
AN ABSTRACT OF THE THESIS OF

M. F. Sydney W. Fernando for the degree of Doctor of Philosophy in Crop Science presented on

Soil Nitrate and Soil Fertility in the Columbia Basin.

Abstract approved:
Alvin R. Mosley

These studies examined effects of winter cover crops following potato on soil nitrate and

other major plant nutrients, pH, and soil organic matter in the Columbia Basin.

An intensively cultivated site was fall-planted to winter wheat (Triticum aestivum L.), winter

barley (Hordeum vu! gare L.), spring barley (1-lordeum vu! gare L.), cereal rye (Secale cereal L.),

Iriticale (X triticosecale Wittm), and rape (Brassica napus L.). These winter cover crops were

compared to winter fallow over two seasons. During the two experimental periods, soil samples were

analyzed for NO3-N, NH4-N, soil organic matter, soil organic nitrogen, pH, P, K, Ca, and Mg. Plant

tissues were analyzed for dry matter and N content.

Cereals produced more early biomass than rape. Rye, which produced 4.41 Mg ha-1 in

March, 1993, and 3.44 Mg ha1 in March, 1994, was superior to the other cereals. Rye surpassed all

other crops in nitrogen uptake by December under both wet-cold, and dry-warm conditions. Fallow

plots lost 78 to 137 kg NO3-N ha' during the winter. Rye assimilated more nitrogen than was lost

from the fallow plots during the same period. Soil NH4-N was not affected by cover crops in either

season.

The effects of rye on soil NO3-N concentrations one month after spring cover crop

incorporation varied between seasons. There was no difference in the first season but NO3-N

decreased in the second, While winter fallow lost NO3-N, some cover crops recycled NO3-N to the
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surface layers. Cereal rye was the best choice for reducing soil NO3-N entering the winter rainy

period. In a single rotation, fall-planted winter cover crops did not differ from fallow or from each

other in early spring soil organic matter, organic nitrogen, pH, P, K, Ca, or Mg.

Winter wheat and triticale grown on various initial soil NO3-N concentrations with no

irrigation showed no difference in NO3-N loss during the winter. Initial residual NO3-N

concentration played an important role in nitrate leaching, but precipitation amount and intensity

were also important.
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Effects of Winter Cover Crops Following Potato (Solanum tuberosum L.) on Soil Nitrate and Soil
Fertility in the Columbia Basin

CHAPTER 1
INTRODUCTION

In recent years, nitrate contamination of ground water has caused serious concern in the

Columbia Basin, Oregon. Nitrate levels exceeding the U.S. Environmental Protection Agency

standard of 10 ppm have been found in public ground water in the Treasure Valley of eastern

Oregon, and the lower Columbia Basin of north central Oregon (Pettit, 1990). As a result, 144,000

hectares of the lower Columbia Basin, which account for most of Oregon's potato production, have

been included in a "ground water management area" as defined by the "Ground Water Protection

Act" adopted by the Oregon legislature in 1989 (Oregon House Bill 3515, section 17 through 66).

Actual sources of nitrates in Columbia Basin ground water have not been identified. It is

believed, however, that the shift in crop fertility management systems to concentrated inorganic

fertilizers has contributed to the problem (del Nero, 1994; McMorran, 1994; Doerge et al., 1991).

Potato has received close attention, because it is generally fertilized at a higher rate (200-500 kg ha1

N) than most other area crops. Potato leaves a significant amount of nitrate and organic nitrogen in

the soil at harvest which can leach during the winter (Connell and Binning, 1991; Kirkby, 1983;

Pumphrey and Rasmussen, 1983). Further, potato is relatively shallow-rooted (0.46 meters), and

unable to utilize deep residual N (Harris, 1978). Therefore, the use of winter cover crops to remove

residual nitrate following potato has received attention in efforts to reduce groundwater

contamination in north central Oregon.

The use of winter cover crops to reduce residual soil NO3- N has been studied previously

(Meisinger et al., 1991; Guillard et al., 1995; Miller et al., 1994). Meisinger et al. (1991), suggested

that the use of cover crop species to achieve improved water quality be evaluated across a range of



climates. Muller et al. (1989), concluded that the choice of cover crop species strongly depends on

the cropping system and climate. Further, Naderman (1991), Meisinger et al, (1991), Jackson et al.

(1993a), and Copeland (1965) stated that the ideal winter cover crop would vary with the climate, the

duration of the cover cropping period, and the soil type. Thus, more site specific information is

needed concerning the integrated use of cover crops to protect soil productivity and water quality,

reduce agricultural pollution, and improve farm profitability (Liebman et al., 1995; Stayer and

Brinsfield, 1990).

The lack of information on the impact of winter cover crops on nitrate losses and the

replenishment of essential nutrients in north central Oregon justified further local research. These

studies were conducted at the Oregon State University Hermiston Agricultural Research and

Extension Center (HAREC) in 1992-1993 and 1993-1994. Objectives were to evaluate effects of

various winter cover crops on fall and winter nitrate losses and soil concentrations of major plant

nutrients.

It was hypothesized that the inclusion of winter cover crops in the crop rotation could reduce

nitrate losses and replenish essential plant nutrients compared to a winter fallow system.



CHAPTER 2
LITERATURE REVIEW

Soil Fertility

Soil is the storehouse of water and mineral and nitrogenous elements required for plant

growth. However, small percentages of nutrients present are available for plant uptake. Most are

bound in mineral and organic matter, unavailable to plants until decomposition occurs.

Decomposition occurs slowly and nutrients are released gradually. Depending on amounts used by

crops, elements are divided into macronutrients and micronutrients.

Growers are most concerned with N, P, and K fertilizers. Other elements essential for plant

growth and required in fairly large amounts are usually present in the soil at levels sufficient for crop

production or are added incidentally in commercial fertilizers supplying N, P, or K, or in irrigation

water.

Nitrogen

Nitrogen (N) is the element most in demand by crop plants and the fourth most common

element in their composition, after carbon, hydrogen, and oxygen. Chlorophyll, the light-gathering

photosynthetic pigment which converts light energy into chemical energy, contains N. Nitrogen is

also an essential component of amino acids, the building blocks of proteins, and enzymes which

mediate plant metabolism. Nucleotides, the monomers from which the genetic blueprint nucleic acids

DNA and RNA are formed, contain N. Nitrogen stimulates root growth and development, increasing

the uptake of other nutrients (Tisdale et aL, 1985). Therefore nitrogen availability often governs the

yield of crops which receive sufficient water (Brady, 1984).



The nitrogen atom exists in oxidation states ranging from -3 to +5. Primarily, the +5 state of

N as nitrate (NO3) and the -3 state of N as ammonium (NH) are available for plant uptake. Among

the major nutrients, N has the greatest propensity to exist as a gas. The diatomic N2 form comprises

approximately 78 percent of the atmosphere (Mengel and Kirkby, 1987). Atmospheric N2 can be

converted into plant-available forms through any of four processes: 1) fixation by microorganisms in

a symbiotic association with legumes and certain non-leguminous plants; 2) fixation by free-living

microorganisms; 3) fixation by atmospheric electrical discharges; and 4) fixation by industrial

processes (Tisdale et al., 1985).

Nitrate is readily soluble in water, and thus subject to water transport and leaching. In the

NH4-N form, N is subject to volatilization and to fixation by both clay and soil organic matter. The

ease with which N oxidation levels change results in inorganic forms that are readily lost from the

soil ecosystem. In agricultural soils, nitrogen is removed primarily by denitrification intogaseous

form, volatilization ofNH3 after ammonification, crop uptake, leaching beyond the root zone, and

organic incorporation (Mengel and Kirkby, 1987). As importantly, both the gaseous and soluble

phases of this nutrient can lead to environmental pollution (Paul and Clark, 1989).

Phosphorus

Phosphorus (P) is second only to nitrogen in frequency of use as a fertilizer element. P often

limits yields because it is deficient in many soils. It has the lowest rate of plant recovery among

macronutnents due to sorption reactions. Phosphorus has been called "the key to life" as it is directly

involved in most life processes through phosphate compounds which have the ability to store,

transfer, and release energy. These high energy phosphate bonds of adenosine di-and tn-phosphate

(ADP and AlP) power almost every energy-requiring process in plants. Phosphorus also is
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important in structural and reproductive components (DNA and RNA) of plants. It has been linked to

increased root growth, resistance to diseases, and early crop maturity.

Phosphorus may have any oxidation number from -3 to +5. The +5 state of P can have three

important hydrogenase forms, H2PO4, 111P042, and P043-, The predominance of one or another of

these forms in the soil solution depends largely on the soil pH. P is absorbed by plants primarily in

the monovalent orthophosphate form H2PO4, but some may be absorbed as HP042 (Thompson and

Troeh, 1978).

The large reservoir of P in the soil complex becomes available to plants by weathering

and/or desorption. Phosphorus is located in one of three pools: 1) soil solution P, which is readily

available, but represents only a small fraction of the total 1?; 2) labile P, a somewhat larger fraction

which can be readily released into the soil solution; and 3) non-labile P, which represents a large

portion of the soil P but is only slowly available to the labile fraction. Another major reservoir of P is

associated with the soil organic pool and can become available by mineralization. The enzyme

phosphatase, produced by both microorganisms and the roots of higher plants, cleaves inorganic

phosphate from the organic pool (Mengel and Kirkby, 1987). Compared to N, the low availability of

nearly insoluble phosphate is a disadvantage, but leaching losses are minimal (Thompson and Troeh,

1978).

Potassium

Potassium (K) is the third nutrient element likely to limit plant growth. It is a common

constituent of fertilizers, because plants require relatively large amounts of K, often exceeding the

available soil supply.

The principal soil minerals, such as mica and feldspar, contain potassium as K in mineral

structures and release it as they weather. Potassium can be present as hydrated potassium ions in the



soil solution or on the cation exchange sites. Plants absorb potassium as K ions. Potassium removal

by crop growth and leaching is balanced partially by K released by plant residues returned to the soil.

When soil K is depleted by prolonged reliance on non exchangeable K, fertilization is necessary to

maintain adequate available K (Thompson and Troeh, 1978).

Potassium is present in plants in the form of organic and inorganic salts. It does not form an

integral part of the structure of any known organic compound in plants, but acts mainly as a charge

carrier of high mobility which forms only weak complexes in which it is readily exchangeable (Wyn

Jones et al., 1979). Potassium aids in the uptake of other nutrients and their movement within the

plant. It is required for enzyme activation and to stabilize pH and osmotic concentration.

Calcium

Calcium (Ca), a macronutrient in plant nutrition, usually is present in soil in sufficient

amounts to meet plant needs. It occurs in soils as the divalent cation Ca2, and plants absorb it in this

ionic form. Calcium can be dissolved in the soil solution and can move by mass flow and diffusion,

but exchangeable Ca2 has a very low mobility. Calcium may constitute more than five percent of the

weight of a saline soil in an and region or as little as 0.01 percent in the humid tropics (Thompson

and Troeh, 1978).

Calcium is a structural component of the cell wall, and vital in the formation of new cells.

However, it is so tightly integrated into cell walls that it cannot be removed from old cells to form

new cells. Most of Ca's activity is related to its capacity for coordination, by which it provides stable

but reversible intermolecular linkages predominantly in the cell wall and at the plasma membrane

(Loneragan and Snowball, 1969).

High growth rates of low-transpiring organs can cause tissue levels of Ca to fall below the

critical level required for the maintenance of membrane integrity and thus cause disorders. Even in
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high concentrations, Ca2 is not toxic and is very effective in detoxifying high concentrations of other

mineral elements in plants (Marschner, 1989).

Magnesium

Magnesium (Mg) is a macronutrient in plant nutrition. Plants absorb it as theMg2 ion. It is

vital to the production of chiorophyl, because every molecule of chiorophyl contains a Mg ion at the

core of its complex structure. It is, in fact, the only metallic element contained in the chiorophyl

molecule. Magnesium readily translocates within plants. Therefore, deficiencies first show as a loss

of green color in the lower leaves. Seeds contain high levels of Mg; lesser amounts are distributed

through other parts of the plant. Magnesium functions in enzyme systems regulating carbohydrate

metabolism and in protein synthesis (Thompson and Troeh, 1978).

Magnesium and Ca usually are present in soil in amounts large enough to meet plant needs.

Therefore, they are not usually considered fertilizer elements and receive less attention than N, P, and

K. Even so, large amounts of Ca and Mg are added to the soil in fertilizers and in soil amendments

(Thompson and Troeh, 1978).

Soil organic matter

Soil organic matter (SOM) is comprised of decomposing residues, by-products of organisms

responsible for decomposition of the residues, the microorganisms themselves, and the more-

resistant soil humate. Soil organic matter acts as a reservoir for various essential elements, promotes

good soil structure, promotes good air-water relations in soil, and is a large geochemical reservoir of

carbon (Bohn et al., 1985). Cultivation and cropping effects on soil organic matter have received

attention for many years because SOM often declines rapidly with cultivation (Allison, 1973; Haas et

al., 1976).



The SOM supplies nearly all of the N, 5 0-60 percent of the P, perhaps as much as 80

percent of the S, and a large percentages of the B and Mo absorbed by plants from unfertilized,

temperate region soils. Soil organic matter indirectly affects the supply of mineral nutrients from

other sources. Various low molecular weight compounds of organic matter form stable complexes,

chelates, with Fe3, (2+, Zn2, and other polyvalent cations. These complexes shield the cations from

hydrolysis and precipitation reactions. The SOM may combine with toxic ions such as Cd2, and

Hg2, as well as with micronutrient cations at high concentrations, and reduce their availability. Thus,

SOM affects plant uptake of micronutrients and heavy metal cations, and the behavior/availability of

herbicides and other agricultural chemicals. Soil organic matter also affects soil structure and, thus,

soil tilth, aeration, and moisture retention (Bolin et al., 1985),

This soil organic carbon provides the main energy source for soil microorganisms. It is

composed of 10 to 20 percent carbohydrates, primarily of microbial origin; 20 percent nitrogen-

containing constituents, such as amino sugars and amino acids; 10 to 20 percent aliphatic fatty acids;

and aromatic carbon compounds (Paul and Clark, 1989).

Since the SOM content depends on a number of factors, soils vary greatly in organic matter

content. Among these factors, climate plays a prominent role, because it affects the array of plant

species, the quantity of plant material produced, and the intensity of soil microbial activity. Other

factors such as vegetation, topography, and parent material also are important.

Farming Practices and Nitrate

Sources of nitrate

Geological deposits: It has been recognized that nitrate in ground water can originate from

geological deposits. In some caliches of arid regions of the western United States, elevated nitrogen

levels have been attributed, in part, to the rapid evaporation of surface water from ancient lakes or



seas leaving concentrated layers of sodium nitrate (Marrett et al., 1990). Boyce et al. (1976) found

substantial quantities of nitrate under never-fertilized rangeland in semi-arid southwestern and west

central Nebraska. High levels of geological nitrate also have been found in alluvium beneath the San

Joaquin Valley, California. After the advent of irrigation, some of this nitrate was leached to the

ground water (Strerthouse et al., 1980). However, ground water nitrate concentrations in areas

around these deposits did not necessarily show any strong correlation with the adjacent geological

nitrogen sources, perhaps providing evidence for long distance leaching of nitrate from other sources.

Forest soils: Natural climax forests are N-conserving, but manipulation of the climax

forests disturbs the N cycling and can lead to large N losses, usually as nitrate, to the ground water.

