lowdermilk, (no date), Forest and agricultural

influences in streamflow and erosion control; Stumary review

(sf litepature up to 1930, U. 8. Soil Conservation Service,

mimeo. .



h

Central Experiment Station in 1890 was a carefully planned

and executed watershed experiment to evaluate the effects of

forest vegetation on stream flow in the Swiss Alps (Burger,

1929a, 1929b, 1915). Here also, watersheds with varying

degrees of forest cover were used.

Most of the early work was thoroughly smari zed in

1927 by Zen. It should be re-iterated, that this early work

consisted primarily of evaluating the influence of varying

degrees of forest cover on stream flow. The varying amounts

of forest cover were obtained by using separate watersheds

with different degrees of forest cover, not by treating the

vegetation on the same watershed, i. e. cutting or planting

to increase or decrease the cover. Therefore, these early

studies are not particularly pertinent to the present study

but contributed much to guide subsequent watershed studies

which pertain in some ways to the present study.

‘niere are several possible methods of performing forest

hydrologic research, with each method possessing certain

advantages and disadvantages over the others. Zon (op. cit.)

recognised two of these methods and the third may be said to

be a combination of the first two. The first type involves

the study of stream flow from experimental watersheds or the

hydrometric method. A second type involves the determination

of the amounts of water available for stream flow by a syn-

thesis of individually measured factors, or the physical
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method. The third type of research is a combination of the

first two, i.e. the individual factors which determine the

disposition of precipitation on a watershed are measured, as

well as stream flow from the watershed, which is the net

result of the interaction of the individually measured

factors.

The early studies, as summarized by Zen, were essent-

ially of the hydrometric type, due primarily to the fact that

stream flow was the most obvious and easily measured result

of the various land use practices on a watershed. Later

studies, after 1920, tended to emphasize the physical methods

of research in order to explain why certain types of land use

affected stream flow as they did. Still later research, up

to the present day, utilizes the third.method, i.e. the comb-

ined hydrometric and physical methods in an attempt to tie

together those phases of the hydrologic cycle which function

on a watershed basis.

Forest watershed research began in this country shortly

after the turn of the century with the inauguration of the

Wagon.Wheel Gap Experhment (Harper, 1953). Since that time

the tempo of research has increased until today watershed

studies are being conducted by the United States Departments

of Agriculture (Forest Service and Agricultural Research

Service), Interior (Geological Survey), Army (Corps of Engi-

neers), and.Commerce (Weather Bureau). Also the Tennessee
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Valley Authority and the various departments and services in

c00peration.with state agricultural experiment stations and

universities. Frank and Netboy (1950) listed forty watershed

research centers operated by the various government agencies

as of January 1, 19h0.

The earliest research in the United States concerned

with the effects of forest vegetation on watershed hydrology

was conducted near Wagon.Whee1 Gap, Colorado. This study,

a cooperative effort by the U. 8. Forest Service and the U.

S. Weather Bureau, was initiated in 1909 to investigate the

waterlregime of a watershed subjected to a definite change of

cover type. Two contiguous watersheds were selected, com-

pletely covered with forest vegetation and similar as to

tepography and size. These watersheds were studied (cali-

brated) as to meteorological conditions and stream.flow for

a period of eight years. At the conclusion of this calibra-

tion period the timber was cut from one of the watersheds and

records were obtained for an additional seven years in both

the forested and denuded state. Bates and Henry (1928)

reperted that cutting the florest cover increased the total

annual water yield, increased water yield from.snow, and

produced increased erosion. It was further indicated that

the results were not too conclusive due to porous soils, thin

original forest cover, and prolific sprouting of aspen which

quickly restored a vegetative cover to the treated watershed.
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Another early study involving vegetation manipulation

on a watershed was reported by Hoyt and Troxell (193k). The

vegetation, principally ohaparral type, was removed from.the

watersheds by fire and cutting. Results reported indicated

that total annual yield of water increased and that erosion

increased considerably.

_ In.193h the U. 3. Forest Service established the

h700-acre.Coweeta Hydrologic laboratory in western North

Carolina to determine how ferests and ferestry practices

affect water yields, water quality, and stream.flow behavior

in the southern.Appa1achians (Dils, 1957). From.l93h to 19h0

the various experhmental watersheds were calibrated as to

water yield, water quality, and distribution of stormflow

from undisturbed forested watersheds. Following the six year

calibration period some of the watersheds were subjected to

the following treatments: (a) clearcut and subsequent removal

of annual sprout growth, (b) clearcut and natural revegetation,

(c) commercial logging with prevailing practices and equipment,

(d) removal of riparian vegetation, (e) woodland grazing, (f)

removal of ericaceous understory vegetation, (g) and clearing

and mountain farming.

Dils (1953) summarizes the results of these investiga-

tions:



(a) cutting all trees on a steep, heavily forested

watershed and annually cutting back the sprouts (with

no removal of wood products and no disturbance to soil)

increases water yields by 17 area inches annually; (b)

similar cutting, but with sprouts allowed to grow back,

increases water yield approximately 1? inches and this

increase becomes progressively less as the cappice stand

grows older; (0) cutting streambank vegetation tends to

eliminate diurnal fluctuations in stream flow; ((1) local

logging practices, particularly poorly located and con-

structed logging roads, effect a marked increase in

erosion and turbidity; (e) woodland grazing brings about

a marked increase in overland storm runoff and erosion

and shows that the cattle grazed on the watershed fail

to thrive.....: (f) the removal of an understory of

laurel and rhododendron effects an increase in water

yield of approximately 3 area inches per year; .....

As a result of clearing and mountain farming, frequencies

and intensities of flood flows were increased and erosion

rates increased approximately twenty times.

Hoover (19%) found that in treatments (a) and (b)

above the removal of the vegetation increased stream flow by

an amount equal to the estimated transpiration.-

The above mentioned studies conducted at the Goweeta

Hydrologic Laboratory bear an.important relation to the pres-

ent study in that they involve definite changes in the vege-

tative cover of calibrated watersheds. This, however, is as

far as the comparison may be extended due to the different

degrees of forest removal and soil disturbance which.exist

between the present study and the aforementioned studies.

In contrast to studies involving denudation of the

vegetative cover of a watershed several studies have been

undertaken to determine the effects of reforestation and



change of cover type on water regime.

A study was started in 1932 by the Geological Survey

of the United States Department of Interior in cooperation

with the New York State Conservation Comission to determine

the influence of reforestation on stream flow from state

forests in Central New York. Submarginal lands were purchased

ani planted to coniferous tree species. Ayer (1911.9) reported

that up to 19149 no significant changes in runoff had been

affected.

Storey (1951) reports a cooperative study between the

Northeastern Forest Experiment Station of the United States

Forest Service and the Pennsylvania Department of Forests and

Waters was initiated in 19148 in the Lehigh-Delaware Experi-

mental Forest to determine water behavior for a watershed

covered by scrub-oak. After a period of calibration, the

lSOO-acre Dilldown watershed is to be converted from scrub-

oak cover to a better forest type by forest management and

protection. An attempt will be made to evaluate the effects

of this change in vegetative cover on runoff and ground water.

' A most recent account of the effects of reforestation

on water regime is that furnished by the Tennessee Valley

Authority in 1951 (Smallahaw and Ackerman, 1951). The 1715-

acre White Hollow watershed was set aside for watershed

studies in 1936. After acquisition, intensive watershed

management work was undertaken, including extensive erosion-
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control operations and tree planting. Results obtained

during the first fifteen years of the study are summarized

as follows: (a) No change in seasonal or annual quantities of

stream.flcw were detected. (b) Quantity of stream flow

varied from season to season and year to year, but were asso-

ciated with corresponding variations in rainfall. Apparently,

since the start of treatment the changes in watershed vegeta-

tion had neither increased nor decreased evaporative water

losses. (6) no significant changes were detected in the

volumes of flow associated with storms. (d) There were, how-

ever, significant changes in peak flow rates measured during

comparable storms. These decreased progressively from the

start to the end of the study. (e) More prolonged high flows

after storms compensated for the reduced volumes of water

released during peak periods, so that no change in total

volume of storm discharge was evident. Apparently, a pro-

gressive improvement in water yield characteristics has been

achieved. How much.of this improvement was due to the check

dams and other stmctures and how much to conversion of the

area to forest has not been evaluated.

A similar study in western Tennessee has been reported

(Fry, 1952: Tennessee Valley.Authority, 1955). An 88-acre

watershed was calibrated as to stream flow and sediment yield

from l9hl to l9h5. Between l9h6 and l9h8 check dams and

various soil conservation practices were instituted, as well
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as the planting of over 100,000 loblolly pine trees. Results

indicate a reduction in surface runoff and an increase in sub-

surface flow. Again, it is debatable whether the check dams

and other soil conservation practices or reforestation pro-

duced the desirable results.

There have been numerous studies concerning the influ-

ence of forest cover in controlling runoff. One of the

earlier studies was that initiated in 1917 near Jackson,

Tennessee. Six small watersheds, varying in size from 1.25

to 112 acres, were used. None of the watersheds were com-

pletely forested and the amount of forest cover ranged from

none to fifty-five per cent. Rmser (1927) concluded that

timber has a definite influence in reducing the rate of

surface runoff from a watershed, but that the effect of tim-

ber is slight when the maximum rate of runoff occurs after

considerable rain has already fallen.

An analysis of soil and water relationships on four

small watersheds of approximately two acres in size was made

at Coshocton, Ohio by Dreibelbis and Post (19141). A compari-

son between wooded, pasture, and two cultivated watersheds on

similar soils showed a much lower volume of surface runoff

from the wooded area. Annual runoff from the wooded water-

shed (an ungrazed stand of mixed second-growth hardwoods)

amounted to only .11 inch compared with .60 inch for pasture,

and 6.22 inches for the cultivated. This amounted to .2, 1.14,
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and 15 per cent respectively of the total annual precipitation.

The total annual percolation amounted to 13.01 inches for the

woods, 12.52 inches for the pasture, and from 5.h9 to 2.12

inches for the cultivated areas.

Comparisons of surface runoff from.dep1eted and aband-

oned agricultural land with that from wooded areas have been

obtained in the Applachian region (U. S. D. A. Miscellaneous

Publication 397, l9h0). Records of runoff from eight small

watersheds in the Bent Creek Experimental Forest near Ashville,

North Carolina represent different types of forest and other

vegetal cover. Average maximum.flow for any forested water-

sheds amounted to eighty-four cubic feet per second per square

mile, whereas flows of u03 and 785 cubic feet per second were

recorded for abandoned agricultural land and pasture respect-

ively. The average peak flow from the pastured areas was

18.7 times greater, and the abandoned farm land 9.2 times

greater than the average of all forested lands.

'From studies on upland loessial soils of northern

Mississippi, McGinnis (1935) reported the effects of certain

vegetated soils to absorb large quantities of moisture, thus

preventing surface runoff. Over a two year period, runoff

from oak forest was 1.03 inches and from barren abandoned

fields 61.70 inches from.a total of 130 inches of rainfall.

The soil losses were ninety-one pounds per acre and 319,000

pounds per acre respectively for oak and bare areas. In
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short, surface runoff from the abandoned agricultural land

was 108 times greater than from forest land and the amount of

soil lost was over 900 times greater.

A study near Zanesville, Ohio (Borst,'ggngl., 19h5)

compared the runoff and erosion from three mmall watersheds

ranging in size from 2.2 to 3.6 acres. One of the watersheds

was covered with a second-growth.hardwood forest, another with

a permanent pasture cover, and the third was cropped success-

ively to corn, wheat, and meadow in a three year rotation.

The wooded watershed lost as runoff 3.2 per cent of the rain

received, the pasture lost 13.8 per cent, and the cropped

watershed lost 20.6 per cent. Soil loss was negligible under

both wooded and pasture cover, but averaged seventeen tons

per acre per year under cultivation.

Copley, 35.31., (l9h6) reports a similar study near

Statesville, North.Carolina which showed that the best control

over surface runoff and erosion was provided by forest and

grass cover.

Smith and Crabb (1953) also pointed out the beneficial

effects of forest cover on controlling surface runoff at East

Lansing, Michigan. Two small cultivated watersheds and one

wooded watershed were compared on the basis of eleven years

of record as to total annual surface runoff. The wooded water-

shed yielded only 1.7 per cent of the total annual precipita-

tion as runoff, while the cultivated watersheds yielded lh.5

per cent and l3.h per cent.
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A study near la.Crosse, Wisconsin (Hays, gtflgl,. 19h91

indicates the part which cleared pastures and grazed and un-

grazed woodlots play in relation to runoff and erosion on

steep lepes. Three small watersheds were used: (a) a pasture

recently cleared of timber; (b) a watershed covered.with

typical hardwood forest that was being pastured; (c) a typical

.undisturbed woodlot. During the growing season of 1935 a

succession of high intensity storms offered good Opportunity

to test the effectiveness of the different types of vegetative

cover and land use on runoff and erosion. The recently

cleared pasture yielded three per cent of the total storm

precipitation as runoff, the grazed woodlot nine per cent,

and the undisturbed woodlot only 0.15 per cent. Soil loss

was 600 and 1600 pounds per acre for the cleared pasture and

grazed woodlot respectively and only seventeen pounds per acre

for the undisturbed woodlot.

A number of experiments have been made in the United

States and Europe on the general influence of forest cover

upon soil moisture regime. These studies concerned with the

effect of vegetation manipulation on the soil moisture regime

of an area are particularly pertinent to portions of this

study.

Halden (1926) has summarized the more significant early

European soil moisture investigations. The results generally

agree with those obtained in this country in that forest
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stands tend to lower the ground-water table and dry out the

soil. An exception to this is noted in a study reported by

Axley and Thomas (19148). Soil moisture on small watersheds

in Maryland during the summer growing season was found to be

less under pasture vegetation and became progressively higher

under grain and grass seeding, hay, corn, and woods. The

authors consider the protective effect of vegetative cover in

reducing evaporation as being the most important factor in

controlling soil moisture. Perhaps this would hold true for

the surface foot of soil, but not for greater depths.

Several investigations have been made to determine the

pattern of soil moisture extraction by individual trees.

lunt (19314) found that the lowest moisture content was usually

immediately beneath the crown, close to the trunk, at two

depths - the surface and between the second and fourth feet.

The greatest moisture content occurred at the one foot level.

There has been some question as to the rate of availa-

ble soil moisture depletion by forest vegetation. Veihmeyer

and Hendrickson (1955) experimenting with pine, oak, and

manzanita on a watershed area and apricot and prune trees

under cultivation have shown that the rate of moisture extract-

ion from the soil is not influenced by the amount of water

in the soil so long as the latter is above the permanent wilt-

ing percentage.
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Fletcher and HcDermott (1957), studying soil moisture

depletion by forest cover in the Ozarks of Missouri, reported

that the soil moisture depletion curves for the forest

suggests that after the soil surface has been dried by evapo-

ration, transpiration removes soil moisture at a uniform rate

until supplies are virtually exhausted.

Lassen, gt §_l_., (1951) indicate that soil moisture is

reduced uniformly throughout the profile inhabited by the

tree roots. They further state:

.....that the rate of moisture extraction is a function

of moisture content; the greater the content, the more

rapidly is water removed. .....it is evident that the

rate at which roots extract moisture decreases as soil

moisture content is decreased, .....

A study in northern Wisconsin by Thames, 3}; 31.,

(1955) compared soil moisture regimen betwoen forested and

nonforested (hay crop) areas on Spencer silt loam. Less

available soil moisture was found in the surface one to two

feet of forested site due to depletion by trees.

Hoover, at g._J_.., (1953) reported that in a study on soil

moisture under a young pine plantation in South Carolina that

water was withdrawn most rapidly from the zone where it was

most readily available, regardless of depth, despite the

greater concentration of roots in the surface layer.

Craib (1929), in a study in New Hampshire, has shown

that soils in the open contain considerably more moisture

during dry periods than forest soils. The soils in the open
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contained more than twice the volume of available moisture in

the upper thirty-five inches than under the forest. By elhmi-

nation of root competition the amount of available soil moist-

ure was greatly increased.

Several investigators (Korstian and Coile, 1938; Toumey

and Kienholz, 1931), using trenched plots under forest vege-

tation, have found that the elimination of root competition,

which reduced transpiration, greatly increased soil moisture

and consequently reduced retention storage.

