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Sediment, phosphorus and nitrogen transport and concentrations
in runoff from grassed and fall planted watersheds were studied for a
two year period.

Annual measured sediment losses ranged from 660 to 32,600 kg/ha
on separate fall planted watersheds.

Retaining a grass cover on a

formerly fall-planted watershed reduced annual sediment loss from
32,600 kg/ha to 340 kg/ha.

Of the largest recorded annual sediment

loss (32,600 kg/ha), 81% was accounted for in one storm period which
comprised only 21% of the annual runoff.

Susceptibility to soil move-

ment was greatest following late fall cultivation or planting and inception of the rainy period in early winter.
Clay mineralogy analyses of soils and sediments suggested that

sediment mineralogy composition was dependent on runoff event magnitude, ambient soil conditions and established rill patterns.

Selective movement of fine particulates enriched in N, P and OM
occurred under low flow conditions, but large erosion events

transported larger aggregates similar in chemical composition to
watershed soils.

Selectivity increased with sediment travel distance.

Levels of dissolved inorganic phosphorus (DIP) in runoff were
generally less than 0.1 ppm but rose to 5.1 ppm briefly following a
15 kg P/ha application.

Total losses of DIP amounted to less than 1%

of fertilizer P applied.

Annual total P losses ranged from 0.36 to 20.9 kg/ha and were
well correlated with sediment losses.

Measured total N losses ranged from 4.4 to 69.3 kg/ha.

Nitrate

nitrogen accounted for 60% of the total N lost from a 0.6 ha upland
subwatershed with a large proportion of surface runoff, to 95% for a
260 ha watershed with more continuous seasonal baseflow.

Nitrate-N concentrations frequently exceeded 10 ppm in shallow
wells in and runoff at three of six watersheds.

Measured nitrate-N

concentrations in runoff from the remaining watersheds seldom exceeded
3.0 ppm except following mid-March N fertilization when NO3-N levels
temporarily elevated to 60 ppm.

Despite brief high concentrations, the

post-fertilization runoff event removed the equivalent of only 2.6 and
3.9% of the fertilizer N applied for two watersheds.

Flow volume was the dominant factor controlling total annual NO3-N
loss.

Cumulative medium to low flow events over long periods dictated

amount of annual N loss more than brief high N concentration events.
General results indicate potential nitrogen and soil loss problems for some foothill soils and management practices despite previous

conjecture that erosion or non-point pollutants are inconsequential
from agricultural land of the Willamette Valley.

A more important

long term problem may be costly loss of relatively thin primary soil
resource and plant nutrients, whether native or fertilizer applied.
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SEDIMENT, PHOSPHORUS AND NITROGEN IN STORM RUNOFF FROM SOME
WILLAMETTE VALLEY CROPLANDS

INTRODUCTION

Erosion of agricultural land poses serious problems for a world
with increasing food needs, a clouded energy picture and the yearning
for a clean environment.

Water mediated soil erosion may indeed

lead to water quality problems, but perhaps

more importantly should

be viewed as a primary resource loss.

Eroded soil is considered by many to be the nation's greatest
pollutant of surface waters (Meyers, 1971).

Of the sediment that

reaches our waterways, 50% to 75% is estimated to have originated
from agricultural land (Cooley, 1976; Pimental., 1976).

Potential

eutrophication problems associated with release of soil-sorbed and
soluble nutrients are well documented (Biggar and Corey, 1967).
Conversely, soil particles may actually reduce the productivity of
streams by reducing light penetration (Rickert et al., 1977).
Estimated soil losses nationally are foreboding.

Two hundred

million acres in the United States were ruined for cropland use before
1940 (Pimental et al., 1976).

Of the 450 million acres now in crop-

land production, 240 million acres have erosion as the primary or
secondary management problem (Meyers, 1971).

The problem has been

recognized for decades but still remains as one of the top challenges
for agriculturists.

The problem of erosion control is much less a

technological one than economic.

Several older studies have shown

that conservation measures may reduce farm profits due to cost of
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management versus the cash from increased yields (Swanson and Harshbarger, 1964; Shrader and Johnson, 1963).

The rapidly changing energy

costs which closely affect fertilizer costs may alter the concept of
counteracting soil nutrient reserve losses with large chemical application rates.

Pimental (1976) estimates that 50 million barrels of

oil are used annually to offset erosional damage.

He further places

nutrient loss at 50 million tons/yr. at a replacement cost of around
eight billion dollars based on 1975 fuel prices, which were less than
half 1980 prices.

Agricultural practices, climate and parent materials found in
the Willamette Valley make comparisons and extrapolations of data
gathered in other areas difficult (Harward, 1976).

The presence of

shallow steep soils in the valley margins combined with late fall
plantings and a Mediterranean rainfall pattern lead to high erosion
potential.

Young (1976) noted changing economics, farm technology

and management practices as factors leading to the abandonment of
conservation practices in the Willamette Valley.

Clearly, data are

needed on erosion and non-point source pollution in the Willamette
Valley to replace current generalizations and conjecture.

The major objectives of this study were
1) To obtain some initial data on rates and amounts of total
phosphorus, nitrate and sediment discharge from selected watersheds.
2) To relate phosphorus and nitrogen loss to erosion of soil.

3) To contrast nutrient loss from watersheds with different
fertilizer and management practices.

3

4) To assess the nature and sources of sediment collected at
subwatershed outlets.

4

REVIEW OF LITERATURE

Sediment

Erosional Selectivity
.Description of sediment concentration and flow dynamics has
been attempted with equations both complex and simple.

A general

regression equation offered by Boudlin et al. (1975) explained between

66% and 99% of the variation in the sediment concentration of a river
using discharge rate and rate-of-change of discharge rate as variables:

C

ss

= a

0

+ a Q +
1

AQ
a2 At

where:
C

ss

= concentration of suspended solids (mg /1)
3

Q = discharge rate in m /sec

AQ
At
a0

,

3

= rate of change of Q in m /sec/hr.

al, a2 = regression coefficients

This simplistic model may not be sufficient for small subwatershed
situations where deposition and selective erosion help control the
particle size composition and net concentration of moving sediments.

Seasonal changes in factors which control sediment movement may make
long term sediment concentration predictions difficult.

Bargh (1978)

noted that regression of sediment concentration versus flow for samples from a small agricultural watershed were not significant when a
full year's data was grouped.

Successful regression was achieved
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however, on a per storm basis.

Bargh hypothesized that the amount

of material available for runoff transport was the major factor controlling sediment movement and that availability varied considerably
between storm periods.

Cultivation and cropping techniques may have an effect on runoff

behavior, consequently on erosion, and ultimately, sediment composition
of the runoff water.

Ritchie et al. (1975) found the dominant erosional

process to be gullying on uncultivated soils, whereas cultivated
land experienced sheet and rill erosion as the dominant transport
mode.

Menzel et al. (1978) observed nutrient poor sediment in high

flow samples and cited gullying of less fertile lower horizon materials as the cause.

Rill materials may be transported in sand size

aggregates composed of silt and clay, while inter-rill materials are
usually finer since the particles are primarily detached by raindrop
impact and large particles are not readily transported across interrill areas (Meyer et al. 1976).

Selective erosion, the preferrential removal of a soil component

or nutrient, results in an "enrichment" of departing sediments and a
depletion of materials left behind.

Stoltenberg and White (1953)

point to this nutrient enrichment of sediment as resulting from:
1) selective removal of fine reactive materials, 2) diffusion of

soluble nutrient forms from soil to runoff, and 3) flotation of low
density organics.

The selectivity for fine material is greatest when

runoff energy decreases (Ryden et al. 1973), or when standing crops
or stubble retain aggregates (Schuman et al. 1976).
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Langdale et al.

(1979) found that runoff sediment samples con-

tained 50-60% clay while watershed soils averaged between 5% and 15%.
Similar clay enrichment observations were made in a study on loess
sediment already high in clay content can become enriched additionally
in clay as it moves through reservoirs due to additional deposition of
larger particles (Schreiber and Rausch, 1979).

Finely divided organic material high in N and P is preferentially
eroded under conditions promoting selective erosion (Johnson et al.,
1976; Schuman and Spomer, 1976; Stoltenberg and White, 1956).

The

percentage of N in the sediment as well as the percent N that is
organic N increases with greater selectivity (Romkens et al., 1973).
Massey and Jackson (1952) determined that the organic fraction eroded
was higher in N content than the soil organic matter (OM) pool, indicating preferential erosion of an active OM component.

Ritchie and

McHenry (1977) found no enrichment of N in their sediments, but their
study seems plauged with an excess of averaging and is broader in sc
scope and more general than those previously discussed.

Many investigators have found P concentrations of particulates
to be high in periods of low flow and low sediment concentrations
(Johnson et al., 1976; Neilsen and Mackenzie, 1977; Romkens et al.,
1973; Taylor and Kunishi, 1971).

These findings are consistent with

the enrichment/flow dynamics theory offered by Ryden et al. (1973).
Higher P contents were the result of enrichment of both clay and OM
in the runoff samples.

7

Sediment Source Attribution

Many laboratory methods have been employed in an effort to
determine the source of sediments moving through, or deposited in,
water bodies.

A good review of some of the approaches taken appears

in an article by Klages and Hseih (1975).

Source attribution is an

important tool for assessing environmental impact of a land use change,
identifying active erosion watersheds in a large system, or documenting

the relative influence and extent of surficial and deep seated land
movement.

Ultimately, methods must be based on known differences

between mineralogical suites found in soils or geologic formations.
Clay mineralogy techniques emerge as the most commonly used
methods reported in the literature.

Many of the researchers utilized

X-ray diffraction patterns of separated clay samples to provide a
semi-quantitative estimate of the distribution of phyllosilicate minerals present

(Johns et al., 1954; Lund et al., 1972; Murad and

Fischer, 1978; Rhoton et al., 1979), while others have used them
simply as a means to compare samples (Harward and Youngberg, 1977;

Klages and Hseih, 1975; Neiheisel and Weaver, 1967; Sawhney and Frink,
1978).

Use of the diffractograms varied considerably from study

to study.

Using ratios calculated from peak intensities of diffraction
patterns, Harward and Youngberg (1977) compared flood-plain sediment
samples taken from different depths.

Analyzing magnesium saturated,

air-dry samples, they used seven,ten, and fourteen angstrom peaks,
arranging them in ratios of 10A/14A and 7A/14A.

The resulting values
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provided a means of comparison for the samples which were composed
of mica and chlorite.

Neiheisel and Weaver (1967) established ratios

using the area under seven and seventeen angstrom peaks of ethylene
glycol solvated samples, expressing them as the ratio of kaolinite
(7A) over montmorillonite (17A).

Sawhney and Frink (1978) used 14A/

10A ratios, as well as observed different responses to glycerol solvation, for comparing bottom sediments with upland soils.

Attempts have been made to estimate mineral distributions by
percent in mixed samples.

Johns et al. (1954) devised a scheme based

on the assumption that reflections for the fourth order of chlorite,
second order of kaolinite, and third order of mica fall in the 3.33.5A range.

By using differential chemical and heat treatments they

systematically removed the influence of a single mineral in that
range and attributed the subsequent loss in peak height to that mineral.

They also calculated percentages of montmorillonite and mica

directly using empirical factors based on reflection efficiency differences at 10 and 17 angstroms.

Rhoton et al. (1979) employed a mod-

ified version of this method using weights of cut out peaks rather
than intensities.

Empirical factors, together with basal line inten-

sities, were used by Murad and Fischer (1978) to estimate average
abundance of minerals in mixed systems.

Other quantitative methods such as cation exchange capacity data,
potassium content, and dissolution techniques (Hashimoto and Jackson,
1960), have been used to estimate mineral presence by percent (Lund
et al., 1972).
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Precautions, recommendations and criticisms dealing with mineralogical source attributions have been made.

Rhoton et al. (1979)

warn that mineral weathering following introduction to the fluvial
environment or differential transport in the system can lead to erroneous conclusions.

Obviously, thes pitfalls become more important

when distance between sampling sites or age of sediment deposition
increases.

Redeposition and resuspension of sediments within a stream

system may make source attribution to a given watershed at a certain
time difficult (Klages and Hsieh, 1975).

These problems are elim-

inated when distance between source and sampling station are kept
short.

Brindley (1961) cautioned that most techniques fail because

they attempt to quantify mineral components or trace sediment sources
from large streams or estuaries upstream to small upland watersheds.

Methods that compare sediment samples traveling short distances appear
sound.

Phosphorus

Forms in Soils and Sediment

Attempted systematic classifications of phosphorus fractions in
soils and runoff samples abound in the literature.

Divisions are

generally based on physical separation, differential chemical extraction techniques or theoretical concept.

A major review of phosphate

fraction terminology by Olsen (1966) resulted in a suggested revised
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standardization composed of fifteen categories and sub-categories for
phosphorus in water and sediment systems.

Olsen's standardization was

developed in part to combine 58 different terms he uncovered in the
literature, some of which were either misleading or deemed analytically
undeterminable.

At present, phosphorus forms are generally divided into four
major categories which include; 1) mineral phosphorus, 2) P adsorbed
on iron, aluminum or calcium surfaces; (also termed non-occluded P)

3) P bound in matrices of crystalline iron and aluminum (occluded P), and
4) organic P (Ryden et al., 1973; Williams et al., 1971).

Specific fractionation schemes for inorganic phosphorus forms
have been devised based on differential extraction methods of soils.
Williams et al.

(1956) was one of the earlier researchers to determine

iron phosphates (Fe-P) and aluminum phosphates (Al-P) using modified
versions of Mackenzie's method (1954).