Thus, nitrate leaching from forest soils could be a potential source of ground water contamination

(Keeney, 1980). Vitousek and Millilo (1979) reported that the increase in nitrate loss from most

forest systems following disturbance is less than 10 kg ha1 year' and soil solution nitrate

concentrations are seldom greater than 10 mg/L Omernik (1976), in a survey of eastern US

watersheds, noted that the total N in streams draining agricultural watersheds were fivefold greater

than in forest watersheds. Therefore, this forest source is less critical when compared with

agricultural lands.

Grassland: Native grassland ecosystems and extensively managed grasslands are generally

N deficient, therefore very little nitrate is available for leaching (Keeney, 1989); also, many US

grasslands are in the semiarid west where leaching is limited. However, intensively managed forage,

and especially grazed grasslands, may be a considerable source of groundwater nitrate. Urine,

particularly in concentrated patches of grazed pastures, leads to inefficient N cycling and increased

potential for N losses (Keeney 1989). Similar observations have been reported by Ball et al., (1979)

in New Zealand.
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Animal wastes also comprise a potentially large source of nitrate in ground water. Follett et

al. (1987), reported that nearly one million metric tons of animal manure-N were returned to the soil

from confmement operations in 1978. Significant groundwater pollution from sewage sludge and

effluent, and septic tanks, also has been reported in many areas of the US and elsewhere (Keeney,

1986).

Croplands: Among all these possible sources, agricultural lands have gained attention as

the major source of nitrate leaching to ground water. World-wide research over the last decade has

clearly shown that agriculture is the most extensive source of nitrate delivered to ground and surface

water. Many of these studies have shown a direct relationship between nitrate concentration in

ground water and nitrogen fertilization rates and/or fertilization history (Hallberg, 1989). Therefore,

it can be concluded that, although the expanded intensive use of N fertilizers over the last twenty to

thirty years has profitably increased agricultural production, it has also adversely impacted water

quality.

Agricultural activities that result in nitrate leaching into ground water are referred to as "non

point" sources of pollution. Effluent discharged through an outlet from a factory is described as

"point source" pollution. Responsibility for point source pollution is fairly readily identified once the

problem is recognized. However, non-point pollution problems are much more difficult to solve and

the solution must come through an approach involving many individuals or groups (Follett and

Walker, 1989).

Nitrate toxicity

The tenn "nitrate toxicity," as commonly used, is actually "nitrite toxicity" and occurs

following the reduction of nitrate (NO3) to nitrite (NO2) within the gastrointestinal tract. Both

nitrate and nitrite, being highly water soluble, freely traverse the gastrointestinal wall into the blood
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stream. Nitrite, but not nitrate, oxidizes the ferrous (Fe2) ion of the red blood pigment hemoglobin

(Hb) to the ferric (Fe3) ion, producing a modified brown pigment called methemoglobin (metHb),

which is incapable of transporting or releasing oxygen to the body tissues. Animals so effected are

said to be suffering from methemoglobinemia (Wright and Davidson, 1964).

Ruminants are normally more susceptible to nitrate toxicity than non ruminants. Feeds high

in nitrate have been found to cause acute poisoning in cattle, sheep, and other livestock. Water

supplies contaminated with nitrate have contributed to, or been entirely responsible for, poisoning of

animals (Wright and Davidson, 1964).

Human health also has been jeopardized, and in some cases lives have been lost, because of

contaminated water supplies. However, ingestion by humans of lethal amounts of nitrate accumulated

in plant materials has not been reported and seems unlikely to occur. But, nitrate in drinking water

can cause methemoglobinemia, the "blue baby syndrome," in infants (Wright and Davidson, 1964),

because their immature digestive systems cannot properly metabolize nitrate. Bacteria in their

stomachs convert nitrate to nitrite which then reacts with hemoglobin to form methemoglobin.

Infants younger than three months are highly susceptible to this gastric bacterial nitrate reduction,

because they have very little gastric acid production and low activity of the enzyme that reduces

metHb back to Hb (Super et al, 1981; Duijvenbooden and Matthijsen, 1987; Keeney, 1986),

A linkage between nitrate in ground water and cancer has been very difficult to establish,

because the evidence has been quite contradictory (Fraser and Chilvers, 1981). Follett and Walker

(1989) also concluded that it is difficult to scientifically estimate the risk of human cancer posed by

exposure to nitrate in drinking water and the possible formation of N-nitroso compounds.

Experimental evidence also does not show nitrate and nitrite, in and of themselves, to be

carcinogenic. However, nitrite can give rise to the formation of N-nitroso compounds by reactions

with "nitrostable compounds," including secondary and tertiary amines and amides, N-substituted
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urease, guanidines, and urethanes. Toxicological data indicate that humans are likely susceptible to

the carcinogenicity of these compounds and thus contact with them should be minimized.

Adults drinking water which may cause methemoglobinemia in infants are usually

unaffected; however, nitrate in soil solution may be linked to stomach cancer in adults by reacting

with amines in solution to form carcinogenic compounds such as N-nitroso amine (Doerge et al.,

1991; Ginocchio, 1984).

Economic concerns

Nitrate losses from agricultural lands into ground water are a serious concern to society,

because NO3- has been shown to be the dominant contaminant in several state and national ground

water quality surveys (Exner and Spalding, 1990; Bachman, 1984). In addition to the environmental

and health concerns, NO3- leaching causes direct fmancial losses to society. Nitrogen is the most

common and widely used fertilizer in agriculture and an adequate supply is vital to ensure food

production. Nitrate leaching can remove significant amounts of nitrogen fertilizer from agricultural

lands and can have adverse effects on the yield return from applied N, N-fertilizer prices, and the

costs of applying N-fertilizers. Economically profitable crop yields are necessary for a sustainable

farming business. Therefore, nitrogen management practices and cropping systems that optimize

crop yield must take into account the leaching ofNO3 into ground water (Bock, 1984).

On the other hand, NO3 pollution of ground water from agricultural activities is an external

effect and private decision making alone may not provide a desirable result. The solution must come

through an approach involving many individuals or groups. These complicated, prolonged

procedures are an additional expense to the society.
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Nitrate Leaching in North-central Oregon

Soils and climate

The Hermiston-Boardman area in the Columbia Basin of Oregon is underlaid by a deep

formation of Columbia river basalt from the Miocene epoch. These basalt flows cover about 260,000

square kilometers (100,000 square miles) of Oregon, Washington, and Idaho to depths sometimes

exceeding, 1200 m (Fenneman, 1931). The maximum thickness of the basalt in this area is known to

exceed 760 m. Individual flows range from 3 m to 30 m thick, with very little weathered material

between them. This indicates that the flows were exposed only briefly before being buried by

subsequent flows (Hogenson, 1956).

This area is drained by two major river systems; the Columbia and the Umatilla, The great

Missoula floods of the Pleistocene Epoch carried Lacustrine silt and sands to the area, and lighter

silts were later carried to the east by winds. Thus, these eoline-originated, deep, and well-drained fine

sandy barns are located on terraces and terrace scarps of the Columbia River. They are inherently

low in nutrients. They contain about 0.7 to 1 percent organic matter and 4 to 8 percent clay. They

have a medium to high pH (6.7 to 7.8 near the surface and up to 9.0 at 0.9-1.5 meters depth). The

permeability of these soils is moderate to high and available water-holding capacity averages 9 to 18

cm of water per meter of soil. These soils generally have a high leaching potential for nitrates and

other readily soluble materials, if sufficient water is present (Vogue et al., 1990). The National

Pesticide/Soil Database and User Decision Support System model for Risk Assessment of

Groundwater and Surface water Contamination (NPRIG) characterizes these soils as having a low

nitrate leaching index (NLI) for rainfed dryland farming conditions, but a high NLI for irrigated

agriculture (Jenkins et al., 1991).

Winter in the Hermiston-Boardman area is moderately cold and humid with an average daily

temperature of 1.7 C, but summer is hot and dry with an average daily maximum of 29 C. Average
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annual precipitation is about 25 cm with over 70 percent falling in the winter. The average relative

humidity is 55 percent at mid afternoon. The record low of -37 C (-35 F, January 1930) and the

record high of 45 C (113 F August 1961) both occurred at Hermiston (Taylor, 1995).

Winds and blowing dust are conmion during the growing season, so soil losses to wind

erosion can be substantial (Johnson and Makinson, 1988). The arid climate causes a high crop

evapotranspiration demand and necessitates the utilization of ground water as well as surface water

to meet crop demand. Thus, moisture-sensitive crops, such as potatoes, which require soil water

levels at or above 50% of field capacity for maximum yield and quality, demand irrigation almost

daily during mid-season (Harris 1978; Middleton et al., 1975).

Cropping practices

When Euro-American immigrants first arrived in the Columbia Basin in the early 1800's, the

potential for agricultural development was limited and livestock were totally dependent on native

grasses and forbs. Because of low natural fertility and inadequate rainfall (20 30 cm annual), most

of the land in the area is suitable only for low volume grazing without added water and fertilizers.

However, the arrival of inexpensive electricity from hydroelectric projects on the Columbia river

between 1950 and 1970 allowed increased irrigation development, bringing more acreage into

cultivation. Further, the center pivot irrigation system developed in the 1970's lead to an agricultural

boom in the Columbia Basin.

The long warm growing season and sophisticated local technology favor a variety of crops.

More than 65,000 irrigated hectares of potatoes, small grains, corn, and alfalfa are grown in the area

(Johnson and Makinson, 1988). Acreage of beans, peppers, watermelons, peas, onions and other

high-value crops is increasing.
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Over the last 40 years, with the increase in crop production in the Columbia Basin, nitrogen

fertilization has increased even more markedly than irrigation (Mosley, PC, 1992). Most of the

Columbia basin potato production is from late-maturing varieties which are fertilized at a higher rate

than many other corps in the area, Irrigation is capital-and energy-intensive, and irrigated crops

usually are high value and receive high rates of fertilizers (Keeney, 1989). Further, the motivation

for increasing nitrogen fertilizer applications is self protection; growers find it profitable to reduce

the probability that nitrogen may run short (Babcock, 1992). Much of this nitrogen is applied as

inorganic fertilizers such as urea, ammonium nitrate, or ammonium sulfate either before or at

planting (Pumphrey et al., 1991). In some locations nitrogen applications of up to 900 kg ha-' have

been reported for potatoes, but the average rate in the area is between 225 and 450 kg ha-' depending

on the variety and intended crop use (McMorran, 1994). These high application rates leave a

significant amount of nitrate and organic nitrogen in the soil profile at harvest (Kirkby, 1983;

Pumphrey and Rusmussen, 1983). For example, residual nitrate levels as high as 334 kg ha-' were

found in the upper 1.5 meters in fields previously cropped to potato in the Columbia Basin

(Pumphrey and Rusmussen, 1983). Because of its shallow root system (0.46 meters) (Harris, 1987),

potato is not able to use this residual nitrogen efficiently and it can leach to the ground water.

Frequent heavy irrigation also has contributed to NO3-N leaching in sandy soils (Hargert,

1986; Middleton et al., 1975). In the Columbia Basin, irrigation is a critical issue for potato

production and ground water quality, because local soils have a very low water holding capacity.

Potato is a moisture-sensitive crop, and requires almost daily irrigation during mid season to

maintain soil water levels at or above 50% of field capacity for satisfactory yield and quality (Harris

1978; Middleton et al., 1975). These factors lead to a very high NO3-N leaching potential in potato

fields.



Both irrigation management and the interaction between irrigation and N management can

significantly influence NO3- leaching. Pratt (1984) reported that NO leaching under basin irrigated

fruit, vegetable, and agronomic crops averaged 82 kg N/ha/year, or about 55 percent of the estimated

N applied as fertilizer or animal manures. Timmons and Dylla (1981) reported that combining partial

replenishment irrigation with small N applications through the irrigation system could help minimize

water percolation and NO3- leaching losses in corn fields. Similarly, IRZ Consulting (1993) reported

that under the best management practices, there is not a large amount of NO3-N leaching from the

rooting zone of potato fields into the vadose zone. Brinsfield et al. (1991) explained that leaching of

NO3-N from the root zone to the unconfined aquifer is a hydrologic process. During the growing

season, high rates of water removal by the crop minimize percolation below the root zone, resulting

in a declining water table and negligible nitrate leaching rates. After an intensive irrigation and

fertilizer management program, McMorran (1994) reported less nitrate leaching below the rooting

zone of potato grown under best management practices in the Columbia Basin than under conditions

of high N or high irrigation, but the leaching rates were not consistent over sites or depths. Further,

McMorran reported an increase in soil NO3-N below the rooting zone, sometimes even within a

single season. Similarly, computer estimates of the probable impacts of different management

practices on water and nitrate losses from the rooting zone of irrigated corn on a sandy soil indicated

that it is impossible to reduce nitrate losses to near zero and maintain present production levels

(Watts and Martin, 1981). Even though best management practices may work well during the

growing season, as crop uptake and evaporation rates decline following harvest, fall and winter rains

increase soil moisture levels, resulting in water moving through the root zone and eventuallyinto

ground water.

Despite the use of best management practices, such as no-till, split N applications, and

fertilization for realistic yields, N leached to ground water in corn fields which then exceeded the
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recommended maxhnum drinking water level of 10 ppm. Therefore, control measures in addition to

current best management practices are necessary to immobilize residual nitrate left in the root zone

(Brinfield et al., 1991).

Soil water status at the end of the crop season is particularly important on sandy soils of low

water holding capacity. If the growing season ends with little or no root zone water depletion, the soil

storage capacity for winter precipitation is reduced and the leaching potential will be increased, Part

of the strategy for minimizing potential nitrate leaching under irrigated conditions should include

ending the growing season with a soil water deficit as large as practical. But, high irrigation rates on

late-harvest potatoes at Henniston leave high soil moisture levels and may reduce the soil storage

capacity for winter precipitation, thus increasing leaching potential.

Long season varieties grown in the Columbia Basin are harvested in late summer or early

fall, at a time when the soil is relatively warm and moist, and microbial activities are high. This

condition facilitates the mineralization of most of the crop residue that is incorporated into the soil at

harvest. This released nitrate could potentially be leached out of the rooting zone during the winter

rains (Thomas and McMahon, 1972).

Potato probably contributes to groundwater nitrates in the Columbia Basin, as do many

other crops, because of its requirement for high nitrogen and high moisture and its shallow rooting

depth. These requirements present a dilemma that will be increasingly difficult to reconcile in the

future as public policy aims for both "cheap" food and a "clean" environment. The potential for

ground water pollution from other sources such as food-processing plants, feed-lots, etc., are also of

concern to the area, but they are few in number. The thousands of hectares of crops probably pose an

even greater threat as a "non point" pollution source.

In addition to ground water pollution, nitrogen management has other environmental

implications. Nitrogen fertilization normally helps maintain SOM concentration by increasing
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biomass yield (Blackmer et al., 1988). However, analyses have shown that SOM content decreases

with the addition of N fertilizers at rates greater than needed to maintain yields (Green et al., 1995).

Even small annual decreases in SOM concentration resulting from such applications would

contribute to degradation of soil quality on a large scale. Also the accompanying release of CO2 to

the atmosphere would intensif' the atmospheric greenhouse effect which must be considered when

evaluating agricultural practices (Kaiser and Drennen, 1993).