Zahner (1955) has studied the influence of different

forest types on soil moisture depletion in Arkansas. He

measured the depletion of soil water by even-aged stands of

upland oaks and loblolly-shortleaf pine under similar site

and stand conditions. The data indicated little difference

between rate of loss for the two stands for corresponding

depths. In both stands, layers below three feet lost water

at about half the rate of the upper layers.

The effects of various degrees of forest cuttings on

soil moisture regimen has received considerable interest

among investigators. Hoyle and Zahner (l95h) studied soil

moisture depletion in.Arkansas during the summer of 1953

under six different forest conditions. Three forested sites

were left undisturbed; an all-aged loblolly and shortleaf

pine stand with hardwood understory; a non-commercial all-

aged hardwood type; an even-aged young hardwood type. Three



18

others were variously treated to remove vegetation: bare area;

timber stand improvement in 1951 in all-aged hardwood; timber

stand improvement in all-aged hardwood in 1953. On the undis-

turbed pine and hardwood stands with seventy to 100 square

feet of basal area water was removed from.the soil rapidly

with the onset of hot dry weather. On plots where large cull

hardwoods were deadened, but not felled, and on bare areas,

soil moisture remained relatively high throughout the summer.

Soil moisture depletion was greater where all vegetation had

been removed than where only culls had been deadened, but

only in the surface layers. Below the effective zone of

evaporation soil moisture remained at a constant high level.

A study was made in the lodgepole pine type at Frazer,

Colorado on the effects of various levels of cutting on come

ponents of the hydrologic cycle. Wilm.(l9h3) reports "Soil

moisture deficiencies in the season of l9h1 were strongly

affected by the cutting treatments, with the greatest

deficiencies on the uncut plots and the smalles on the clear-

cut areas.” The following values indicate the extent of

influence exerted by the various treatments:

Reserve Stand bd. ft.

ncu

11890: 6000::h000:2000:

Autumm.Soil moisture (inches)::2.67:3.07; 3.29: 3.12: h.21

    
  

O
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Wilm.and Dunford (l9h8) in a later report on the above

mentioned study concluded:

.....the effect of timber cutting on autumn deficits in

soil moisture may not result primarily from variations

in the sum of transpiration.and evaporation from.the

soil, but more probably depends upon the amounts of net

rainfall which.reach the soil to replace these losses.

After a dry summer season, therefore, the autumn deficits

should be much.a1ike under all cutting treatments. After

a wet season, on the other hand, when substantially more

rain has reached the soil in cut-over stands than in

uncut areas, autumn deficits should be more directly and

strongly associated with the density of the remaining

forest.

The authors indicate in the above statement that interception

is apparently more influential in effecting soiltmoisture

fluctuations than is evapotrsnspiration.

Goodell (1952). in another study at Frazer, Colorado,

reports that on plots thinned from.an average of 89.3 square

feet of basal area to an average of 39.7 square feet of basal

area the soil moisture in the zero to eighteen inch and

eighteen to fortyéeight inch.depths showed no increase over

untreated plots the first year after cutting or after four

years. '

Croft and Monninger (1953) studied the effects of aspen

removal on soil water in Utah. The removal of aspen trees,

leaving the herbaceous understory and litter undisturbed,

reduced evapctranspiration losses and increased the amount

of water available for stremm flow about four inches without

seriously increasing overland flow or soil erosion during

summer rains. Removal of remaining herbaceous cover further
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reduced evapotranspiration losses and increased the amount

of water available to streams by an additional four inches,

but resulted in undesirable increases in runoff and soil loss

from manner rains.

An investigation of the effects on soil moisture of

removing sprouting and non-sprouting vegetation was made by

Veihmeyer and Johnson (19111:). Working with chaparral and

woodland-grass vegetation in California they found that burn-

ing plots which had supported non-sprouting vegetation reduced

soil moisture loss in contrast to the moisture loss of similar

unburned plots. On plots supporting mainly sprouting type

vegetation no significant differences in soil moisture was

noted.

Soil moisture regime was studied on a pair of Coweeta

watersheds in forested and clearcut conditions. All vegeta-

tion was cut, lopped, am left on the clearcut watershed with

minimum disturbance of, litter. Subsequent sprouting was cut

back annually. Freeland (1956) reports that soil moisture

increased only slightly due to the cutting treatment. In an

attempt to explain this lack of a pronounced soil moisture ‘

change Freeland states:

.....no changes in the distribution of active roots due

to treatment is indicated and the general lessening of

transpirational demand on the soil profile as a whole

in this particular treatment, if it exists at all, is

not great. If the treatment is continued indefinitely

to the point where the sprout growth from original trees

loses its dominance to an herbaceous cover of different



 
.
i

I
I

I
I

I
I
.
i
i
J
l
l
’
i
l
,
.
l
l
.
l
l
l
v

i
n
:

.
.
.
(
.
‘
a
.
‘
.
.



21

rooting characteristics, then this pattern of moisture

extraction may change.

Several studies have indicated the effects of various

degrees of cutting on soil physical properties. Wilm and

Dunford (19148) smamarized these effects seven years after

cutting: (a) scil stability was hardly affected, i.e. no per-

ceptible erosion or surface runoff: (b) surface aspect of the

soil did not change except for the addition of quantities of

logging debris 3 (c) original forest litter remained on the

ground except in skid trails.

Hulisashile (19145) reports investigations on the

effects of cutting upon soil properties in mountain areas of

the Transcaucasus and eastern Georgia in the U.S.S.R. He

studied total, capillary, and non-capillary porosity of brown

forest soils and measurements indicate that the degree of

cutting definitely affects physical properties of the soil.

Partial cuts were found not to be effective until the canopy

is reduced to three-tenths of original coverage.

Rursh (191414), working in South Carolina, found that

clearing of forest land and subsequent erosion drastically

effects soil porosity and water storage capacity. An undis-

turbed forest soil had a total of 3.78 area inches of storage

available in the upper thirty-six inches of soil while the

samesoil type which had been cleared, farmed, and abandoned

had only 1.38 area inches of storage available. The availa-

ble storage was determined in tens of macro-pore space.
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Blow (19551, working in upland oak forest in eastern

Tennessee, reported some effects of cutting on litter acctns-

ulation. A heavyselection saw timber out on an area changed

the vegetation from mixed hardwood to pure yellow poplar. As

a result, litter was reduced from 8.9 tons per acre to 14.2

tons per acre after five years. The author suggested that

since yellow poplar litter decomposes more rapidly than oak

litter this would account for some of the reduction in total

litter accumulation.

Trimble and Tripp (19149) observed some effects of cut-

ing on forest soils in lodgepole pine forests of the northern

Rocky Mountains. The authors found that the condition of the

underlying soil, and the humus depth, were apparently directly

correlated with the intensity of cutting. Observations in

stands which had been cut in a number of ways indicate the

effect on the forest floor ceased to be the result of two

things: (a) mechanical ground disturbance resulting in erosion

and humus destruction: and (b) opening up of the stand so that

increased sunlight, higher temperatures, and increased air

movement acted to oxidize the humus. On areas which had been

clearcut for some time the humus had generally disappeared

and the soil was more compacted than under uncut areas.

Forest cover has been found to exert considerable

influence on the nature and extent of soil freezing. Post

and Dreibelbis (19142) studied soil freezing at Coshocton,
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Ohio for several years and found that forest soils did not

contain concrete (impermeable) frost at any time. Kienholz

(l9h0) found that frozen soil in northwesteranonnecticut was

about twice as deep in a plowed field as in a forest of either

white pine or red maple and it lasted longer in the field

than either forest area.

Belotelkin (19hl) observed depth of soil freezing in

northern New Hampshire in an open field, a hardwood area, a

spruce swamp, and a spruce flat. The swamp exhibited the

greatest freezing depth, the spruce flat and the open area

had intermediate depths, and the hardwood forest had the

least depth.

HacKinney (1929) investigated soil freezing in two

adjacent plots within a pine plantation inLConnecticut. On

one plot the forest floor was undisturbed; on the other all

litter and humus had been removed. As a result of the soil

denudation ice was formed in the bare plot one month.earlier

than in the undisturbed plot and was considerably deeper.

Lassen and Munns (19h?) reported on soil freezing

studies conducted by the Forest Service in New York, New

England, and Ohio. They concluded:

Frost penetration into soils under hardwood forest has

so far been found to be less than in soils under other

types of forest cover. As hardwoods are usually found

on better soils and these are usually rich in organic

matter, it is assumed that organic content is the govern-

ing factor rather than forest type.



CHAPTER III

DESCRIPTION OF ‘IflE PROJET AND STUDY AREA

The Michigan Hydrologic Research Project

The Michigan HydrolOgic Research Project was established

at East Lansing, Michigan early in l9h0 as a cOOperative proj-

ect between the Soil Conservation Service of the United States

Department of Agriculture and the Michigan Agricultural

Experiment Station. The project is presently administered by

the Soil and Water Conservation Branch of the Agricultural

Research Service of the United States Department of Agricul-

ture and the Michigan Agricultural Experiment Station. The

primary purpose of this undertaking was to study the effects

of land use on the hydrology of farm lands under varying types

of snow cover and frozen soil. The objectives of this project

were: 1) To determine the manner in which freezing and thaw-

ing of soils on watersheds with varying types of land use con-

tributes to runoff, erosion, and flood flow under northern

winter conditions, and 2) to determine the fundamental hydro-

logic relationships of typica1.Michigan soils under varying

types of land use, with special emphasis upon the movement of

water through the soil profile during the fall and winter

months.

It was realized that to successfully develop a project

of this type it would be necessary to collect a variety of
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data from.numerous sources in order to properly evaluate the

climatic and hydrologic factors affecting the work. The

following items were considered to be of major importance:

1.

2.

6.

7.

Precipitation

a. Amount and intensity

Water losses

a. Runoff: Amount and rate

b. Infiltration: Rate

c. Evaporation: Total and rate

d. Transpiration: Total and rate

Erosion losses

Soil moisture

Temperature

a. Air

b. Soil

Solar radiation

Hind movement

a. Velocity and direction

b. Total wind movement

Three small watersheds in the East Lansing area were

selected as sites for the future hydrologic installations.

Two of the watersheds, contiguously situated, are located on

lands of Michigan State University approximately two miles

south of the campus. These two watersheds were to be handled

under approved, prevailing farming practices. The watersheds
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were to be subjected to rotations of corn, oats, and a mix-

ture of alfalfa and brome grass.

The third watershed is located approximately ten miles

northeast of East Lansing on lands of the Rose Lake Wildlife

Experiment Station of the Michigan.Department of’Conservation.

This watershed was under wooded cover, typical of farm wood-

lots in southern lower Michigan. It is with this watershed

that this study is concerned, hence a more detailed descrip-

tion follows in the next section.

The three watersheds were selected to be as nearly

alike in every respect as probable to find in nature, with

the exception of vegetative cover.

The Wooded Watershed

Location

The study area is located in southeastern Clinton

County of southern lower Michigan. The wooded watershed is

situated approximately ten miles northeast of East Lansing

on Clinton County Road 14514, between the villages of Bath and

Perry (see Fig. l). The watershed is a part of the drainage

basin of the Looking Glass River which, in turn, is a part of

the Grand River drainage basin which empties into Lake Michi-

gan.
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Geology and Physiography

The watershed is located within the northern portion

of the Central Lowland Physiographic Province of the Interior

Plains Division. The area is situated within the Michigan

Basin, which is underlain with sedimentary bedrock formed

during the Pennsylvanian Period of the Paleozoic Era. The

bedrock, which consists of shales, limestones, and sandstones,

exhibits little or no weathering due to the scouring action

of the glaciers which covered this area as recently as ten

thousand years ago. The glacial drift is characterized by a

great variety of igneous, metamorphic, and sedimentary rocks

and varies in depth from a few feet to more than two hundred

feet.

The surface geologic formations were deposited during

the last stages of the glacial period, hence the land surface

is comparitively young. The configuration features are almost

entirely constructional since streams have not had time to

develop complete dendritic systems. The general area has been

described (Veatch, 19531 as having an undulating and rolling

topography, with local relief generally not more than fifty

to seventy-five feet. The lepes are short and rarely steep:

there are shallow sags and short draws, with basin depressions

and swampy valleys.

The watershed has an area of 1.65 acres and is roughly

triangular in shape (Fig. 2). The aspect is to the north.
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The weighted average slape is 6.1 per cent, with the maximum

slaps not exceeding fourteen per cent (Fig. 3). The maximum

relief is sixteen feet. The elevation of the outlet of the

watershed is 833oh1 feet above sea level.

Two intermittent streams drain the watershed, dividing

it roughly into thirds (Fig. 2). Each of the intermittent

streams have a length of approximately 3&0 feet from source

to outlet of the watershed with average channel slopes of 3.5

per cent and 2.9 per cent respectively for the westernamost

channel and easternamost channel. The channels of these

intermittent streams are not well defined.

Climate

The climate of the area alternates between continental

and semimarine with changing meteorological conditions (Wills,

l9hl). The marine type is due to the influence of the Great

Lakes, which, in turn, is governed by the fierce and direction

of the wind. When there is little or no wind, the weather

becomes continental.in character, which.means pronounced

fluctuations in temperature - hot weather in the swmmer and

severe cold in the winter. Likewise, a strong wind from the

Lakes may immediately transform.the weather into a seminarine

type.

Precipitation is well distributed throughout the year,

with no conspicuous variations noted in the seasonal.march.

The average annual precipitation for the East Lansing area
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is 31.08 inches.1 Figure h illustrates the seasonal distri-

bution of precipitation. The wettest month of the year is

May with an average of 3.75 inches, while the driest month is

February with 1.81 inches. The precipitation averages 17.96

inches during the growing season.of April through September.

Precipitation received during the months of’October through

March is primarily in the form.of snow with a total annual

fall of h9.2 inches (Baten and Eichmeier, 1951).

The area has a mean annual temperature of h6.9°F, with

a mean winter temperature of 2h.2°F and a mean summer tempera-

ture of 68.6“F. Temperature extremes that have been recorded

are 102°F and -26°F.2 The average date of the last spring

frost is May S and of the first fall frost is October 10.

The growing season averages 158 days.

Evaporation values, as determined from.a standard U.

S.‘Weather Bureau Class A Evaporation Pan, are relatively low.

Average evaporation for the months of May through October is

6.31 inches. Solar radiation, which seems to be highly corre-

lated with evaporation, is well below the mean values for the

1Precipitation values are based on thirty year normals

furnished the Michigan Hydrologic Research Project by Mr. A.

H. Eichmeier, U. S. Weather Bureau, East lensing, Michigan.

2Temperature data from Climate and Man, l9hl, U. S.

Department of Agriculture, Agricultural Yearbook. All other

hydrologic and meteorologic data, unless otherwise cited, are

from the files of the Michigan Hydrologic Research Project.
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United States (Crabb, 1950). The average annual amount of

solar radiation for the East Lansing area is 102,602 Langleys

(gram-calories per square centimeter).

Wind movement, which is important in this area because

of its ameliorating influence on weather, is greatest during

the period from November to April and least from May to

October. The prevailing wind direction is from the southwest.

an;

The soils of the wooded watershed belong to the Gray-

Brown Podzolio Great Soil Group. These soils are derived

from medium to heavy textured calcareous drift of the late

Wisconsin glacial period (Leverett and Schneider, 1917). The

drift covering is sufficiently thick (at least eighty feet)

in this area to completely mask any direct influence of the

underlying bedrock on the soils. The drift consists of trans-

ported residue of weathered material and rock fragments of

shales, limestones, and sandstones with some crystalline rock

material from distant sources included.

The Rose Lake area falls within the Fox-Plainfield—

Hillsdale-Bellefontaine Soil Association as mapped by Veatch

(1953). Johnsgard, at 51., (19142) mapped the area immediately

around and including the watershed as Hillsdale sandy loam,

rolling phase.

More specifically, the soils within the watershed were

mapped in 191w as Miami loam, Hillsdale sandy loam, Hillsdale
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sandy loam - Metea sandy loam complex, Conover loam, Conover

silt loam.3 Intensive soil sampling during 1957 by the writer

indicated that the soil formerly mapped as Conaver silt loam

was sandy loam in texture and has been reclassified as Meta-

mora sandy loam (Fig. 2).