They found that 85% of the

total P was associated with silt and clay particles.

Chang and Jack-

son's (1957) celebrated fractionation procedure allegedly discerned
Ca-P, Al-P, Fe-P, reductant soluble Fe-P and occluded Al-P.

Later

workers (Syers et al., 1973; Williams et al., 1967) indicated that
the Chang and Jackson procedure may not split out fractions as neatly
as speculated and consequently proposed modified methods and terminology to suit their needs.

The major complaints with the method are

arbitrary division between occluded and non-occluded forms (Williams
et al., 1969) and potential reprecipitation of P during extraction
(Syers et al., 1973).
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In a study on lake sediments Syers et al. (1973) found 89% of the
P to be non-occluded (Syers et al., 1969).

The same study observed

that P found in the sand and silt size range was mostly in the form
of acid extractable Ca-P.

P Determination Methods

Analyses of unseperated runoff samples and partitioned sediments
and soils for total P content is often performed in studies concerned
with erosion and water quality.

Total P analysis is chosen for runoff

samples because rapid transformations between aqueous and solid phases
in runoff samples can take place between collection and analysis,
thereby making P fraction analysis results questionable.

Several methods are available to the water quality researcher for
total P.

The sodium carbonate fusion method (Muir, 1952) is the total

P standard reference procedure, but it is both time consuming and
difficult to perform.

The goal of all total P methods is complete

extraction and oxidation of all P forms to the orthophosphate ion
(Olsen, 1966; Uttormark et al., 1974).

Perchloric acid digestion is

slightly less rigorous, but is used in many studies (Duffy et al.,
1978; Golterman, 1969; McCallister and Logan, 1978; Olness, 1975:
Schreiber and Rausch, 1979; Sharpley and Syer, 1976).

Another pop-

ular method is the persulfate-sulfuric acid digest suggested by the
U.S. Environmental Protection Agency (1971) and used by several
researchers (Burton et al., 1973; Carter et al., 1974; Carter et al.,
1976; Harris et al., 1972; Harwood et al., 1969; Weibel et al., 1966;
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Witzel et al., 1969).

If the persulfate extraction proves suitable

it is the most desirable in terms of ease and safety (O'Connor et al.,
1975).

Other methods used to determine total P include an hydrofluoric

acid (HF) extraction, (Syers et al., 1968) and a sodium hypo-bromite
extraction (Dick et al., 1977).

Several comparisons of total P extraction methods appear in the
literature.

O'Connor and Syers (1975) noted that persulfate was not

a suitable method in older soils in which a large part of the P was
occluded in crystalline iron.

In samples containing up to 2800 ppm

of sediment, about 85% of the total P, as determined by sodium carbonate fusion, was extracted by the persulfate method.

Results using

samples high in organic P compared favorably with reference procedures.
A further investigation into particle size effects on persulfate
extraction revealed that most of the unextracted P was occluded in
the sand size fraction.

Occlusion of P within highly crystalline

iron and aluminum has been shown to prevent extraction even with perchloric acid (Syers et al., 1968).

Other studies have found persulfate digestion quite suitable.

Harwood et al. (1969) found persulfate digestion an acceptable method
although the amount of occluded P in their samples appear to be low.
Carter et al.

(1974) used the persulfate method and found it more

precise than the perchloric acid method as long as digestion temperatures were kept high.
method.

Burton (1973) also condoned the persulfate
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The spectrophotometric determination of the orthophosphate ion
developed by Murphy and Riley (1962) seems superior to other methods
available (Burton, 1973; Olsen, 1966; Watanabe and Olsen,,1965;),
including the stannous chloride method.

The reaction involves reduc-

tion of orthophosphate to 12 molybdophosphoric acid and finally to a
blue heteropoly compound in the presence of ascorbic acid (Burton, 1973).

P Reactions With Soil and Sediment

Distribution of phosphorus forms is often dependent on soil age
and oxygen status.

Ca-P is generally the dominant inorganic form in

young soils (Ryden et al., 1973; Syers et al., 1969; Williams et al.,
1969), while highly crystalline occluded forms of Fe-P and Al-P become
prevalent with increasing age (Chang et al., 1958; O'Connor and Syers,
1975).

The formation of occluded forms of P is also dependent upon

aerobic conditions which favor the existence of Fe in the ferric

(Fe +3) rather than ferrous (Fe

Syers et al., 1969).

)

state (McCallister et al., 1978;

Ryden et al. (1973) found 50% of the soil P

was associated with clay sized particles due to the existence of
amorphous Fe and Al coatings on that particle size.

A survey of some

Scottish soils revealed 85% of the P was associated with clay and silt
sized particles (Williams et al., 1956).

Apatite and other Ca-P

forms were found to be the common P forms in sand size particles
(Williams et al., 1956).

The relative adsorption of P onto different clay minerals has
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been studied; adsorption capacities of illite (probably a hydrous mica)
were the greatest, montmorillonite intermediate and kaolinite the
lowest (Edzwald, 1971).

Kaolinite and illite demonstrated the best

adsorption of P at a pH of 4-5, while montmorillonite showed increasing adsorption capacity with increasing pH (Edzwald et al., 1976).

Laboratory tests show that initial rapid adsorption of P onto
colloids exhibits Langmuir kinetics, but is eventually controlled by
cation-anion interaction (Novak et al., 1975).

Adsorption has been

shown to increase with decreasing particle size (Hwang et al., 1976),
an effect probably related to an increasing surface to volume ratio.

The high affinity of P for colloids often leads to rapid adsorption of the orthophosphate ion by soils ( Novak et al., 1975).

Taylor

(1967) found most applied fertilizer P stayed in the upper horizons
of the soil.

Soils can retain orthophosphate from slowly percolating

waters due to increased contact time and the scavenger affect of P
deficient soils (Ryden et al., 1973).

Retention of P by soils is well

documented in other studies (Saunders, 1965; Taylor et al., 1971).

Agricultural management techniques which promote infiltration before
runoff tend to reduce soluble phosphate levels of the resultant
drainage water (Neilsen and MacKenzie, 1977).
In agricultural settings with moderate to high sediment loss,

857 or more of the total P lost in runoff is associated with the
sediment (Carter et al., 1974; Schuman et al., 1976).

In a long term

study of 26 years, 32% of all P fertilizer applied to cropland was
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lost to erosion, while 11% remained in the soil pool and only seven
percent was accounted for by crops (Taylor, 1967).

Clearly, reducing

erosion is the ultimate solution for controlling P loss.
Soluble P can also be readily sorbed after it enters waterways.
In aqueous systems clay-P reactions are favored by low pH and high
solids concentrations (Chen et al., 1973).

Turbulent mixing and long

reaction times also promote adsorption (Kunishi, 1972).

Gburek and

Heald (1974) hypothesized that increased streamflow helped reduce
soluble P concentrations in runoff water, presumably due to the added
turbulence and solids concentration of that environment.

Schuman et

al. (1973) saw a decrease in soluble P concentrations in water as it
moved downstream and attributed it to increased sediment and P interactions.

Phosphorus deficient streambanks have been cited as another

likely zone of soluble P adsorption (Kunishi et al., 1972; Taylor et
al., 1971; Ryden et al., 1972).

Deposited sediment composed of mixed upper and lower soil horizon material may have the ability to adsorb or release P into solution.

Taylor and Kunishi (1971) found that surface soils introduced into
solution released P if solution P concentrations were below 400 ppb.
Lower horizon material readily adsorbed solution P from solution in
the presence of P concentrations as low as 40 ppb.

Schreiber and

Rausch's (1979) study involving reservoir sediments documented a four
fold reduction in solution P as a result of sediment adsorption.

Streambed and reservoir sediments may have a P retention capacity
greater than their soils of origin due to the existence of highly
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reactive amorphous Fe gels formed when crystalline iron is reduced
and subsequently reprecipitated (Ryden et al., 1973).

In summary, it appears that sediments act as a buffer for soluble
P levels in water, adsorbing high concentrations and releasing P when
solution levels are in the low ppb range (Stumm, 1970).

Nitrogen

Nitrate Behavior in Soils

An exhaustive review of this rather broad topic was not attempted
here.

Rather, a condensed review of nitrate movement and nitrogen

transformations pertinent to this study are discussed.

Of all nitrogen forms, nitrate has been given the most attention.
Reasons for this revolve around current interest in water quality,
the mobility of the ion, potential toxicity effects in humans and livestock and the fact that the nitrate pool is involved in most plant and
soil accumulations and attritions (Stewart et al., 1968).

Although nitrate is a fairly mobile anion, it can be partially
detained in soils with high cation exchange capacity, low pH, and
abundant iron and aluminum oxides (Thomas, 1970).

Nitrate is assumed to

flow downward under saturated conditions (Allison, 1966; Thomas, 1970).
Levin (1964), Pratt et al.

(1972) and Shuford et al. (1977),

found that nitrate could be retained in soil aggregates under certain
conditions making it unavailable for flow in large pores.

Shuford et

al. (1977) noted that flow through large pores was particularly import-
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ant when gravitational water could incorporate a nitrate source at
the soil surface, a situation possible after fertilization.

Some researchers stress the importance of the "leaching fraction"
as a factor controlling leaching losses (DeVitt et al., 1976; Pratt
et al., 1972).

The use of this concept is particularly prevalent in

irrigated semi-arid regions.

Devitt (1976) found that low leaching

fractions led to higher concentrations but lower overall amounts of
nitrate in drainage tiles, a reverse dilution effect.

Nitrate moved downward by water meets one of three fates; it
either accumulates, drains away, or denitrifies (Allison, 1960).
dryland regions nitrate moves down very slowly.

In

In one study, nitrates

that escaped below the root zone were enroute 10-13 years before
entering the ground water (Muir et al., 1976).

In this case nitrate

can be thought of as accumulating below the root zone.

Nitrate can also move up vertically through the soil profile in
times of drought (Boswell and Anderson, 1964).

Page and Talibudeen

(1977) observed a nitrate concentration increase in the upper 50 cm
at Rothamsted during dry times.

Allison (1966) recorded reverse or

upward movement of nitrate under moisture stress conditions, but
added that such reverse movement was limited largely to the upper
30-45 cm of soil.

Thomas (1970) offers the best review of the processes

involved, pointing out field conditions that promote or retard upward
transmission must be large enough that water supply is not exhausted
by the evapo-transpirative demand.

If the soil surface becomes dry,

water moves only in the vapor phase and nitrate cannot move with it.
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A further expansion of this point shows that restrictive layers
supporting a perched water table avail increased upward movement by
retaining an unbroken water column to the soil surface.

Nitrification, denitrification, mineralization, and to some
extent, assimilation, serve to alter the net amount of nitrate present
in the soil (Keeney, 1973), thus making observation of nitrate behavior difficult.

Mineralization, the conversion of organic nitrogen

forms to nitrate, functions best when the soil is between 0.33 and 0.10
bars tension, or roughly between 80-90% saturation (Stanford and
Epstein, 1974).

Nitrate accumulations of up to 65 ppm in a two week

period (Stanford and Epstein, 1974) have been observed under optimum
conditions

In earlier studies (Frederick, 1956), nitrification, the biological oxidation of ammonium to nitrate, was shown to be a highly temperature dependent process.

Between 7 and 15°C, a large increase of

nitrification was documented.

It is worthwhile to note that while

most soil exhibited nitrification at 7°C, some low pH soils showed none.

Denitrification is an important process that helps control deep
leaching of nitrate and reduces nitrate concentration in groundwater.

Heavy textured soils generally have lower nitrate concentrations than
lighter soils when other conditions are similar.

The primary constraint

upon nitrate buildup, is limited gas transfer (mainly 02), which
accentuates denitrification and concurrently limits nitrification
(Devitt et al., 1976; Gilliam et al., 1979: Lund et al., 1974).

Gilliam et al. (1979) induced a high water table in their agricultural
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study site and successfully reduced nitrate to a gaseous N form
at a depth of 60 cm below the water table.

Denitrification, like many

other biological transformations, tends to be lessened at low
temperatures, or pH (Keeney, 1973).

Clearly, there are many factors which affect the nitrate ion in
the soil system.

Cultivation has been shown to stimulate nitrific-

ation (Stewart et al., 1970), presumably due to increased aeration.
Water relations, climate, crop uptake, soil texture and morphology,
and a host of other factors determine the fate of nitrate nitrogen
in
soils

Nitrogen Losses in Runoff

More and more estimates on nitrogen losses from agricultural
watersheds are appearing in the literature.

Reported loss figures

vary greatly due to great differences in experimental conditions.
Burwell, et al., (1976) reports that often times the surface or storm
flow is measured while the interstorm or tile drainage flow isn't. It
is therefore important to know the experimental methods as one reviews
research findings.

Several investigators studying nitrogen is surface runoff concluded that the largest amount of nitrogen discharged was associated
withthe sediment, (Alberts et al., 1978; Gambrel et al., 1975;
Kissel et al., 1976; Shuman et al., 1973).

From Blackland Prairie

soils in Texas, Kissel et al. (1976) found losses of 3.2 and
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5 kg/ha-yr for nitrate and sediment nitrogen respectively.

Studies

conducted on loess planted to corn showed that at least 90% of the
nitrogen discharged in surface runoff was associated with the sediment (Alberts et al., 1978; Burwell et al., 1975b; Shuman et al.,
1973).

Gambrel et al.

(1975b) concluded that native organic nitrogen

accounted for most of the sediment nitrogen in surface runoff, even
under moderate fertilizer practices.