Nitrate leaching and groundwater quality

Groundwater is a vital source of drinking water to a substantial human population. About

half of the total population and about 85 percent of the rural population in the U.S. use ground water

for drinking (CAST, 1985). In the Columbia Basin this important resource is predominately

confmed to scoriaceous fractured zones at the top of ancient lava flows buried deep beneath a surface

of thy eolian sands (Hogenson, 1956). Historically, concerns over nitrate levels in ground water have

been minimal, but as of July 1991, 26 of 150 wells in western Umatilla and northern Morrow

counties tested by the Oregon Department of Environmental Quality (ODEOD exceeded the federal

standard of 10 ppm and raised concerns about ground water contamination in the area (Oregon

House Bill 3515).

Obviously, nitrogen fertilizer and other modern tools make it possible to produce the crops

we need more efficiently and on less land than would be required otherwise. Barrons (1988)

estimated that 170 million more hectares of land would be needed to meet 1980 to 1985 U.S. crop

production levels if yields per hectare were the same as in 1938 to 1940. Furthermore, these 170

million hectares would have to include over 100 million hectares of land with little or no potential for

conservation to cropland and would have resulted in increased soil erosion and high production cost.

Therefore, supplying crops with adequate N along with the other inputs is vital to ensuring an
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adequate food supply. Providing too little N results in decreased crop yields and poor economic

returns, while providing too much N wastes money and may result in the accumulation of mineral

forms of N and eventually contaminate groundwater and surface water supplies.

Since groundwater movement is generally slow, there is little mixing of contaminated water

with non-contaminated groundwater as they flow through the saturated zone. Therefore contaminants

tend to remain concentrated in zones. Because of this slow rate of movement and lack of dilution,

contamination may persist for decades and centuries, even if input sources of nitrate decrease or are

eliminated. Thus, reclamation is technically and economically impossible in most cases (Keeney,

1986).

Under these circumstances, it appears most feasible to minimize NO3- ground water

contamination by using appropriate cropping techniques. Such techniques can preserve productive

land and groundwater, increase the efficiency of fertilizer-N and reduce economic loss caused by over

application of fertilizers. In addition, the use of appropriate cropping techniques on suitable lands to

achieve high levels of production will minimize usage of new areas of less suitable or marginal lands

for production and decrease NO3 contamination of ground water from them (Follett and Walker,

1989).

A strategy for reducing the potential for NO3 leaching into ground water has been outlined

by Papendick et al. (1987). The proposed strategy includes: 1) improved N fertilizer management to

more closely match N availability in the soil with crop needs and to avoid over-fertilization; 2)

reduced N fertilizer additions by alternating crops with low and high soil-N requirements and using

legumes, animal manure, crop residues, and other organic wastes; and 3) reduced residual soilNO3

by using cover crops and N-scavenging crops in rotation, and alternating shallowly and deeply rooted

crops.
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Cover Crops

Cover crops and their usage

Sustainability of the agricultural industry depends on recognition of future needs for

improving production while preserving the quality of the environment and the productive capacity of

land and water resources. Growing cover crops in appropriate sequence or combination with grain

crops, horticultural crops, and plantation crops, with judicious management has been shown to help

improve production while preserving the agro-ecosystem.

Early records indicate that cover crops were used extensively by ancient Egyptians along the

Nile River for erosion control. The Chinese as early as 247 BC were known to have used beans as

cover crops which were turned under before maturity. Cover cropping is beneficial to the present

agriculture as we face more and more new problems. Cover crops prevent soil erosion and improve

water infiltration and other soil quality factors. As green manures, they enhance soil productivity and

reduce reliance on synthetic chemical fertilizers. As living mulches, they help control weeds. They

also influence microclimate, water use, and a variety of soil and aboveground pests. More

importantly, cover crops can influence the nitrogen cycle and thus can influence nitrate leaching in

several ways.

Cover crops are typically not grown for harvest, but to fill gaps in either time or space when

cash crops would leave the ground bare. Most cover crops grown in northern latitudes are grown

during the cold season. For example, cereal rye (Secale cereal L.), clover (Trifolium spp.), or vetch

(Coronilla and Vicia spp.) etc., are planted in the fall specifically to provide a winter cover. In

tropical climates, cover crops are grown in the dry season. For example, in tropical climates legumes,

such as Pueraria, Stylosanthes, and Centrosema, and grasses, including B rachiaria, Melinis, and

Panicum, are grown in the short rainy season and left in the field through the dry season when the

land is free from the main crop (Lal et at., 1991).
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Regardless of climatic conditions, cover crop management can involve two approaches: a)

live mulches and b) dead mulches. Live mulches remain wholly or partly alive during the main crop

growing season, while dead mulches are chemically or mechanically killed before the establishment

of the main crop. In the dead mulch approach, the cover crop can be incorporated into the soil, or it

can be left as a dead surface mulch.

Living mulches are appropriate when they are not competitive with the crop for light,

moisture, or nutrients and do not interfere with management practices. The live mulch approach can

differ depending on the purpose of the cover crop and the growth characteristics of the cover crop.

For example, if the primary purpose of the cover crop is to provide weed control, living mulches

should have a long growing, yet smothering growth habit to minimize competition with the cash crop

but still provide complete ground cover to suppress weeds (Altieri et al., 1985; Lal, 1975).

Legume cover crops have advantages over nonlegumes, because they can supply much of

their nitrogen requirement through symbiotic nitrogen fixation if properly inoculated with

Rhizobium. Legumes also produce readily decomposable organic material, resulting in rapid

mineralization of the nitrogen in the legume cover crop, thus providing substantial amounts of

nitrogen to the soil. The level of nitrogen contribution by annual legumes depends upon

environmental conditions, because appropriate climatic conditions are required for optimum plant

growth and nodulation. It has been shown that hairy vetch (Vicia villosa Roth) provides from 90 to

120 kg N ha1 to the following grain crop in the eastern and southeastern US (Power et al., 1991), but

only about 60 kg N ha1 in southeastern Nebraska under dry land conditions (Power, 1987).

Most of the North American legume cover crops are winter annuals. They have several

advantages over perennial legumes in that they produce vigorous, rapidly developing, short-duration

plants used as winter annuals in the southern U.S. (Hoyt et al., 1986; Smith et al., 1987) or spring

annuals in the northern U.S. (Slinkard, 1983). These winter annual legumes can be further divided
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into forage legumes, such as crimson clover (Trifolium incarnatum L.) and hairy vetch (Vicia villosa

Roth), or grain legumes, such as peas (Pisum sativum L.) and lentils (Lens culinaris Medik.).

Nonlegumes such as wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), oats

(Avena sativa L.), cereal rye (Secale cereale L.), grain sorghum [Sorghum bicolor (L.) Moenchi,

sudan grass (Sorghum sudanensis L.), Cruciferae, etc., have been identified as attractive cover crop

choices for a variety of reasons. In addition to their potential water quality benefits, these cereals

form an excellent mulch for no-till management that can reduce evaporation, increase infiltration, and

decrease erosion (Gallaher, 1977). They also can increase soil organic matter, improve soil structure,

and help break up root-restricting layers (Morgan et al., 1942; Proebsting, 1958).

Cover crop species

With regard to nitrogen management, two major attributes of an ideal winter cover crop

would be the ability to significantly reduce NO3- leaching and the ability to supply N to the next crop.

Though legumes are valued as a N source, their impact on NO leaching is uncertain. The value of

nonlegumes in reducing NO losses has been recognized for many years, though they generally make

little or no N contribution to the next crop (}Targrove, 1986; Holderbaum et al., 1990).

The ability of nonlegumes to affect NO3- leaching is related to their ability to rapidly

establish root systems and produce dry matter under cool conditions. Therefore, if the primary

objective of the cover crop is to prevent ground water contamination by NO3-, then species selection

should focus on two major nonlegume plant families, the Gramineae and the Cruciferae

(Holderbaum et al., 1990), depending on their adaptability to the climate and the cropping system

(Meisinger et al., 1991).

Gramineae Grasses have been used extensively as cover crops because they are hardy

under a wide range of environmental conditions. Many crops in the Gramineae family have been
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successfully used as winter cover crops, including barley (Holderbaum et al., 1990; Moschler et al.,

1967), bluegrass (Poa pratensis L.) (Karraker et al., 1950), annual rye grass (Lolium multiflorum

Lam.) (Martinez and Guiraud, 1990), oats (Avena sativa L.) (Mitchel and Ted, 1977), timothy

(Phleum pratense L.) (Morgan et al., 1942), wheat etc., (Tyler et at., 1987). The majority of

research on grass cover crops has been centered on the use of cereal rye (Secale cereale L.) as a

winter cover crop, because it can accumulate dry matter and provide surface cover during cooler

times of the year faster than many other grasses (Koerner and Power, 1991).

Stayer et at., (1989) reported that in Maryland in early December, the average fall cover crop

N uptake for cereal rye, wheat, oats, and barley was 79.5, 32.5, 38.5, and 47.0 kg Nha-1,

respectively. Similarly, studies done in Georgia show that the N uptake of several winter cover crops

was in the order of: cereal rye > wheat> triticale> ryegrass> oats> barley (Meisinger et at. 1991).

Martinez et al. (1990) observed that without cover crops, 19 percent of the original labeled fertilizer

leached compared with 7 percent leaching under ryegrass cover. The ryegrass cover crop reduced

both the amount of N leached and the NO3- concentration of the leachate, primarily through N

uptake. Karraker et at. (1950) reported that cereal rye reduced the drainage volume only a little, so

the mechanism for cereal rye's improvement on water quality was through direct N uptake. Meisinger

et at. (1990) reported that the cereal rye reduced the concentration of nitrate entering shallow water

by 29 percent. In Maryland, cereal rye cover crop reduced nitrate content in the surface 30 cm of soil

from 58 to 13 kg N ha-1 during the winter (Stayer and Brinsfield, 1990).

Among the grass cover crops, cereal rye is better suited to improving water quality than the

other species, although other grasses can offer unique advantages for specific situations. For

example, oats are rapidly established in the fall arid will naturally winter kill in cold regions,

eliminating the need for a herbicide application (Meisinger et al., 1991).
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Cruciferae Most of the remaining nonlegume cover crops belong to the family Cruciferae,

genus Brassica, and include species such as mustard (Brassica spp.) (Chapman et aL, 1949), rape

(Brassica rapa spp. olifera), and radish (Raphanus sativus L.) etc., (Muller et aL, 1989). They have

a wide range of adaptability as evidenced by their use from Scandinavia to Florida, and from

semiarid regions of California to the Mediterranean climate of France.

Brassicas are known for their rapid establishment and cool season growth and large N

uptake compared with most grasses, if planted early. For example, researchers in England have

reported that winter mustard had a higher biomass production than winter rye, winter barley. and

phacelia (Phacelia tanacetifolia) (Pielder and Peel, 1992). Chapman et al. (1949) reported that

mustard reduced the mass of N leached and leachate nitrate concentration collected in a lysimeter

compared with no cover treatment. On sandy soil, the rape cover crop reduced NO leaching losses

from 239 to 89 kg N ha', and on clay soil corresponding losses were reduced from 156 to 50 kg N

ha-' (Bertilsson, 1988). Researchers in Florida (Yolk and Bell, 1945) found that turnips (Brassica

rapa L.) took up 65 kg N ha-1 in main root plus aboveground dry matter. Turnips reduced the amount

of N leached by 87 percent and the NO3 concentration in the leachate by 84 percent in Norfolk

sandy loam soil under 560mm of winter rainfall. Muller et al. (1989) reported that the total N uptake

values (top plus roots) for rape, radish, and cereal rye were 26, 48, and 134 kg N ha-1, respectively.

These crop N accumulations were the primary reason for the reduction in soil NO3-N. lii this study

non-grass cover crops were damaged by the cold winter weather, which accounted for the superior

performance of cereal rye in taking up N and in reducing the soil NO3- pool. Muller et al. (1989) also

noted a rapid remineralization of N with rape and radish covers during the following spring.

Mei singer et al (1991) suggested that brassica cover crops have a beneficial impact on water quality

that can amount to an average 60 percent to 75 percent reduction in N leached. However, brassicas

are not as winter hardy as grasses, and they release their N rapidly after killing.



Leguminosae The legumes have repeatedly demonstrated their value as N sources, but

their impact on nitrate leaching is uncertain. Chapman et al. (1949) reported that legumes i.e., sweet

clover (Melilotus indica L.) and purple vetch (Vicia atropurpurea L.), were less effective than

mustard in reducing nitrate leaching. For example, the legumes reduced the mass of N leached by 24

percent compared with an 80 percent reduction for mustard. Legumes reduced the nitrate concentrate

in the leachate only 6 percent compared with an 80 percent reduction for mustard, because legumes

rely more on nitrogen fixation than on soil nitrogen uptake to meet their N requirement. Nielsen and

Jensen (1985) compared annual ryegrass with legume cover crops i.e., red clover (Trifolium pratense

L.) and black medic (Medicago lupulma L.) in Denmark and found that the soil NO3- levels were

lower beneath the legumes than beneath fallow plots, but the annual iyegrass lowered the soil NO3-

pool the most. They concluded that the annual ryegrass was more efficient than the legumes in

reducing soil mineral nitrogen levels during fall and winter. A study done on Norfolk sandy loam,

Hartsells fme sandy loam, and Decatur clay loam showed that oats reduced NO3- leaching more than

hairy vetch in all three soil types (Jones, 1942). Meisinger et al. (1990) reported that there was no

impact on NO3- concentration in shallow ground water by hairy vetch, but cereal rye reduced the NO,

concentration in shallow ground water by 29 percent. In this study cereal rye accumulated about 60

percent of the residual corn fertilizer N by mid-April, which is its nonnal kill date in the area. Annual

rye grass was less active than cereal rye in its early spring growth, but by mid-May it had recovered

about 53% of the residual nitrogen. Hairy vetch, crimson clover, and chickweed (native weeds)

recovered no more than 10% of the residual N. However, legumes contained an average of 168 kg N

ha-' compared with an average of 90 kg N ha-' in grasses. Legumes were vigorous and healthy, but

did not rely on recycling residual fertilizer nitrogen. Meisinger et al. (1991) concluded that

nonlegumes are superior to legumes in reducing NO3- leaching, with average reductions of 70 percent

for non legumes and 23 percent for legumes. The legumes are usually slow to establish and exhibit
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little fall growth, which allows NO to leach below their root zone before they resume active spring

growth. Non-legumes are quick to establish and exhibit rapid fall growth which allows them to

compete in a timely manner with NO leaching.

It has been concluded that there is not a single cover crop that possesses attributes of both

high reduction in winter NO3- leaching and high N contribution to the next crop. Mixing species to

obtain some of the benefits of both is possible. For example, a mixture of cereal rye and hairy vetch

could provide some N conservation and some added N supply. Though mixtures have been

evaluated, there is little information available on the ability of mixtures to effect ground water quality

(Mitchel and Teel, 1977; Moschler et al., 1967).

Limitations of cover crops

There are several myths about the usefulness of cover crops. These myths should be replaced

by facts through well-designed, long-term experiments (Lal et al., 1991). However, because of the

interacting requirements and effects of cover crops, in some locations it may be difficult to choose

and manage cover crops in the most environmentally and agronomically sound manner (Auburn and

Bugg, 1991).

A disadvantage of water use by winter cover crops is the lowering of soil-water reserves for

the next crop (Decker et al., 1994; Karlen, 1990). In semiarid climates, this may prevent the use of

cover crops altogether, unless irrigation is available (Rasnake, 1991). Even in subhumid and humid

climates, if cover crops are allowed to grow very late, their water use may exceed rainfall and deplete

the soil water reserves needed by the summer crop (Ebelhar et al., 1984; Holderbaum et al., 1990).