The soils may be subdivided into two groups on the

basis of drainage: 1) Well-drained soils, and 2) imperfectly

drained soils. The well-drained group includes the Miami

loam, Hillsdale sandy loam, and Hillsdale sandy loam - Metea

sandy loam complex. The imperfectly drained group includes

the Conaver loan and the Metamora sandy loam. The physical

properties of these soils are discussed in detail in Chapter

VI.

Vegetation

The forest vegetation of this area is representative

of the northern portion of the central hardwood region.

Prior to cutting (winter of 1951 - 1952) the watershed sup-

ported a well—stocked stand of second growth oak-hickory

(Fig. 5). The timber had been "high graded" at various times

since settlement of the area in the mid-1800's.

 

3The soils of the watershed were mapped by Mr. Leo

R. Jones, Soil Conservation Service, U. S. Department of

Agriculture.
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watershed during the summer of 1951 (Smith, 195k).

37

.An intensive vegetative inventory was made on the

The inven-

tory included a cruise of all stems one inch in diameter and

larger. A crown map was also made showing the projection of

all crowns of stems one inch in diameter and larger (Fig. 6a).

Table 1 gives the basal area for the watershed by species.

TABLE 1

BASAL AREA BY spasms"

 

 

Species Basal area per acre

 

. Queraus vclutina

Quercus rubra

Quercus alba

Carya ovata

Carya ovalis

Prunus serotina

Accr rubra

Prunus virginiana

Ulmus thomasi

Crataegus spp.

Cornus racemosa

Hammelis virginiana

Fraxinus americana'

32.818

20.515

16.821

17 . 369

10.607

n.359

1.259

.812

.227

. 167

.026

.017

.013

 

‘From Smith, 1994-
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This tabulation indicates the oaks (Quercus velutina Iam.,

Quercus‘ggbgg L., Quercus‘glbg L.) contained 66.8 per cent

of the basal area, and the hickories (92313 ovalis Sarg.,

92222.2!232HM111.) contained 26.6 per cent, for a combined

total of 93-h per cent of the stand, hence the designation

of the forest type as oak-hickory was well justified. Basal

area by one inch diameter classes is given in Table 2.

There was a total of 8,912 board feet (International

one-fourth inch log rule) on the watershed in the 10- to 18-

inch diameter class (Smith and Crabb, 1953). This amounted

to 5,570 board feet per acre. The largest volume of saw

timber was in black oak (guercus vclutina Iam.). In the 5-

to 9- inch.alass there were hSh cubic feet per acre. Of a

total of 2,008 stems on the watershed in the l- to 19—inch

category, 83.9 per cent were less than five inches in diameter.

A lesser vegetation survey made on nine fifteen feet

square quadrats indicated that h6.2 per cent of the area had

no lesser vegetation.(Smith,‘gp.‘git.). Dense concentrations

of lesser vegetation were noted in the few openings in the

stand (Fig. 5).

The status of the watershed vegetation after cutting

is given in Chapter IV.



TABLE 2

ho

BASAL AREA BY ONE INCH DIAMETER GLASSESa

 

 

Diameter class Basal area

 

(inches) (square feet) Per cent of total

1 3.8h5 212

2 3.8u9 2.2

3 2.158 1.2

h . 1.7h9 1.0

5 5.397 3.1

6 6.7h9 3.9

7 7.096 h.l

8 15.95h 9.2

9 9.670 5.7

10 16.053 9.3

11 18.89u 10.9

12 17.128 9.9

13 16.335 9.5

in 22.368 12.9

15 10.660 6.1

16 5.395 3.1

17 h-675 2.7

13 3.517 2.0

19 1.887 1.0

 

‘From Smith, 19511.



CHAPTER IV

HISTORY OF THE HOODED WATERSHED STUDY

The Michigan Hydrologic Research Project was formally

established January 1, 19110. The project was originally set

up to study watershed conditions under the influence of agri-

cultural cropping practices prevailing in this area. However,

it was decided during the sumer of 19110 to include a water-

shed under forested conditions to contrast the effects of

various kinds of cover conditions on the hydrology of small

agricultural watersheds. An agreement was formulated between

the Michigan Department of Conservation, the Michigan Agri-

cultural Experiment Station, and the Soil Conservation Service

of the U. S. Department of Agriculture to utilize lands of

the Rose Lake Wildlife Experiment Station for the purpose of

studying watershed conditions under a forest cover. The

small wooded watershed north of Clinton County Road hSh was

selected as the site for the watershed study. Surveying,

mapping, construction of installations, and instrumentation

of the study area were effected during the latter half of

1911.0 and January of 19111.



Instrumentation

Precipitation

In order to study the hydrology of an area it is neces-

sary to know how much precipitation is received on the area.

Precipitation received on the watershed during the months of

April through October occurs primarily as rainfall. During

the months of November through.March precipitation occurs

primarily as snow. Precipitation records have been taken

since February, l9h1 at the watershed.

The total amount of precipitation was measured with a

standard U. S. Weather Bureau type, eight inch non-recording

rain gage. A nine inch weighing-type (Ferguson) recording

rain gage was used to determine precipitation intensity. As

a supplemental measurement, a standard non-recording rain

gage equipped with a Nipher shield was used to determine the

reliability of rain and snow measurements under conditions

of high wind.

Precipitation was measured as soon as possible after

each storm, to prevent undue losses from.the gages by evapo-

ration. Also, as the recording rain gage used a twelve hour

chart with a clock that ran for one week it was necessary to

change the chart as soon as possible after precipitation in

order to prevent confusion as to the timing of the precipita-

tion. For winter snow measurements the catchment funnels

were removed from all three gages to allow easy access of the
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snow. An anti-freeze solution was added to the precipitation

catchment pail of the recording gage to reduce the snow catch

to its liquid content. The water content of the snow caught

in the standard gages (shielded and non-shielded) was obtained

by melting the snow catch per gage on a small kerosene stove.

In addition to the snow measurements obtained in the precipi-

tation gages a snow survey was made on the watershed after

each.snowfall. As the depth of snow on the ground seldom

exceeds ten inches in this area it was impractical to use a

snow tube in the conventional manner, viz., obtaining a repre—

sentative core of snow in the tube, then weighing the tube

and snow core on a specially calibrated scale to get water

content. Consequently, a special method was used, employing

a snow tube of the conventional type. It has been determined

that the cross-sectional area of the snow tube is approximately

1/28 the cross-sectional area of a standard eight inch rain

gage. Hence by getting twenty-eight snow acres at random

from.the watershed area a representative sample of snow depth

and water content was obtained which.was equivalent in cross-

sectional area to a catch obtained in a standard gage. The

snow was melted and.measured as in the case of the catch in

the standard gages.

A11 precipitation data were recorded as inches depth

of water and inches per hour. In the case of snow, average

depth of snowfall and average snow density were also recorded.
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The data were tabulated by days, months, and years. A sum-

mary of precipitation received on the area for the period of

study, 19!.1 - 1957 is included in Chapter VI.

Temperature

Air temperature and relative humidity were recorded

by means of a hygrothermograph located in a standard Weather

Bureau instrument shelter 11.5 feet above ground (Fig. 7).

The air temperature and relative humidity fluctuations were

recorded on a weekly, clock operated chart. Maximum and

minimum air temperatures were determined by means of a U-

Type maximum - minimum thermometer. Air temperatures were

tabulated as maximum and minimum values per week as well as

average weekly temperature.

Soil temperatures were obtained at depths of one inch

and six inches below the soil surface by means of a recording

three-pen thermograph. The third pen of the thermograph

recorded air temperature six inches above the soil surface.

The soil and air temperatures were tabulated as weekly maxi-

mum and minimum, and average weekly temperature per location.

Runoff

Runoff was measured by means of a float-type portable

water stage recorder used in conjunction with a metal 3-H

type flume. A reinforced concrete approach section at the

outlet of the watershed delivers the water to the flume in

an orderly manner. The runoff recorder was equipped with an
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adjustable float stop so that the float never dropped below

the zero point of bouyancy. The float stop was equipped with

a vernier and could be read to the nearest 0.001 fact. Figure

8 pictures the runoff measuring installations.

Runoff data were recorded as cubic feet per second

(c.f.s.), and area inches per hour. Runoff data far the

period of study, l9hl - 1957. are summarized in Chapter VI.

Erosion

As runoff water passed through the measuring flume it

flowed into a reinforced concrete silt box. This silt box

would hold runoff water to a depth of two feet, with the

remainder flowing over a weir plate at the lower end. A

Ramser divisor, located.on the side of the silt box at the

level of the weir plate, obtained an aliquot sample of all

runoff flowing over the weir plate (Fig. 8). Total soil loss

was obtained by determining soil loss per cubic foot caught

in the divisor, multiplying by the total volume of runoff

passing over the weir plate and adding that to the total soil

loss obtained in the silt box. Soil loss was computed in

terms of pounds per acre.

Soil Moisture

Soil moisture sampling was initiated on the watershed

during September of 19u5. Bi-weekly gravimetric sampling,

with a Veihmeyer tube, in the Metamora sandy 10mm furnished

a measure of soil moisture for the watershed. Bouyoucos
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:moisture blocks were installed in the same soil type during

the summer of 1953 and weekly readings of soil moisture at

various depths were recorded. The blocks were removed during

the summer of 1957 and new blocks were installed. Weekly

gravimetric sampling was initiated during March of 1957 and

continued through September of 1957. During this period of

gravimetric sampling all five soil types on the watershed

were sampled.

A more detailed description of the soil.moisture samp-

ling procedure is given in Chapter V.

Calibration Period, 19l11 - 1951

In watershed studies, such as this, it is desirable

to accumulate data on the various meteorologic and hydrologic

factors under a diversity of conditions as might normally be

encountered on a particular area. This standardization or

calibration.period varies according to climatic and physio-

graphia factors. Statistical methods have been developed

which enable the calculation of the desired calibration period

for a particular set of conditions (Kovener and Evans, 195h).

However, no such calculations were available at the beginning

of this study, thus an arbitrary length of calibration period

was decided on.

The instrumentation of the watershed was completed by

February 1, l9h1 and meteorological and hydrological records
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were comenced from that date. Pro-treatment data were

acctmilated through November of 1951.

Theatment, 1951

By the summer of 1951 the watershed had undergone an

eleven year period of standardization and it was felt that

in that period a representative cross-section of storms had

been experienced on the area. Consequently the Hydrologio

Project Committee recommended that the forest canopy be

altered in order to observe changes, if any, in runoff,

erosion, and silting. As a result of this reconlnendation the

”Joint Working Plan of the Michigan Agricultural Experiment

Station and the Soil Conservation Service," which formed the

working basis for the Michigan Rydrologic Research Project,

was mended November 26, 1951 to include the following treat-

ment: 1

1. The present forest cover at the wooded watershed to

be altered so as to give additional data on the

effects of watershed management on soil and water

losses. This alteration to be accomplished by com-

mercially clearcutting in the same manner as is com-

mon in southern Michigan woedlo ts. In addition, an

isolation strip 50 feet wide around the watershed

will be treated similarly to eliminate edge effect.

2. Commercial clearcutting will take all trees dawn to

the 5- inch diameter class. Trees 10 inches and

 

1From the files of the Michigan Rydrologic Research

Station.
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larger in diameter will be cut into sawlogs. Material

in the 6-inch to 9-inch diameter classes will be out

into cordwood. Cruise data indicates a volume of

8,000 beard feet in the watershed. Cutting an isola-

tion strip will increase this volume to approximately

12,000 board feet. All material will be cut and

decked outside the cutting area, and will become the

property of the Rose Lake Wildlife Experiment Station.

The expense of cutting and decking operations will be

borne by the Forestry Department. Tops will be left

in the area unless the Rose Lake Wildlife Experiment

Station desires to utilize them for fuelwood or brush-

piles for game cover.

3. Clearcutting operations will omence about November

27, 1951, and continue until the project is completed.

11. This cultural treatment will not change the use of

the area by the Game Division, Michigan Conservation

7 Department.

5. This cultural treatment will not change the present

instrumentation of the watershed, nor the studies now

underway thereon.

This treatment was carried out, as proposed, by the

end of the year 1951. The trees were felled, bucked, and

tractor skidded to a landing off the watershed area. There

was no attempt to minimize soil disturbance on the area.

Approximately 1600 stems, less than five inches in diameter,

remained on the watershed, with many of these damaged by the

logging operation (Fig. 9).

As the entire treatment operation required only a min-

imum amount of time, approximately one month, only a few data

were collected during this transitory period. Likewise, as

this period of the year is more or less dormant, from a hydro-

logic standpoint, the entire 1951 year was included in the

pro-treatment period.



 

 
Fig. 9.-Stand condition on the watershed

immediately after logging. (a) View from the

northwest towards the southeast. (b) View from

south to north. (Michigan Hydrologic Research

Station)
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Post Treatment Period, 1952 - 1957

After the initial cutting treatment, during the fall

and winter of 1951, no further treatment was effected on the

area. The first year after treatment, 1952, was the only

year the watershed was affected by the full impact of the

treatment. Hith each subsequent year the regrowth of vegeta-

tion became more dense, hence the effect of the treatment was

progressively ameliorated. Figure 10 illustrates the regrowth

of vegetation during the 1952 season, while Figure 11 indicates

vegetative cover during 1957. The vegetative cover was very

dense during the 1957 drawing season, with nearly 100 per cent

crown coverage for the watershed. The vegetation type varied

from grass cover on one small area to bramble to sapling stage

of cherry, elm, oak, and hickory, with a few pole-sized trees

of the same species. -'lhero were profuse growths of black-

berry and wild grape on scattered areas.
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CHAPTER V

METHODS OF STUDY

Research related to the hydrologic effects of vegetation

treatment has generally followed.one or more of the following

:methods or techniques: Measurement of water yield and sediment

from small watersheds on which the vegetation or land use has

been altered or on groups of watersheds which are similar

except for vegetative cover or land use; measurement of sample

plots upon which vegetation can be mandpulated; area sampling

of hydrologic conditions on land areas which have undergone

vegetation changes. Each.method has considerable merit, as

well as disadvantages: The first approach has the disadvantage

that only the end results of treatment are measured, i.e. run-

off. The second approach deals only with the various componp

onto which affect water yield from an area, but do not in

themselves measure the end result. The third approach.per-

mits a relative measure of the effects of vegetation and land

use treatments but does not attain any degree of specific

delineation of cause or effect of treatment. Ideally, a com-

bination.of the first and second approaches would furnish the

maximum amount of useful information, as the individual comp

ponents affecting water yield on the watershed would be meas-

ured, as well as the end result of the interaction of these

components, i.e. runoff.
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In.order to determine and evaluate some of the effects

of a commercial-type clearcut on soil and water relations on

a small watershed it was considered desirable to use a method

of study approaching a combination of the first and second

methods mentioned above. Consequently the methods of study

have been separated into parts: The determination of some

effects of treatment on soil physical properties; and the

determination of some effects of treatment on water yield and

quality.

Determination of Treatment Effects on

Soil Physical Properties

8011 may be regarded as a product of its environment

and as such it is not a static body but is dynamic and may

be expected to change with modification of its environment.

Since vegetation is a component of the environaent of an area

any drastic changes in the vegetative cover'may promote

changes in the physical constitution of the solum. This por-

tion of the dissertation is concerned with the determination

of effects of vegetation treatment on soil physical properties.

The basic procedure employed in this study was to

determine the physical characteristics of the soils on the

watershed during the last year of study, 1957, and contrast

these values with soils of the same type on untreated areas

bumsdiately adjacent to the treated watershed area. Also

these values were to be contrasted with values obtained in
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1953, one year after treatment, by Smith (l95h)on the watar-

shed area. The basic approach should have included determi-

nation of soil physical prOperties prior to vegetative treat-

ment and subsequent determinations of these properties at pre-

scribed intervals. This, however, was not the case, hence

the procedure described above was employed.