Romkens, et al.

(1973) theorized

that the proportion of nitrogen that is organic as well as the nitro-

gen content of the sediment increases with the degree of erosional
selectivity found in the watershed.
Soluble nitrate losses in surface runoff are often so low that
the amount lost is replaced by precipitation inputs (Burwell et al.,
1975b; Klausner et al., 1974).

Subsurface nutrient discharge studies either exclusively analyze
tile drainage waters, or attempt to estimate the percentage of nonsurface flow sampled.

A study in Georgia conducted by Jackson et al.

(1973) showed subsurface flow accounting for 99% of the measured
nitrate and 80% of the total flow respectively.

Burwell et al. (1976)

found subsurface flow was the vehicle for 84-95% of the lost soluble

nitrogen while making up 62-88% of the annual stream flow in drainage
ways from loess soils in Iowa.

Nitrate concentrations averaged from

5.8-7.2 ppm with higher concentrations being associated with a greater
percentage of subsurface flow.

Burwell et al., (1974) compared con-

current tile and runoff samples from the same watershed and found that
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nitrate concentrations in the tile line ranged from 6.1-17.2 ppm while
the concentration in surface runoff was between 1,2 and 2.53 ppm.
Experimental results from research involving tile lines shows
that nitrate concentrations range quite a bit higher than concentrations in surface runoff.

Baker et al.

(1975) and Bolton et al. (1970)

found tile line concentrations averaging 21 and 14 ppm respectively.

Benoit's (1973) study in Vermont attributed high nitrate losses in
drainage tiles of a previously uncultivated field to increased aeration
and organic matter breakdown.

Changes in flow appeared more abrupt than changes in nitrate concentration to investigators analyzing both tile drainage and runoff
waters, (Bolton et al., 1970; Kilmer et al., 1974; Taylor et al., 1971).

An interpretation of the observed solute-hydrograph dynamics is that
although in more dilute concentrations, total nutrient losses will be
greatest under high flow.

Kilmer et al., (1974) noted that plots of

flow rate and nitrate loss for the same time period were closely
superimposed.

Baker et al.

(1975) and Kissel found the highest

nitrate concentrations were measured in the lowest periods

of flow.

Increases in nitrate concentrations during the falling limb of the
hydrograph were noted by Kissel et al. (1976).

Growing concern for fertilization practices and their relation
to water quality are prompting more research on the subject.

Estimates

of the amount of nitrogen in runoff attributed to fertilizers vary
widely from study to study.

Moe et al. (1968) removed 15% of the

fertilizer nitrogen in surface runoff by using five inches of artificial rain on plots of steep clay fragipan soils.

Kohl et al.

(1974)
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determined that 55% of the nitrate found in peak flow conditions was
derived from fertilizer applications.

In somewhat more comprehensive

and realistic studies measuring surface and subsurface flow, 1.3-3.8%
(Gambrel et al., 1975b), and 6-10% (Kilmer et al., 1974) of applied
nitrogen fertilizers showed up in runoff.
The attribution of runoff nitrogen concentration to fertilizers
is often done weeks after fertilization, despite groundwater lag times,
and potential nitrogen transformations.

Johnson et al. (1965) noticed

an extreme increase in nitrate concentrations of tile water draining
fertilized fields, but it occurred six months after fertilization.

Langdale et al. (1979) saw a temporary decrease in runoff N levels
following fertilization until two runoff events seventeen days later,
when 30% of the fertilizer N was lost.

Nitrogen fertilizer may be an

important variable in predicting the nitrate levels in large stream
systems (Klepper, 1978), but this does not necessarily mean it is the
the most important parameter in a regression model.

Kilmer et al.

(1974) and Taylor et al. (1971) have found stream nitrate levels to
be unrelated to fertilizer applications.

Certainly the timing and rate of fertilization with respect to
precipitation is crucial as emphasized by Klausner et al. (1974).

McDowell et al. (1978) monitored storm runoff coming from a field that
had received moderate levels of ammonium nitrate the day before.

He

measured a peak of 28 ppm nitrate and 21 ppm ammonium respectively,
in his runoff samples.
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Viets (1971) downplayed the significance of pollution from
fertilizer nitrogen claiming that 17.5 million tons of nitrogen from
the "natural pool" are lost while we apply only seven million tons of
N.

He further endorses nitrogen fertilizer use by claiming that

limiting its use could force cultivation of less desirable land to
attain similar yields thereby causing more soil losses by erosion.

Sample Preservation

The preservation of runoff samples between sampling and analysis
is paramount for prevention of microbial mediated nitrogen transformations.

Commonly used methods include low temperature storage, or,

low temperature storage in conjunction with a bactericide such as
mercuric chloride, phenylmercuric acetate, sulfuric acid, toluene or
chloroform (Klingaman and Nelson, 1976).

Preservation methods quite

suitable for nitrates may be unacceptable for other chemicals, particularly soluble inorganic phosphate (Nelson and Romkens, 1972).

Preservation methodologies in current literature almost exclusively include refrigeration at 4°C (Kissel et al., 1976; Langdale
et al., 1979; McDowell et al., 1978; Neilsen et al., 1977b; Schuman et
al., 1974; Taylor et al., 1971).

Philosophy on the need for add-

itional measures varies between researchers.

Several investigators

have stored runoff samples complete with contained sediment, (Baker
et al., 1975; Kissel et al., 1976; McDowell et al., 1978) while others
have preferred to seperate the water and sediment prior to storage by
centrifugation or filtration (Langdale et al., 1979; Neilsen et al.,
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1977b; Taylor et al., 1971).

Nelson and Romkens (1972) found low

temperature (4°C) storage unsuitable for prevention of nitrification
in unfiltered water samples, but, their study used 30,000 ppm sediment concentrations and storage times greater than one week.

Their

results indicated that sediment removal prior to 4°C storage was
adequate for supressing nitrate transformation for several weeks.

In a fairly comprehensive study conducted by Klingaman and Nelson
(1976), preservation of ambient nitrate levels in four runoff samples

with different sediment levels was maintained for six weeks at 4°C
with no additional ammendments.

In the same study, ammonium levels

remained constant in all samples, with the exception of a sample
containing 40,000 ppm sediment.

Note that all ammonium was converted

to nitrate in one week when the same samples were left at room temperature.

Addition of phenylmercuric acetate or mercuric chloride in

recommended amounts showed no significant reduction in nitrogen
transformations when compared to 4°C refrigeration for the twelve week
study period.

In summary, it appears that rapid sample analysis coupled with
4°C refrigeration with or without sediment removal is a sufficient
preservation method.

Lag times of several weeks or more between

collection and analysis may dictate sediment removal prior to low
temperature storage.
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Analysis: Current Methodology

Measurment of the nitrate ion is accomplished using several
chemical techniques.

Current methodology includes the use of ion

specific electrodes, the magnesium oxide-Devarda alloy steam distillation method of Bremner and Keeney (1965) and the somewhat expensive

and time consuming phenoldisulfonic acid method (American Public Health
Association, 1971).

The nitrate electrode method is the fastest and least expensive,
thus the most desirable when analyses are in close agreement with
standard methods (Keeney et al., 1970).

Many researchers have tested

the suitability of the electrode developed by Orion (Model 92-07) for
measurement of nitrate in soil and water samples.

Myers and Paul

(1968) found that several anions interferred with nitrate measure-

ment, but only chloride and bicarbonate were ever present naturally
in quantities large enough to warrant consideration for agricultural
soils.

Milham et al.(1970) determined that concentrations of chloride

or bicarbonate must be .->_10.1M to interfere at the 10 ppm nitrate level,

and that additions of silver sulfate to the sample would eliminate
that problem.

In a study pertaining to measurement of nitrate in

samples with high soil/water ratios, it was found that colloid effects
on the electrode to solution interface were negligible when the
colloids were flocculated (Mack and Sanderson, 1971).

Adding the ionic

strength adjustor as the manufacturer recommends (Orion, 1977)

accomp-

lishes flocculation.

Other studies have shown that nitrate electrode measurements
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compare well with standard methods especially in the range of 1 to 10
ppm nitrate (Barbera, 1977; Milham et al., 1970; Mack and Sanderson,
1971; Myers et al., 1968).

Nitrate electrodes have been used success-

fully in recent agricultural runoff studies (Cameron et al., 1978;

Gambrel et al., 1975). as have automated methods utilizing cadmium
reduction of nitrate (Langdale et al., 1979).

Determination of sediment nitrogen, total nitrogen or sediment
organic plus adsorbed ammonium nitrogen, are generally achieved using
micro-Kjeldahl techniques (Alberts et al., 1978; Gambrel et al., 1975;
Kissel et al., 1976; Langdale et al., 1979; McDowell et al., 1978;
Neilsen and MacKenzie, 1977; Timmons et al., 1973).

Many forms of nitrogen can be determined if filtration of samples
is combined with the Kjeldahl method as described by Neilsen and MacKenzie (1977).

A distillation method devised by Bremner and Keeney

(1975), has also been used to determine nitrogen forms selectively
(Romkens et al., 1973).
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MATERIALS AND METHODS

Study Sites

Introduction

The intent of this project was to examine non-point pollutant
levels in runoff waters from selected Willamette Valley croplands and
relate them to pertinent erosion processes.

The field research in-

volved three seperate watersheds; two on Logsden Ridge in Benton Co.
and one on Elkins Rd. in Polk Co. (Fig. 1).

Selection of the water-

sheds was based in part on differences in soils, crops and locations,
on land owner cooperation, and at Elkins Road the existence of an on
going watershed study (Oregon Ag. Exp. Sta. project 337, M. E. Harward,
coordinator).

Location

The general location of the study area appears in Fig. 1.

Two of

the watersheds lie at opposite ends of Logsden Ridge, north and east
of Lewisburg, OR.

The primary study area was located on the NW

corner of the ridge om SE 1/4, NE 1/4, sec. 1, T. 11S., R 5W. along
Highway 99 about one mile north of Lewisburg.

This 3.7 ha watershed

was designated LR and will be referred to as such throughout the text.
A second site was located on the southeast side of the ridge
near the intersection of the Independence Highway and Pettibone Rd,
mostly within the NW 1/4, sec. 4, T 11S., R 4W.

This watershed had

one instrumented site (B1) which monitored runoff from the entire

28

WILLAMETTE
VALLEY

LOGSDEN RIDGE

Figure 1.

General location of experimental watersheds.
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95 ha area, and another setup (B2) to monitor a 16 ha subwatershed
located within the confines of the larger drainage.

The third area of study is a 260 ha watershed located near Monmouth, OR. on Elkins Rd.

Four runoff sample collection sites were

located at various subwatershed positions (E1F1, E4F1, E4F2) and a
culvert which served the entire 260 ha (E3C1).

See Appendix A for

locations of these sites, as well as Glasmann and Kling (1980) and
future O.A.E.S., project 337 publications for additional information.

Soils and Land Use

The soil at LR, the primary study site, is mapped as an Hazelair
complex (Aquultic Haploxerolls) 12-20% slopes (Knezevich, 1975).

Much

of the lower part of the watershed is now a "truncated" Hazelair with
only eight to ten inches of silty clay loam or silty clay over a tight
clay layer.

See Appendix B for a detailed soil map of the watershed.

During the two years of study, the land was under two different
management systems.

The first year (1977-78) the field was cultivated

and fall planted to perennial ryegrass.

The second year the land was

left unmanaged resulting in a cover of ryegrass, weeds and straw
residue.

This presented an opportunity to study the watershed under

contrasting cover conditions.

Bl soils are a combination of Willamette, Dupee and Hazelair
complex soils (see Appendix C).

The upper two thirds of the watershed

is mapped as Hazelair complex and the area near the watershed outlet
is Willamette silt loam (Knezevich, 1975).

The area near the flume
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was intensively managed for ryegrass and orchard grass seed crops.
The upland 30% of the watershed supports Oregon white oak, poison
oak and grasses.

B2 is similar to B1 in soil composition except for having more
Dupee and less 12-20% slope land.

None of the B2 area is woodland;

area in orchard grass was more extensive than that of annual ryegrass.

The East quadrant area of the Elkins Road Watershed is usually
planted to small grains and grasses.

Soils include: the moderately

deep Willakenzie silty clay loam (Ultic Haploxeralfs, fine-silty,
mixed, mesic); fine textured and deep variants of Willakenzie; a
variant of Helmick silty clay loam (Aquultic Argixerolls, fine silty,
mixed, mesic); and Waldo silty clay loam (Fluventic Haplaquolls, fine,
mixed, mesic) (Taxonomy information courtesy R. B. Brown, personal
communication. 10 Jan. 1980, OSU Soil Science Dept.).

Field Measurements and Sampling

Introduction

Automated sampling programs were used at all locations to measure
flow, collect runoff samples and measure rainfall amounts and intensities.

Soils and sediments were sampled for laboratory analysis of

N and P content, particle size distribution and clay mineralogy.

Runoff Flow Measurement

All flow measurements were made using Instrumentation Specialties

31

Co.

(ISCO

R

Model 1700) flow meters in conjunction with various channel

control devices as listed in Table 1.

The flow meter set-up measures

liquid levels using a bubbler system and electronically converts
sensed bubble pressure to an instantaneous flow rate which is printed
at preselected or flow-proportional intervals by an ISCO (Model 1710)
printer.

The entire system, including samplers was powered by a 12

volt auto or marine battery. ISCO NiCad batteries were used initially
but their discharge rate and capacity proved unreliable necessitating
the switch to a greater-capacity, long life power supply.