Therefore, delayed germination and reduced early season growth can occur in the spring crop

(Wagger et al., 1988; Campbell et al., 1984). This limitation can be minimized by early spring killing

to allow for timely water recharge for germination (Rasnake, 1991).
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Because of their low-N concentration (high C:N ratios), the limitation of greater N

immobilization is an inherent characteristic of cool-season grasses, This leads to a greater fertilizer

need in early season (Hargrove and Frye, 1987; Holderbaum et al., 1990; Wagger et al., 1988;

Francis et al., 1994; Linden and Waligren, 1993). This limitation is commonly met with increased

fertilizer N additions, or can be minimized by early killing (Wagger, 1989), or by using grass-legume

mixtures (Mitchel and Ted, 1977).

The choice of a legume cover crop is the best for reducing reliance on commercial fertilizer-

N, but it may have negative side effects. They may build up plant parasitic nematodes and increase

water consumption (Auburn and Bugg, 1991). However, Mckenry (1990) has shown a wide range of

nematode susceptibility as well as tolerance among cover crops. Reduced soil temperatures (Gupta et

al., 1983) and possible production of allelopathic compounds (Anderson et al., 1988; Martin et al.,

1990) are also considered as limitations for growing cover crops.

Planting time, which is a critical issue in cover crop systems, depends on the maturity of the

summer crop. It is often possible to hasten cover crop planting by a few weeks by selecting earlier-

maturing summer crop cultivars, planting summer crops early etc.,. But all of these approaches

require more timely management, management skills and proper equipment. It requires planting

material which is an added expense to the establishment cost (Meisinger et al., 1991; Jackson et al.,

1993a).

Impact of Cover Crops on Ground Water

Because it is a highly mobile nutrient, nitrogen is the most difficult element to manage in

agriculture. Nitrogen can leach into ground water when two prerequisites are met; 1) the soil contains

significant amounts of NO3, and 2) water percolates below the root zone. These conditions occur

most frequently during the fall and winter groundwater recharge seasons when evaporation is low and



precipitation exceeds the soil water holding capacity. The fall and winter period often coincide with

high soil nitrate levels resulting from residual fertilizer nitrogen, or from the fall mineralization of

soil organic matter and crop residues (Meisinger Ct al., 1991). Agriculture is considered to be the

largest area! contributor to nonpoint-source water pollution in the U.S. (National Research Council,

1989). Winter cover crops can influence this nitrate leaching by influencing the soil water budget,

effecting the soil NO3- content, and synchronizing competition with the water recharge season.

Soil water budget

Evapotranspiration - Winter cover crops directly affect the soil water budget through

evapotranspiration, whereby crops lose water to the atmosphere as drymatter is produced and reduce

the quantity of soil water available for leaching (Wagger and Mengel, 1988; Zachariassen and

Power, 1991). Actual water use values vary with such factors as type of cover crop, degree of water

stress, climate, and soil fertility status, The extent of soil water depletion can make the difference

between leaching NO3- out of the root zone or retaining it within the root zone for uptake by the

winter cover crop or the next cash crop (Meisinger et al., 1991).

Infiltration Winter cover crops can affect the water budget by reducing surface runoff

which increases infiltration and thus increases the potential for leaching. The reduction of surface

runoff originates as the cover crop canopy breaks the kinetic energy of falling raindrops and

increases the residence time of water at the soil surface (Meisinger et al., 1991). Cover crops also

reduce soil surface strength and increase soil permeability, increasing infiltration (Folorunso et al.,

1992). Cover crop effects on infiltration depend on the rainfall intensity, soil infiltration rate, and the

slope of the site. The effect of a cover crop on infiltration will be minimal in low intensity rain

events and on level soils which already have a high infiltration rate.



29

Net effect The net effect of cover crops on evapotranspiration arid infiltration will

determine the rate of nitrate leaching to the vadose zone. This will depend on site specific factors

such as the rate of cover crop dry matter production, the degree of soil cover, the rate of soil

infiltration and rainfall intensity.

Soil NO3 pool

Winter cover crops can reduce the soil NO3- pool via plant uptake, and thus reduce the

available soil NO3- for leaching during winter rains. In areas with coarse-textured soils and low

rainfall, or in areas where fall and winter rainfall ensures percolation beyond the root zone, the most

practical method to reduce NO3- leaching is to reduce the size of the available soil NO3- pool at the

start of the recharge period. For this purpose, winter cover crops can be used efficiently to convert

highly mobile soil NO3- into immobile plant organic matter.

Legume cover crops use symbiotic nitrogen fixation to get some or all of their nitrogen

requirement; however, nitrogen fixation will not begin until the available soil NO3 N pool decreases.

Prior to the onset of nitrogen fixation, plants will depend on the easily accessible soil NO3 N pool

(Havelka et al., 1982). Therefore, legumes have the potential to reduce NO3- leaching to the extent

that they use soil nitrogen before they start nitrogen fixation.

Total nitrogen uptake by legume cover crops depends on their total dry matter production

and the plant nitrogen concentration. Legume cover crop species can differ significantly in tissue

nitrogen concentrations. For example, vetches commonly contain 3 to 4 percent nitrogen, while

crimson clover contains about 2 to 3 percent (Hargrove, 1986; Ebelhar et al., 1984; Frye et al.,

1988). Therefore, with the same dry matter production, a vetch cover crop can uptake 1.5 to 2 times

more nitrogen than a crimson clover crop.
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Similarly, nitrogen uptake in nonlegume cover crops is the product of tissue nitrogen

concentration and total dry matter production. However, in nonlegumes total nitrogen uptake is more

directly affected by dry matter production than by tissue nitrogen concentration. Differences in

nitrogen concentration among non-legume species are much smaller than among legume cover crops

(Holderbaum et al., 1990; Wagger et al., 1988). Thus a non-legume cover crop which produces the

greatest dry matter will usually immobilize the greatest quantity of soil NO3-.

With regard to dry matter production, attention is normally given to the above ground plant

biomass, yet below ground dry matter production is equally important where soil NO3

immobilization is concerned. Generally, a cereal rye cover crop has 20 to 30 percent of its total dry

matter in roots, but annual rye grass has about 30 to 45 percent of it's total dry matter in roots

(McVickar et al., 1946; Mitchel et al., 1977; Pieters, 1927).

In addition to dry matter production and tissue nitrogen concentration, rooting characteristics

are also important to efficient NO3- immobilization. An ideal root system would penetrate deeply and

have a high root density. Deeply rooted crops may limit NO3 losses by N accumulation and by their

use of water deep in the soil profile. Because NO3 moves with soil water, both upward and

downward fluxes occur, depending on water potential differences with depth (Nielsen et al., 1980).

Mathers et al., (1975) reported that alfalfa could effectively remove NO3 from the upper 1.8 m of

soil during the first year and down to 3.6 m ii the second season. However, the presence of abundant

effective nodules on roots of alfalfa at depths to 2.5 m (Fox and Lipps, 1955) implies that N

deposited far below typical rooting depths of many crops could readily enter the ground water. This

can be a disadvantage of the deep-rooted crops in regard to ground water quality. However, soil

conditions will affect the root depth, total length, and distribution, thereby limiting the ability of

deeply rooted crops to scavenge NO deposits in the deep soil profile.
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Martinez and Guiraud (1990) suggested that nitrate leached during autumn and winter

comes in large part from mineralization of organic N. Winter annual cover crops affect the quantity

of mineralizable soil N. Cover crops influence rates of mineralization and immobilization of N

primarily by virtue of the energy source provided by organic matter. The balance between carbon and

nitrogen in the soil organic matter determines whether organic N is mineralized to an available form

such as NH47 and later to NO3- or is immobilized by incorporation into the tissues of

microorganisms. Most soils have a C:N ratio of 10:1, while crop residues have a C:N ratio of 20:1.

Thus, as crop residues undergo microbial decomposition, NO available for crop uptake or for

leaching drops to veiy low levels. As the degradation of organic matter continues, the C:N ratio

drops and net mineralization becomes positive, supplying the plant with available nitrogen. Cover

crops influence this cycle in two ways: via exudations and inert root tissues they increase the organic

matter of the soil (increasing the C/N ratio); and they compete with microorganisms for any newly

mineralized N present in the soil (Schepers and Mosier, 1991). In addition, nitrifying bacteria may be

suppressed by root exudates causing lower nitrification rates in the rhizosphere (Richards, 1987).

Timely competition

Timely competition is the synchronization of the soil water budget andNO3 uptake by cover

crops to compete with the leaching process to reduce groundwater contamination. If the ground water

recharge period starts in late fall, then the cover crops should quickly establish and grow vigorously

in early fall before the soil NO3 pool is leached. A cover crop with little faIl growth but much spring

growth will not effectively reduce NO3 leaching because it cannot affect the winter water budget and

NO uptake will not occur before the soil NO3 pool has leached into the deeper layers (Meisinger et

al., 1991).
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Management

For winter cover crops to improve ground water quality, management practices must be

adjusted to maximize direct competition between cover crop NO3- uptake andNO3- leaching.

Management practices such as time of planting, method of planting, and seeding rate are important

for good fall growth and NO uptake (Ditsch and Alley, 1991). In general, winter cover crops should

be planted as early as possible for maxinmm effect on NO leaching. The ability of cover crops to

remove mineral N from the soil profile before the onset of winter leaching is largely determined by

their planting date (Christian et aL, 1992), Barraclough and Leigh (1984) showed that September-

planted wheat made substantial root growth throughout the winter in England. In March, the roots

under the September sown crop measured 10.1 km m' of soil, but October-planted wheat roots

measured only 2.3 km m3. Furthermore, the early-planted wheat roots reached the 1 m depth by early

December, while October-planted wheat roots did not reach this depth until April. Widdowson et al.

(1987) reported that September-planted wheat took up 1.9 kg N ha-' week', while October-sown

wheat took up only 0.7 kg N ha-' week'1. Stayer et al. (1989) reported that the average December N

uptake of cereal grain cover crops sown in mid-September was 81 kg N ha-', while those cover crops

sown in mid-October accumulated only 17 kg N ha-'. Therefore, it can be concluded that early

planting allows more extensive early root growth and more efficient immobilization of the soil NO,

pool. Though early planting has beneficial effects on NO3 immobilization, the feasibility of early

planting depends on a number of factors such as equipment capabilities, soil moisture, and the length

of the summer crop growing season. Seeding into a standing crop, or interseeding, allows for early

establishment of cover crops and virtual year-round crop growth, which is ideal for minimizingNO3

leaching.

Seeding rates also can be adjusted to improve NO3' immobilization efficiency. Widdowson et

al. (1987) reported a linear relationship between December N accumulation by winter wheat and
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plant density. The conventional seeding rate of 1-2 bushels/acre for cereals may be increased to 2-4

bushels/acre with 10 cm spacing to increase NO uptake by the cover crop (Meisinger et al., 1991).

Modeling NO immobilization

Direct cover crop effects on water quality are site-specific. They depend on the site's winter

rainfall and temperature, the soil water holding capacity and hydraulic properties, soil organic matter

content and crop residues, and the rate and timing of previous N additions. An overall assessment of

the relationships between cover crops and ground water quality is a complex problem for large areas,

because of the range in climates, agronomic practices, and soils. Simulation models such as Erosion

Productivity Impact Calculator (EPIC) can be used for estimates in these complex situations.

The EPIC model has been used to predict differences in N leaching for different cover crop

systems (Williams et aL, 1984). These evaluations show that accurate simulations of plant N uptake,

cover crop water use, and organic matter mineralization are important components in predicting

percolation andNO3 leaching. Simulated NO3 leaching seems quite sensitive to the size of the soil

NO pooi when percolation begins.

EPIC simulations have predicted that winter cover crops beneficially impact leachate water

quality across much of the U.S. Benefits were greatest with grass cover crops in warmer regions

favoring rapid fall growth. In northern locations, where fall and winter growing conditions were not

as good as in the southeast and semiarid west, predicted benefits were smaller. With regard to ground

water contamination, EPIC has forecast positive cover crop effects on highly leachable sandy soils,

and on high organic matter soils where N management is complicated (Meisinger et al., 1991).
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Impact of Cover Crops on Soil Fertility

At the turn of the century, mechanization of farming practices brought massive acreage of

fertile virgin lands into cultivation. Without replenishment of nitrogen, other nutrients and organic

matter, productivity of these lands dramatically declined and agricultural sustainability was

threatened. Thus, sustainable agriculture concepts arose, i.e., reduced tillage, crop residue

conservation, green manure incorporation and etc., to increase soil organic matter content and to

rebuild soil productivity.

The use of cover crops in recovery and maintenance of soil productivity is a relatively new

concept and not universally recognized (Bruce et al., 1991). Results, however depend on the

inclusiveness of the term "cover crops." Cover crops are defmed as crops seeded on land needing to

be protected from wind and water erosion and from nutrient losses by leaching and which may serve

at the same time as green manure crops (Hughes et al., 1957). But Sanford (1982) defmed cover

crops as crops grown primarily for the purpose of protecting and improving soil between the regular

growing seasons, or crops grown to fill gaps in the field during the regular season. Further, he

defmed green manure crops as crops grown for incorporation into the soil while still green or soon

after maturity, They are grown mainly for soil improvement. Therefore, it is important to distinguish

between cover crops and green manure crops (Bruce et al., 1991).

Appropriate cover crops can reduce chemical fertilizer and organic amendments and still

produce main crop yields equivalent to those produced with conventional fertilizer rates. But

productivity depends on a number of factors including: a) soil and weather conditions during

development and decomposition of the cover crop; b) the length of time that the cover crop is present

and actively growing; c) the quantity of biomass produced; and d) the cover crop species (Lal et al.,

1991). Since cover crop effects depend on soil-crop-climate factors, results of cover crop

applications may have apparent contradictions.
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Impact on soil organic matter

New crop varieties translocate much of their carbon to economic yield and correspondingly

less to the soil at harvest (Boyle et aL, 1989). Further, soil organic matter levels are declining

because of intensive tillage. Tillage stimulates the microbial decomposition of crop residue and

residual soil organic matter. New tillage practices and machinery accelerate this problem (Smith and

Elliott, 1990). Therefore, a rapid decline in soil organic carbon has been observed with continuous

cultivation (Campbell et al., 1976; Stevenson, 1965).

Cultivation and cropping effects on soil organic matter depletion have received attention

because the soil organic fraction provides available plant nutrients and helps maintain desirable soil

physical properties (Allison, 1973; Haas et al., 1976). Black (1973) reported that the addition of

organic residue is one of the most important factors influencing soil N and organic matter in semiarid

regions. Larson et al. (1972), observed a linear relationship between the amount of residue applied

and changes in soil carbon, but the relationship was essentially independent of the kind of residues

(i.e., corn stalks, alfalfa, or oat straw). Therefore, cover crops can be used to increase soil organic

matter, nutrients, and soil productivity. They offer an onsite source of plant bioniass to restore or

maintain soil organic matter levels and soil biological activity.

The recovery and maintenance of soil productivity depends on the cover crop biomass and

what is done with it. Applying cover crop mulch to the soil surface protects the soil from erosion,

provides decomposable biomass that will stimulate soil surface restoration, and stabilization, as well

as create an increasing soil volume with a dynamic soil organic pool (Bruce et al., 1991). In a bare

soil surface which is exposed to rain, soil aggregates break down due to drop impact. Soil clays are

physicochemically dispersed and migrate into the soil and clog pores immediately beneath the

surface. This can cause crust fonnation, and increase runoff and soil erosion potential (Shainberg,

1985), and reduce seedling emergence (Orzolek, 1987). Tillage that mixes or incorporates the
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biomass stimulates oxidation and dilution of the decomposition products, thus disrupting the flow of

energy and materials, and can rapidly recreate an unstable soil surface (Bruce et al., 1991). Intensive

tillage produces a flush of nutrients with an associated yield increase, but the short tenn result and

the flush of nutrients and increase in yield will diminish with each succeeding tillage season (Smith

and Elliott, 1990).