Soil Physical Properties

The physical properties determined in this study were

soil texture, permeability, porosity, bulk density, moisture

equilibrium points (field capacity and permanent wilting

point), and loss on ignition. The above physical preperties

were determined from soil.samples extracted from the various

soil types represented on.the watershed and the immediately

surrounding area. Figure 13 indicates the location of the

soil sampling pits on the watershed. The basic soil samples

consisted of soil cores, three inches in diameter by three

inches high, extracted in aluminum cylinders by means of a

core sampler similar to that originally described by But:

(l9h0), (Fig. 1h). The sampling procedure generally followed

that described by Hoover, gt'g;,, (195h). Only one soil

sampling pit was excavated within each soil type on the water-

shed because of the lhmited area occupied by each soil type

and to prevent, as much.as possible, any overall disturbance

to the watershed. The depths sampled were 0 - 6 inches, 12 -

18 inches, 30 - 36 inches, and h2 - h8 inches. The sampling
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Soil 21293 _ I

36 Metamora sandy loam

h.6 Gonover loam
0 Soil Moisture

115 Miami 1
Sampling Station

oam

8 3011 Physical
610 Hillsdalo sandy loam 11:39:”: Sampling

610 - 619 Hillsdale sandy loam-

Metea sandy loam

Fig. lB.-Location of soil moisture sampling stations
and soil physical property sampling pits.
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depths, down through thirty-six inches, were selected to

coincide with the soil moisture sampling depths originally

selected in 19145. The greatest depth, 142 - 11.8 inches, was

selected to coincide with the additional depth of soil moist-

ure sampling in 1957. The writer felt that physical changes

in the soil, associated with vegetation or land use changes,

are not usually effected below a depth of six inches (except

with cultivation), hence physical prOperty determinations on

the soils of the untreated area were confined to the upper

six inches of the profile.

Three cores were obtained from each.sampling depth in

order to reduce, somewhat, the natural variability of the

soils and also to have at least one or two cores for each

depth in the event that a core had to be discarded because

of large root channels or rocks. The soil cores were placed

in one-pint cylindrical cardboard containers to prevent dry-

ing and to protect the relatively undisturbed structure dur-

ing transit to the laboratory. The soils were sampled when

the moisture was at field capacity or slightly below. Past

investigations indicate that at this moisture content struct-

ural cracks and cleavages are closed and there is sufficient

moisture in the soil to lubricate the sample, hence a rela-

tively undisturbed sample may be obtained.

Bulk samples were obtained, in addition to the soil

cores, for use in determining loss on ignition, permanent
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wilting percentage, and soil texture.

Soil texture. The texture of the soil indicates the

relative proportion of sand, silt, and clay separates which

constitute the soil body. A.mechanical analysis, using the

Bouyoucos hydrometer method, was employed in the laboratory

to determine the soil textures (Forest Soils Committee of the

Douglas Fir Region, 1953). The relative proportions of sand,

silt, and clay were expressed as percentages of total separ-

ates less than 2 mm. in size.

Permeability.-.Permeability, as expressed by percola-

tion rates (inches per hour), was determined in the labora-

tory on the 3 X 3 —inch.soil cores with a permeability appa-

ratus described by Hoover, _e_t, _a_l_., o . 9_i_t. Figure 15

illustrates the permeability apparatus.

Porosity. A tension table, similar to that originally

described by leaner and Shaw (l9hl), was used for pore space

determinations. The previously described 3 X 3 oinch.soil

cores were subjected to tensions of 20 mm., ho cm., and 60 on.

Total porosity, capillary porosity, and non-capillary porosity

values were determined following procedures outlined by

Hoover, g; 3;” 9p._,9_;_,t. The delineation between capillary

and non-capillary porosity was attained by considering the

60 cm. tension value as representing the force with which

capillary water is held. Thus, the porosity values obtained

at 60 cm. of tension represented capillary porosity. Porosity

values were expressed as per cent of soil volume.



 
 

Fig. 15.-Permeability apparatus used for determ-

ining percolation rates of soil cores.
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Bulk density. The bulk density of each core sample

was obtained after the permeability and porosity values were

determined. The evenedry weight of the soil core in grams

was divided by the volume of the core in cubic centhmeters

to obtain the bulk density values.

After completing the bulk density detemminations all

soil cores were examined for large stones and roots which

would tend to exaggerate. the pemeability, porosity, and bulk

density values. Any such cores found were discarded.

Field capacity. Various methods have been advanced

for the determination of soil moisture content at the moist-

ure equilibrium point known as field capacity. The reason

for the variety of“methods apparently rests on the lack of

agreement as to the tension value most representative of the

attraction.of the soil particles for water at the so called

field capacity condition. If the moisture held in the pore

space at 60 mm. of tension.ropresents capillary moisture,

and that is the assumptionumade in this study as indicated

in the above section on.porosity, then the moisture content

at this tension level should indicate approthate field

capacity.

Permanent‘fliltigg Percentag . The use of fifteen

atmospheres of tension as representative of the attraction of

soil for water at the permanent wilting percentage has gained

rather widespread acceptance among researchers (Baver, 1956),
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hence this tension value was used in this study. The pres-

sure-membrane apparatus, as described by Richards (19h? ), was

used to determine the moisture content at permanent wilting

point. A plastic sausage casing-type membrane was used in

the apparatus. Rubber rings were used to retain the soil

samples within the apparatus. The soils were sieved through

a 2 sun. screen before being tested. Moisture contents at the

permanent wilting point were expressed as per cent moisture

on an oven-dry basis and on a volume basis.

Loss on ignition. The values obtained from loss on

ignition represent an approximation of total soil organic

matter (Forest Soils Committee of the Douglas Fir Region,

1953). For sandy soils loss on ignition values are probably

the most accurate indication of soil organic matter content.

In clay soils, however, water intimately associated with the

soil particles may be driven off, giving inaccurate values

for organic matter content. Therefore, all values represent-

ing total soil organic matter, as determined in this disser-

tation, are presented as loss on ignition. Ten gram samples

of oven-dry soil, ground to pass through a 60 mesh screen,

were ignited in a muffle furnace at 600’0 for four hours.

The results obtained were expressed as per cent loss on igni-

tion.
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Soil Moistgye Raging

Soil moisture values were determined gravimetrically

for depths of 0 - 6 inches, 12 - 18 inches, and 30 - 36 inches.

The soil moisture sampling area was located within the Meta-

mora sandy loam soil type (see Fig. 2, Chap. 111). The samp-

ling depths, as well 'as the soil type to be sampled, were

decided by personnel of the Michigan Hydrologic Research

Station in 1915. The soil moisture values were obtained on

a bi-weekly basis from September, 19145 through December, 1952.

In order to ascertain the degree of soil moisture variation

beWeen soil types on the watershed, weekly soil moisture

samples were obtained from the five soil types during the

period of March through September, 1957. The depths sampled

were the same as the three previously mentioned plus an addi-

tional depth of u2 - 348 inches. Fifteen soil moisture samp-

ling stations were established on the watershed early in 1957,

with three sample stations within each soil type. However,

with subsequent revision of soil type boundaries, some soil

types contained only two sample stations while others con-

tained four (Fig. 13). The soil moisture samples were

obtained with a Veihmeyer tube (Veihmeyer, 1929). and placed

in air-tight aluminum sample cans (Fig. 16). The moisture

samples were weighed to the nearest one-tenth of a gram.

The samples were oven-dried at a temperature of lOS'C for a

twenty-four hour period (Lull and Roinhart, 1955). Soil
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Fig. 16.-Gravimetric soil moisture sampling by

means of a Veihmeyer tube. Note wooden trough used

to hold the soil cores. (Michigan Hydrologic

Research Station)
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moisture values were determined as per cent moisture on an

oven-dried weight basis. The values were also expressed as

per cent moisture on a volume basis by multiplying per cent

moisture on an oven-dried weight basis by the bulk density

value for the appropriate soil and depth. In order to account

for the intervening depths between the depths actually sampled,

for determining total profile moisture content (0 - 1;.8 inches),

arbitrary depths, based on the writer's observations of the

profiles, were assigned as follows:

Depth Sampled Representative Depth

(inches) (inches)

0 - 6 0 - 6

12 - 18 7 - 25

3O - 36 26 - 36

142 - 1:8 37 - 1&8

There were no usable soil moisture values obtained

during the years 1953 - 1956. Plaster-of-paris soil moisture

blocks, developed by Bouyoucos and Mick (1913.0), were installed

in the Metamora sandy loam soil during the owner of 1953.

has blocks failed to give satisfactory results, perhaps

because of the wet site, and were never calibrated, thus the

results obtained were of no use to this study. These soil

moisture blocks were removed during the sumer of 1957 and

the more recently developed nylon-type moisture blocks

(Bouyoucos, 1952) were installed in the same area. As
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gravimetric samples were obtained during the 1957 growing

season no data were used from the moisture blocks in this

amdyo

lvapgtranspiration

Bvapotranspiration values were computed for periods

when soil moisture was at or below field capacity, in order

to reduce as much as possible incorporation of percolation

losses in the computed values. Hhen soil moisture depletion

occurred, evapotranspiration equaled the difference between

any two consecutive soil moisture values plus precipitation

received during the period. When soil moisture accretion

occurred, the amount of evapotranspiration equaled the pre-

cipitation minus the amount of soil moisture increase.

Evapotranspiration values were computed from mean monthly

soil moisture values and monthly precipitation, and expressed

as mean daily and monthly values for the period of June

through September.

.3011 Temperature Regime

Soil temperatures were determined at depths of one

j~11ch and six inches below the surface by means of a three-

A third temperature element was

Figure 2 indicates

Den soil thermograph.

located six inches above the soil surface.

the location of the three-pen thermograph, which was on the

Hillsdale sandy loam - Metea sandy loam complex. The

temperature records used in this study include the years
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l9h6 through 1951 (pro-treatment period) and 1952 through

1957 (post-treatment period). Average weekly and monthly

temperatures from each of the three locations or depths were

compared with average weekly and monthly air temperatures at

h.5 feet above ground (hygrothermograph at meteorological

station) to detemine effects of treatment on soil and sur—

face air temperatures.

Unincopporated Organic Matter

A measure of the amount of unincorporated organic

 

matter, i.e. all organic matter down to mineral soil, on the

treated watershed area and the surrounding untreated area

was obtained during November of .1957. All unincorporated

organic matter, excluding limbs and large twigs, was collected

from within one foot square sample plots. Samples were

obtained from within each soil type on the watershed and

corresponding soil types on the untreated area immediately

adjacent to the watershed. The samples were oven-dried at

100'0 for twenty-four hours and the oven-dry weight recorded.

The weight of unincorporated organic matter on each soil type

was expressed as tons per acre.

Determination of Treannent Effects on

Water Yield and Quality

Runoff or water yield from the watershed represents

the net results of the interaction of the various vegetative

and pedologic factors affecting the disposition of precipi-
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tation on the watershed. By studying the runoff behavior of

the watershed before and after vegetative treatment the over-

all hydrologic effect of treatment may be ascertained. The

quality of water (silt content) running off from the water-

shed serves as an indication of the effectiveness of the

vegetative cover in protecting the soil from raindrop impact

and the scouring action of surface runoff. Therefore, a com—

parison of erosion amounts before and after treatment may

indicate whether the treatment reduced the effectiveness of

the vegetative cover.

M

Runoff records were available for the entire period

0 1' study, l9ul . - 1957. Runoff characteristics, i.e. average

annual runoff, average monthly runoff, average runoff per

8 term, average maximmn rates of runoff per hour and twenty—

1"’Dur hours, average rate per storm, and frequency of runoff

were determined for the pre-treatment period and contrasted

'1 th post-treatment runoff characteristics. All runoff data

were analyzed in consideration of precipitation received on

the area.

1. Infiltration

The average infiltration rate, in inches per hour,

( few) for the watershed (includes interception losses) was

determined for storms occuring during the frost-free season.

Hydrograph analysis, as described by Foster (l9h8), was
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employed to determine the average infiltration rate. Infil-

tration rates for storms occuring before treatment were con-

trasted with rates for storms after treatment, in an attempt

to detect effects of vegetative treatment.

Erosion ‘

The silt content of all runoff water was determined

1'or the, entire period of study, 19141 - 1957. Pre-treatment

amounts, eXpressed as pounds per acre, were contrasted to

post-treatment amounts in order to ascertain any degree of

change which might be attributable to treatment effect.



CHAPTER VI

RESULTS AND DISCUSSION

The results of this study of some effects of a commer-

cial-type clearcut on soil and water relations on a small

wooded watershed are presented in two parts. The first part

is devoted to the presentation and discussion of the results

of the soil studies. The second part is devoted to the

results of the hydrologic aspects of the study.

Soil Studies

The soil is the fundamental water regulating agent on

a watershed. The physical characteristics of the soil deter-

mines its hydrologic characteristics, i.e. infiltration, per-

colation, and storage capacity. These characteristics in

turn determine the disposition of precipitation in terms of

surface runoff, subsurface flow, and water storage within the

soil‘mantle.

Soil Physical Properties

Because physical properties of soils are rather sensi-

tive to vegetation and land use changes it is of fundamental

importance in watershed management research to ascertain the

effects of these changes or treatments on the soil physical

preperties in order to evaluate any changes in water regime

of an area. The study of runoff and erosion from.a treated
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watershed indicates the nature of the treatment on water

regime, but in order to determine the reasons why the treat-

ment causes certain changes in.water regime it is necessary

to first determine what changes are effected in the soil

reservoir.

Soil texture. Soil texture refers to the relative

preportions of sand, silt, and clay separates in the soil.

As the number and size distribution.of soil particles in a

unit volume determines soil texture, texture determines the

amount of surface area, and in turn, the water holding capac-

ity of the soil. For a given volume of soil, the smaller the

size of primary particles the greater the water holding

capacity. The kmerican Society of'Civil Engineers (l9h9)

indicates that clay can hold nine times as much water as fine

sand against the force of gravity. The retention storage

capacity, in terms of inches depth of water per foot depth

of soil, of sandy loam is given as 1.7 inches, loam.3.3 inches,

and clay h.5 inches. From.the above discussion it is appar-

ent that soil texture has a definite hydrologic function.

Since it is generally recognized that the texture of

the soil can be altered very little by vegetative treatment

(Data and Chandler, 19159), the purpose for the determination

of soil texture in this study was to furnish a check on the

previously established textural classifications as well as

provide textural information for additional depths of soils
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not previously sampled.

Soil texture data, as determined by means of mechan-

ical analyses, are given for the various soil types and depths

in Table 3. Textural data obtained by Smith (1951:.) are given

in Table 1.; as a comparison. The results of the mechanical

analyses in both tables are rather comparable, with one nota-

ble exception. Smith's data list a soil type as Conover

silt loam, while in the present study this soil type is listed

as Metamora sandy loam. ‘lhis constitutes a considerable dis-

crepancy as to textural designation and the only plausible

explanation offered is that the classification as silt loam

is a result of the vagarities of sampling. The writer sampled

the soil type in question intensively during the summer of

1957 and failed to detect any occurrence of a silt loam tex-

ture. The soil type would have fomally been classified as

Gonover sandy loam but is now being mapped as Hetamora sandy

loam.1

The soils of the watershed exhibited a certain degree

of similarity of texture in that all soils at all depths were

classified as being loamy in nature, varying from sandy loam

to clay loam. Loam soils are generally recognized as exhibit-

ing favorable hydrologic properties as well as being more

1The affirmation of this soil type was made in consul-

tation with Mr. Ivan Schneider of the Soil Science Department

at Michigan State University.
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SUMMARY OF RESULTS OF HEWGAL ANALYSIS, 1957

 

  

 

Soil type and depth

Distribution.of

se arates < 2 mm.

saga sIIt clay

Texture

 

Metamora sandy loam

0'- 6 inch.depth

12 - 18 inch depth

30 - 36 inch depth

u2 - h8 inch depth

Concver loam

0 - 6 inch depth

12 - 18 inch.depth

30 - 36 inch depth

h2 - u8 inch depth

Miami loam

0 — 6 inch depth

12 - 18 inch depth

30 - 36 inch depth

h2 - h8 inch.depth

Hillsdale sandy loam-

Metea sandy loam

0 - 6 inch depth

12 - 18 inch depth

30 - 36 inch depth

hZ - h8 inch.depth

Hillsdale sandy loam

0 - 6 inch depth

12 - 18 inch.depth

30 - 36 inch depth

h2 - h8 inch depth

-:P3r cent -

67.h 22.2 10.h

70.0 18.0 12.0

63.2 25.8 11.0

50.0 39.8 10.2

h1.2 39.6 19.2

37.2 32.6 30.2

9.2 56.3 3h.h

51.2 37. 11.0

7.2 h5.2 1 .6

go.” 31.. 23..
702 1,-6.6 1802

71.h 12.h 16.2

62.2 28.6 9.2

67.2 25.6 7.2

55.0 2h.2 20.8

75.0 13.h 11.6

60.0 28.2 11.2

5808 2306 1706

51.8 23.6 2’4e6

68.8 18.6 12.6

sandy loam

sandy loam

sandy loam

loam

loam

clay loam

silty clay loam

loam

10am

clay loam

sandy loam

sandy loam

sandy loam

sandy loam

sandy clay loam

sandy loam

sandy loam

sandy loam

sandy clay loam

sandy loam
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Wor RESULTS or Hmmuucu. ANALYSIS, 1953

(F301! 3mm, 1951+)

 

 

Distribution of

 

Soil type and depth as arates < 2 m.

sand sIIt cIay

 

- Fer cent -

Conover silt loam

0 - 3 inch depth 30.3 59.7 10.0

h - 7 inch depth 31.3 51.3 17.14

12 - 15 111011 depth 32.0 5203 1507

Gonover loam

0 - 3 inch depth 65.2 16.8 18.0

1% " 7 inch dQPth 670 £03 1700

" 15 131011 depth 720 03 1209

Miami loam

0 - 3 inch depth 15.3 38.1 15.7

h ‘l 7 inch depth “-703 3500 lges

12 - 15 inch depth no.0 31.0 2 .0

Hillsdale sandy loam-

Metea sandy loam

complex

0 " 3 inch depth 6309 2805 708‘

h - 7 inch depth 61.0 29.2 9.9

12 - 15 inch depth 50.0 26.2 .8

Hillsdale sandy loam

0 - 3 inch depth - - -

u - 7 inch depth . 60.6 30.1 10.