Flow data

for Elkins Road installations was obtained in a similar manner (Oregon
Ag. Exp. Sta., Project 337, M. E. Harward, coordinator)

Table 1.

Flow control devices used for flow measurement at outlets.

Watershed

Size (ha)

LR

3.7

2 ft. H-flume

Bl

95.0

2 ft. H-flume

B2

16.0

1 ft. V-notch weir

Control device

E1F1

0.6

9 in. H-flume

E4F1

1.4

1.5 ft. H-flume

E4F2

6.0

1.5 ft. H-flume

E3C1

260

5 ft. circular culvert

Runoff Sampling Program

ISCO (Model 1680) wastewater samplers were used at all sites to
provide automated periodic subsampling of runoff.

This in situ sampling
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program was augmented with manual grab sampling during periods of
high flow.

Sampler suction-hose intakes were positioned downstream of channel
control devices.

At LR and B2 the suction-line intake strainers were

placed several feet below the control device dropoff.

This position

enabled sampling in a zone of maximum turbulence which insures complete
sample mixing.

The strainer at B1 was held about four inches off the

channel bottom since lack of relief at that location precluded the
presence of a highly turbulent zone.
Two different sampling strategies were used at the sites.
flow-proportional sampling was used extensively at LR and B2.

A
An

advantage of flow-proportional sampling is that samples are taken at
a greater frequency during high flow conditions when erosive action is
likely greatest; during low flow fewer samples are taken.

The problem

is that without prior knowledge of the watershed hydrology, inaccurate
flow prediction may lead to incomplete hydrograph sampling due to infrequent sampling (flow proportion too high), or premature exhaustion
of the 28 bottle sampling cycle (flow proportion too low).

The dis-

advantages were overcome by frequent site visits and close monitoring
during major storm periods.

The larger, hydrologically less flashy B1 watershed was sampled
using a time constant method.
time intervals.

Samples were pumped at predetermined

This system was advantageous because sample capacity

time was more easily predicted.
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Manual grab samples at LR and B2 were taken by sweeping a container through the discharge at the control device outlet; the samples
at Bl were taken by moving the sampling container up and down through
the water column, resulting in a depth integrated sample.

Precipitation Measurement

Automated tipping bucket (Model 304, Meteorological Research Inc.)
precipitation gauges were installed at LR and near the B2 monitoring
site to record rainfall intensities and amounts.

A wedge gauge

(Tru-Chek) was installed at each site as a back up unit.

Precipitation

data were available from similar installations at Elkins Rd. (Oregon
Ag. Exp. Sta., Proj. 337, M. E. Harward, coordinator).

Supplementary

data for LR, Bl and B2 were obtained from records of the nearest
meteorological station located at the OSU Hyslop Agronomy Farm just
one mile south of B1 and B2.

Sediment Sampling

Three types of sediment samples were collected in the field for
further laboratory analysis.

One type of sediment sample was compos-

ited from runoff samples distributed across a storm hydrograph.

Com-

bined samples collected in a flow proportional scheme reflect a
weighted subsample of all sediment passing through the control device
during a storm.

Sediment from the composited samples was recovered

after gravity settling in large plastic pans and siphoning off supernatant water.
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A second source of sediment was that which was deposited in the
channel control section.

Deposits of sediment were found in the

flumes even after small runoff events.

Flume sediment sampling was

done during low or no flow conditions after a storm event.

Care was

taken to homogenize the sample to overcome previous fluvial sorting.

Samples of at least 500 grams were taken to insure that sampling bias
of the deposit was minimal.

Samples were transported wet and refrig-

erated at 4°C prior to analysis.

Bulk samples were collected in five gallon containers as described previously.

Sediment from these samples was separated by

settling similar to the composite samples.

Soil Sampling

Soil samples of the upper 15 cm and selected lower horizons were
taken to characterize the watershed soils at LR.

For surface samples

an area 30 cm square was cleared of grass and debris, and six seperate
punches with an auger were taken and composited.

Samplings were made

at locations that reflected observable differences in drainage, morphology, slope or landscape position.

Samples were transported moist and

refrigerated at 4°C until further analysis.

Depth samples were taken

from 10 cm cores.

Laboratory Analyses

Total Solids

Total solids analysis was performed on runoff samples to estimate
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sediment discharges and to provide a variable for regression of total
P.

Duplicate 25 ml aliquots were taken from sample bottles which were

agitated sufficiently to suspend particulate matter.

These aliquots

were put in tared aluminum pans and dried 24 hrs. at 105°C.
were then placed in a dessicator to cool.
an analytical balance sensitive to 1 x 10

The pans

All weighings were done on
-4

gm.

Final total solids

concecentrations were calculated by averaging values from duplicate
subsamples and were expressed as mg/1 (ppm).

Electrical Conductivity

Early in the study, electrical conductivity was determined for
most runoff samples.

Readings were normally low (<100 pmhos) and var-

iation within sample sets was usually small, so fewer samples were
analyzed.

Electrical conductivity was used as an indicator of dis-

solved solids.

Elevated EC signaled stream fertilizer contamination.

Electrical conductivity was expressed as pmhos-cm, a resistivity
term.

The determination was performed using Beckman (Model 250 and

251) immersible electrodes with a Beckman (Model MG) mho-gun.

Samples

were stirred while the measurement was made.

Total Phosphorus

Total P analysis was done on selected unfiltered runoff samples.
The digestion procedure was a slight modification of the one suggested
by the U.S. EPA (1971).

Changes made included increased acid
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concentration and increased digestion time.

Twenty-five mis of runoff sample was used in most cases, but
samples with sediment concentrations in the tens of thousands were
diluted before digestion.

The resulting aliquot was placed in an

acid-washed 125 ml Erlenmeyer flask.

Five mis of 5N H SO
2

4

and a one

half gram scoop of ammonium persulfate were added to the sample.
Final volume of the solution was brought to 60 mis.

The flasks were

placed on a preheated hot plate and boiled for one hour.

Distilled

water was added to samples that approached dryness prior to adequate
digestion time.

Samples were boiled to a final volume of five mis.

Suction flasks equipped with Whatman no. 50 hardened filter papers
were used to filter particulate matter from the digest.

Repeated

washings of the digestion flasks were performed to insure transfer of
all phosphorus.

All samples were neutralized with five mis of 5N NaOH after filtration.

Final volume of the neutralized extract was brought to 50 ml

and allowed to equilibrate to ambient temperature.

Eight mis of the

molybdenum blue combined reagent described by Murphy and Riley (1962)
and the U.S. EPA (1971) were added to samples and color was allowed
to develop for a minimum of 15 minutes.

Color absorbance was measured

at 880 nm on a Bausch and Lomb Spectronic 20.

Random replicate samples as well as several standards and a
blank were run with each batch of runoff samples to insure reproducibility.

Concentrations, reported as mg P/1, were obtained by

comparing absorbances with a standard curve.
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Nitrate Nitrogen

Initially, nitrate concentration measurements were made using
reagents marketed by Hach Chemical Corp., in conjunction with a Bausch
and Lomb colorimeter.

The limitations of this setup as outlined by

Boyd (1977) were recognized but good approximations of the real values
were deemed sufficient at the time.

After March 1, 1978, nitrate determinations were made with an
Orion ion specific NO3 electrode.

On arrival at the laboratory,

samples were stored at 4°C prior to analyses, which were usually
completed within one week.

Twenty-five ml aliquots were transferred

from the sample bottles into small disposable beakers.

Suspended

particulates in the bottles were generally low since most had settled
between collection and analysis.

After equilibrating to room temp-

erature, each aliquot received 0.50 mls of 2M ammonium sulfate to
standardize background ionic strengths.

Millivolt potentials were

read with a double juction reference electrode (Orion 90-02, filled
with 0.04M ammonium sulfate) and a nitrate specific ion
electrode (Orion 93-00).

Millivolt readings were converted to concen-

trations using a standard curve developed prior to each group of
measurements.

Ammonia Nitrogen

Ammonia (NH

)

3

in selected runoff samples was measured with an

Orion Model 95-10 electrode directly after adding 0.25m1 of 10M NaOH
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to 25 mis of unfiltered samples.

Values consistently below one ppm

N prompted abandonment of this measurement except when soluble NH
4

in the runoff was suspected after fertilization.

Analysis of Soils and Sediments

Total Phosphorus

Soil and sediment samples for total P analysis were oven dried
and ground to pass a 100 mesh sieve.

A weighed 50 to 75 mg sample

was added to 50 mis distilled water then digested for total P and
colorimetrically analyzed with the same procedures used on runoff
samples.

A comparison between methods revealed that the sufuric acid-

persulfate method extracted an average of 94% of the P extracted by a
nitric-perchloric method (Appendix D).

Total Nitrogen

The total nitrogen content of selected soils and sediments was
determined using the micro-Kjeldahl method (Bremner,1965) with minor
modifications suggested by the OSU Soil Testing Lab (1977).

Samples

were ground to pass a 100 mesh seive prior to analysis.

Organic Matter

The organic matter content of soil and sediment samples was
quantified to investigate potential carbon enrichment of eroded sediment fractions.

Relationships were constructed to compare total

nitrogen (TN) and organic matter (OM) contents.

Organic matter
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percentages were obtained using the dichromate oxidation, back titration method of Walkley and Black (1934).

Clay Mineralogy

Samples obtained from the field for mineralogical analysis were
stored in a moist condition at 4°C prior to clay separation.

All samp-

les were dispersed mechanically by a high speed stirring mechanism
without the aid of chemical dispersants.

The clay size fraction was

separated by wet sieving with a 200 mesh sieve to separate sands, then
centrifuging to partition silt-size particles.

The supernatant con-

taining clay-size material was centrifuged and the resulting clay deposition was split into two subsamples.

The subsamples were treated

with magnesium and potassium respectively to saturate exchange sites.
Ion saturated clay samples were applied to petrographic slides using
the paste method of Theissen and Harward (1962).

Treatments used to

differentiate clay minerals appear in Table 2.

Table 2.

Treatments used to differentiate clay sized phyllosilicate
minerals.

Saturating ion

Solvating ion

Mg
Mg
Mg

Ethylene Glycol
Glycerol

RH (%)

Prior Temp (C°)

Abbrev.

54

Mg 54

54

Mg EG

54

Mg G

K

0

105

K 105

K

54

105

K 54

K

0

300

K 300

K

0

550

K 550
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Separate slides were used for the two solvation treatments,
while one potassium saturated sample was run sequentially through
the different heat and humidity treatments starting with the K 105
X-ray analyses employed a Norelco X-ray

and ending with the K 550.

diffractometer and copper K-alpha radiation at 35 KV and 25 ma.

Particle Size Analysis

Particle size analysis of soils and sediments was performed to
investigate the clay enrichment of sediments in comparison with
watershed soils.

A higher clay content in suspended sediments would

indicate selective transport of fine particles at the expense of
redeposited heavy particles.

Particle size distribution of in situ

watershed soils was used with other data to help identify separate
mapping units.

Air dry, 42mm samples were treated with hydrogen peroxide to
remove organic matter.

Ten grams of sample was used when possible

although occasionally grab samples containing between seven and ten
grams were used.

Digested samples were dispersed for 24 hours in a

five percent solution of sodium pyrophosphate, then air jetted at
25 psi for five minutes.

Sand size particles were removed by wet

sieving then placed in evaporation dishes for drying and weighing.

The silt and clay size materials were placed in a sedimentation
cylinder and equilibrated overnight in a constant temperature bath.

The pipette analysis method (Day, 1965) was used to quantify these
gravity sep rated silt and clay fractions.
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Sediment Source Attribution Study

Ratios of X-ray peak intensities from selected clay samples
from LR were used in an attempt to attribute eroded sediment materials
to their soil source.

The 17 and 7 angstrom peaks of magnesium

saturated ethylene glycol solvated samples were measured and arranged
as a 17A/7A ratio.

This ratio was used to compare soil and sediment

samples.

Soil and sediment ratios were grouped according to watershed
position and runoff event sediment yield size respectively and tested
statistically for differences between groups.

Soils were separated

into three groups: 1) thin soils over clay (mostly near the watershed
outlet), 2) deep, moderately-well drained soils in the upper margins
of the watershed, and 3) side slope soils of mixed morphology, but
generally deeper and better drained than the soils of group 1. See
Figure 26, Table 20 for sampling locations and descriptions.

Flume sediment samples were grouped based on the magnitude of
sediment movement during the sampled runoff event.

High, medium and

low groups were formed corresponding to runoff events with: 1) soil
loss in excess of 1,000 kg/ha = high; 2) soil loss between 100 and
1,000 kg/ha = medium; and 3) soil loss less than 100 kg/ha = low.

Groups of data were compared using single factor analysis of
variance after determining the equality of variances with Bartlett's
test.

42

RESULTS AND DISCUSSION

Sediment

Annual Losses in Runoff

Sediment losses measured at LR for the 1977-78 season exceeded
the losses at B1 and B2 for the 1977-78 by several orders of magnitude
(Table 3).

Annual sediment loss values at Bl and B2 were somewhat

underestimated due to excessive equipment failures and undersized
flumes which caused partial data loss during several high flow events.

This is indicated in part by the two fold difference in the flow measured at B1 and B2 as compared to LR during the 1977-78 water year
(Table 3).

Table 3.

Measured sediment losses and runoff at experimental watersheds.

Watershed/year

Total sediment loss (kg/ha)

Runoff (cm)

LR 1977-78

32,600

44.3

LR 1978-79

340

20.6

Bl 1977-78

660

24.3

B2 1977-78

926

23.7

Total sediment loss at Bl and B2 probably did not exceed 3,0004,000 kg/ha and certainly was not near the larger loss measured at LR
for the same period.