In order to restore and maintain soil productivity, cover crops must provide adequate

quantities of a combination of recalcitrant and labile organic materials to sustain the physical,

chemical, and biological processes essential for developing and maintaining a stable soil surface

(Bruce et al., 1991). A crop culture that continues to supply decomposing materials at the soil

surface will in time affect the soil to an increasing depth, closely mimic the undisturbed vegetation

system, and restore soil productivity (Bruce et al., 1991). Therefore, it is important to distinguish

between cover crop biomass that is soil incorporated and that which is retained on the soil surface as

a decomposing mulch.

Alternatively, cover crops can be burned. Though burning has some short term benefits, it

has a negative impact on soil productivity. Mainly, burning greatly reduces the contribution of the

crop biomass to the soil organic matter pool (Sanford, 1982).

Moschler et al. (1967), compared cereal rye, wheat, oats, barley, and Italian rye grass in

Virginia on four soils types prior to no-till corn over a five year period. Cover crops were killed with

herbicides 10 days before corn planting. Bioinass production ranged from 1.6 to 8.2 Mg ha-' with rye

> wheat> barley > oats. The highest corn yield was associated with the heaviest cover crop mulch.

The rye cover crop produced corn yields 44 percent higher than the conventional. Inclusion of

legumes, i.e., hairy vetch or crimson clover, in the winter grain seeding slightly increased mulch

production but not corn yield. In Georgia, Gallaher (1977) reported 46 percent and 30 percent yield

increases in corn and soybean, respectively, when planted into killed standing rye versus rye stubble
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after harvest; the researchers concluded that superior water conservation was the primary reason for

the yield difference. Folorunso et al. (1992) reported that cover crops have the potential to both

reduce soil surface strength and to increase soil permeability. Similarly, Bruce et al. (1991)

concluded that non-legume cover crop mulches create a favorable soil water regime through

increased infiltration and reduced evaporation.

Eckert (1991) reported that adding a cereal rye to no-till continuous corn (Zea mays L.),

continuous soybean [Glycine max (L) Merr.], and a corn-soybean rotation had no effect on organic

carbon concentrations. The biomass produced by a winter cover crop is relatively small and is

lessened considerably by the existing C content of the soil and any residue left after harvest of a grain

crop. Thus a significant enhancement of soil C concentration may not be possible with winter cover

crops; however, the presence of extra mulch on the soil surface in the spring does deserve

consideration as a potential sink for nitrogen fertilizers. It also can influence herbicide action.

Hoyt and Hargrove (1986), and Frye et al. (1988) reviewed the role of legume cover crops in

water and N use efficiency, and soil management. They concluded that, though legumes contribute

significant amounts of N to the soil, their contribution to the soil organic matter pooi is not

significant. However, Patrick et al. (1957) found that hairy and common vetches improved soil

aggregation, bulk density, and noncapillary porosity, They summarized their work by stating that the

physical conditions were better in cover crop plots than in non-cover crop plots.

After a long term cover crop study, Proebsting (1952) reported no increase in soil organic C,

but Shennan (1992) attributed this apparent discrepancy to the fact that the samples were taken from

the upper 30 cm and would have masked differences in the surface layers. This explanation is

supported by Groody (1990) who found significantly higher organic C levels in the surface 5 cm of

vetch and oat/vetch plots than in bare fallow plots. Similarly, after 10 years of study, Morgan et al.

(1942) described a lysimeter study which demonstrated the positive impact of cover crops on soil
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organic matter. In this study, surface soil organic matter levels for non-cover, oats, rye, and timothy

were 1.9 , 2.2, 2.3, and 2.2 percent, respectively. However, Franzluebbers et al. (1995) reported that

short-and medium-term changes in soil organic carbon often are difficult to quantif' because of the

large pooi size and inherent spatial variability.

Organic C or total N may not, however, be the most useful indicators of changes in soil

properties that relate to tilth and structural characteristics. Properties relating to soil aggregation and

biological processes are thought to be important, particularly for long term maintenance of soil tilth

(Karlen et al., 1990). Roberson et al. (1991) found significant improvements in macroaggregate

slaking resistance and saturated hydraulic conductivity in cover-cropped vs. clean-cultured treatments

in the absence of any changes in organic C content. These improvements correlated with enhanced

production of heavy fraction carbohydrates in the soil, which are thought to be extracellular

polysaccharides produced by microorganisms in response to cover crop C inputs (Roberson et al.,

1991). Bohn et al. (1985) stated that the frequent addition of easily decomposable organic residues

led to the synthesis of complex organic compounds (e.g., polysaccharides) that bond soil particles

into aggregates. The intimate association of clay-sized particles (layer silicates) with humus via

cation bridges also promoted aggregation. In support of these findings, Lal et al. (1980) reported on

changes in soil properties in response to mulching. They applied 0, 2.2,4.5, 6.7 and 13.5 Mg of dried

rice straw per hectare twice a year for two years and found that mulch rates of 6.7 to 13.5 Mg ha-' per

season were adequate to maintain satisfactory physical and chemical conditions as well as favorable

activity of soil fauna.

Impact on plant nutrients

Sustainable agriculture and low input agricultural systems rely heavily on residual plant

nutrients. Thus there is an interest in the use of winter cover crops to retain and recycle plant



39

nutrients during the dormant season. The efficiency of this process depends to a large extent on

climate, growth stage of the cover crop, quality of the cover crop, soil and cropping characteristics,

and tillage practices (Doran and Smith, 1991). However, except for organic C and N components,

effects of cover crops on soil chemical properties have received much less attention.

The impact of winter cover crops on soil N enrichment is mainly attributed to N2 fixation by

legume cover crops (Ebeihar et al., 1984). For example, Doran et al. (1987) reported that

mineralization of a hairy vetch cover crop (which has 181 kg N ha-1 in its above-ground biomass)

increased soil nitrate N by 103 kg N ha-1 in the first 30 cm of soil within one month after

incorporation. Similarly, a late-kill hairy vetch (mid-May in Maryland ) produced 149 kg N ha

(Clark et al., 1995). The concept of N-fertilizer equivalency, which depends on the N content and the

mineralization potential of the crop, has been used to estimate cover crop capacity to supply N to the

spring crop. This value commonly ranges from 55 to 135 kg N ha-1 for legumes, but it is lower or

negligible (perhaps negative) for non-legumes (Doran and Smith, 1991).

Spring crops can receive significant amounts of N from legume cover crops, but N

availability should coincide with the crop N requirement. Early season N release depends on a

number of biotic and abiotic factors, mainly microbial mineralization and immobilization of C and N

which is influenced by the C:N ratio of the crop residue. Legumes have greater mineralization

potential than non-legumes as indicated by low C:N ratios of less than 20:1 (Doran and Smith, 1991;

Samson et al., 1991). Thus most of these legumes release the majority of their N within the first 14

days. For example, wooly pod vetch has shown rapid mineralization and nitrification within 10-15

days after incorporation (Sherman, 1992), because microbial activities will be accelerated by the

large amount of available nitrogen (Somda et al., 1991). Mineralization of N also depends on the

degree of incorporation into the soil, soil temperature, and soil moisture status (Wagger, 1989).
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Generally above-ground biomass production of winter cover crops (i.e., legumes and

nonlegumes) in the northern U.S. ranges between 2000 to 6000 kg ha-1, and N accumulation varies

between 50-200 kg ha-' (Doran and Smith, 1991). For example, hairy vetch has produced 3350 kg

ha-1 biomass in Kentucky (103 kg N ha-') (Blevins et al., 1990), and crimson clover has produced

3540 kg ha1 in Georgia (108 kg N ha-') (McVay et al., 1989). Similarly, non-legumes such as cereal

rye have produced 2010 kg ha' in Kentucky (14 kg N ha4) (Blevins et al., 1990), and barley 4870 kg

ha-' (60 kg N ha-1) in California (Williams and Ririe, 1957). Non-legumes have lower N content and

a higher C:N ratio than legumes and mineralization is slower. Thus, plant N from legumes is

available for the following crops during more optimum periods, but nonlegwne residues may tie up

available N longer (Huntington et al., 1985). Because of this immobilization of N during the

cropping season (Doran and Smith, 1991; Linden and Waligren, 1993; Francis et al., 1994), non-

legume cover crops increase the fertilizer N requirement for the spring crop (Hargrove, 1986). This

was also observed by Liebman et al. (1995) who reported that dry beans (Phaseolus vulgaris L.), an

inefficient fixer of nitrogen, produced yields 26 percent lower in the no-till rye mulch system than in

the conventional system, but yields increased with N fertilizers in both systems. However, Evanylo

(1991) reported that rye incorporated into the soil in March for potato production in mid Atlantic

states had C:N ratios which favor mineralization rather than immobilization of N.

Crop residues are considered to be a potential source of phosphorus (P) which may release P

during decomposition which is available for uptake by subsequent crop growth in the spring (Smith

and Sharpley, 1990). Phosphorus availability is limited by the quality of the residue incorporated.

For example, alfalfa, corn, oat, and wheat had 1745, 750, 908, and 1004 mg P per kg, respectively

(Sharpley and Smith, 1989). Further, P mineralization occurs in residues with C:P ratios of 200:1 or

less, but if the ratios are over 300:1 immobilization occurs (Dalal, 1977; Fuller et al., 1956).
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Hargrove (1986) reported some tendency for cover crops to reduce available P near the soil

surface. Eckert (1991) reported that addition of a rye cover crop had little effect on the distribution of

P. In his no-till rye cover crop and crop rotation experiment, there were no differences in P levels in

different crop rotations except for continuous corn. This was explained by Lal et al. (1991) on the

basis that available P was converted to organic forms not accessible to the soil test extractant upon

absorption by cover crops.

Sharpley and Smith (1989) and Harrison (1987) considered the mineralization of organic P

to be an important source for crop uptake as well as runoff losses because significant amounts of P

loss have been reported in some sites (Hamlett and Brannan, 1991). Further, they reported a

reduction in P loss by the inclusion of a rye cover crop. This was supported by Sharpley and Smith

(1991) who reported that the inclusion of cover crops in rotation systems consistently decreased

runoff, soil loss, and thus the amounts of N and P transported. This effect is more important for P

than N due to the lower mobility of P.

Hargrove (1986) found that inclusion of several cover crops in a continuous no-till grain

sorghum system concentrated exchangeable K in the upper 7.5 cm of the soil profile relative to a

fallow control. This K was apparently absorbed from deeper in the profile and deposited near the

surface in the cover crop residue. Eckert (1991) reported an accumulation of exchangeable K at the 0

to 5 cm depth in no-till systems with rye cover crop. Though rye cover crop did not affect the

exchangeable K concentration below the 5 cm depth immediately, this surface accumulated K

gradually moved into the soil profile.

Eckert (1991) reported that the distribution of exchangeable Ca and Mg concentrations were

not affected by a rye cover crop. The lack of effect on these cations could be due to relatively

insignificant uptake compared to quantities in the soil. As far as other chemical attributes are

concerned, Hargrove (1986) noted that legume cover crops tend to reduce the soil pH relative to
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control plots. Pierre et al. (1973) found that soil acidification due to nitrification was reduced by the

presence of oats compared to uncropped soil.
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CHAPTER 3
EFFECTS OF WINTER COVER CROPS FOLLOWING POTATO (Solanum tuberosum L.)

ON SOIL NITRATE IN THE COLUMBIA BASIN

Abstract

High N fertilization and limited crop uptake of N during the growing season combined with

mineralization and nitrification of organic N incorporated at harvest may result in high soil nitrate

concentrations in potato fields. High soil NO3 -N concentrations can be reduced before winter

leaching by use of fall-planted cover crops which incorporate soil NO3 -N.

Field trials were conducted in north central Oregon to investigate the effectiveness of various

winter cover crops in utilizing residual soil NO3 -N and reducing NO3 -N losses following potato.

Winter wheat (Triticum aestivum L. cv. Stephens), winter barley (Hordeum vulgare L. cv. Hesk),

spring barley (Hordeum vulgare L. cv. Steptoe), cereal rye (Secale cereal L. cv. Wheeler),

triticale (X triticosecale Wittm. cv. Whitman), and rape (Brassica napus L. cv. Humus) were

compared to winter fallow in 1992-1993 and 1993-1994 following potato to detennine effects on

soil NO3 -N, soil NH4-N, dry matter yield (DMY), and N uptake (NUP).

Cereal crops produced greater early biomass than rape. Rye, with 4.41 Mg ha-' in March,

1993, and 3.44 Mg ha' in March, 1994 was superior to other cereals in both early and total biomass.

Rye surpassed the other cover crops in NTJP by December in both wet, cold and dry, warm

conditions.

Rye, winter barley, spring barley, winter wheat and Iriticale reduced soil NO3-N in the 0-0.9

m zone by 87, 84, 83, 81, and 72 percent respectively, in the fall of 1992 and by 86, 62, 63, 65 and

59 percent in the fall of 1993. Rape reduced NO3-N in the 0-0.9 m zone by 55 percent in fall, 1992

but caused no reduction in fall 1993. The fallow treatment did not affect NO3-N in fall 1992 but
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showed an increase of 43 percent in fall, 1993. Fallow treatment lost an average of 107 kg NO3-N

ha1 from the 0-0.9 m soil profile in the winter of 1992 and 78 in winter 1993.

Rye caused similar fall reductions in NO3-N in both 1992, and 1993. Thus, rye appears to

be the best of the tested cover crops for reducing soil NO3-N entering the winter rainy period in the

Columbia Basin.

Introduction

The Oregon Legislature passed House Bill 3515, the Ground Water Protection Act,

(GWPA) in 1989 to help maintain water quality. Under the auspices of that act, the Department of

Environmental Quality has established two Groundwater Management Areas in the lower Umatilla

Basin and in the Treasure Valley Region of Maiheur county in northeastern Oregon. Groundwater

NO3 -N concentrations have exceeded the federal standard of 10 ppm in both areas (Pettit, 1990).

Approximately 144,000 hectares, which account for most of Oregon's potato production, are

included in the lower Columbia Basin groundwater management area (Oregon House Bill 3515,

section 17 through 66, 1989).

Fertilization practices and readily decomposable harvest residues left in the field contribute

to high concentrations of NO3-N in soils previously cropped to potato (Macdonald et al., 1989;

Pumphrey and Rasmussen, 1983; Istok, 1991; Babcok, 1992; Carreck and Christain, 1993). The

shallow potato root system (Harris, 1978) uses residual nitrogen from previous seasons ineffectively

and contributes to long-term NO3 -N accumulation below the rooting zone (Milburn et al., 1990).

Post-harvest NO3- levels in potato fields have been found to range from only a few to several

hundred kg ha1. It has been estimated that some soils in northern Maiheur county contain

approximately 700 kg ha of nitrogen as nitrate and approximately 250 kg ha' nitrogen as

ammonium (Istok, 1991). Residual NO3-N levels of 334 kg ha have been found in Umatilla county
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fields previously cropped to potato (Pumphery and Rasmussen, 1983). Though potato production

has apparently contributed to high soil N levels in both of these areas, different soil, climatic, and

production parameters have contributed to differences in residual soil N levels between the two

(Mosley Pc, 1995). In general, Malheur county potato fields have been intensively cropped much

longer than those in Umatilla county.