12 - 15 inch depth 57.1 26.1 16.
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favorable for forest growth than either coarse sands or fine

clays. The part of this chapter devoted to hydr010gic studies

indicates the generally favorable hydrologic characteristics

of these soils.

Bulk density". The bulk density of a soil may be de-

fined as the ratio between the dry weight of a given volume

of undisturbed soil. and the weight of an equal volume of

water (Lutz and Chandler, 1914.7). Volume weight and apparent

density are terms frequently used in place of bulk density.

One of the most important factors influencing bulk

density is soil structure. Very compact soils, with low pore

volume, have high bulk density values. In contrast, loose,

porous soils have low bulk densities. Consequently, since the

bulk density of soils is greatly affected by soil structure,

the measurement of bulk density should give a relative indi-

cation of the structural condition of a soil, providing, of

course, that soil texture is also considered. Organic matter

13 another factor which influences soil bulk density. With

other factors being equal, soils with a high content of organic

matter have lower bulk densities than soils with a low organic

IlI-ntter content. With other factors being the same, a soil

with a low bulk density would have a greater percolation rate,

better aeration, and greater detention storage than a soil

“fith high bulk density. It can be seen, therefore, that for

Q given soil if the bulk density values increase after vege-
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tative treatment a deleterious hydrologic effect would likely

be the result.

Bulk density values have been.obtained by soil type

for various depths on the watershed the second year after

treatment, 1953. (Smith, 195k), the sixth.year after treat-

ment, 1957, and on the adjacent untreated area during 1957.

These bulk density values have been summarized and are pre-

sented in Table 5. The results of the study indicate consid-

erable variation between values obtained during 1953 and 1957

in the upper six inches of the profile. The 1953 values are

consistantly lower than the 1957 values in the upper six

inches, while the values for the 12 - 18 inch depth are of

similar magnitude for these two years. Because the location

of’sample plots used in.1953 are unknown it is rather diffi-

cult to directly compare data for the two sampling years.

The apparently lower bulk density values obtained during

1953 may be attributed to a thorough mixing of mineral soil

and unincorporated organic matter in areas disturbed by

skidding. The data indicate very little compaction attribu-

table to logging. The values for the upper six inches

obtained on the watershed during 1957 were consistantly lower

than the values obtained on the adjacent area during the same

year. loss on ignition values, which are presented in a

following section, indicate higher relative organic matter

content in the upper six inches of the watershed soils than
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mm 5

SUMMARY OF BUIK DENSITY VAIUES

 

 

 

Treated Treated Untreated

Soil type and depth watershed watershed area

1953‘ 1957 1957

Metamora sandy loam

0 - 3 inch depth 1.36 1.30 -

3 - 6 inch depth 1.68 1.56 «-

12 - 18 111011 depth 1060 1059 "

30 - 36 inch depth - 1.62 -

1+2 - 148 inch depth - 1.63 «-

Conover loam

O " 3 inch depth 1000 088 1011

3 - 6 inch depth 1.27 1.20 1.147

12 - 18 inch depth 1.05 1.53 -

30 «- £6 inch depth - 1.111 -

112 - 8 inch depth - 1.178 -

Miami loam

0 - 3 inch depth .70 1.10 1.18

3 - 6 inch dOPth 1001 1021 1030

12 - 18 inch depth 1.51 1.39 -

3(2) - 36 inch depth - 1.6g -

- 11.8 inch depth - 1.6 «-

Hillsdale sandy loam-

Metea sandy loam

complex

0 - 3 inch depth .87 .97 1.22

3 - 6 inch depth 1.09 1.29 1.14.2

12 - 18 inch depth 1.113 1. 0 -

3O - 36 inch depth - 1. 7 -

h2 - 118 inch depth - 1.55 -

Hillsdale sandy loam

0 - 3 inch depth .76 1.15 1.19

3 - 6 inch depth 1.01 1.33 1.63

12 - 18 inch depth 1.35 1.77 -

30 - 36 inch depth - 1.70 -

14.2 - 11.8 inch depth - 1.57 '-

 

3From Smith, 19511.
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SUMMARY OF BULK DENSITY VALUES

 

 

 

Treated Treated Untreated

Soil type and depth watershed watershed area

1953‘ 1957 1957

Matamora sandy loam

0 " 3 181Gb depth 1036 1030 "

3 - 6 inch depth 1068 1056 "

- 18 inch depth 1.60 1.59 -

-36 inch depth - 1.62 -

112-118 inch depth - 1.63 -

Comver loam

O - 3 inch depth 1.00 .88 1.11

3 - 6 inch depth 1.27 1.20 1.117

- 18 inch depth .05 1.53 -

30 - 36 inch depth - 1.111 -

112- 118 inch depth - 1.118 -

Miami loam

0 - 3 111011 dOPth .70 1010 1018

3 - 6 inGh dCPth 1001 1021 1030

12 - 18 111011 depth 105]. 1039 '

3(2) - 36 inch depth - 1.6 -

- 118 inch depth - 1.6 -

Hillsdale sandy loam-

Metea sandy loam

complex

0 - 3 inch depth .87 .97 1.22

3 - 6 inch depth 1.09 1.29 1.1.12

12 - 18 inch depth 1.113 1. O -

- 36 inch depth 1. 7 -

112- 118 inch depth - 1.55 -

Hillsdale sandy loam

O " 3 inch depth 076 1015 1019

3 - 6 inch depth 1.01 1.33 1.63

12 - 18 inch depth 1.35 1.77 -

30 - 36 inch depth - 1.70 -

112 - 118 inch depth - 1.57 -

__

aFrom Smith, 19511.
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in.the soils on the adjacent untreated area. This higher

organic matter content may be a contributing factor to the

lower bulk density values on the watershed.

As indicated in Table 5 the watershed soils were

rather compact below thirty inches and inksome instances

below twelve inches. The bulk density averages 1.6 for the

30 - ’48 inch depths, which is quite high for soils of medium

texture. This degree of compactness exhibited by the soils

probably offers sufficient resistance to prevent free access

to tree roots. The writer observed very few roots below

thirty inches depth.when obtaining soil samples. Veihmeyer

and Hendrickson (l9h8) have shown that roots do not readily

penetrate sands with bulk densities greater than 1.75 and

clays with bulk densities greater than l.u6 to 1. 63. From

a hydrologic standpoint, restriction.of the:maJority of tree

roots to the upper thirty inches of soil would reduce the

retention storage Opportunity of the soil.

Porosity. Baver (1956) has defined soil porosity as

the percentage of soil volume which is not occupied by solid

particles. Soil porosity is one of the more hmportant phys-

ical prOperties of soils, as considered from the standpoint

of hydrology and watershed management. Hursh.and Hoover

(l9hl) state "Two most essential soil profile characteristics

pertinent to hydrologic studies are functions of porosity.

They are storage opportunity and the transmission.rate of
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water." Since the soil acts as the reservoir of the water-

shed, soil porosity serves as an indicator of total storage

space for water in the reservoir. The relative distribution

of’pore sizes, i.e. capillary and non-capillary, is of more

practical significance than total porosity. A soil with a

high percentage of capillary pore space will have a high

retention capacity and a low percolation rate. Such soils

would also be less likely to be droughty. A soil, on the

other hand, which contained a large proportion of non-capil-

lary pore space would have a low retention capacity, rela-

tively high percolation rate, and would tend to be droughty.

Soil pore space constitutes two types of water storage

space, retention.and detention.storage. Retention storage

refers to the water held by the soil particles against the

force of gravity, or capillary storage. This water moves so

slowly as to be considered for all practical purposes as

being in storage. Hater in retention storage is available

for use by vegetation and evaporation, but is unavailable for

stremmflow. Non-capillary or large pores provide another

form of storage. ‘Water moves downward through these pores

under the influence of gravity and is only temporarily

detained, hence the use of the term detention storage. This

water is available for streamflow or to replenish the ground

water supply.
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It is apparent that the storage space provided by soil

pore volume is of utmost importance from.a hydrologic stand-

point and any change in the type and amount of pore space by

vegetative treatment would be of great importance. Lassen,

‘33121., (1951) state "The effects of land use and vegetation

on the soil are reflected principally in the resulting changes

in the number, shape, and size of its pores."

A summary of total, capillary, and non-capillary por-

osity values is given in Table 6. Porosity values at various

tensions are also given in Table 7. The results of the study

indicate a rather favorable total pore volume in the upper

six inches of soil for all soils examined. However, capillary

porosity accounts for approximately seventy per cent of the

total porosity while more ideally constituted soils would

contain fifty per cent capillary porosity and fifty per cent

non-capillary porosity. Below twelve inches depth the total

pore volume drops considerably, i.e. less than forty per cent.

At these lower depths capillary porosity accounts for an even

higher percentage of the total pore volume. At a depth of

30 - 36 inches in the Hillsdale sandy loam.the capillary

porosity accounts for eighténine per cent of the total

porosity. These low porosity values are reflected in the

bulk density values in the preceding section and the percola-

tion rates in the following section on permeability. Compar-

ison of porosity values obtained during 1953 and 1957 on the
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watershed and 1957 on the adjacent area does not indicate any

definite trend in soil pore volume, which may be attributable

to the vegetative treaunent. It is interesting to note that

the porosity values for the upper six inches of the soil pro-

file on the watershed during 1953 and 1957 were consistantly

higher than those porosity values obtained during 1957 on the

adjacent untreated area.

Figures 17a. and b. illustrate graphically the rela-

tive distribution of capillary and non-capillary pore volume

by depth of the various soils of the watershed in 1957.

Several of the soils, namely Miami loam, Hillsdale sandy loam,

and Metamora sandy loampossess very limited non-capillary

porosity within the 30 - 36 inch depth, indicating impeded

water movement through this zone. This is of particular

importance with Metamora sandy loam since it occupies the

intermittent drainage areas and the low central basin of the

watershed (Fig. 2, Chapter III). Subsurface flow from the

higher lying soils tends to concentrate within the Metamora

sandy loam and because of the impeded drainage there is a

tendency for a perched water, table to develop. This condition

was observed frequently during May, June, and July of 1957,

when the water table was within three to six inches of the

soil surface.

Permeability, Dawson (1951;) defines permeability as

"the property of a material which permits the passage of
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fluids through its pores."1 Permeability of a soil refers to

the relative ease with which water moves through the non-

capillary pore space in the profile. The rate at which water

moves through a saturated soil is termed the percolation rate.

Percolation differs from infiltration in that infiltration is

the entry of surface water into the surface of the soil, while

percolation is the movement of water through the soil.

Infiltration proceeds independently of percolation phenomena

until the soil becomes saturated, then the percolation rate

of the least permeable layer of the soil profile determines

the minimum infiltration (fc). Soil permeability affects the

disposition of precipitation into surface, subsurface, and

base flow, and the utilization of storage space. From a

hydrologic standpoint, it can be seen that soil permeability

is of fundamental importance in watershed research.

Percolation rates were determined for the soils on the

watershed and for the adjacent untreated area during 1957 and

are summarized in Table 8. The study does not indicate any

pronounced trend in percolation rates as a result of the

vegetative treatment. In comparing the percolation rates of

the treated and untreated areas for the 0 - 6 inch depths

considerable variation is noted betwun the two areas. The

greater variation appears to be in the O - 3 inch depth, while

there are several percolation values for the 3 - 6 inch depth

which are quite similar. All of the watershed soils, as well
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Soil type -Depth of 0001511515 - in inches

mm 103“ 5072 3011.7 1e146 026 030

Hillsdale sandy loam 5.92 7.61; .20 .21 .98

Hillsdale sandy loam-

Metea sandy loam

90”le 25080 3070 1.66 1017 075

Metamora sandy loam 2.33 .81 .88 .23 .27

Conover loam 30.99 10.60 h.h7 2.31 1.73

Untreated area

Miami loam 27.81 1.611 - - -

Hillsdale sandy loam 12.98 1.03 - - -

Hillsdale sandy loam- 1

Notes sandy loam

complex 9.78 3.70 - - -

Gonover loam 18.62 10.07 - - -

as the soils of the adjacent area, have rather rapid percola-

tion rates for the 0 - 6 inch depth. A notable exception is

that of Metamora sandy loam which has a low percolation rate

(.81 inches per hour) for the 3 - 6 inch depth. Several of

the watershed soils, Miami loam, Hillsdale sandy loam, and

Metamora sandy loam have limiting percolation rates ranging

betwaen .2 and .3 of an inch per hour in the 30 - 36 inch
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depths. This limiting percolation rate tends to promote sub-

surface flow downslope in the Miami loam and Hillsdale sandy

loam. mm the Metamora sandy loam, however, there is little

opportunity for any degree of subsurface flow because of low

transmisability rate below the three inch depth, as indicated

by the percolation rate at this depth. Thus, water concen-

trates on and within this soil type. The Conover loam, which

occupies the area immediately before the runoff approach

section (Fig. 2, Chapter III), has the most favorable water

drainage properties of any of the watershed soils. The mini-

mum percolation rate for this soil type is 1.73 inches per

hour, at the u2 - 1‘8 inch depth. It is within this soil type

that most of the water concentrated on and within the Metamora

sandy loam is percolated to the underlying water table, time

reducing to a minimum runoff from the watershed. The Hills-

dale sandy loam - Metea sandy loam complex exhibits rather

rapid percolation rates throughout the profile and it is

unlikely that this soil type contributes to surface runoff.

Field capacity. Veihneyer and Hendrickson (1931) have

defined field capacity as ".....the amount of water held in the

soil after the excess gravitational water has drained away."

Field capacity represents the maximum amount of water which

can be held in the capillary pore space of a soil. From a

hydrologic viewpoint, field capacity represents an important

soil moisture equilibrium point. When a soil is at field
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capacity, retention storage is satisfied and any additional

moisture received by the soil will go into detention storage

and eventually into streamflow, ground water, or evapotrans-

piration. Dreibelbis (l9hh) states "The amount of water in

the profile in excess of the field capacity is usually held

but a relatively short time. It is, however, very important

from the viewpoint of flood control because much of this

water is likely to contribute to atoms-runoff." Since soils

normally drain to field capacity and plants permanently wilt

at the wilting percentage,it may be seen that the amount of

water available to plants is represented by the difference

between these two equilibrium values. This difference also

represents total retention storage for a particular soil.

The difference between field capacity and saturation repre-

sents the total detention storage in a soil.

A summary of field capacity values (moisture content

in per cent by volume) for the watershed soils for various

depths is given in Table 9. The determination of field capac-

ity values in this study was not for purposes of determining

effects of vegetative treatment, as such, but to be used as

a tool in the computation of available soil moisture and also

to be used in interpreting soil moisture measurements.