43

Comparisons Between Watersheds

Comparisons between LR, Bl and B2 can be made for several small
to medium size runoff events for which concurrent losses were measured
(Table 4).

The ratios of sediment loss per unit area to runoff quan-

tity reflects differences in detachment and movement of sediment per
unit of flow.

These differences are reflected by sediment concentra-

tion (ppm) data which is equivalent to kg sediment/ha-cm runoff x 10
(Langdale et al., 1979).

The data show the sediment losses per unit of flow were orders of
magnitude greater at LR than at Bl and B2.

These data reflect differ-

ences in sediment production and runoff delivery between watersheds.
The close proximity of the watersheds eliminates rainfall as a variable
impacting flow differences, therefore, these data predominantly reflect
differences in the soil systems and watershed geometries.

Effect of Soil Cover

Termination of land owner cooperation plus theft of equipment and
exposure to vandalism precluded collection of data after the first
field season at Bl and B2.

But, a valuable measurement of the effect

of cropping practices was obtained by monitoring a second season at
LR.

After a year's establishment of perennial ryegrass cover, the

annual sediment loss was reduced from 32,600 kg/ha in 1977-78 to
350 kg/ha in 1978-79.

44

Table 4.

Sediment loss at LR, Bl and B2 for identical time periods
during 1977-78.

Watershed

Sediment loss

Runoff

Sediment conc.

kg/ha

cm

ppm

12/20

LR

151

2.99

505

B2

21

0.48

446

Bl

56

2.92

193

1/23

LR

90

1.38

652

B2

27

1.03

258

Bl

19

0.93

203

2/3

LR

600

2.63

2281

B2

25

1. nn

253

Bl

48

1.83

259

3/24

LR

215

2.00

1075

B2

27

0.44

623

Bl

16

0.33

475

As a way of contrasting the two years, data from the largest
sediment producing storm for each year are presented in Figures 2 and
3.

the

The two events had similar flow regimes and peak flow rates but
peak sediment concentrations were reduced 100 fold from 83,400

ppm to less than 900 ppm (Figs. 2, 3).

Similarily, peak sediment dis-

charge rates were reduced about the same proportion from 7,500 kg/30
min. to 40 kg/30 min.

The 1977 November 23rd-26th storm at LR
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represented conditions conducive to soil erosion.

The fall planted

ryegrass had established little effective cover for the soils; and,
a low temperature precipitation event had left frozen ground with a
thin cover of snow on the watershed.

Warming rains followed, which in

weatherman's terms were described as "heavy at times".

Suspended

sediment concentrations increased dramatically with the first minimal
increase in flow rate.

A second larger increase in flow delivered

the peak sediment concentration (83,400 ppm) observed during the two
year period (Fig. 2).

The low flow threshold for massive increases in

sediment concentration (Fig. 2) is a reflection of the availability of
loose erodible material in the watershed in the early season following
tillage operations.

This sediment response is in sharp contrast to

the February 5th-8th, 1979 storm (Fig. 3) where sediment supply was

low, due to the effect of a season's cover, negating the possibility
of large sediment concentration increases with flow.

Seasonal Distribution of Sediment Loss

Analysis of the sediment yield with respect to runoff shows that
a large percentage of the annual sediment yield is moved by a few
large storms (Fig. 4, 5).

In 1977-78, 70% of the annual sediment was

eroded in the first large storm which accounted for only 21% of the
total annual runoff.

In two storms, 81% of the annual sediment was

eroded in only 31% of the 1977-78 runoff.

Although other high flow

periods were observed at LR similar massive sediment movements were
not.

Figure 4 graphically highlights the major sediment loss in the
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Nov. 25th, 1977 storm compared to other events of that water year.
In 1978-79, 67% of the eroded sediment was transported by 40% of
the annual runoff which occurred in a five day period (Fig. 5).

Selective Erosion

Enrichment ratios show small increases in organic matter, N and P
in sediment collected at subwatershed outlets as compared to watershed
soils (Table 5).

An enrichment value of 1.0 reflects properties

identical to "average" watershed soils.

Larger ratios represent

selective entrainment of fine reactive materials with higher nutrient
concentrations and/or deposition of coarser non-reactive soil materials (Stollenberg and White, 1953).

Table 5.

Mean enrichment ratios for sediment collected at various
subwatershed outlets.

Watershed

Samples

Mean enrichment ratio

OM

LR 1977-78

16

1.04

0.75
*

LR 1978-79

9

*

1.77

1.35

1.38

*

1.17
*

E4F1 78-79

9

1.51

1.42
*

E4F2 78-79

10

1.61

1.60
*

E3C1 78-79

8

Enrichment ratio =

1.87

1.14
*

1.16
*

2.20

sediment value
average watershed value

Significantly different from 1.0 at the 5% level

*

1.75
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No significant enrichment of P was found at any of the locations
except E3C1.

This shows that at all but the E3C1 site the sediment P

content remained statistically similar to that of watershed soils for
the high flow events sampled despite potential particle dispersion and
potential enrichment as indicated by increases in OM content.
Enrichment ratios calculated in this study may be biased by the
fact that sufficient sediment volumes generally could be collected
only under high flow conditions.

Other data (Table 8) in the phos-

phorus-sediment relations portions of this study suggest that smaller
enriched particulates were selectively moved under low flow conditions.
Organic matter enrichment was observed at E4F2, E3C1 and LR
(1978-79).

Insignificant differences between sediment and soil OM at

LR (1977-78) and E4F1 were probably due to the short travel distances
of sediment to the channel and the large proportion of turbulent high
energy runoff events sampled which prevent selective redeposition of
silt and sand-sized soil materials.

Unsurprisingly, the greatest ratios were associated with E3C1
where the potential sediment travel distances were longest and intercepting channel vegetation greatest.

Movement of sediment into the

gently sloping channel leading to E3C1 or energy losses along its
floodplain allowed for deposition of coarse material and a relative
increase in the amount of fine reactive particles remaining suspended.
The difference in OM and N enrichment ratios at LR over the two
year period are attributable to the management change between the
first and second year.

The small N ratio for 1977-78 infers erosion
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of an infertile material (B horizon) and/or travel of mm size soil
aggregates which masked selective erosion.

The increase of both N and

OM ratios the next year are due to the affect of the pasture and
stubble which have been shown to break down aggregates or retain them
thus increasing the proportion of fine reactive components in the
runoff (Schuman et al., 1970).

N enrichment was generally greater than OM enrichment suggesting
that selective erosion of an organic component higher in nitrogen than
the average organic matter in the watershed was taking place, similar
to the process noted by Massey and Jackson (1952).

The small statis-

tical difference between OM and N enrichment ratios prevents confirmation of this idea.

Clay enrichment comparisons were not made since the number of
samples on which particle size distribution was determined was quite
small, hence, adequate estimates of particle size distribution for
various soil types and horizons were not obtained.

Phosphorus

Annual Losses in Runoff

Annual losses of total P were largest at LR 1977-78 and related

well with total solids (sediment losses) (able 6).

Data used to

calculate total solids concentrations and flow volume at the Elkins
Rd. sites were obtained from Project 337 collaborators.

Phosphorus losses at LR during 1977-78 were similar to sediment
losses in that a large portion of the annual P loss (57%) occurred in
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the first large storm.

Table 6.

Annual phosphorus and sediment losses measured in experimental watershed runoff.

Watershed

P loss

Sediment loss
kg/ha

LR 1977-78

20.94

32,600

LR 1978-79

0.36

340

B1 1977-78

0.97

670

B2 1977-78

1.56

930

E4F1 1978-79

2.93

3,590

E4F2 1978-79

1.77

2,390

E3C1 1978-79

2.53

1,670

Soluble P in Runoff

Soluble or dissolved inorganic phosphate (DIP) was determined in
runoff water samples with high total P values and low sediment concentrations, or in samples collected after P fertilization
After fertilization with 15 kg P/ha at Bl and B2 (Feb. 15, 1978)
DIP levels rose from 0.1 ppm to ranges of 0.38-5.11 ppm for a period
of three days.

The sum of DIP lost before levels subsided amounted to

less than one percent of the amount applied for both B1 and B2.

DIP

accounted for seven and eight percent of the total P measured at Bl
and B2 respectively.

These percentages are probably a little high

considering that total P was underestimated by the amount of unmeasured
sediment missed when the flumes were overtopped.
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Sediment-Phosphorus Relationships

Total P yield was closely related to sediment yield.

When log

transformed values of sediment yield and total P yield were compared
on a per storm basis for individual watersheds, between 90% and 98%
of the variation in total P yield was explained by sediment yield
(Table 7).

Regression equations relating total P, g/ha (y) to sediment

Table 7.

yield, kg/ha (x) for sampling periods at experimental
watersheds.

r

Equation

Watershed

2

LR 1977-78

y = 1.256 x0'932

0.98

LR 1978-79

y = 1.668 x0.871

0.92*

Bl 1977-78

y = 0.294 x1'3"

0.95

B2 1977-78
E4F1 1978-79
E4F2 1978-79
E3C1 1978-79
*

=
=

x0.769

x0.971
.909

y = 1.264 x0
0.784
y = 3.627 x

0.90*

0.97*
0.93*
0,90*

Significant at 1% level

Greater variation in the sediment-total P relationship was
observed at sites where sediment yields were low (Figures 6-8).
Another way to view the sediment and phosphorus relationships
is by examining regression equations relating the average total P
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content of a group of samples with the average sediment concentration
(Table 8).

Table 8.

Regression equations relating total P, mg/1 (y) to sediment
concentration, mg/1 (x) for runoff samples from experimental
watersheds.

Watershed

LR 1977-78
LR 1978-79

Bl 1977-78

Equation
0.85

y = .0027 x

0.82

y = .0029 x

1.24

y = .0003 x

0.73

B2 1977-78

y = .0025 x

E4F1 1978-79

y = .0017 x

E4F2 1978-79
E3C1 1978-79

0.91
0.79

y = .0036 x
y = .0044 x

0.82

r

2

0.96
0.77

0.41
*

0.64

0.91*
0.91*
0.65

Significant at 5% level

For these equations (Table 8), exponents close to one represent
samples whose sediment P content changed little over the sampling
period.

Data from E4F1 comes closest to a slope of one since most

events created conditions allowing material similar to whole soil to
be transported without much erosional selectivity taking place.
Although all of the correlations were significant statistically,
equations with slopes much different from one indicate a non-linear
relation between sediment and total P concentration (Table 8).

A

possible explanation for this is that the sediment collected under
low flow conditions is higher in P than the sediment collected at
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high flow.

This would result in a non-linear response in P content

with increased sediment concentrations.

The large slope and low intercept of the equations developed for
Bl (Table 7 and 8) are not fully understood.

Low sediment sampling

periods with lower than usual P loss may have made up a good portion
of the samples.

These low and medium sediment periods may have been

biased by sampling of low P sediment from the channel bottom due to
the relatively near-bottom position of the sample intake.

Sediment yield was negatively correlated with average sediment
P concentration when all fall planted watersheds were compared
(Figure 9).

This suggests smaller particles richer in P escape from

better protected, low sediment yield watersheds.

High sediment yield

watersheds apparently delivered a greater proportion of their sediment
as undispersed "non-enriched", soil aggregates regardless of size.

Nitrogen

Annual Losses in Runoff

Annual losses of NO3 -N were smallest at LR, largest at E3C1 and

intermediate at the Elkins Rd. subwatersheds, E4F1 and E4F2 (Table 9).
A graphic presentation of the data appears in Figure 10.

The losses presented in Table 9, particularly those of NO3-N at
E3C1 represent fairly large amounts.

However, other reports (Table 10)

show losses comparable to those at Elkins Rd. Watershed.

The studies

cited all have a large component of tile or interstorm flow which
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distinguishes them from research projects exclusively monitoring
surface runoff which often have very low NO3-N loss values.

Table 9.

Measured annual losses of NO3 -N, sediment N and total N in
runoff for the 1978-79 season.

Watershed

Runoff

Precip.

Sed. N

NO -N

Total N

3

kg/ha

cm

LR

40.9

20.6

3.3

1.2

4.4

E4F1

62.6

9.4

13.0

8.6

21.6

E4F2

62.6

16.0

19.0

6.7

25.7

3.5

63.5

*

*

E3C1

62.6

65.3

60.0

Total N represents the sum of NO3-N and sediment N
*

High nitrogen losses at E3C1 are discussed in the following paragraph

High measured annual losses of N at E3C1 may have been inflated
due to problems with flow measurements.

The amount of runoff measured

exceeded precipitation for the runoff season (Table 9).
explanations exist,

Two possible

both which would have led to erroneously high

nitrogen loss values.

One possible reason for the high amount of runoff measured is
potential subsurface flow contribution from outside the assigned watershed boundary.

Correction of this problem would increase the denomin-

ator (ha) used to calculate the loss values (kg/ha) thereby decreasing
the measured losses.

80 -
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Figure 10.

E4F1

E4F2

E3C1

Annual losses of nitrogen forms in runoff from experimental watersheds (1978-79).
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Another possibility is that some inherent problem with flow
measurement at the culvert exists.

Correction of this problem would

reduce flow values which were used as a factor in calculating the
amount (kg) of N passing through the culvert.

Reduction of the num-

erator (kg) in loss values (kg/ha) would also reduce the measured loss.