Best management practices are designed to prevent excessive soil NO3-N accumulation

during the growing season (McMorran, 1994; IRZ, 1993; del Nero, 1994). Nitrate nitrogen which

accumulates in the soil profile during the growing season is subject to leaching in the fallow period

during the winter rains (Guillard et al., 1995; Jackson et a!, 1993a; Jokela, 1992; Roth and Fox,

1990; Jokela and Randall, 1989; Thomas and McMahon, 1972). It is probably not possible to

totally eliminate NO3-N losses beneath the rooting zone and maintain present production levels in

sandy soils (Watts and Martin, 1981; McMorran, 1994; Brinsfield et al., 1991; Guillard et al.,

1995). Some leaching of nutrients must occur to avoid salt buildup in agricultural soils.

In addition to residual fertilizer N, inorganic N is added to the soil profile by mineralization

(Thomas and McMahon, 1972; Jackson et al., 1993b; Martinez and Guiraud, 1990; Powlson et al.,

1985; Lamb et al., 1985). Therefore, methods are needed to recycle excesS residual soil N after

harvest and synchronize its release with uptake by subsequent crops the following spring (Jackson et

aL, 1993; Pumphrey and Rasmussen, 1983; Meisinger et al., 1991). This scenario presents an

excellent opportunity for growing another crop in the fall to incorporate highly mobile soil NO3,

convert it into an immobile organic form, and remineralize it in early spring. Winter cover crops

present a useful options under these circumstances.

Cover crops are effective in stabilizing residual fertilizer-derived and mineralized organic

NO3 and NH which constitute the N species of most interest in terms of plant uptake and

groundwater contamination (Ditsch et al., 1993; Jackson et al., 1993; Stayer and Brinsfield, 1990;
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Shipley et al., 1992; Shephered et al., 1992; Guillard et al., 1995; Miller et al., 1994). They deplete

the soil nitrate pool relative to fallowing even when grown for periods as short as 13 weeks (Jackson

et aL, 1993a). Nielsen and Jensen (1985) reported that inorganic N levels in the soil profile were

approximately halved during fall and winter in plots with cover crops in comparison to plots without

cover crops. In addition to nitrogen uptake, cover crops also influence NO3 -N leaching through fall

and winter water uptake (Keeney and Follett, 1991).

Brassicas and grasses generally are better than legumes in sequestering excess soil NO3

(Meisinger et al., 1991; Holderbaum et al., 1990). Among grass cover crops, cereal rye has been

identified as a highly effective winter cover crop in sequestering excess soil NO after a summer

crop (Ditsch et al., 1993; Stayer and Brinsfield, 1990; Shipley et al, 1992; Koemer and Power,

1991). Ryegrass cover crop also has reduced the inorganic N content in the soil profile (0-0.9 m) by

one half and reduced leaching by two thirds (Alve'n'as and Marstorp, 1993). However, annual rye

grass has less aggressive early growth than cereal rye (Meisinger et al., 1990).

Promising results for reducing the NO3-N concentration of the soil and NO3-N leaching

have been reported with brassica winter cover crops such as rape and radish (Raphanus sativus L.)

(Bertilsson, 1988; Muller et al., 1989; Martinez and Guiraud, 1990). But, brassicas are less winter

hardy than grasses (Muller et al., 1989; Meisinger et al., 1991).

Residue decomposition in September and October in the lower Columbia Basin produces

excess nitrate (Pumphrey and Rasmussen, 1983). Martinez and Guiraud (1990) suggest that the

nitrate leached during autumn and winter comes in large part from mineralization of organic N.

Winter cover crops can influence the rate of mineralization and immobilization of soil N (Richards,

1987). The influence of cover crops on the rates of mineralization and immobilization of N is

primarily by virtue of the energy source provided by organic matter inputs. The balance between C

and N in the soil organic matter determines whether organic N is mineralized to a plant available
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form such as NH4and later to NO3 -or is immobilized by incorporation into the tissues of

microorganisms. Most soils have a C:N ratio of 10:1, while crop residues have a C:N ratio of 20:1,

thus as crop residues undergo microbial decomposition, N available for crop uptake or for leaching in

the form of NO3- decreases to very low concentrations. As the degradation of organic matter

continues, the C:N ratio drops and net mineralization becomes positive, supplying the plant with

available nitrogen. Cover crops influence this cycle in two ways. Via exudation and inert root tissues

they increase the organic matter and the C:N ratio of the soil; they also compete with microorganisms

for any newly mineralized nitrogen present in the soil (Schepers and Mosier, 1991). In addition,

nitrifying bacteria may be suppressed by root exudates causing lower nithfication rates in the

rhizosphere (Richards, 1987).

Growing a winter annual crop following the harvest of a summer annual has long been

recognized for its importance in conserving soil and water and reducing wind erosion in the

Columbia Basin (Mosley, PC 1995). Recent increased concern about NO3- leaching into ground

water from residual fertilizers has renewed interest in the use of winter cover crops to immobilize

mineral N not utilized by the previous potato crop (del Nero, 1994).

Little is known about the effects of winter cover cropping on nitrate losses under Columbia

Basin conditions. This information is important if farming is to be modified to protect water sources.

This experiment was designed to measure effects of winter cover crops on nitrate losses on sandy

soils representative of the area. The specific objectives were to (1) evaluate the effectiveness of fall-

seeded annual cover crops in reducing nitrate losses during winter fallow, and (2) quantify nitrate

loss in a winter fallow system.
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Materials and Methods

Field plots

The experiment was conducted twice in two consecutive seasons (September, 1992 to May,

1993, and September, 1993 to April, 1994) at the Oregon State University Hermiston Agricultural

Research and Extension Center (}IAREC) in the lower Columbia Basin (latitude 45.8 167, longitude

119.2833 and elevation 135 m). Trials were laid out in two adjacent blocks under a center pivot

irrigation system on Adkins fme sandy loam (coarse-loamy, mixed mesic Xerollic Camborthid). The

site has been intensively cropped for more than 50 years. Summer potato preceded the winter cover

crop treatments.

Treatments were arranged to satisf' randomized complete block design with four

replications. Individual plots were 3 x 10.2 m. Six cover crops were sown on 16 September, 1992

and 18 September, 1993, respectively. A fallow treatment was also included in each replicate.

Species used were winter wheat cv. Stephens, winter barley cv. Hesk, spring barley cv. Steptoe,

cereal rye cv. Wheeler, tnticale cv. Whitman, and rape cv. Humus. Seeds were sown in rows 25

cm apart at a seeding rate of 330 seeds m2 for cereals and 135 seeds m2 for rape. Cover crops were

not fertilized and depended totally on residual nutrients.

Supplementary irrigation was provided to simulate an average high rain fall season based on

long term values (1961-1990), but irrigation could not continue beyond November due to freezing

weather iii both seasons.

The 1992-1993 winter was cold and wet. Snowfall started in mid-December and reached a

maximum of 27.5 cm on the ground in February, 1993. By contrast, the 1993-1994 winter was mild

and only 5 cm of snow accumulated on the ground for a few days in December.
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Soil and plant sampling

Soil NO3-N and NH4-N concentrations were measured in 0.3 in increments to a depth of 0.9

m in 1992-1993 and to a depth of 1.2 m in 1993-1994. Soil samples were collected during cover

crop planting in late summer (mid September), in late fall (December), and in late winter (March).

Four soil cores (internal diameter 25 mm) per unit plot were taken in 1992-1993 with a hand probe,

and three soil cores (i.d. 50 mm) were taken in each plot in 1993-1994 with a truck mounted

hydraulic probe (Gidding Machine Co., Ft. Collins, Co.). No attempt was made to auger through hard

layers located 1-1.5 m beneath the experimental plots. All cores of the same depth for a plot were

composited, mixed, and stored in sealed plastic bags at 4 C until processing.

Plant samples for dry matter estimates were taken from 0.5 m2 in the middle of each plot in

November, December and March. December and March samples were analyzed for total N.

Analyses of soil and plant samples

Soil: Soil samples were air dried at 40 C, then pulverized and sieved with a Custom

Laboratory Equipment Co. Dynacrush soil crusher (Custom Laboratory Equipment, Inc., Oregon

City, FL.). Soil passing through the 2 mm stainless steel sieve was used for chemical analyses.

Twenty grams of soil was placed into a 250 mL extracting bottle and 75 mL of 2N KC1

extracting solution was added. Extracting bottles were shaken for one hour on a mechanical shaker.

After shaking, bottles were removed from the shaker and the soil-KC1 suspension was allowed to

settle for 30 minutes. Settled suspensions were filtered through Whatman No. 42 filter papers. The

extracts were refrigerated at 4 C until analyzed.

The method outlined by Keeney and Nelson (1982) for detennining ammonium and nitrate

nitrogen was used with a modification in which 75 mL of KC1 and 20 grams of soil were used instead

of 100 mL of KC1 and 10 grams of soil (Horneck et al., 1989). Extended shaking of the soil samples



50

with 2N KC1 according to Bremner's (1982) specifications permitted the simultaneous extraction of

ammonium and nitrate.

Nitrate-N: The nitrate-N content of the extract was determined with an ALPKEM rapid

flow analyzer (RF-305) which reduces nitrate to nitrite via cadmium reactor then complexes nitrate

with sulfanilamide and N-(1-Napthyl)-ethylenediamine dihydrochioride to form a red-purple color

that is measured at 540 nm (Homeck et at., 1989).

Ammonium-N: The amimonium-N content of the extract was determined with an ALPKEM

rapid flow analyzer (RF-305) which relies on ammonium to complex with salicylate to form

indophenolblue. This color was intensified with sodium nitroprusside and measured at 660 nm

(Homeck et al., 1989).

Biomass total nitrogen

The cover crop plants were clipped at the soil surface, oven dried at 60 C to a constant

weight and weighed to determine above-ground biomass yield. They were stored in plastic bags in

darkness at room temperature. Dried plant samples were ground in a Wiley mill to pass through a

screen with 0.425 mm pores (Lockman, 1980) and stored in capped plastic vials for Kjeldahl

digestion. Ground samples (0.08 grams) were placed into 75 mL volumetric digestion tubes and

Kjeldahl digestion catalyst was added to each tube. Ten mL of concentratedH2SO4 was added to the

plant-catalyst mixture. The acid was mixed to moisten the dry material completely and tubes were

allowed to sit overnight. Tubes were placed on a digestion block at 105 C for one hour, then at 250

C for one hour, and finally at 350 C for another hour. Samples were removed from digestion blocks,

cooled for 10 minutes and 10 mL distilled water was added to each tube. Tube contents were mixed

on a vortexer as an additional 50 mL of distilled water was added. Samples were left under a fume
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hood until cool. When they were cool, sample volumes were brought to 75 mL with distilled water

and mixed. Digest solutions were refrigerated until analyzed.

The ammonium-N content of the digest solution was detennined with an ALPKEM rapid

flow analyzer (RF-305) which relies on the complexing ammonium with salicylate to form

indophenoiblue. This color was intensified with sodium nitroprusside and measured at 660 nm

(Homeck et al., 1989).

Soil moisture content

Neutron probe (NP) readings and gravimetric methods were used to monitor soil moisture

content. Neutron probe values were converted into gravimetric water percentages by using the

formula derived by Pumphrey and Hane (1981) for this research site. Gravimeiric analyses of the

soil samples were calculated by comparing the wet sample weight with dry sample weight after

drying for 12 hours at 105 C.

Statistical analyses

Soil nitrate, soil moisture, plant biomass, and biomass nitrogen uptake were analyzed

according to a randomized complete block design. ANOVA and orthogonal contrasts of interest were

performed using the general linear model (GLM) procedure of SAS (SAS Institution, 1991). A

probability level of P 0.05 was used in the F test to indicate significant treatment effects, and

Fisher's protected LSD (0.05) was applied for comparison of means.



52

Results and Discussion

When data from both seasons were combined, cover crop x season interactions were

significant indicating that cover cropping effects on soil nitrate depend on the season. Therefore

seasonal data were not combined.

Weather conditions

Monthly rainfall for September through December, 1992 was similar to long term averages,

but above average for January through March, 1993 (Table 3.1). Plots received a total of 270 mm of

water during the 1992-1993 experimental period, much higher than the 164 mm 30-year average.

However, total water received by the plots did not exceed the long term maximum of 463 mm total

precipitation for the same period. Treatment plots in 1993-1994 received a total of 147 mm of water

for the same period, or slightly less than the 164 mm 30-year average for the area. The 1993-1994

experimental period was warmer and experienced much higher maximum and minimum temperature

than the 1992-1993 experiment (Table 3,2).

Soil moisture content

0-0.3 m. Cover crop treatments did not differ in soil moisture content in the 1992-1993

season (Table 3.3). All plots exceeded 96% of field capacity in December and exceeded field

capacity in March, 1993. There were no differences among treatments in soil moisture content in

December, 1993 and March, 1994. In November, 1993 fallow plots had the highest moisture

content, wetter than rape plots, which were in turn wetter than cereal plots. The extent of soil water

depletion can make the difference between leaching NO3 out of the root zone or retaining it within

the root zone (Meisinger et aL, 1991). In the 1993-1994 season, soil moisture content did not reach

field capacity at any sampling date. Thus, mass flow was lower in the 1993-1994 season and less



Table 3.1 Monthly precipitation and irrigation during the experimental period, Hermiston, OR. 1992-1994

September October November December January February March Total

30Yearmean(rnm) 11 15 33 34 30 21 20 164

3OYearmax(mm) 44 44 94 88 77 60 56 463

Rainfall92-93(mm) 10 15 30 33 47 40 33 208

Irrigation 92-93 (mm) 29 14 19 0 0 0 0 62

Total92-93(mm) 39 29 49 33 47 40 33 270

Rainfall 93-94 (mm) 1 8 2 20 20 24 2 77

Irrigation 93-94 (mm) 29 30 11 0 0 0 0 70

Total 93-94 (mm) 30 38 13 20 20 24 2 147
* Source: Oregon Climate Service, Oregon State University (1995)

Table 3.2 Monthly average of daily maximum and minimum temperatures for the experimental penod, Hermiston, OR. 1992-1994

September October November December January February March

92-93 mm. (C) 9.4 4,7 2.2 -3.1 -8.7 -5.2 0.5

92-93 max (C) 24.8 19.8 9.8 4.9 -0.2 4.0 10,8

93-94min.(C) 8.6 4,6 -5.2 -0.3 0.0 -2.2 -0.5

93-94max.(C) 27.7 20.9 8.6 5.8 9.1 7.0 16.1
* Source: Oregon Climate Service, Oregon State University (1995)



Table 3.3 Effect of winter cover cropping on soil moisture in the 0-0.3 m zone

1992-1993 1993-1994

Cover crop 18 Sep. 13 Nov. 28 Dec. 29 Mar. 20 Sep. 14 Nov. 14 Dec. 12 Mar.