Penmanent wilting percentage. Baver (1956) defines

the permanent wilting percentage as ".....that moisture con-

tent at which soil cannot supply water at a sufficient rate



TABIE9

SUMMARY OF SOIL MOISTURE EQUILIBRIUM POINTS

_‘

Per cent moisture - volume basis
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8011 m. and depth 0 cap‘cit 1‘8 p0 n

Miami loam

0 - 3 inch depth 37.76 6.98

3 - 6 inch depth 33.05 8.113

12 - 18 inch depth 31.611. 111.36

30 - 36 inch depth 28.65 11.79

112 - 11.8 inch depth 211.58 9.96

Hillsdale sandy loan

0 - 3 inch depth 37.72 7.011

3 - 6 inch depth 30.87 .011

12 - 18 inch depth 27.56 10.53

30 - 36 inch depth 33.03 16.66

11.2 - 1.1.8 1110b depth 23086 8020

Hillsdale sandy loam-

Metea sandy loam

complex

0 - 3 inch depth 30.111 8.86

3 - 6 inch depth 29.13 6.53

12 - 18 inch depth 211.85 3.50

30 - 36 inch depth 211.65 15.05

112 - 118 inch depth 32.86 8.00

Metamora sandy loam

0 - 3 inch depth 33.68 11.51

3 - 6 inch depth 27.22 2.91

12 " 18 inch dfipth 211.0142 50211.

30 - 36 inch depth 3009 5011.1.

11.2 «- 118 inch depth 32.5 11.63

Conover loam

O - 3 inch depth 113.05 19.79

3 - 6 inch depth 39.73 16.90

12 - 18 inch depth 33.115 21.112

30 - 36 inch depth 37.911 19.511

112 - 118 inch depth 311.69 17.95

'Moisture held in the soil at 60 cm. of tension.

bMoist‘ure held in the soil at 15 atmos. of tension.
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to maintain turgor, and the plant permanently wilts."

Veihmeyer and Hendrickson (19115) have shown that the penna-

nent wilting percentage is not a unique value, but a small

:range of soil moisture contents within which permanent wilt-

This range need not exceed one per cent foring takes place.

fine-textured soils or .5 per cent for coarse-textured soils.

The permanent wilting percentage represents the lower limits

of retention storage and, also , the lower limit of available

As mentioned above , the difference between themiamee

moisture content at field capacity and permanent wilting per-

centage represents the amount of available water in the soil.

The permanentIt also indicates total retention storage.

wilting percentage is affected by such factors as soil texture,

structure, and organic matter content.

Permanent wilting percentage values (per cent moisture

by volume) are summarized for the watershed soils in Table 9.

As with the field capacity data, no attempt is made to attrib-

ute treatment effects to these soil moisture equilibrium

P0113 ts but they are used in determining available soil moist-

as indicated in the section on soil moisture regime.

Loss on imtion.__ Although loss on ignition represents

"11! an estimation of total soil organic matter, when compar-

“re,

1‘18 3111111” soils the relative difference in organic matter

°°nst1tutes a valid comparison. Physical properties Of 3011'.

such. as ,mcmg, porosity. bulk density, permeability, and
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moisture equilibrium points are modified or affected by

organic matter. Soil organic matter is particularly import-

ant in its influence on the formation and maintenance of soil

aggregation. It is generally recognized that organic matter

increases the water holding capacity of the soil, though it

does not necessarily increase the amount of available soil

moisture (Baver, 1956). Since the primary source of soil

organic matter is the vegetative cover of an area, particu-

larly the trees, any change in the vegetative density or

cover type should be reflected in the relative amounts of

soil organic matter.

Loss on ignition values for the watershed soils and the

adjacent area are smmuarized for 1957 in Table 10. As would

be expected, the relative organic matter contents decrease

with increasing soil depth. The watershed soils have an aver-

age loss on ignition value for the 0 - 6 inch depth of 5.57

per cent, while the soils on the adjacent untreated area have

an average of 3.72 per cent. This indicates that the water-

shed soils averaged 119.73 per cent more less on ignition than

the soils of the adjacent area or, in other words, the soils

01’ the treated area contained relatively greater amounts of

”same matter in the 0 - 6 inch depth than the soils of the

uWreated area. This apparent increase in organic matter may

1” the result of a change in litter type as affected by the

17°39 t‘tive treatment. Prior to treatment the predominant
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TABLE 10 .

asunvs SOIL ORGANIC MATTER CONTENT

A “—A‘

 

 

. Loss on ignition Organic

Soil type and depth waters ed adjacent matteg

1957 1957 1953

- Per cent -

Miami loam

3 " 6 inch depth 11.059 2014.0 601.1.

12 - 18 inch depth 3.09 - .1

30 - 36 inch depth 1.87 - -

112 - 118 inch depth 1.67 - -

Eillsdale sandy loam

o - 3 inch depth 5.9? n.37 19.3

3 - 6 inch depth 3.12 1.69 5.6

- 18 inch depth 2.29 - .9

30 - 36 inch depth 2.52 - -

112- 118 inch depth 2.38 - -

Hillsdale sandy loam-

Hetea sandy loam

complex

0 - 3 inch depth 7.58 11.18 15.0

3 - 6 10611 depth 30142 1099 603

12 - 18 inch depth .90 - .7

- 36 inch depth 1.72 - -

112-118 inch depth 1.311 - -

Hetamora sandy loam

0 0 3 inch depth 3068 - 503

3 - 6 inch depth 1.60 - 1.5

12 - 18 inch depth 1.75 - -

30 «- 36 inch depth 1.117 - -

112-118 inch depth 1.77 - -

Conover loam

0 - 3 inch depth 13.66 6.86 8.8

3 - 6 inch depth 6.119 3.17 3.11

12 - 18 inch depth 3.93 - .2

30 - 36 inch depth 3.60 - -

112 - 8 inch depth 3.96 - -

9Determined by means of the dry-combustion method for

organic matter determination (Smith, 19511).
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litter type was oak and hickory, while after treatment a more

herbaceous type of vegetation prevailed on the watershed. As

generally recognized, oak and hickory leaves are more resist-

ant to decomposition than leaves of herbaceous vegetation,

hence with a more rapid rate of decomposition more organic

matter is incorporated into the soil. Dils (1953) in a study

in the southern Appalachians found that organic matter content

was greater under coppice type forest than under undisturbed

forest.

Unincoggorated Organic Matter

The term unincorporated organic matter, as used in this

study, refers to the litter layer (L), fermentation layer (F),

and the humus layer (H) as described by [ants and Chandler

(19117). The amount of unincorporated organic matter present

on the surface of a particular soil exerts certain fundamental

and important influences. First of all, the unincorporated

organic matter is the primary source of soil organic matter.

Secondly, unincorporated organic matter protects the soil sur-

face from raindrop impact, thus preventing the destruction of

soil structure and the attendent decrease in infiltration rate.

An important hydrologic function of unincorporated organic

matter is its ability to absorb large quantities of precipi-

tation. According to Trimble and Lull (1956) the field capac-

ity of humus ranges between 100 and 200 per cent of its oven-

dry weight, while minimum field-moisture contents range



99

between twenty and forty per cent. Blow (1955 ) studying

litter under upland oak forests in eastern Tennessee found

that moisture content at saturation ranged between 200 and

250 per cent, while field capacity was approximately 135 per

cent. Blow also stated that litter intercepted approximately

one inch of precipitation per year, but considered this neg-

ligible compared to the reduction in evaporation provided by

the litter. It is quite evident that the role of unincorpo-

rated organic matter in watershed hydrology is an important

one.

A summary of relative amounts of total unincorporated

organic matter found on the watershed and adjacent untreated

area during 1957 is given in Table 11. The study indicates

that the average amount of unincorporated organic matter on

the untreated adjacent area (5.80 tons per acre) was 58.07

per cent more than that on the treated watershed (3.53 tons

per acre). This additional amount found on the untreated

area is not necessarily an indication of greater annual

accumulations, but may be indicative of a more rapid rate of

organic matter decomposition on the treated area. A more

rapid rate of decomposition of unincorporated organic matter

due to treatment, if this is the case, may be the result of

higher soil and air temperatures on the treated area and

lower resistance to decomposition of herbaceous foliage. The

hypothesis of more rapid decomposition is substantiated by
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mm 11

TOTAL UNINCORPORATED ORGANIC MATTER

 

 

Watershed Adjacent area

JtTons per acre -

Him 10”. 301.18 6032

Hillsdale sandy loam 11.57 5.88

Hillsdale sandy loam-

Metea sandy loam

complex 3.118 11.68

Metamora sandy loam 1.711 -

COMVOI‘ 10“ 14.36 6032

Average 3.53 5.80

 

the 119.73 per cent increase in soil organic matter (loss on

ignition values) in the 0 - 6 inch depth on the treated area,

contrasted to the untreated adjacent area.

The amounts of unincorporated organic matter on the

various soil types of the watershed are rather uniform, with

the exception of the Metamora sandy loam. A portion of this

soil type supports a grass cover which would contribute less

organic material to the soil surface than a herbaceous or

forest cover, hence the smaller amount listed for this type.

Ntmerous studies have shown that reduction or removal

of unincorporated organic matter (particularly litter) usually

results in the destruction of surface soil structure,
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increased surface runoff, and increased erosion. These dele-

terious effects have been noted regardless of whether the

vegetative cover was disturbed or not. The apparent reason,

in the writer's Opinion, for the lack of significmt treat-

‘ment effect on soil physical prOperties in this study is that

the unincorporated organic matter layer was not sufficiently

disturbed during the logging to expose the mineral soil.

Also, the lapped logging slash left on the watershed area

provided additional protection.

Soil Moisture Regime

The amount of moisture in the soil at any particular

timm is a function of the amount of precipitation received

and the type and condition of vegetative cover on the soil.

Soil.moisture, therefbre, may be considered a dynamic physical

property of the soil mass. Under relatively static conditions

of vegetative cover, i.e. the type of vegetative cover remains

the same over a period of years, soil moisture exhibits cer-

tain seasonal variations which are governed by seasonal pre-

cipitation and seasonal stages of vegetative development.

This trend of seasonal soil.moisture variationmmay be deter-

mined for a particular area by measuring soil moisture

throughout the seasons of the year over a period of years.

What happens to the established trend of seasonal soil.moist-

ure variation when the vegetative cover of an area is changed?
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Since the portion of the soil in which soil moisture

is affected by vegetation is limited to the zone of active

rooting, it is this zone in which.changes in soil.moisture

is to be expected as a result of vegetation manipulation.

Soil moisture occurs in the soil primarily in the capillary

and non-capillary pore spaces. The moisture in the non-

capillary pore spaces is subject to gravitational drainage

and is retained-a relatively short time (two to three days)

provided no restricting soil layers are present to prevent

percolation to greater depths. 0n the other hand, moisture

in the capillary pore space is, for all practical purposes,

not affected by gravitational force. This capillary moisture

is removed by evaporation (only within the surface foot of

soil) and transpiration. As soils normally drain to field

capacity (maximum capillary moisture) and plants wilt at the

permanent wilting percentage, the amount of’moisture in the

soil between these two moisture equilibrium.points represents

water available to plants. Therefore, it is within this

range of soil moisture, i.e. available moisture, that vegeta-

tion exerts its most pronounced influence. This does not

mean.that evaporation and transpiration do not effect removal

of gravitational soil.moisture but it is difficult to deter-

mine the amount to be attributed to these losses.

The trends of seasonal soil moisture variation prior

to treatment, the first year after treatment and six years
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after treatment are presented graphically for the 0 - 6 inch,

12 - 18 inch, and 30 - 36 inch depths in Figures 18 a, b, and

c. Monthly precipitation is also graphically represented on

these figures. The trend of soil moisture for the various

depths prior to treatment generally exhibits the influence of

precipitation and vegetation throughout the year. Late fall,

winter, and spring are characterized as periods of moisture

storage in the soil, primarily because of minimum transpira-

tion demands of vegetation during this period. The period of

June, July, and.August is one of soil moisture depletion, as

a result of increased evapotranspiration demands. September

marks the beginning of a period of soil moisture accretion

which extends into December. Since the soil moisture values

for the pre-treatment period represent average monthly values

for a six year period the graphical representation of these

values appears as a rather smooth curve. In.contrast, the

monthly values for the individual post-treatment years (1952

and 1957) appear extremely variable, particularly for the

0 - 6 inch depth. It.may be noted, however, that soil moist-

ure during the first post-treatment year was consistently

greater at all depths than the average for the pro-treatment

period. This difference, as would be expected, is most pro-

nounced during the growing season, reflecting the effect of

vegetation removal. The soil moisture values for 1957 (sixth

post-treatment year) tend to occupy an intermediate position,
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i.e. greater than the pre-treatment average and less than

the first post-treatment year. This tendency of the 1957

year to occupy the medium position perhaps indicates a return

of soil moisture values to the pro-treatment condition owing

to the re-establishment of vegetative cover.

The soil moisture values represented by Figures 18 a,

b, and c, are for total scil moisture and do not reflect

merely evapotranspiration losses, but also percolation losses

as well. Figure 19 illustrates graphically inches of availa-

ble soil moisture in the upper three feet of soil. The soil

‘moisture fluctuations exhibited in this graph are directly

attributable to precipitation and evapotranspiration. Availa-

ble moisture remained at a high level throughout the first

post-treatment year while that of the sixth year after treat-

ment occupied the middle position. This was especially appar-

ent during the period of high transpirational draft, i.e.

June through.September.

The comparison of soil moisture values of individual

years with averaged values fer a period of years does not indi-

cate whether the variation exhibited by the individual years

is significantly greater than the variation which may have

occurred for a particular year within the averaged period.

In order to provide a more valid comparison of pro-treatment

and post-treatment soil moisture values an analysis of vari-

ance (Snedecor, 1953) was used to detect statistical signifi-
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canoe between mean monthly values of soil moisture during the

growing season (actually March through September) for the

individual years. Table lZa summarizes the average monthly

soil moisture values in inches of available water for O - 36

inches depth, for the years l9h6 - 1952 and 1957. The analy-

sis of variance indicated a highly significant (one per cent

level) difference between monthly soil moisture means for the

individual years, Table 12b. To determine which years were

significantly different the mean soil moisture values for the

individual years were subjected to a "studentized range" test

(Duncan, 1955). The results of this analysis, Table 12c,

indicate that 1952 soil moisture values were significantly

different (five per cent level) from all other years except

19h? and 1957. The two years, 1... 19h? and 1957. both

received more precipitation than the year 1952 (Table me),

which perhaps explains the lack of significant difference.

As a further attempt to ascertain the effect of vege-

tative treatment on soil moisture content of the O - 36 inch

depth the average monthly soil moisture for the period of

maximum transpirational draft, i.e. July, August, and Septem-

ber, for the individual years of the study were analyzed

statistically. Table 13a summarizes the soil moisture data

for this period. The analysis of variance indicated a highly

significant difference (one per cent level) between the indi-

vidual years, Table 13b. To determine which years were
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TABIE 12

I

AVERAGE MONTHLY SOIL MOISTURE, DURING THE GROWING- SEASON,

METAMORA SANDY 10m, 0 - 36 INCH DEPTH,

19u6 - 1952 AND 1957

 
 

 

19146 19,47 1914.3" 1914.9 1950 1951 1952 1957

March 7.02 -6fgihe;.g6 av. “3%?06’8191306 6.31;. 7.06

April 7.00 7.06 7.06 7.06 7.06 7.06 7.06 7.0a

Hay 7.06 7.06 7.06 7.06 6.32 7.06 6.82 7.06

June 6.7a 7.06 6.33 6.0h 7.06 6.90 7.06 6.26

July 2.09 5.39 3.65 2.83 5.11 3.36 6.149 6.81;

August .88 2.66 1.29 .95 2.142 1.28 6.62 h.62

September 1.56 5.06 1.17 .63 2.95 1.81 7.06 h.17

"1x72133122"'RIZE'EIETKEB‘IES"EDIE-'£:53"Z.§5"6:i§"

b

ANAIXSIS OF VARIANCE

W

Sums ofSource of Degrees of

 

variation freedom squares Mean squares F

YOGJ‘B 7 33075 16068 3060*.