It is likely that runoff was not more than 70% of the precipitation measured for the winter season, in which case NO3-N losses
would be closer to 40-45 kg/ha..

Table 10.

Comparable annual NO3 -N loss rates reported for other
croplands.

Researcher

NO3-N loss (kg/ha)

Flow description

Baker et al., 1975

up to 93

subsurface

Benoit, 1973

14.8

tile

Bolton et al., 1970

15.1

tile

Burwell et al., 1976

7-12

62-88% subsurface

Gambrel et al., 1975

25-45

55% subsurface

Gilliam et al., 1979

25-40

tile

Jackson et al., 1973

22-50

80% subsurface

Several factors may have led to higher than normal NO3 -N losses
at Elkins Rd. in 1978-79.

The fall planting and winter weather were

hard on wheat seedling throughout the Valley.

A long freeze early in

the growing season was followed by several months of low rainfall,
resulting in very poor growth.

Fertilization with 120 kg N/ha as

ammonium nitrate took place in mid-March despite the thin stand of
wheat.

It is conceivable that the applied N, as well as the N
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mineralized from the soil organic matter pool, was less well assimilated by the thin crop than would be true in other years.

Another

potential nitrate source was small livestock areas both inside and
just outside the watershed boundary.
the high NO3-N loss values alone.

This source would not support

Animal sources of nitrogen were

a potential factor only at the E3C1 outlet, not at E4F2 or E4F1.

Several patterns need recognition when considering the nitrogen
discharge graphs of the three Elkins Rd. watersheds (Figure 10).

These are: 1) Total nitrate per unit area lost increased with the
amount of runoff measured, 2) Total flow increased with watershed
size, 3) Nitrate was the dominant form of nitrogen leaving the watersheds, and 4) The proportion of total N measured as nitrate increased
with increasing watershed size, while sediment nitrogen contribution
decreased.

Nitrate discharge discrepancies between watersheds can be explained largely by the amount of flow at each site, assuming NO3-N concentrations were relatively constant.

Understandably, unless all nitrate

in a soil is removed in one storm event, additional runoff waters will
increase nitrate loss from that watershed.

The idea that nitrate loss

can be controlled by limiting water flux has been utilized to achieve
a reduction in nitrate loss from 25-40 kg N/ha to 1-7 kg N/ha on a
study area in North Carolina (Gilliam et al., 1979).

It is quite likely that some precipitation infiltrating into the
upland subwatersheds (E4F1, E4F2) emerges downslope of the subwatershed outlets.

This process affects the E3C1 flow and consequently
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total NO3 -N loss values more than those of the subwatersheds.

All large storm periods are included in the nitrogen loss figures
as well as most baseflow or interstorm periods.

However, annual loss

values may not represent all the runoff during the water year since
not.all low flow periods were sampled.

Included in the presented totals are some data estimated using
nitrogen concentration values obtained during similar storms as well
as data with adjusted sediment concentrations.

The percentage of the

total values which was constructed in this fashion appear in Table 11.

Table 11.

Percentage of total annual loss values (kg/ha) which was
estimated (1978-79).

Watershed

Sediment N

NO3 -N

% estimated

LR

7.8

2.9

E4F1

0

0

E4F2

0

0

E3C1

0

29.0

The amount of estimated values used in calculating a sediment N
loss for E3C1 was high since a correction factor was used for low flow
samples to account for the large influence of dissolved salts on the
measured total solids concentration.

An equation was developed based

on electrical conductivity and ion concentration of runoff water:
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0.95

y = 1.90 x

where: y = electrical conductivity (mhos)
x = salts concentration (mg/1)

This equation was used to adjust total solids data to reflect
sediment concentration only (Appendix E).

This procedure was not

necessary at sites where actual sediment concentrations overwhelmed
any dissolved load contributions to the total solids concentration.

Nitrate had a greater influence than other forms of N on the
total amount of nitrogen moving off Elkins Rd. watersheds as watershed
size increased (Table 12).

Table 12.

Distribution of nitrogen forms in runoff water expressed
as a percentage of the total N output (1978-79).

Watershed

Size

Sediment N

NO3 -N

ha

% of total N

LR

3.7

74

26

E4F1

1.4

60

40

E4F2

6.0

74

26

E3C1

260

95

5

The dominant N form in the runoff is dependent upon the flow regime in operation.

Surface runoff, which produces high sediment yields,

creates high sediment N losses in comparison to NO3 -N losses (Schuman
et al., 1973).

Nitrate movement can also be limited when runoff water

moves over saturated ground rather infiltrating where it can obtain
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nitrate from the soil and emerge downslope as runoff.

When flashy

sediment-producing runoff events comprise a large portion of the measured runoff, sediment N becomes a major component of the total nitrogen lost.

Logically, in a nested watershed situation, flow in smaller
upland watersheds would exhibit a greater proportion of sediment producing events than the larger watershed with nearly constant seasonal
baseflow.

Although a concise breakdown of surface vs. subsurface flow

is not available, examination of average sediment concentrations at
the outlets will serve to compare the watersheds in this regard
(Table 13).

Table 13.

Average concentrations of sediment, sediment N, and NO3 -N

at selected watersheds for 1978-1979.

Watershed

Sediment

NO3-N

Sediment N

mg/1

LR

163

1.58

0.57

E4F1

3827

13.93

9.16

E4F2

1487

11.83

4.15

E3C1

233

9.20

0.53

Values calculated as kg/ha-cm x 10 = mg/1 (Langdale et al., 1979)

Indirectly, Table 13 data show the relative sediment production
based on a unit amount of runoff from each of the watersheds.

These

data reinforce the hypothesis that the proportion of total N lost as
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nitrate or sediment N depended on the nature of the runoff.

As Bur-

well et al., (1976) have shown, increases in subsurface flow as a percent of total flow yields a corresponding increase in NO3 -N loss.

Nitrogen losses from the LR site are considerably lower than
those observed at the three Elkins Rd. sites (Table 9) as are the
concentrations of NO3 -N and sediment N (Table 13).

Low loss values

cannot be attributed to the amount of runoff since runoff at LR exceeded the amount measured at E4F1 and E4F2 (Table 9).

Rather, low

concentrations of NO3-N and sediment are responsible for the low loss
values.

Two factors stand out as potential reasons for the lower nitrate
concentrations.

The soils at LR are generally poorly drained with a

restrictive layer as close as six inches to the surface.

Fine text-

ured and poorly drained soils usually have lower NO3 -N concentrations

than their coarser, well drained counterparts, presumably due to
denitrification (Devitt et al., 1976; Gilliam et al., 1979).

Addi-

tionally, a shallow restrictive layer prevents free movement of water
down into the profile limiting subsurface flow needed to leach any
NO3 -N from lower horizons.

A second factor which lowers NO3 -N concentrations is the presence
of the perennial grass cover.

Any nitrate which was produced would be

actively taken up by growing plants.

Baker et al. (1975) found grass-

ed watersheds had lower nitrate concentrations due to crop utilization.
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Shallow Well Nitrate Levels

Nitrate levels in shallow wells were measured to investigate
seasonal trends as well as to determine the influence of fertilizer N
on water perched above restrictive layers.
groups of four at each of three sites.

Sampling wells were in

One site was adjacent to E1F1

(0.6 ha plot), another was adjacent to E4F1 (1.4 ha plot), and a third
was a transect perpendicular to the main drainage of the E4F1 watershed
(1.4 ha transect).

Wells were sampled on seven seperate occasions.

The data were calculated by averaging the four values for each site
(Table 14 and Figure 11).

The wells varied in depth but generally

were about 150 cm and in every case were deep enough to penetrate into
saprolite.

The average depths to the perched water table for the

,

0.6 ha and the 1.4 ha plots at the time of sampling appear in Fig. 12.
Depths for the 1.4 ha transect were not measured but were expected to
follow the trend of the other two data groups.

Table 14.

Average NO3-N concentrations in shallow wells at three
locations on Elkins Road Watershed (1979).

Sampling date

0.6 ha plot

1.4 ha plot

1.4 ha transect

ppm
Feb. 2

9.2

10.2

21.7

Feb. 9

12.2

17.6

27.8

Feb. 23

11.9

16.3

24.5

March 7

11.0

14.1

20.9

March 16

7.0

9.9

13.5

April 3

7.1

8.6

14.7

May 9

5.0

11.2

31.6
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The nitrate levels compare only with the highest values found by
Gilliam et al. (1974).

The high values found at Elkins Road were

attributed to the reasons previously cited for high runoff losses of
most notably poor crop assimilation.

NO3 -N
'

The disparity in concentrations between locations at Elkins Road
is the result of a number of interacting factors including plant
growth, drainage and micromorphological differences between sites.

Baker et al (1975) noted large differences in NO3-N concentrations of
effluent from adjacent tile lines but observed simultaneous increases
or decreases in the two tile drains.

The initial increase in NO3-N concentration in the wells was
apparently triggered by a pulse of infiltrating precipitation which
leached mineralized nitrate into the temporary water table.

From this

point on, the soil began to slowly dry and the NO3-N concentrations
also began to decrease.

Several processes can serve to decrease the

amount of NO3-N in solution.

Plant use, organic matter tie-up, de-

nitrification and leaching were set forth as explanations by Schuman
et al. (1973).

The upward movement of nitrate-laden water by capill-

arity into the unsaturated zone is another possible explanation (Thomas, 1970).

Interestingly, the well-water nitrate concentrations showed no
appreciable increase, and in some cases a decrease, directly after 120
kg N/ha as ammonium nitrate were broadcast onto the watersheds in
early March (Figure 11).
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Low rainfall after fertilization was apparently insufficient to
solubilize and transport NO3 -N to the water table.

Temperatures were

warming at that point in the year, increasing the evapotranspirative
demand which could keep a soil water flux moving up the unsaturated
soil zone towards the soil surface.

It is unlikely that the fertil-

izer stayed intact in granule form at the soil surface, but rather
moved down slightly into the unsaturated zone during light rains.
About 50 days after fertilization, nitrate concentrations doubled
in wells of the 1.4 ha transect, rose slightly in the 1.4 ha plot
wells and decreased in the 0.6 ha plot wells following a large rainstorm in early May.

Although the wells of the 0.6 ha plot filled

somewhat, the NO3-N levels remained low.

Research monitoring equip-

ment that the applicator had to avoid may have prevented good fertilizer coverage of all this 0.6 ha area.

The drop in concentration at

this site supports the concept that whatever processes were at work
over the last several months had continued to assimilate or convert
NO3 -N to another form in the E1F1 area.

It is difficult to separate

out fertilizer nitrate from mineralized nitrate at the other locations,
but it is likely that the sharp increases at E4F1 (1.4 ha transect)
were due partly to the fertilizer.

The 1.4 ha transect showed the

greatest elevation in well NO3 -N levels.

This area was the one most

completely covered with the fertilizer since it stretched out across
open ground and presented no obstacles to the fertilizing operation.
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Nitrogen Fertilizer in Runoff Water

Twice during the two year study period we were able to carefully
trace NO3 -N concentrations in runoff waters following fertilization.

Parts of Bl and B2 were fertilized in early March 1978 with 140 kg N/ha
as ammonium nitrate, and a portion of the Elkins Road (E3C1) watershed
was fertilized with 120 kg N/ha as ammonium nitrate in early March 1979.

Bl and B2 Watershed:

Approximately 50% of the Bl watershed was fertilized with 140
kg N/ha.

Ferilizer coverage on the B2 subwatershed was about 80%.

Conditions were favorable for both fertilization and crop uptake.
Crop cover was dense and the soil was moist yet solid enough to support specialized spreading equipment.

One week after fertilization,

a relatively intense storm occurred at the watershed.

Total runoff

was not great (0.38 cm) but sufficient to elevate discharge rates to
3

0.134 m /sec at the Bl outlet.

The B2 watershed experienced peak

3

flows of 0.023 m /sec and total runoff of 0.44 cm.

At Bl, nitrate concentrations quikly exceeded 10 ppm with a
small rise in flow and eventually exceeded
small peak in flow (Figure 13).

60 ppm N in the first

Concentrations dropped sharply as

flow leveled out and then dropped slightly with the second large
pulse of runoff.

Ammonium (NH -N) concentrations in post-fertilization runoff also
4

briefly reached high levels at both Bl and B2 (Figures 13 and 14).
High NH -N content in runoff indicates insufficient reaction time to
4
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fix or nitrify the fertilizer NH -N on the watershed before it is
4

washed or leached away (Romkens et al., 1973).

McDowell et al. (1978)

cite an example where rain followed fertilizer application (ammonium
nitrate) by one day resulting in peak concentrations of 28 ppm NO3-N
and'21 ppm NH -N.
4

The data for Bl and B2 are similar in that the

NO3 -N concentrations exceed those of NH -N (Table 15).
4

Table 15.

Average N concentrations in runoff sampled during 1978
fertilizer flush at B1 and B2.

Site

NH -N

NO3 -N

4

ppm
B1

13.0

10.3

B2

24.8

20.6

The slightly lower concentrations of NH -N at peak flow for B2 as
4

compared to Bl are probably the result of dilution or increased sediment interaction.

Runoff water low in soluble N from the upland por-

tion of Bl could have accounted for the dilution effect.

Although large differences in N concentrations occurred across
the hydrograph at both Bl and B2 the total N discharge was more
dependent on total flow volume than short lived high concentration
pulses (Figures 15 and 16).

This topic is discussed in greater detail

in another section since this trend appeared in other data besides the
fertilizer "flush".