%-
None (fallow) 7.9 10.7 13.1 14.7 10.4 8.9 a 11.8 11.6

Winter wheat 7.5 9.5 13.6 14.7 10.7 5.8 d 10.0 11.0

Winter barley 8.1 10.6 13.5 14.6 9.8 6.1 cd 10.1 11.2

Spring barley 7.9 10.2 13.4 14.6 10.6 6.1 cd 10.7 11.2

Cerealrye 8.0 10.2 13.5 14.1 9.6 6.5c 10.8 11.5

Triticale 7.6 10.3 13.7 14.4 11.5 6.1 cd 8.8 11.5

Rape 8.3 10.4 13.6 14.8 10.9 7.9b 11.0 11.7

Pr>F ns ns ns ns ns ns ns
LSD (P=0.05) -- -- 0.67 --

Ortho. Contrasts Fallow x Cover ns its its its ns

Cerealx Rape ns ns ns ns ns

Fallow x Cereal ns ns ns ns ns

Fallow x Rape ns ns ns ** ns ns

Ryex Cereal ns ns ns its ns ns

Ryex Wheat ns ns ns * ns ns
Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD. *,**,*** Significant at the 0.05, 0.01, and 0.001 levels of probability,
respectively. ns = nonsignificant at the 0.05 level of probability. UI
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NO3 was leached out from the soil layer than in 1992-1993. On the other hand, soil was wet in the

1992-1993 season and mineralization was probably lower than in 1993-1994 (Paul and Clark,

1989). Among cereal plots, cereal rye had higher moisture levels than winter wheat (P=0.04) in the

0-0.3 m depth in November, 1993 (Table 3.3).

0.3-0.6 m. Soil moisture at the 0.3-0.6 m zone differed among treatments in the wet 1992-

1993 season. In the orthogonal contrast, December, 1992 and March, 1993 fallow plots were

different from cover crops (Table 3.4), Most plots reached field capacity in March, 1993. In the

1993-1994 season, cover crop effects on soil moisture were significant both in November and

December, 1993. In November moisture content in the fallow plot was higher than in the cereal

plots, but did not differ from the rape plot (Table 3.4). In December, 1993, the fallow plot was

wetter than rye plots. However, rye plots moisture levels did not differ from those of winter barley,

winter wheat, or spring barley. During the 1993-1994 season moisture content did not reach field

capacity in any treatment.

0.6-0.9 m. No differences among treatments in soil moisture content were observed in this

zone at any sampling date in either the wet, cold 1992-1993 season or the dry, warm 1993-1994

season. All plots exceeded field capacity (Pumphry and Hane, 1981) in March, 1993.

According to this study, when rainfall is above average, soil moisture content in the 0-0.3 m

zone is not affected by the treatments tested (Table 3.3). Thus, in a wet fall, cover crops do not

appreciably deplete soil moisture compared with winter fallow. Conversely, when rainfall is below

the long term mean as in the fall and winter of 1993-1994, cover crops affect the soil water budget

(Table 3.3 and Table 3.4). That is, cover crop evapotranspiration and incorporation into tissues

reduces downward movement of water. In this study, cereals were more efficient in depleting soil

moisture than rape. Cereals produced higher biomass than rape except for the December, 1992

sampling (Table 3.5). Crops lose water to the atmosphere as drymatter is produced and thereby



Table 3.4 Effect of wmter cover cropping on soil moisture in the 0.3-0.6 m zone

1992-1993

Cover crop

1993-1994

18 Sep. 13 Nov. 28 Dec. 29 Mar. 20 Sep. 14 Nov. 14 Dec. 12 Mar.

__________ %_________________
None (fallow) 6.6 8,2 10.2 12.3 8.0 8.8 a 9.1 a 9.9

Winterwheat 6.9 7.9 10.6 11.7 7.4 7.8bc 7.6bcd 9.6

Winterbarley 7.5 8.3 10.9 12.0 7.7 7.lc 7.7bcd 9.9

Springbarley 7.1 7.0 11.9 12.9 8.5 7.8bc 7.2cd 10.0

Cerealrye 6.8 7.2 10.7 11.8 7.9 7.3bc 6.9d 9.5

Tnticale 6.2 7.5 10.9 12.3 8.1 7.5bc 8.2 abc 9.4

Rape 7.8 8.3 11.6 13.0 8.0 8.lab 8.4 ab 9.7

Pr>F ns ns ns ns ns * ** ns
LSD (P=0.05) -- -- -- -- 0.09 1.12

Ortho.Contrasts Fallow x Cover ns * ** ** ** ns

Cereal x Rape ns ns ns ns ns ns

Fallow x Cereal ns * fl5 ns

Fallow x Rape ns * * ns ns ns

Rye x Cereal ns ns ns ns ns ns

Ryex Wheat ns ns * ns ns fls
Means in a column followed by a common letter are not statistically significant at P=0,05 by LSD. *,**,*** Significant at the 0.05,0.01, and 0.001 levelsof probability,
respectively. ns = nonsignificant at the 0,05 level of probability.



Table 3.5 Total above ground biomass production of six winter cover crops

Cover crop 14 November

1992-1993

14 December 22 March 14 November

1993-1994

13 December 12 March

Mgha'

Winterwheat 2.06 a 2.99 3.55abc 2.l2bc 2.06b 3.O4ab

Winterbarley 2.25 a 2.77 3.79ab 1.71c 1.94b 2.64b

Spring barley 2.20 a 2.72 2.65 c 2.48 ab 1.98 b 1,55 c

Cereal rye 2.37 a 3.22 4.41 a 2.67 a 2.65 a 3.44 a

Triticale 1.53 b 2.26 3.31 bc 1.92 c 1.84 b 2.93 b

Rape 1.37 b 3.25 2.83 c 0.93 d 0.93 c 1.09 c

Pr>F ns ** *** *** ***

LSD(0.05) 0.33 0.93 0.42 0.32 0.51

Orthogonal contrasts:
Cereals x Rape ns * *** *** ***

Wheat x Cereals ns ns ns ns ns *

Rye x Cereals ** ns ** *** ***

RyexWheat ns ns ns ** ns

Wheat x W. barley ns ns ns ns ns ns
Means in a column followed by a common letter are not statistically significant at P=0,05 by LSD, Significant at the 0.05, 0.01, and 0.001 levels of probability,
respectively. ns = nonsignificant at the 0.05 level of probability.

-a
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reduce soil water available for leaching (Wagger and Mengel, 1988). Regardless of rainfall, however,

there were no differences in soil moisture content among treatments in the 0.6-0.9 m zone.

Impermeable layers located at the 1-1.5 m depth at this site may have partially altered hydrological

processes and overshadowed cover crop effects in the 0.6-0.9 m zone.

Cover crop biomass production

Total above ground biomass was measured in November, December and March in both

seasons. Except for the wet December, 1992 sampling, all other sampling dates showed differences

in biomass among the cover crops. In November, 1992, rye had the largest biomass (2.37 Mg ha-').

By orthogonal contrast, rye biomass differed from that of the other cereals (P=0.01) (Table 3.5),

From November to December, 1992, rye continued biomass production, but gained less than rape

which had the highest biomass in December, 1992 (3.25 Mg ha-') (Table, 3.5), however, treatment

effects were not different at this sampling date. During the cold winter of 1992, cereal rye biomass

increased and reached 4.41 Mg ha' by the end of winter, at which time rape biomass had declined to

2.83 Mg ha-' because of winter kill. Winter wheat and winter barley biomass increased throughout

the fall and winter of 1992. During the mild, dry 1993-1994 winter, cereal rye had the largest

biomass at all sampling dates, but total biomass was much lower than in the wet, cold 1992-1993

season. Rye biomass was superior to that of the other cereals in March, 1993.

According to these data, winter wheat, winter barley, and rye are more adapted to cold

winters. Spring barley and rape were severely damaged by the cold winter of 1992-1993. Cereal

crops produced more early biomass than rape (Table, 3.5). Rye was superior to other cereals in both

early and total biomass in both seasons. Total nitrogen uptake by cereals is directly affected by dry

matter production (Holderbaum et al., 1990). Thus, rye which produced the greatest drymatter

probably also immobilized more soil NO3-N.
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Cover crop nitrogen uptake

Differences in total plant N uptake (drymatter x N concentration) were observed among

cover crops in December and March in both seasons (Table 3.6). Cereal rye had the highest total

nitrogen in both December, 1992 (128 kg of N ha-') and March, 1993 (133 kg of N ha-'). Rye had

more total N than spring barley and triticale in December, 1992. In December, 1993, rye contained

more N than spring barley, triticale or rape.

Winter wheat incorporated 107 kg of N ha1 in stems and leaves by December, 1992, but

retained only 98 kg in March, 1993 because of winter kill (Table 3.6). By contrast, in the warm

winter of 1993-1994, winter wheat, which accounted for only 61 kg of N ha-' by December,

continued N uptake throughout the winter and held 76 kg of N ha in March, 1994. Cereal rye

showed the highest N uptake in the 1992-1993 season and also in December, 1993, The total N

uptake by rye remained static through the warm, dry winter of 1993, possibly because of relatively

high depletion of the soil nitrate pool by December (Table 3.7, 3.8, and 3.9). The rape crop

accumulated 119 kg of N ha' by December, 1992 and was the second highest N absorber after rye in

the 1992-1993 season; however, winter kill reduced rape N content to 100 kg of N ha by March,

1993. Due to moisture-related poor stand establishment in the warm, dry, fall of 1993, rape had

incorporated only 37 kg of N ha in the aerial portion by December and held even less by the

following spring.

Rye was superior to other cereals in N uptake in December under both wet, cold and dry,

warm conditions. However, in winter comparisons rye was superior to winter wheat only during the

cold, wet winter of 1993 (Table 3.6). Rape performed better in the fall of 1992 than in the fall of

1993, Rape stand establishment was poor in the dry weather of fall 1993-1994, whereas winter kill

caused stand loss in the cold, wet conditions of 1992-1993.



Table 3.6 Nitrogen uptake by aerial biomass of six winter cover crops

Cover crop 14 December

1992-1993

22 March 13 December

1993-1994

12 March

kgha1

Winter wheat 107 abc 98 bc 61 ab 76 a

Winter barley 119 ab 116 ab 56 ab 65 a

Springbarley 98bc 74c 54bc 45b

Cerealrye 128a 133a 72a 71a

Triticale 84 c 95 bc 53 bc 76 a

Rape ll9ab lOObc 37c 35b

Pr>F * * *

LSD(P=0.05) 26.3 33.0 17.0 18.1

Orthogonal contrasts
Cereal x Rape ns ns ** ***

Wheat x Cereal ns ns 115 flS

Rye x Cereal * ** *
fl5

Rye x Wheat ns *
IIS flS

Wheat x Winter barley ns ns flS IIS

Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD, *,**,*** Significant at the 0.05, 001, and 0.001 levels of probability,
respectively, us nonsignificant at the 0.05 level of probability.



Table 3.7 Effects of winter cover cropping on nitrate concentration in the 0-0.3 m zone

Cover crop 18 Sep.

1992-1993

28 Dec. 29 Mar. 20 Sep.

1993-1994

14 Dec. 12 Mar.

mgkg1

None(fallow) 23.6 6.3a 3.7bc 12.1 13.8a 1.lbc

Winterwheat 24.9 1.4b 2.8c 10.3 1.9c 0.3c

Winterbarley 40.6 2.6b 3.4bc 12.7 3.2bc 0.4c

Springbarley 29.5 2.7b 13.7 a 10.9 2.5c 2.7ab

Cerealrye 33.8 1.8b 4.5bc 13.4 0.9c 0.lc

Triticale 30.4 2.9 b 6.4 b 13.6 3.9 bc 0.6 bc

Rape 30.7 1.7b 2.6c 11.2 10.lab 3.8a

Pr>F ns ** ns ** **

LSD (P=0.05) 2.2 3.3 6.9 2.1

Contrasts Fallow x Cover crops ns ns

Cereals x Rape ns ** **

Cereals x Fallow ns ns

Fallow x Rape ns ns **

Rye x Cereals ns 115 11S uS

RyexWheat ns ns ns nS
Means in a column followed by a common letter are not statistically significant at P=0,05 by LSD. *,**,*** Significant at the 0.05,0.01, and 0.001 levels of probability,
respectively. ns = nonsignificant at the 0.05 level of probability.



Table 3.8 Effects of winter cover cropping on nitrate concentration in the 0.3-0.6 m zone

Cover crop 18 Sep.

1992-1993

28 Dec. 29 Mar. 20 Sep.

1993-1994

14 Dec. 12 Mar.

mgkg1

None (fallow) 4.6 15.7 a 1.1 bc 1.6 6.8 a 2.8 a

Wmterwheat 5.8 1.9c 0.6c 1.7 1.5c 0.2c

Winterbarley 6.5 1.9c 1,3bc 1.6 1.3c 0.lc

Spring barley 5.3 2.3 c 3.9 a 2.3 1.2 c 1.0 bc

Cerealrye 5.8 1.8c 1.lbc 1.4 0,5c 0.lc

Triticale 4.5 3.7c 1.7b 2.0 1.5c 0.2c

Rape 6.8 8.2b 0.7bc 2.1 3.6b 2.4ab

Pr>F ns ns **

LSD(P=0.05) 3.8 0.9 1.8 1.5

Contrasts Fallow x Cover crops ns ***

Cereals x Rape ** **

Cereals x Fallow ns ***

Fallow x Rape ns *** fls

Rye x Cereals ns * ns ns

RyexWheat ns ns ns ns
Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD. *,**,*** Significant at the 0.05, 0.01, and 0.001 levels of probability,
respectively. ns = nonsignificant at the 0.05 level of probability



Table 3.9 Effects of winter cover cropping on nitrate concentration in the 0.6-0.9 ni zone

1992-1993 1993-1994

Cover crop 18 Sep. 28 Dec 29 Mar

mg kg1

20 Sep. 14 Dec. 12 Mar.

None (fallow) 11.5 10.9 ab 4.2 a 3.0 3.4 ab 2.6 b

Winter wheat 10.9 4.2 c 0.5 b 3.0 1.9 bc 0.7 c

Winterbarley 10.6 5.Obc 1,lb 2.5 1.9bc 0.5c

Spring barley 9.0 2.9 c 2.1 b 2.3 1.9 bc 1.7 bc

Cerealrye 6.2 2.5c 0.9b 1.3 0.9c 0.lc

Triticale 5.9 4.5 c 1.9 b 2.2 1.9 bc 0.5 c

Rape 4.8 11.7 a 1.5b 2.0 4.9a 4.7a

Pr>F ns * ** ns * ***

LSD(P=0.05) -- 6.0 1.7 -- 2.1 1.9

Contrasts Fallow x Cover crops * *** ns ns

Cereals x Rape ** ns ***

Cereals x Fallow ** *** * **

Fallow x Rape ns ** ns *

Rye x Cereals ns ns ns ns

RyexWheat ns ns ns ns
Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD. *,**,*** Significant at the 0.05, 0.01, and 0.001 levels of probability,
respectively. ns = nonsignificant at the 0.05 level of probability.
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Soil ammonium nitrogen

Ammonium nitrogen concentrations were low throughout the soil profile (Table 3.10). Most

of the ammonium nitrogen accumulated in the top 30 cm. No differences in ammonium

concentrations were observed among the treatments for any depth at any sampling date in either

season.

Soil nitrate nitrogen

September

Soil nitrate nitrogen monitoring was initiated after cover crop establishment. Samples were

taken in September, December, and March of both seasons. Initial nitrate nitrogen concentrations are

presented in table 3.10.