Months 6 185.93 30.99

Error 172 5h.57 1.30

 

"Significant at the one per cent level.
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TABLE 12 (continued)

c

STUDENTIZED RANGE TEST

 

 

  

 

 

  

l9h6 19h? 19h8 19h9 1950 1951 1952 1957

 

19u6 - NS“ NS as as us 3b 8

19h? - NS 3 us NS us as

19h8 - us as as 3 NS

19u9 - NS us 3 s

1950 - us 3 us

1951 - 3 NS

1952 - us

1957 -

 

aNOt significant at the five per cent level.

bSignificant at the five per cent level.

significantly different the monthly soil moisture means for

the individual years were subjected to the "studentized range"

test. The results of this test, Table 13c, indicate 1952

soil moisture values were significantly different from all

other years at the five per cent level and significantly

different from all except 1957 at the one per cent level.

On the basis of the statistical analyses it appears

that the vegetative treatment significantly increased soil
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AVERAGE MONTHLY son. MOISTURE DURING THE PERIOD OF MAXIMUM

TRANSPIRATIONAL DRAFT, 0 - 36 INCH DEPTH, METAMORA

SANDN 10AM, l9h6 - 1952 AND 1957

19% 1913.7 1911.8 1914.9 1950 1951 1952 1957

- inches of avaIIaEIe water -

 
 

 

 

 

July 2e09 5039 3.65 2083 5011 3036 60169 608,4-

August .88 2.66 1.29 .95 2.142 1.28 6.62 14.62

Soptanber 1.56 5006 1017 .63 2.95 1081 7.06 “.017

Average 1.51 h.37 2.0h Ion? 3oh9 2.15 6.72 5.21

b

ANAIXSIS OF VARIANCE

Source of De rees of Sums of

variation fgeedom squares Mean squares F

T0158]. 23 100053

‘Years 7 77.95 11.1% 21.u2**

MOnths 2 15.36 7.6

Error 1h A 7.22 .52

 

“Significant at the one per cent level.
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c

STUDENTIZED RANGE

 

l9h6 19h? l9u8 19u9 1950 1951 1952 1957

- TTveBper cent IeveI -

  

    

   

   

  

   

  
  

l9u6 88 NS NS 3 NS 3 3

19h? s s s as s s as

19u6 NS 3 as s as s s

l9h9 NS 3 as as s s

1950 3 NS us 3 s s s

1951 NS 3 NS NS us 3 s

1952 s s s s s‘ s

1957 3 NS 3 5 NS 3 us

- onegper cent level -

aSignificant

bHon-significant

moisture during 1952. However, soil.moisture during 1957

seemed to be approaching pre-treatment conditions.

As mentioned previously, the amount of precipitation

affects the amount of moisture in the soil. To determine

whether average monthly precipitation fer the growing season

for the individual years of study was significantly different

an analysis of variance was employed. Table lha presents

monthly precipitation during the months of March through

September for the years l9h6 through 1952 and 1957. The



TABLE 1h

11h

AVERAGE NONTRLE PREUIPITATION DURING THE GROWING SEASON

19u6 - 1952 AND 1957

‘__‘

 

 

 

 

 

 

19h6 19h? 19h8 19h9 1950 1951 1952 1957

-1nches -

March 2.19 1.8h h.08 2.28 2.06 1.76 2.09 1.62

April .70 5.78 2.11 2.05 h.6l 3.80 3.58 3.h6

Hay 3.96 h.23 h.28 2.16 2.22 3.09 h.09 5.66

Juno 3e66 3e31 3e98 Bell-3 ”"911 Bel? 1e15 3015

July .18 2.81 2.75 3.77 h.75 1.11 2.79 7.22

August 1.16 5.33 1.33 2.06 3.h0 2-5h h.35 1.8?

September 1.71 5.66 2.1u 2.62 3.9a 2.72 1.68 1.60

Average 1e9u “.0114 2095 2e62 3e70 2061‘. 2e82 3.51 .-

b

ANAEKSIS OF VARIANCE

Source of Degrees Of Sums of

variation freedom. squares Mean squares F

Total 55 112.111

Years 7 2h.29 3.h7 1.91

Months 6 11.39 1.90

Error h2 76.h6 1.82
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average monthly precipitation was not significantly different

for the individual years of study (Table lub). Of the two

primary factors affecting available soil moisture i.e. precipi-

tation and vegetation, precipitation did not prove signifi-

cantly different for the period of study. It therefore

appears that significant soil moisture increases can be attrib-

uted to vegetative treatment. The increases in soil.moisture

noted in this study cannot be attributed entirely to evapo-

transpiration reduction, but also to reduced interception

losses.

Soil.moisture sampling, prior to 1957, was restricted

to the Metamora sandy loam soil type. To establish the rela-

tionship between soil moisture on the sampled soil to that of

the other types on the watershed a correlation analysis was

run on the data in Table 15. This table summarises average

monthly available soil moisture in the O - 36 inch depth for

the five soil types on the watershed. Table 16 presents the

results of the correlation analysis. It appears that soil

moisture in the Metamora sandy loam varies as the soil moist-

ure varies in the other watershed soils. Thus, soil.moisture

in the Metamora sandy loam serves as an "indicator" of soil

moisture in the other soil types on the watershed and as such

gives a relative measure of over-all soil moisture fOr the

watershed.
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TABLE 16

CORREIATION BETWEEN SOIL MOISTURE CONTENTS OF WATERSHED SOILS

 

 

Soil types compared Correlation coefficient

Metamora sandy loam and Miami loam .911"

Metamora sandy loam and Hillsdale A”

sandy loam .98

Metamora sandy loam and Hillsdale

sandy loam-Mates sandy loam a

complex .91..

Metamora sandy loam and Conover

loam o95*.

 

"Significant at the one per cent level.

Evapgtranspiration

Evapotranspiration refers to the removal of water from

the soil by evaporation (usually the surface feet) and trans-

piration (throughout the depth.of effective rooting). Evapo-

transpiration constitutes the major depleting agent of availa-

ble soil moisture. The importance of evapotranspiration to

hydrologic research is immediately apparent. By removing

available soil moisture, retention storage is created and

this in turn affects detention storage, because retention

storage must be satisfied before water can go into detention

storage. This concept is important in flood control efforts.

On the other hand, reduction of transpiration losses by vege-

tative manipulation would tend to increase water yield from
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an area (Lull, 1953). Hoover (191111), in a study in the

southern Applachians, reported that cutting all forest vege-

tation increased water yield by an amount equal to the esti-

mated transpiration.

Computed evapotranspiration values for hetemora sandy

loam are presented in Table 17. Average daily evapotranspi-

ration for the period of June through September was lower

during 1952 than during any other year of the study. Also

total monthly evapotranspiration was lower for the same period.

To determine whether the average daily evapotranspiration

values were significantly different for the individual years

of the study the data were subjected to an analysis of vari-

ance. The analysis indicated a significant difference (five

per cent level) between years (Table 18a). To determine which

years differed significantly, the data were analysed by means

of the I'studenti zed range" procedure. The results, Table 18b,

indicate that average daily evapotranspiration during 1952

was significantly less (five per cent level) than for 19117,

19119, and 1950. Only one other significant difference was

detected, that being between 19116 and 1950. The above

analyses indicate that 1952 evapotranspiration values were

lowered, presumably because of vegetative treatment. Appar-

ently vegetative recovery was nearly to pre-treahnent status

by 1957, as evapotranspiration values were not significantly

different from pro-treatment years.
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TABLE 17

AVERAGE DAIIX AND NONTHIN EVAPOTRANSPIRATION DURING

JUNE - SEPTEMBER, 19116 - 1952 AND 1957

. Inches er da __1

Y‘” “—71:75. Wptmber "°"8°

 

 

 
 

  

 

191.6 .13 .16 .08 .03 .10

191.7 .11 .11. .26 .10 .13

19118 .16 .17 .12 .07 .13

191.9 .15 .22 .13 .10 .15

1950 .11. .22 .20 .11 .17

1951 . 11 .16 .15 .07 .12

7;;;;;;2"""Ii£"""'316'"""Ii€"’“"265"""”Ii£"

"i§§£""""36§'"""Iii?'""'Ii£"""’Iai'"""'356"

1957 .12 .19 .111 .05 .12

_IEEhes'§er7month

191.6 3.98 11.8.3 2.37 1.03 3.05

19117 3.31 11.118 8.06 3.26 11.78

19118 111.71 5.113 3.69 2.26 u.02

1919 11.115 6.98 3.91. 2.911 11.58

1950 11.20 6.70 6.09 3.111 5.10

1951 3.33 11.95 11.62 2.19 3.77

7:31:"""EIIS""”§I§£"‘"I???”'52Ei"""’z’.2§£“

"i535“"mi236"""3252"""£255"""i251}""""5'33"

1957 3.18 p 6.03 1.15 1.65 3.90
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TABIE 18

ANAIXSIS OF' VARIANCE 01“ AVERAGE DAIIX

EVAPOTRANSPIRATION VALUES

 

 

Source of Degrees of Sums of

 

 

vgp1.t1°n froodan squares 'Hean squares F

Tbtal 31 .0913
*

3°33" 7 .0213 .0030 2.73

Months 3 .ogfig .0153

Error
21 . 1 .0011

b

STUDENTIZED RANGE ANAHSIS

 

 

19h6 19h? 19h3 19h9 1950 1951 1952 1957

19h6 - Ns‘ NS NS Sb NS NS NS

. 19h? - NS NS NS NS 3 NS

19u8 - NS NS NS NS NS

19h9 - NS NS 3 NS

1950 - NS 3 NS

1951 - NS NS

1952 - NS

1957 -

 

‘th significant at the five per cent level.

bSignificant at the five per cent level.
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In a study reported by ball and Axley (1958) in New

Jersey, evapotranspiration values were computed, in a manner

similar to that used in the present study, for various cover

types, including a thirty-two year old stand of black and

red oak. Average daily evapotranspiration, as computed by

Lull and Axley, during June and July was .13 inches per day

(0 - 5 foot depth), while the average daily rate for‘the

same period in this study, prior to treatment, was .16 inches

per day (0 - 3 foot depth). The greater evapotranspiration

rates reported in the present study are , perhaps, attributable

to the age of the pre-treatment stand which was approximately

twice the age of the stand reported on by lull and Axley.

Soil Tomaratura Regime

Soil temperature is one of the more dynamic physical

properties of the soil. According to Savor (1956), "Soil

temperature is one of the more important factors that control

microbiological activity involved in the production of plants."

It is well recognized that the rate of organic matter decompo-

sition increases with temperature. The role of frozen soil

in hydrologic studies is also recognized. Soils containing

concrete-type frost are, for all practicable purposes, imper-

meable to precipitation, thus promoting maximum surface run-

off.

The temperature of the soil depends primarily upon the

amount of radiant energy received from the sun. The vegetation
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of an area exerts a major effect on soil temperature by inter-

cepting a considerable portion of the sun's radiant energy.

The principle effect of forest vegetation on soil temperature

is that of amelioration, i.e. reduces maximums and increases

minimums. Consequently, the alteration of the vegetative

cover of an area should considerably affect soil tasperatures.

Because air temperature immediately above the soil surface

(six inches) is so intimately connected with soil temperature

it is appropriate to discuss soil and air tmsperature trends

together.

Mean monthly soil and air tasperatures for the period

19116 through 1956 are listed in Table 19. Average pro-treat-

ment soil and air temperatures generally exhibit recogni zed

trends. Soil temperatures were higher than air temperatures

from September through February. Soil temperatures were

lower than air temperatures from March through August. The

most apparent effect of hardwood forest on soil temperatures

is exerted during the growing season, when the foliage inter-

cepts considerable radiant energy. The reduction of the

forest canopy resulted primarily in increased maximum soil

and air temperatures (six inch air and one inch soil) during

the summer months. I Table 20 indicates the effect of vegeta-

tive treatment on air temperature six inches above the soil

surface. Air temperature at six inches equaled or exceeded

90'? only twice prior to treatment, while after treatment
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TABLE 20

FREQUENCY OF AIR I1'34FEL'RA'I'U'E'E AT 11.5 FEET AND SIX INCHES

EQUAHNG 0R EXCEEDING PRESCRIBED TEMPERATURES

   

   

 

Year "$311331; “2112121131: :1:
feet 9 90 F inches 2 100 F

19116 8 0

19117 S 0

19118 5 1

19119 8 l

1950 0 o

1951 2 Pre-treatnent O

"1535”"""""'IB'""ESEIE§3§§3£E"°"§Z""""""'

1953 3 111

1951; h 0

1955 10 0

1956 2 0

this temperature was equaled or exceeded thirty times.

Figure 20a, b, c, d, and e, illustrates graphically

the soil and air temperature trends for the pro-treatment

period and for 1952, 1953. l95h, and 1956. Average soil

temperatures during the pro-treatment period were higher

during the winter and lower during the summer than air temp-

eraturee. During 1952, the first poet-treatment year, air
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temperature at six inches was considerably greater than all

other temperatures from April through October. The six inch

soil temperatures, on the other hand, were consistantly lower

than all other temperatures throughout the year. 3011 temper-

ature at one inch was higher than air temperature at h.5 test

during winter and was approximately equal to air temperature

throughout the warmer months. The year 1953 exhibited a

trend similar to 1952, with.six inch air temperature exceed-

ing other temperatures by an even greater:margin. This may

be the result or increased ingrowth.or lesser vegetation,

with a consequent reduction in air circulation at the six

inch height. During l95h soil temperatures generally exceeded

air temperatures throughout the year. This represented a

complete reversal of temperature trends for the two proceeding

years. By 1956, soil and air temperatures had returned to a

pattern similar to pro-treatment, i.e. soil temperatures were

warmer during the winter and cooler during the summer than

air temperatures.

In general, minimum soil and air temperatures were not

reduced, as a result or treatment, with.the same magnitude as

:maximums were increased. Perhaps the overall result or the

increased maximum temperatures was manifested in the increased

oxidation.or organic matter, as indicated by the reduction in

total unincorporated organic matter and increased soil organic

matter.
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Hydrologic Studies

The watershed, as a natural unit, reflects the inter-

actions of soil, water, and vegetation by providing a common

end product, runoff, which.enables the net effects of these

interactions to be measured and evaluated. Runoff is a recog-

nized criterion of watershed conditions and also of the

effectiveness of watershed.management. One of the basic

premises of watershed management is that the amount and rate

of stremmflow expresses the natural and cultural character-

istics and conditions of the watershed which produces it.

The quality of runoff, which in this study refers to silt

content, is also indicative of the effectiveness of the vege-

tative o0ver in protecting the soil frmm erosion.

This aspect of the study is concerned, therefore, with

detecting any variations in runoff behavior as a result of

the vegetative treatment applied to the watershed.

Runoff

The term "runoff”, as used in this study, refers to

water leaving the watershed as surface flow, measured at the

gaging station. As indicated above, runoff represents the

net result of the interaction of the various factors affect-

ing the disposition of precipitation on a watershed. Under

relatively static conditions of vegetative cover and land use

certain runoff patterns are established in conjunction with

precipitation patterns. When, however, the vegetative cover
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'or'type of land use on.a watershed is altered the relative

degree of interaction of factors affecting the disposition

‘of'precipitation is frequently disrupted. The result is often

Inanifested as changes in the runoff patterns of a watershed,

such.as changes in the average annual runoff, average monthly

V

runoff, frequency of runoff, and rates of runoff.

In order to attain any degree of validity in comparing

runoff behavior before and after treatment runoff values must

be compared with.precipitation received on the watershed.

IMonthly and annual precipitation and runoff values for the

years l9hl through 1957 are given in Table 21. Average annual

precipitation during the pre-treatment period was 32.6h inches

and average annual runoff for the same period amounted to

0.5h inches. There appears to be very little correlation

between annual precipitation and annual runoff. During the

post-treatment period average annual precipitation was 30.37

inches while average annual runoff was 0.19 inches. The use

of average annual runoff for the post-treatment period does

not represent runoff under static clearcut conditions, but

under a changing, increasing vegetative cover. The proportion

of runoff to precipitation was less for the post-treatment

period than for the pro-treatment period. Annual pro-treat-

ment runoff constituted 1.65 per cent of annual precipitation,

while for the post-treatment period annual runoff was only

0.62 per cent of annual precipitation.v While the average  
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annual post-treatment precipitation amounted to ninety-three

per cent of that of the pre-treatment period, average annual

post-treatment runoff amounted to only thirty-five per cent

of pro-treatment runoff. From a consideration of average

annual precipitation and runoff before and after treatment

the study indicates there was less annual runoff after treat-

ment than before.