Correlation coefficients from regression analysis

comparing N discharge rates (kg/30 min) with N concentration and flow
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rate during the fertilizer flush period lend support to the idea that
flow explains more of the variation in N discharge than does concentration within a given event (Table 16).

This underlines the import-

ance of flow measurements for putting nutrient concentrations and
budget losses in the proper perspective.

Table 16.

Correlation correlations (r

2
)

calculated to relate NO3 -N

discharge rate, kg/30 min. (y), and NH4 -N discharge rate,
3

kg/30 min. (y), with either Q, m /sec (x) or N concentration ppm (x) during fertilizer flush period.

Dependent variable (y)

Independent variable

NO3 -N or NH4 -N
4

Q

Bl NO3-N

.16

.81

Bl NH4 -N

.15

.74

B2 NO3-N

.15

.79

B2 NH4 -N

.13

.83

4

4

Elkins Road Watershed

In March 1979, portions of the 260 ha Elkins Road watershed (E3C1)
were fertilized with 120 kg N/ha as ammonium nitrate.

As noted, the

wheat crop was sparse and the soil surface dry on the subwatersheds
at the time of application.

Base flow at the'E3C1 outlet continued

after fertilization but declined gradually until the beginning of May.
NO3 -N levels subsided and held between five and seven ppm during this
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period of low flow.

Langdale et al. (1979) also observed a decrease in NO3 -N in the
runoff from small watersheds following fertilization.

Johnston et al.

(1965) saw an increase in the NO3 -N content of runoff water from 2-14

ppm to 54 ppm but that happened a full six months after fertilization.
The early May storm brought the first substantial increase in
runoff since fertilizer was applied at E3C1.

Nitrate concentrations

steadily rose from three to twelve ppm as flow gradually increased
over a six hour period (Figure 17).

Concentrations stayed betweeen

10 and 15 ppm for 48 hours, even after flow rates increased ten fold,
before eventually dipping below 10 ppm as flow rates receded.

NH4-N

concentrations at E3C1 were consistently below one ppm and therefore
not shown.

The E3C1 event was different from those at 81 and B2 because it
lacked a sharp nitrate concentration response to flow changes.

A

steep change in nitrate concentrations like those noted at Bl and B2,
suggests a point source contribution to the waterway.

The continual

slow increase and eventual leveling in concentrations at E3C1 indicate
a steady but diffuse NO3 -N supply with concentrations not appreciably

diluted by initial high flows but eventually subsiding with more runoff.

The gradually responding nitrate curve recorded at E3C1 is not

likely to be associated with an event where fertilizer N was rapidly
washed off the soil surface into a waterway.

The absence of NH -N in the E3C1 runoff supports my contention
4

that the NH4 -N of the fertilizer had either been adsorbed or nitrified.
4
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It is hard to attribute the output of nitrate at E3C1 directly to the
fertilizer N other than to consider its input to the N status of the
watershed in general (Fig. 11).
The NO3 -N loss at E3C1 (Table 17) accounted for about five per-

cent of the annual loss of nitrate measured at that outlet.

Estimates

for total annual loss of NO3 -N are not available for Bl and B2 but

losses of N represent about 2.6 and 3.9% of N fertilizer applied respectively.

Table 17.

Soluble nitrogen losses in first major runoff event following N fertilization at three experimental watersheds.

Watershed

Runoff (cm)

NO3 -N (kg/ha)

NH -N (kg/ha)
4

B1

0.34

0.49

0.39

B2

0.44

1.09

0.91

E3C1

2.45

2.67

Soluble NH -N concentrations in runoff at E3C1 were below one ppm,
4

hence not tabulated.

Seasonal Trends in Nitrate Discharge

Nitrate-N concentrations periodically exceeded ten ppm at both
E4F2 and E3C1 (Figures 18 and 19).
flow was variable at E3C1.

Nitrate concentration response to

The first small increase in runoff (Dec. 3)

was accompanied by a sizeable increase in NO3 -N concentrations while
the second larger flow (Dec. 10) showed a lesser NO3-N increase.

After a freeze period with no runoff (Jan. 1-10), a quick rise in

NO

Q-N

3

15-

Ea
a

it

-1.0

O
ccs

0

10-

'-'

0

I

z
M

_0.5

O
z

0

4 May

Figure 17.

5 May

6 May

7 May

Nitrate concentrations in E3C1 runoff during late season high flow period (1979).

83

runoff brought a delayed NO3 -N concentration increase which came as
runoff flow subsided.

When E3C1 peaked at its annual highest runoff

level (Feb. 9), NO3 -N concentrations rose to 11 ppm.

Decreases in

flow through March and April were not accompanied by an NO3-N concentration increase, but rather a decrease, suggesting depletion of NO3-N
in the watershed.

In fall and early winter, increases in flow rate produced high
NO3-N concentrations at E3C1 concurrent with, or subsequent to, peak
flow (Fig. 19).

During late February, March and early April NO3-N

concentrations did not rise with increases in flow, contrary to the
early season pattern.
The largest NO3 -N concentrations were recorded following periods

of drying and freezing interspersed with some clear days and variable
temperatures in the watershed.

Some of any nitrate produced during

this time would have been leached and transported during rewetting
of the soil and renewed runoff.

The runoff events in February and

March that did not effect a change in NO3-N levels did not have a drying or freezing period to seperate them from previous periods of high
flow.

Concentrations of NO3 -N at E4F2 showed the same general response

as at E3C1 for the first few storm periods.

Nitrate levels were re-

duced some during the early February storm period as flow increased
indicating that dilution effects overrode the potential of an increased nitrate supply after more upland area reached saturation and
contributed runoff.
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After converting concentration and flow volumes to average daily
NO3 -N values, discharge graphs (Figures 20 and 21) for E4F2 and E3C1

show that regardless of NO3-N concentrations, high nitrate discharge
occurred during periods of high flow.

Comparative NO3-N concentrations in runoff at E4F1, E4F2 and
E3C1 (Figure 22) show that nitrate levels generally decreased during
the season at each site.

The May 7, 1979 sampling date reflects the

high NO3-N concentrations in runoff at E4F1 and E4F2 following fertilization and two months of low precipitation.

Concentrations were

low at E3C1 since the major movement of NO3-N had pulsed through the
E3C1 outlet before E4F1 and E4F2 began to flow due to the delayed runoff inception in the upland subwatersheds.

Nitrogen and Runoff Discharge Relationships

Figures 23-26 provide a further examination of the relation of
flow rates to the concentration of sediment N and NO3-N for the 197879 water year.

The graphs are presented to include an average flow

rate and total flow amount that correspond to the same time period as
the nitrogen losses to compare amounts of N transported with quantities and rates of runoff.

High average flow rates at E4F1 (Figure 23) produced greater
losses of sediment N than NO3-N.

As expected, low flow rates resulted

in the reverse condition; significantly greater nitrate losses as compared to sediment N.
Sediment N output exceeded that of N0-3-N at E4F2 in several
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February storms, but at LR and E3C1, NO3-N yield was always higher
than sediment N because of limited sediment production at those sites
These figures also show that the largest amount of N

in 1978-79.

left the watersheds from late January through February.

Correlations Between Nitrate Concentration, Nitrate Load and Runoff

Correlation coefficients indicate a strong relationship between
(kg/ha) for individual storm events except

runoff (cm) and NO3 -N loss

at the Bl and B2 sites (Table 18).

Runoff was significantly corre-

lated with NO3-N concentration only for the E4F1 and E3C1 watersheds.
The relationship at E3C1 between nitrate concentration and runoff was
weak although significant at the 5% level (Table 18).

Table 18.

2

Correlation coefficients (r ) between runoff (cm)

,

NO3 -N

concentrations (ppm) and NO3-N loss (kg/ha).

Watershed

(x) NO3 -N conc.

(x) Runoff

(y) NO3 -N conc.

(y) NO3-N loss

(y) NO3-N loss
*

*

LR 1978-79

.04

E4F1 1978-79

.81

.89

E4F2 1978-79

.03

.83

E3C1 1978-79

.22

.83

.52

Bl 1977-78

.02

.59

.28

B2 1977-78

.01

.36

.53

.83
*

.31
*

*

.89
*

*
*

*

*

Significant at the 1% level

.25
*
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Under conditions prevailing, volume of runoff was the dominant
factor controlling NO3-N loss, except on the B2 watershed.

Correla-

tion between all parameters at Bl and B2 were handicapped due to the
limited number of data points and the fact that one of those points
was 'a high NO3 -N concentration, medium-flow event after fertilization.

Nitrate N concentration was a less important predictor of NO3 -N loss

than was the amount of runoff, yet was often significantly correlated
with NO3-N loss.

Predictive equations were developed to describe runoff (cm) and
NO3 -N loss (kg/ha) data (Table 19).

Exponents with a value near 1.0

indicate a linear increase of NO3-N loss with increase in flow.

Exponents which are much greater than 1.0, as in the case of E4F1,
show non-linearity in NO3-N concentration and flow, demonstrating an
established relationship between flow and NO3 -N concentrations as
shown in Table 18.

Table 19.

Relationships between measured runoff, cm (x)and NO3-N loss
kg/ha (y) for sampling periods in 1978-79.

Watershed

Equation

r

2

**

x1.11

LR 1978-79

. 83

**

E4F1 1978-79

y = 1.062 x1.87

. 97

E4F2 1978-79

y = 1.083 x1.°5

. 86

**

E3C1 1978-79

=

Significant at the 1% level

x1.26

**
.95
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Sediment Source Attribution

Clay mineralogy analyses were used to identify the primary source
(in the watershed) of sediments collected at the flume outlet.

This

was done by identifying soils and soil horizons in the watershed with
different suites of clay minerals.

Soil samples taken in locations

picked to reflect topographic and morphological differences within the
LR watershed (Table 20, Figure 27) exhibited statistically different
clay mineralogy patterns as expressed by the calculated X-ray peak intensity ratios (Table 21).

Paired comparisons of the soil groups gave

differences which were significant at the 57 level.

Sample X-ray dif-

fraction patterns shown in Figure 28 demonstrate the relative peak intensities of samples from each soil group.

The larger the ratio the greater the expression 2:1 lattice expanding clays have in relation to kaolinite.

With this criteria it

appears that 2:1 clays have a greater influence on clay mineralogy
patterns of the shallow soils (Group 1) near the watershed outlet.

B horizon material below surface sample 1-1 was subsequently analyzed;
its 17A/7A ratio was 9.78, reflecting a major influence of 2:1 clays.

This B horizon material could have an appreciable influence on surface
soil mineralogy in that area, particularly when plowing depth is considered.

Samples taken in the upper reaches of the watershed (Group 2) show
evidence of more kaolinite and mica than Group 1 soils (see 7A & 10A
peaks for soil 2-2, Figure 28).

The sideslope samples (Group 3)
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Figure 27. Sampling locations for sediment source attribution study.

Table 20.

Sample

Soil sampling location descriptions for mineralogy study.

Depth to restrictive layer

Restrictive layer description

CM

1-1

23

heavy gray clay

1-2

20

heavy gray clay

1-3

25

heavy brown clay

1-4

20

heavy gray clay

2-1

81

yellow brown sandy clay

2-2

56

yellow brown light clay

3-1

84

light gray clay

3-2

58

gray saprolyte

3-3

66

light brown clay

3-4

25

yellow brown clay

3-5

91

light brown clay
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Table 21.

Calculated peak intensity ratios (17A/7A) of clay fractions
from different watershed soil samples

Sample

Group 3

Group 2

Group 1
Ratio

Sample

Ratio

Sample

Ratio

1-1

3.68

2-1

2.39

3-1

2.80

1-2

4.00

2-2

1.87

3-2

2.68

1-3

3.52

3-3

2.77

1-4

2.92

3-4

2.48

3-5

2.52

showed ratios between those of soil Groups 1 and 2 which reflects the
mixed nature of these intermediate soils between the shallow poorly
drained soils in a lower portion of the watershed to the deeper moderately well drained ridgetop soils.

Ratios of sediment clay samples takan over the two year study
period (Table 22) and grouped according to amount of sediment discharged per torm event showed significant differences in two of the
three possible pairings of the three groups.

The 17A/7A ratios for

sediment samples from the medium and low sediment yield events were
significantly different at the 2.5% level; those from the medium vs.
high sediment yield were different at the 1% level.

Ratios for the

high vs. low sediment yield materials were not significantly different.
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Figure 28.

X-ray diffraction patterns comparing LR soil clays
from different landscape positions in the watershed.
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Table 22.

Calculated peak intensity ratios (17A/7A) of clay fractions
of sediment samples.

Sediment class
High

Medium

Low

3.83

2.31

3.23

2.76

6.32

2.13

3.47

2.55

3.52

2.45

3.32

4.53

High = 22,670 kg/ha sediment yield
Medium = 50
Low = 0

1,000 kg/ha sediment yield

50 kg/ha sediment yield

Comparison of Soil Croup and Sediment class ratios show similarities between Group 1 soils and high and low erosion event sediment
samples, as well as between medium erosion event class samples and
Group 3 soils (rejection of equal means hypothesis).

Group 3 soils

were differentiated statistically (10% level) from the low sediment
class samples as were the Group 1 shallow soils from the medium sediment class samples (0.5% level).

Consideration of different groups of mineralogical data combined
with field observations of downcutting, and sediment-yield data led to
a hypothesis of erosion processes at LR.

One dramatic storm (Nov. 25,

1977),which was the initial event following cultivation, cut well into
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the subsoil in lower portions of the watershed and established a network of deep rills in that area.