Over the period of study, runoff occurred predominantly

during the months of March, April, May, and June both before

and after treatment. During the period of study, 19111 through

1957, a total of forty-four runoffs occurred, with thirty-

three of these occurring within this four month period. On

examination of the soil moisture graphs presented in the

section on soil studies, it is apparent that this four month

period represents a period of maximum soil moisture storage

with very little storage space for additional moisture. Con-

sequently, when additional moisture was received as snowmelt

and/or rainfall the available storage was quickly satisfied

and the remainder of the water went into runoff. Since this

March through June period represents very little vegetative

activity and the bulk of the annual runoff, the effects of

removing the vegetative cover on runoff was minimized. No

measurable amounts of runoff were recorded during the period

of July through December prior to treahaent. However, during

August 1952 a runoff of 0.0028 inches was recorded. Again,
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on examination.of the soil moisture values for 1952 it is

seen that the established pro-treatment period of soil moist-

ure depletion during July and August did not occur during

1952, thus providing a minimum of storage opportunity fer

additional precipitation. This minimum of water storage

opportunity, together with above normal precipitation during

August produced this small runoff noted. Thus, it appears

that this runoff may be attributable to vegetative treatment.

The frequency of occurrence of runoff, presented in

Table 22, does not indicate any particular trend attributable

to the effect of clearcutting the watershed. There was an

increase in the frequency of runoffs during April and.May of

1956, and during July of 1957. ’This increased frequency of

runoff occurred five and six years, respectively, after treat-

Inent and after a dense vegetative cover had been established

on the watershed. An above normal amount of precipitation

during these two periods is perhaps the reason for the

increased frequency of runoff. The amount of precipitation

recorded during July 1957 exceeded any amount previously

recorded for July during the period of study.

Precipitation and runoff for individual storms causing

runoff during the period of study are given in Table 23. The

average amount of precipitation and runoff per storm during

the pro-treatment period (from January through April) was

l.h3 inches and 0.2177 inches respectively. For the post-
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TABLE 22

FREQUENCY or RUNOFF, 19111 - 1957

_

 

AAA

 

 

 

 

Months
Years 'TTMATIT'J—T'Tm—Toul

19111 --l--------- l

l9h2 - - 2 - - - - - - - - - 2

19h3 - l 1 - 1 l - - - - - - h

l9h5 - - - - l - - - - - - - 1

191.6 --1---—----- 1

1913 ---1-------- 1
191. --1-1------- 2

1999 1--’---11---- 3

1950 - l 2 2 - 1 - - - - - - 6

1951 l - - - - - - - - - - - l

----------------------- -------Treatment-~-------------------

1952 - - - l - - - 1 - - - - 2

{9&3 l - l - - - - - - - - - l

9 - - - - - - - - - - - l

1955 --1--------- 1

1956 ---113------- 7

1957 ----1-3----- 9

Total 3 2 12 8 8 2' u 2 hl

 

treatment period the average amount of precipitation per storm

'was 1.83 inches and the average amount of runoff was 0.10h9

inches (also for the interval of January through.April).

iRunoff for this portion of the year includes snowmelt as well

as rainfall. Average precipitation and runoff per storm

during May throuthAugust for the pre-treatment period was

2.36 inches and 0.hh9h.inches respectively. For the post-

treatment period (also for the interval of May through August)



TABLE 23

lhO

PRECIPITMTION AND RUNOFF FOR INDIVIDUAL STORMS, 19h1 - 1957

 

 

  

Date Precipitation Runoff

- inches -

3 - 13 - 1].]. e93 e0038

3 - 9 - h2 1.8h .1368

3 - 18 - h2 2.31 .6539

2 - 23 - 93 .15 .033

3 - 15 - 93* 1.01 .2505

5 - ll - h3* 1.68 .3030

6 - 2 - h3 2.75 1.1698

3 - 15 - an .52 .0159

E' :3 ' 9:» 29% '28:;
s - 15 " “5* 2.12 .0

3 " 6 ' ’46 e93 e0726

'4. - 6 ' (+7 2095 07397

g : :3 :19 3:22 :32 a

1 - 12 - 13* 192 ~°m°
8 - 16 - 19* 1.08

2 - 1h - 50 1.77 .0170

3 - l - 50 .5 .17h8

3 - 28 - 50 1.12 .0957

h - h - 50 1e65 .1098

I... " 25 ‘ 50 2017 e0652

6 - 3 - 50 2.73 .1329

1 ' 20 - 51 .36]. T

---- Treatment --

h - 12 - 52 1.80 .0511

7 - 1 - 52 1.80 .0028

1 - 29 - 53 .71 .0209

3 - 25 - 5h 1.55 . l

a - ‘2'- ‘ gz .53 .1025

h - 27 - 56 2.13 .0536

1 - 29 - 56, 3.20 .2575
5 - 6 - 56 1.11 .0960

5 - 10 - 56* 1.86 .2391

S "' 13 - 56* 1e21 .1200

5 - 19 - 57* 1.77 .0921

7 - 3 - 57* .19 0010
7 - " 57* 2.19 .00112

7 - 11 - 57* 2.70 .0008

 

*Precipitation entirely in the form of rain.
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average precipitation and runoff per storm was 1.60 inches

and 0.0695 inches respectively. In each instance, i.e. for

the January through April period and the May through August

period, runoff amounted to a smaller percentage of precipita-

tion after treatment than before treatment. 5‘

Maximum rates of discharge are often indicative of : ~

effects of vegetative treatment. Table 211 lists the maximum

rates of discharge experienced per year for the period of

study. Ranked in order of decreasing magnitude, the five max-

imum rates of discharge for the period of study occurred dur-

ing the pre-treatment period. Average annual maximum rate of

discharge was also greater during the pro-treatment period.

The average maximum volume of runoff per twanty-four hour

period prior to treatment was 0.1120 inches, whereas after

treatment the average maximum twenty-four hour runoff was

0.135 inches. The average maximum runoff volume for a one

hour period before treatment was 0.1117 inches as contrasted

to 0.0115 inches after treatment. The results of the study

indicate rates of runoff during the post-treatment period

were less than during the pro-treatment period.

infiltration

Infiltration refers to the entry of water into the

surface of the soil and as such is entirely a surface soil

phenomena. After the water enters the soil surface the sub-

sequent movement of the water through the soil profile is a
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TABLE 2h

MAXIMUM RATE OF RUNOFF PER YEAR, 1981 - 1957

_1

I

  

 

D‘t° Inmfiggggéé‘fiour

3 - 3 - 81 .003

3 - 16 - 12 .070

6 - 2 - #3 .uho

5 - 21 - 11. .2h0

5 - 1h - us .020

3- s-ue . .010

h - S - h? .100

3 - 19 - ha .210

1 - 18 - us .003

6 - 2 - 50 .020

1 - 20 - 51 T

h - 12 - 52 .010

1 - 19 - 53 -*

3 - 25 - Sh .010

3 - 3 - 55 .020

5 - 13 - 56 .050

5 - 18 - 57 .009

 

*Record lost.
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function of soil permeability. Prior to the soil profile

becoming saturated, the infiltration rate is the prime factor

affecting the disposition of precipitation into surface runoff

or subsurface movement. Only when the rate of precipitation

exceeds the infiltration rate can surface runoff occur.

Average infiltration rates determined for the entire

watershed by analyses of hydrographs for storms occurring

during the growing season, before and after treatmmnt, are

summarized in Table 25. The study indicates that the average

infiltration rate (fay) per storm after treatment was greater

than prior to treatment. Perhaps this slight increase in

infiltration rate may be attributable to the decreased depth

of unincorporated organic matter, as indicated in the section

on unincorporated organic matter. Hursh and Hoover (l9h1)

found from an infiltration study of an undisturbed forest soil

profile, that approximately 2.5 per cent of artificial precipi-

tation applied ran off as surface runoff because of the

shingle effect of hardwood litter.

Erosion

The amount of soil removed from a watershed by surface

runoff is indicative of the condition of vegetative cover and

land.use. A certain.amount of erosion is taking place con-

stantly on any given area and is referred to as normal or

geologic erosion. The intensity of normal erosion is governed

primarily by such factors as topography, geology, soils,
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TfiBLE 25

AVERAGE INFIIERATION RATE PER STORM DURING

THE GROWING saason, 19h1 - 1957

 

 

Average infiltration rate

 

Date (inches per hour)

5 - 11 - hB Tre-treatment .138

6 - 2 - h3 .232

5 - 1h - us .170

5 - 10 - h8 ‘ » .th

6 - 2 - 50 .226

"""1-13;;-..----------..--....-----------:§l.;.1.-----------

..m"'2':ITEW"ESQZIZQEZQSQE'‘‘‘‘-:;:----------

5 - 9 - 56 .123

5 - 13 - 56 .160

5 - 18 - 57 .09h

7 - h - 57 .398

7 - 8 - 57 .53h

7 - 11 - 57 .50h

"""””'Z;2;2§;"""""""m"m"""I'EEZ'W'M'"

_ climate, and vegetative cover. The disturbance of vegetative

cover, with the attendant disturbance of litter, frequently

accelerates the rate of erosion for a particular area.

The total erosion,from.the watershed for the period of

study was 1h.7 pounds per acre, with 62.0 pounds per acre
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(over eighty per cent of the total) eroded prior to treatment

(Table 26). Nominal amounts of erosion were noted during

1952 and 1953. the first and second years after treatment.

Apparently the treatment had no significant effect on erosion

from the watershed. No increase in erosion could be expected

since the amount and rate of runoff decreased slightly after

treatment.

Hydrologic Summary

Precipitation, runoff, and erosion values are summarised

in Table 26. The data are presented graphically in.Figure 21.

The hydrologic data obtained in this study do not] indicate any

pronounced effects of vegetative treatment on the hydrology

of the watershed. Only on one occasion was runoff thought to

be attributable to the effects of treatment, i.e. during

August, 1952. The results of this study are contrary to opin-

ion put forth by Smith.and.0rabb (1953) in reference to antic-

ipated treatment effects on the wooded watershed. Smith and

Crabb stated:

In light of this tentative and preliminary analysis of

similar storms under different cover conditions, it is

anticipated that the removal of a timbered cover will

have a profound effect upon the absorption of precipita-

tion by a watershed. Runoff will be probably occasioned

by storms having smaller intensities and totals of pre-

cipitation, and erosion losses will be consequently

greater.

It appears that lack of treatment effect on runoff and

erosion may be the result of insufficient disturbance of
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unincorporated organic matter on the soil surface. Lowdermilk,

22. cit., summarizes this point quite clearly:

No significant differences can be expected in experi-

ments when the absorption conditions of the soil surface

are not changed, even though.the forest is cut off.

Such differentials as would arise under these circum-

stances are referable to differentials in the intercep-

tion and transpiration of different types and ages of

vegetation.

The chief condition, then, which is necessary to produce

differences in the regimen of run-off and erosion, is

feund to be complete removal not only of the mantle of

vegetation but particularly of the natural layer of litter.

 



CHAPTER VII

SUMMARY AND CONC IUSIONS

Because of the increased interest manifested in the

water resources of southern lower Michigan it is highly desir- F\

able to ascertain the water yield contributions of areas under _

various types of land use and vegetative cover. There are

approximately l.h million acres of farm.woodlots in southern

lower Michigan on which the commercial-type clearcut is the

‘most common type of timber harvest. The purpose of this study

is to determine and evaluate the effects of this type of har-

vest cut on soil and water relations on a mmall wooded water-

shed representative of the farm woodlot-type.

The Study

A small wooded watershed, located on state-owned lands

in southeastern Clinton County, was established during 19111.

The watershed, supporting a well stocked.stand of the oak-

hickory type, was calibrated hydrologically for an eleven

year period. During the latter part of 1951 and the early

part of 1952 the forest cover was subjected to a commercial-

type clearcut Operation, removing all trees larger than 5.5

inches d.b.h. Hydrologic data were also obtained through

1957 .
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Detailed soil sampling for soil physical property

determinations was undertaken on the watershed during 1953,

1957 and on the adjacent uncut area during 1957. Gravimetric

soil moisture sampling was initiated during the latter part

of 19115 and continued on a bi-weekly basis through 1952.

weekly soil moisture samples were obtained from March through

September of 1957.

These pedologic and hydrologic data were obtained in

an effort to determine and evaluate the effects of the vege-

tative treatment on the soil reservoir and the water yield of

the watershed.

Findings of the Study

2.1.12.

The texture of the surface soils on the study area

ranged from sandy loam to loan, while the subsurface textures

ranged from sandy loan to silty clay loam. As a result of

this study a soil formerly classified as Conover silt loam

was tentatively reclassified as Metamora sandy loam. No

changes in soil texture were noted as a result of the vegeta-

tive treatment.

Bulk density values for the upper six inches of soils

on the watershed were slightly lower during 1953 than during

1957. The watershed soils exhibited consistantly lower bulk

density values than the similar soils on the adjacent uncut
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area during 1957. There is no indication of a pronounced

change in soil bulk density as a result of treatment. Poros-

ity values were feund to be generally favorable for water

storage and.movement in the surface soils. There is no indi-

cation of change in total porosity or relative proportions of

capillary and non-capillary porosity as a result of treatment.

Percolation rates were feund to be adequate for water drainage

within the upper foot of all soils, but were definitely

restricting below twelve inches in most soils. .Again, there

is no indication of a change in percolation rates as a result

of treatment. Loss on ignition values, which are indicative

of relative soil organic matter, were higher in the soils of

the treated area than in the soils of the untreated area.

The results seem to indicate that the treatment has increased

relative organic matter content of the watershed soils, per-

haps as a consequence of a change in litter type and a more

rapid rate of oxidation of unincorporated organic matter

resulting from higher air and soil temperatures. The amount

of unincorporated organic matter on the surface also appears

to have been affected by vegetative treatment. The untreated

adjacent area contained more than fifty per cent more unin-

corporated organic matter than the treated watershed area.

This reduction of unincorporated.organic matter appears to be

related to the increased soil organic matter content in the

watershed soils. The physical preperties of the soils do not  
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appear to have been impaired by the vegetative treatment

applied to the watershed.

A study of soil moisture regime before and after treat-

ment indicated a very definite and statistically significant

increase in soil moisture during the growing season of 1952

as a result of treatment. This increase was noted for the

entire profile, to the depth sampled (0 - 36 inches), as well

as for the individual depths sampled. Available soil moisture

remained at a very high level throughout the 1952 growing

season. However, during the 1957 growing season soil moisture

values were intermediate between the extremely high values of

1952 and the average pre-treatment values, indicating a re-

establishnent of the vegetative cover towards pre-treaunent

conditions.

Evapo transpiration values, computed from soil moisture

data, were lower during the 1952 growing season than during

the pre-treatment period or during 1957. The 1957 evapotrans-

piration values fell within the range of the pre-treaunent

period values, indicating the dense regrowth on the area con-

sumes nearly as much soil moisture as the original forest

cover.

Mean soil and air temperatures were generally increased

as a result of vegetative treatment. Maximum temperatures

were greatly increased, perhaps resulting in increased rates

of decomposition of unincorporated organic matter.
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Hydrology

Average annual runoff, expressed as a percentage of

average annual precipitation, was found to be less after

treatment than before treatment. Likewise, average monthly

runoff values were lower after treatment than befbre. Since T\

the majority of the annual runoff occurs during the spring 6

when snowmelt and saturated soil are prevalent, the opening

up of the stand to increased solar radiation and.wind movement

may have enabled armors rapid rate of sublimation of snow and

increased soil moisture evaporation. This reduction in runoff

potential may have resulted in the slight decrease in runoff

noted in the study. .Maximum.rates of runoff were also lower

after treatment, as well as average volume per runoff. The

frequency of runoffs was apparently not affected by the vege-

tative treatment. The average infiltration rate per stonm

during the growing season, as determined by hydrograph analy-

sis, was found to be greater after treatment.

A hydrologic summary for the entire period of study

indicated no significant change in the overall hydrologic

characteristics of the watershed. However, there is an impor-

tant, though.not obvious, implication of the study with

respect to the water resources of the area. With no apparent

increase in runoff from the watershed and higher levels of

soil moisture during the first year after treatment there

were probably increased contributions to the ground water

supply of the area.
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In conclusion, it may be said that though the comer-

cial-type clearcut is not particularly desirable from the

standpoint of forest management it does not appear to have

had any deleterious effects on the soils of the watershed nor

on the water resources of the area.
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