Although sediment contribution from

particle splash and surface wash in upper reaches of the watershed was
highly probable during that storm, the contribution to mineralogical
character of the sediment sample by ridge and sideslope soils was
apparently masked by large volumes of material from the lower rilled
areas.

This similarity of sediment to Group 1 soils was indicated by

the similar 17A/7A ratios.

The similarity of medium sediment-yield samples to Group 3 soils
indicate that surface wash and rilling of sideslope areas contributed
material which dominated the mineralogical characteristics of the sediment collected in medium sediment-class events.

Undoubtedly, Group 1

soils were incorporated into the sediment moving in the medium sediment-class events but it is hypothesized that the developed rill system protected these soils from additional large scale surficial erosion
during medium sediment-class events.

Low sediment class events occurred almost exclusively in the
second year of monitoring when the watershed was protected by stubble
cover.

Surface wash under these conditions was understandably low due

to increased soil protection and probable increased infiltration rates
resulting from greater aggregate integrity.

It is reasonable to expect

that most of the sediment produced was scoured from the developed rill
system near Group 1 soils.

Sediment of this kind would likely consist

of surface material cut from the rill bottom. Calculated 17A/7A ratios
and field observation support this hypothesis.
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SUMMARY AND CONCLUSIONS

Several Willamette Valley cropland watersheds were studied to
determine levels of sediment, phosphorus and nitrogen in storm runoff
and to establish relationships between measured parameters.

Data were

obtained by measuring runoff, collecting and analyzing runoff samples,
and sampling and analyzing soils and sediments.

Severe soil erosion was observed at the LR site on this Hazelair
soils particularly when surface cover was limited and a heavy rainfall
fell on frozen ground.

Annual soil loss was reduced one hundred fold

the next year when the watershed was protected by permanent grass
rather than recultivated for fall planting.

These data raise questions

about the management system for a soil with such high potential erodibility.

Sediment losses at the B1 and B2 were low potentially because

upland soils in the Bl watershed which are similar to LR soils were
left in woodland cover.

Sediment was transported as large aggregates similar to whole soil
in severe erosion events.

However, some selective erosion of fine

organics occurred at all sites.

Particles enriched in P and OM thus

were more prominent during low flow conditions.

Controlling sediment

loss may have less effect on controlling N loss than on P losses, especially on well drained soils.

High soluble (NO3-N) losses on a 260

ha watershed did not correlate with sediment loss.

Erosion control

will help limit N loss from watersheds where poorly drained soils
limit N0-3-N losses, leaving sediment N as the predominant form lost
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from cultivated soils.

Although no samples were analyzed for nitrate

N at LR during the 1977-78 season, based on 1978-79 data it is certain that sediment N output exceeded soluble N levels due to the high
sediment yield measured at that site.

Large changes of nitrate-N were relatively short lived despite
large variations in volume of runoff, especially at LR.

This made

cumulative flow with moderate NO3 -N concentrations the dominant factor
controlling NO3 -N losses.

NO3 -N concentrations frequently exceeded

10 ppm at Elkins Road but stayed below 4 ppm at LR.

Nitrate concentrations in runoff leaving E4F1 and E4F2 were invariably diluted subsequent to monitoring at E3C1, but still remained
high enough to warrant concern from a water quality standpoint.

The

annual loss of nitrogen from the Elkins Road Watershed, particularly
losses in the nitrate form, are troubling.

Losses of that magnitude

(45 kg N/ha) are compensated for by fertilizer N, but when coupled

with potential denitrification, crop removal and other mechanisms
causing N loss, suggest an undue amount of N loss.

Ongoing research at this and other experimental watersheds may
help clarify the typicality or the actual sources of the high nitrogen
losses at Elkins Road.

Work directed at identifying the source of the

high levels would be helpful in pinpointing management or environmental
problems.

The timing of spring N fertilization on fall planted grasses and
grains appears crucial in preventing high N concentrations in runoff
water.

Although brief flushes of high NO -N and NH4 -N concentrations
3

4
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were observed following fertilization on two sites (Bl and B2), when
calculated as kg N lost vs. N applied, overall losses were not large.

The productivity of cultivated foothill soils seems in jeopardy
based on measured gross erosion and signs of long term soil movement.
Erosion is being held at low levels (Bl and B2) by farmers that match
land use to soils and slopes and judiciously use grassed waterways and
other erosion control methods.

In summary it appears that non-point pollution problems for some
Willamette Valley agricultural lands may exist, especially on vulnerable sloping foothill soils.

Although water quality problems are

current growing concern, perhaps the greater concern should be about
preventing losses of plant nutrients and primary soil resources.
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Appendix A
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Roads and driveways

Figure Al. Location of subwatersheds within the Elkins Rd. Watershed
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Figure A2.

Aerial views of Elkins Rd. Watershed and
surrounding area.

121

1110Mbliner.

(a) Experimental set-up
Note that fall
planted wheat has failed
to provide significant
cover by 14 Jan. 1979.
A severe, long (4 weeks)
cold spell with extensive
frost-heaving further
damaged already sparse
seedling cover.
at E4F1.

(b) E4F2 watershed area;
1 1/2 ft. H-flume was
breached by early season
runoff during 24-25 Nov.
1977 and therefore was
moved upstream to accomadate high flow.

(c) E3C1 flow monitoring
and sampling equipment at
5 ft. outlet-culvert for
260 ha watershed at
Elkins Rd.
(OAES Proj. 337 photo)

Figure A3.

Sampling stations at Elkins Road Watershed.

Appendix B

Soil Map for Logsden Ridge (LR) site

Legend

Map Symbol

Mapping Unit

Subgroup

Family

BeC

Bellpine silty clay loam 3-12%

Xeric Haplohumults

clayey, mixed, mesic

ChC

Chehulpum silt loam 3-12%

Ultic Haploxerolls

loamy, mixed, mesic

HaC

Hazelair silt loam 3-12%

Aquultic Haploxerolls

very fine, mixed, mesic

HaD

Hazelair silt loam 12-20%

Aquultic Haploxerolls

very fine, mixed, mesic

HtC

Hazelair truncated variant 3-12%

Aquultic Haploxerolls

very fine, mixed, mesic

HvC

Hazelair well drained variant 3-12%

Ultic Haploxerolls

fine, mixed mesic

HvD

Hazelair well drained variant 12-20%

Ultic Haploxerolls

fine, mixed mesic

For map unit and accompanying profile descriptions see Knezevich (1975)

IIC1 material overlain by only 15 to 25 cm'of B2 silty clay loam
Moderately deep, well drained variant of the Hazelair silt loam
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LR

3.7 ha

0
I

Figure Bl. Logsden Ridge soil map (Legend on previous page).
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(a)

Aerial view of LR watershed and surrounding area.

(b) Rilling across cultivation depressions upslope
from LR flume site. Note
resurfacing seep water
(left center) where B clay
horizon is within a few
inches of soil surface.
April 1977.

Figure B2.

Aerial view of LR watershed and surrounding area
example of rilling

,

plus
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(a) Bl runoff monitoring
set-up with 2 ft. H-flume
ISCO pumping sampler, 12v
battery and box sheltering automated flow meter
and digital printer.
(Feb. 1978)
B2 unit
with V-notch wier is
near recording rain
gauge (white dot to
right of barns). Note
excellent grass cover.

(b) LR runoff monitoring
and sampling installation
with 2 ft. H-flume, pumping sampler plus black
box containing ISCO flow
meter and digital recorder.
Rilling pattern is obscured by spring growth
of fall-planted ryegrass.
Feb. 1978 (Compare Fig.
B2(b)).

(c) LR after one years
establishment of cover.
(compare Fig. B4(c))
Old erosion gully gradually refilling as
eroded sediment trapped
by tall grasses in waterMarch 1979
way.

Figure B3.

Runoff monitoring and sampling stations at Bl, and LR
with background views of comparative cover.
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7

(a) Deep rills about 150 m
downslope from ElF1.
Note meager surface cover
from fall-planted grain
seeded in up and downhill
pattern
(OAES proj. 337 photo
courtesy Birl Lowery)

(b) Redeposition of soil
materials eroded from E4F2
and adjacent Elkins Rd.
subwatersheds.
24-25 Nov. 1977
(OAES proj. 337 photo
courtesy R. Brown)

(c) Rilling along and
across cultivation depressions near LR site,
Little crop
April 1977.
or residue cover to protect easily slaked Hazelair-complex soils.

Figure B4.

Examples of rilling and soil movement at experimental
watersheds

Appendix C

Soil Map for the Bl,B2 sites (Taken from Knezevich, 1975)

Legend

Map Symbol

Mapping Unit

Subgroup

Family

DuC

Dupee silt loam, 3-12%

Aquultic Haploxeralfs

fine, mixed, mesic

HeC

Hazelair complex, 3-12%

Aquultic and Ultic Haploxerolls

fine and very fine
mixed, mesic

HeD

Hazelair complex, 12-20%

WeC

Willamette silt loam, 3-12%

Pachic Ultic Argixerolls

fine-silty, mixed,
mesic

For Mapping Unit and profile descriptions see Knezevich (1975)

Watershed soil composition by percent

B2

B1

Mapping Unit

% of watershed

Dupee silt loam 3-12%

13

32

Hazelair comples 3-12%

30

42

Hazelair complex 12-20%

42

13

Willamette silt loam 3-12%

15

13

Figure C.

Bl and B2 soil map
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Appendix D

Comparison of Phosphorus Digestion Methods

Subsamples of sediment collected at various subwatershed outlets
were digested for P release using a persulfate-H2SO4 digest (Col A)
and a nitric-perchloric acid digest (Col. B).

Column C compares P

released by the persulfate-H2SO4 versus the nitric-perchloric acid
digestion.

A

Watershed/sample

Persulfate-H SO
2

released P

4

Nitric-Perchloric
released P

(A)

(B)

ALg /g

A.gig

1

1294

1267

102

2

933

1059

88

3

1089

1158

94

4

997

1241

80

5

945

1074

88

6

1010

1022

99

7

1044

954

109

8

1068

1130

95

9

989

1058

93

E1F1

1

737

786

94

LR

1

762

787

97

2

939

947

99

3

772

1005

77

E3C1
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Appendix D (continued)

Watershed/sample

LR

E4F2

E4F1

Persulfate-H SO
2

4

Nitric-Perchloric

(A)

released P

released P

Atgig

Atgig

4

558

558

100

5

689

670

103

6

673

708

95

7

657

664

99

8

638

684

93

9

759

777

98

10

661

661

100

11

700

715

98

1

715

774

92

2

675

686

98

3

760

806

94

4

694

783

87

5

737

785

94

6

754

858

88

7

883

957

92

8

962

967

99

9

834

901

93

1

773

743

104

2

763

791

96

3

940

1199

78

4

682

728

94

(B)
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Appendix D (continued)

Persulfate-H SO

Watershed/sample

2

released P

Ag/g
E4F1

4

Nitric-Perchloric
released P

(A)
(B)

ALg/g

5

745

709

105

6

889

834

107

7

863

796

108

Persulfate-H SO
2

P
4

x 100

Nitric-Perchloric P

Digest methods according to U.S. EPA (1971)
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Appendix E

Dissolved Solids Study

Elevated total solids concentrations measured in 1977-78 in
samples with little turbidity or visible particulates aroused suspicions that dry weights from low flow samples were influenced by
soluble salts, hence could bias soil sediment measurements.

To

develop a relationship between electrical conductivity (micromhos)
and soluble salts concentration (mg/1), distributions of ions in
solution were quantified.

Cations in runoff water obtained at Bl, B2, and LR were measured
using atomic absorption techniques.

The major cationic constituent
+2

of high conductivity runoff was usually Ca

(Table 1).

Elevated

electrical conductivity in runoff at these sites seemed to follow
nitrogen fertilization primarily.

Although NH4 -N contributed import-

antly in the cationic makeup of some runoff samples flushed soon
after fertilization, generally calcium was dominant as evidenced by
the samples from LR where fertilizer application was not a factor.

High nitrate nitrogen concentrations measured at Elkins Rd. (E3C1)
during the 1978-79 water year provided further evidence that nitrate
nitrogen was the primary anionic constituent in runoff waters.
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Appendix E (continued)

Table 1.

Average cation contents of runoff waters collected March
24, 1978 at experimental watersheds.

Watershed

+2
Ca

Mg

+2

+
K

NH

+
4

ppm
B2

19.0

6.3

6.8

26.8

Bl

38.6

7.4

6.6

19.2

LR

7.5

2.7

2.3

1.0

An experiment using Ca(NO3 )

2

solutions was run to determine

electrical conductivities (micromhos) associated with dissolved
solids concentrations (ppm).

Additional experiments utilizing other

salts were conducted to determine the variation in predictive equations resulting from other ionic combinations thus, the potential
error of my estimate based on selection of the major ions.

Result-

ant empirical equations (Table 2) show some range, although, the
equation compares well with an empirical rule proposed by

Ca(NO3 )
2

Kraushopf (1956) for surface waters with less than 10 equivalents
per million (epm) where Cl

was the dominant anion.
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Appendix E (continued)

Table 2.

Equations developed to relate salts concentration (mg/1)
t

or epm with electrical conductivity (micromhos).

micromhos = a (mg/l)b

Salt

0.95

Ca(NO3)2

y = 1.90 x

KCL

y = 2.11 x

0.97

0.97

NH NO
4

micromhos = a (epm)

y = 125 x

y = 139 x

y = 1.96 x

y = 140 x

not given

y = 123 x

3

Kraushopf (1956)

tequivalents per million (epm)

0.94

0.98
0.98
0.939

b