Table 3.10 Fall soil nitrate and ammonium concentrations following potato

18 September, 1992 20 September, 1993

Depth nitrate ammonium nitrate ammonium

m____________
0-0.3 31 (69)t 5 (50)

0.3-0.6 6 (13) 3 (30)

0.6-0.9 8 (18) 2(20)

0.9-1.2
Percentages for each depth are shown in parenthesis

mgkg'

12(63) 3(34)

2 (11) 2(22)

2 (11) 2(22)

3 (15) 2(22)

Fields showed different mineral nitrogen concentrations (nitrate and ammonium) after the

1992 and 1993 potato crops (Table 3.10). In 1992, 242 kg ha' of total inorganic nitrogen was

present in the 0-0.9 m layer, but in 1993, only 122 kg ha' was detected in the 0-1.2 m zone. Most of
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the inorganic nitrogen in the soil profile was concentrated in the top 30 cm, primarily as NO3-N,

Inorganic nitrogen concentrations were quite low below the 0.6 m zone. These amounts are

compatible with those of Macdonald et al. (1989) who reported that inorganic soil nitrogen present in

fall originates mainly from mineralization of organic nitrogen and only a small portion comes from

fertilizer N.

December

0-0.3 m. During the fall of 1992, NO3-N concentrations declined in all treatments (P<

0.002). Differences were evident among treatments in December, 1992 (Table 3.7). The fallow

plots had higher nitrate concentrations than winter cover crops. All cereal cover crops reduced soil

NO3-N concentration during the fall of 1993 (P < 0.01) but no change was evident in. fallow plots or

rape plots (P> 0.05). Soil NO3-N concentrations were similar for the fallow and rape plots in

December, 1993, but all cereal plots had less NO3-N than fallow plots (P=0,05).

0.3-0.6 m. Soil nitrate nitrogen concentrations differed among treatments in both December,

1992 and December, 1993 (Table 3.8). Nitrate-N patterns among treatments were similar in both

seasons. During the fall of both years, NO3-N concentrations increased above initial September

concentrations in fallow plots (P= 0.0001), possibly because of leaching in the fallow. Rape plots

also had an increase in the fall of 1993 (P=0.02), but not in the fall 1992 (P=0.4). During the fall of

1992, wheat (P = 0.04), spring barley (P=0.01) and rye plots (P=0,03) showed a decrease in NO3-N

concentration, but no decrease was evident at this depth in the fall of 1993 (P> 0.07). These results

suggest a downward movement of nitrate from the 0-0.3 layer in fallow and rape plots during the fall

(Table 3.8 and 3.9). In both seasons, fallow plots showed the highest soil nitrate concentrations

while concentrations in rape plots were lower (Table 3.8). However, NO3-N concentrations in rape



plots were higher than those of the cereal treatments (P=O.05). There were no differences in NO3-N

among the cereals (Table 3.8) in 1993- 1994.

0.6-0.9 m. Nitrate-N distribution patterns for December for this soil layer were similar for

the two seasons (Table 3.9). Rape plots did not differ from the fallow treatment in nitrate-N. In both

seasons, rye had less soil nitrate than fallow and rape treatments in December (P=O.05). In the fall of

1992, NO3-N concentration declined (P=O,03) in spring barley plots, but other crops showed no

difference from the initial September, 1992 concentrations. In the fall of 1993, rape plot showed an

increase (P=O,O1) over the initial September nitrate concentration.

March

0-0.3 m. Soil nitrate nitrogen in the surface layer decreased in fallow plots during the 1993-

1994 winter (P=O.000 1), but not in 1992-1993 (Table 3.7). Nitrate-N concentration in spring barley

(P=O.0001) and triticale (P=O.03) plots were higher in March after the wet, cold winter of 1992-1993

than in December. However, NO3-N concentration did not decrease in cereal plots during the mild

winter of 1993-1994. In March, 1993, spring barley plots showed higher nitrate nitrogen

concentrations than all other treatments (Table 3.7). Soil NO3-N in fallow plots did not differ from

the other cover crops in March, 1993. In March, 1994, rape showed the highest NO3-N

concentrations, which were different from those of the fallow plot (P=O.05); none of the cereals

differed from the fallow treatment.

0.3-0.6 m. Spring barley had higher nitrate concentrations in the 0.3-0.6 m layer than all

other treatments in March, 1993 (Table 3.8) because of the early winter kill and decomposition.

Other cover crops did not differ from the fallow treatment. The fallow (P=O.0001) and rape

(P=O.000 1) treatments showed a decrease in NO3-N from the concentration in December 1992. In

March, 1994, nitrate concentrations were higher in fallow than cereal plots. Fallow and rape plots did
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not differ in nitrate-N (P=0.05). However, nitrate-N decreased in the fallow trealment (P=0.00 1)

from the December, 1993 concentration. No difference in NO3-N concentrations were observed

among the cereals.

0.6-0.9 m. Fallow plots had higher NO3-N concentrations in the 0.6-0.9 m soil layer than all

other treatments in March, 1993 after a cold, wet winter (Table 3.9), following a decrease (P=0.004)

from December, 1992. Although, rape plots showed a decrease (P=0.0001) in NO3-N from the

December, 1992 concentration, no differences were evident among cover crop plots in March, 1993.

Rape plots showed higher soil NO3-N concentrations than those of all other treatments in March,

1994. The fallow treatment ranked second highest with concentrations higher than those of wheat,

winter barley, triticale and rye. Winter wheat (P=0.02) and triticale (P=0,01) showed decreases in

nitrate-N between December, 1993 and March ,1994.

Most of the mineral nitrogen was in the nitrate form and located in the 0-0.3 m soil layer

(Table 3.10). Substantial net mineralization and mtrification occurred during the fall as evidenced by

the accumulation of nitrate nitrogen in fallow plots in the dry 1993-1994 fall season (Table 3.11).

Low rainfall in the fall of 1993 provided an opportunity to measure soil nitrate nitrogen accumulated

during the fallow period without leaching losses normally associated with high rainfall. An increase

of 33 kg ha1 NO3-N occurred in fall, 1993 in the 0-0.9 m soil profile. This supports observations by

others (Martinez and Guiraud, 1990; Jackson et al., 1993a) that net mineralization during fallow can

lead to nitrate nitrogen accumulation. Thus, in potato cropping systems which incorporate large

quantities of organic nitrogen into the soil, an understanding of decomposition and nitrogen

mineralization and immobilization concepts is of great importance.

Cover crops were shown to reduce soil moisture under average or lower Columbia Basin

precipitation levels. Under wetter conditions (1992-1993), no differences were evident in the 0-0.3

m profile, but differences did occur in the 0.3-0.6 m depth (Table 3.4). Soil moisture depletion in the



Table 3.11 Effects of winter cover cropping on changes in total nitrate nitrogen over time in the 0-0.9 m zone

Cover crop 18 Sep.-
28 Dec.

1992-1993

28 Dec.-
29 Mar.

18 Sep
29 Mar.

20 Sep.-
14 Dec.

1993-1994

14 Dec.-
12 Mar.

20 Sep.-
12 Mar.

kgha1.

None (fallow) 30.0 (0.8)* 107.1 (0.0001) 137.1 (0.002) -32.7 (0.04) 78.4 (0.0001) 45.7 (0.01)

Winter wheat 144.3 (0.0002) 16.6 (0.3) 160.8 (0.0001) 43.9 (0.01) 17.9 (0.2) 61.8 (0.001)

Winter barley 219.9 (0.0001) 17.5 (0.3) 237,4 (0.0001) 47.0 (0.01) 23.3 (0.1) 70.3 (0.0002)

Spring barley 168.0 (0.0001) -52.9 (0.01) 115.1 (0.002) 43.9 (0.01) 1.2 (0.94) 45.3 (0.01)

Cereal rye 176.1 (0.0001) -1.8 (0.9) 174.3 (0.0001) 61.8 (0.001) 9.9 (0.52) 71.7 (0.0002)

Triticale 128.6 (0.001) 5,4 (0.7) 132.0 (0.001) 47.0 (0.01) 26.4 (0.09) 73.9 (0.0001)

Rape 120.1 (0.001) 74.8 (0.001) 194.9 (0.0001) -14.8 (0.3) 34.1 (0.03) 17.9 (0.2)
P values for each mean difference are shown in parenthesis

00
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fall provides storage capacity for winter precipitation and reduces percolation. Thus reduced soil

moisture would decrease the potential for nitrate leaching. Moisture depletion is particularly

important on sandy soils of the Columbia Basin which have low water holding capacity.

Little difference was observed among the early growth rates of cereals. Cereals established

quickly and provided considerable nitrogen uptake. Rye reduced total NO3-N in the 0-0.9 m soil

profile on 28 December, 1992 (P=0.0001) (87%); and on 14 December, 1993 (86%) (P= 0.001),

Although, weather conditions differed, rye performed similarly in both seasons. Rape and the

remaining cover crops performed differently. Winter wheat reduced soil nitrate by 81% on 28

December, 1992 (P=0.0002) but by only 65% on 14 December, 1993 (P=0.01). Rape reduced

nitrate by 55% on 28 December, 1992 (p=O.001) but showed no effect on 14 December, 1993

(P=0,33). Poor stands in rape plots in the dry fall of 1993 may have been partially responsible for

this inconsistent response between years. During fall, 1992, the fallow treatment showed no change

in nitrate nitrogen (P=0.83), but levels increased by 43% between the September planting and 14

December, 1993 (P=0.04).

Rye reduced soil NO3-N more than other treatments before the onset of winter rains.

Reductions also occurred with other crops, but responses were smaller and less consistent between

seasons than those of rye.

Soil NO3-N decreased during both winters in fallow and rape plots. In the wet winter of

1992, an increase in NO3-N was observed in spring barley plots. This may have come from

decomposing plant material added to the soil in early winter. Spring barley was susceptible to winter

kill and more than 50% of the above ground biomass died early in the winter of 1992. Cereal rye

and other cereal crops showed no depletion of soil nitrate in the 0-0.9 m profile during the winter of

1993 because they have had already depleted soil NO3-N during the fall.
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Nitrate nitrogen concentrations were lowest in March for the 1993-1994 season, but the

timing of lowest soil nitrate concentrations varied among treatments in 1992-1993 (Table 3.11),

There was clear evidence of downward movement of soil NO3-N in the soil profile over time. In

fallow plots, NO,-N concentrations decreased gradually in the 0-0.3 m, 0.3-0.6 m, and 0.6-0.9 m

depths from December through March (Table 3.7, 3.8, and 3.9).

In the fall of 1992, declines in NO,-N concentration began in the top 0-0.3 m layer, and

continued to the deeper layers through the winter of 1992. Nitrate-N concentration in the top layer

increased in the fall of 1993, but decreased during following winter. During the winter of 1992-1993,

the fallow treatment lost 107 kg ha1 NO,-N from the 0-0.9 m layer compared to only 78 kg ha-' in

the winter of 1993-1994. Rape lost 75 kg ha' NO3-N in the winter of 1992-1993 and 34 in the

winter of 1993-1994. In total, the fallow treatment lost 137 kg ha-' NO3-N in the 1992-1993 season

(fall + winter), and 78 for the 1993-1994 season (an increase occurred in the fall). Cereal rye

accumulated 133 and 71 kg ha1 NO,-N in the above ground biomass during the 1992-1993 and

1993-1994 experimental periods, respectively (Table 3.4). Reports suggest that cereal rye

assimilates 25% of the total plant nitrogen in the root system (Mitchell and Teel, 1977). Thus, in this

study rye, must have assimilated approximately 167 and 89 kg ha1 NO3-N in the first and second

seasons, respectively. These amounts exceed estimated nitrate nitrogen losses from fallow during

this period.

Rape established more slowly than cereals in the early fall of 1992, but grew vigorously.

Our fmdings indicate that because of this vigorous growth and high early winter nitrate uptake (Table

3.6), rape could be a potentially good cover crop if established earlier than cereals.
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Summary and Conclusions

Soil NO3-N concentrations in fields previously cropped to potato were high prior to winter

rains as a result of fertilization and microbial release of organic nitrogen from potato plant debris.

We estimate that nitrate losses from the 0-0.9 m profile during winter fallow ranged between 78 to

137 kg NO3 -N ha'.

Cover crop incorporation of residual nitrogen responds to changes in meteorological

conditions. However, cereals planted in early fall reduce soil nitrate losses by assimilating residual N

in plant dry matter. Cereal cover crops removed available soil NO3 -N from the 0-0.9 m soil profile

before the onset of winter. Rye was more effective than other cover crops in reducing soil NO3-N

entering the winter rainy period in the Columbia Basin. Because of vigorous growth and high early

winter nitrate uptake, rape could be a potentially good cover crop if established earlier than cereals.

These findings strongly support the use of winter cover crops as a management alternative for

addressing nitrate losses in potato fields in the Columbia Basin.
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CHAPTER 4
CONSERVATION OF RESIDUAL POTATO FERTILIZER NITROGEN WITH WINTER

COVER CROPS

Abstract

Non-legume winter cover crops effectively scavenge residual soil N between major cropping

cycles. However, the high C:N ratio of their biomass often prevents tissue-incorporated N from

becoming available in spring, thereby potentially increasing early season fertilizer requirements for

summer crops. Field trials were conducted at Hermiston in north central Oregon to investigate the

effectiveness of various winter cover crops in recycling residual nitrogen following potato. Winter

wheat (Triticum aestivum L. cv. Stephens), winter barley (Hordeum vu! gare L. cv. Hesk), spring

barley (Hordeum vulgare L. cv. Steptoe), cereal rye (Secale cereal L. cv. Wheeler), triticale (X

triticosecale Wittm. cv. Whitman), rape (Brassica napus L. cv. Humus), and a winter fallow were

compared in 1992-1993 and 1993-1994 following potato to determine their effect on early spring

soil NO3 -N, soil NH4 -N, and soil organic nitrogen (SON).

Different initial fall soil NO3 -N, and N}{4 -N concentrations were found in the 0-0.6 m zone

between seasons. In the first season, NO3 -N decreased from September, 1992 to May, 1993 in all

treatments. In May, 1993 spring barley plots had more NO3 -N in the 0-0.6 m zone than fallow or

rape plots. Soil NO3 -N concentrations in the rye plots were intermediate and did not differ from

those of any other treatment. By April of the second season, rye, triticale, wheat and winter barley

had lowered NO3 -N concentrations to levels below those of the fallow.

In May, 1993, fallow plots had less inorganic nitrogen (NO3 -N + NH4 -N) than triticale,

winter barley, or spring barley. In April, 1994 no differences in inorganic nitrogen concentrations

were observed among the cereals but concentrations in rye plots were lower than for winter fallow.
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In May, 1993, no differences were evident among treatments in the percentage of soil

inorganic nitrogen or soil organic nitrogen retained from initial September, 1992 concentrations, In

April, 1994, although there were no differences in the percentages of soil organic N retained from

September, 1993, differences were evident for inorganic-N retention among treatments. Rye plots

retained only 46 percent of the inorganic soil N because of plant uptake while the fallow plot retained

92 percent. No differences in inorganic N retention were evident among cereals, but rye inorganic

nitrogen amounts were lower than those of the fallow. No differences in NH4 -N and organic N

concentrations were observed among treatments in either May, 1993 or April, 1994.

Introduction

Management of nutrient cycling has gained importance as winter cover cropping becomes

more widely used for reduction ofNO3 -N leaching (Meisinger et al., 1991; Hargrove, 1986). It is

possible to trap residual N from the previous season by use of some winter cover crops and recycle it

for crops during the following season (Evanylo, 1991).

The value of non-legume winter cover crops for reducing NO3 -N leaching has been

recognized for many years (Holderbaum et al., 1990; Meisinger et al., 1991; Hargrove, 1986). Non-

legume cover crops scavenge residual soil N efficiently during periods between major cash crops.

However, immobilization of residual nitrogen due to high C:N ratios often delays decomposition and

release of N to the following crop. This increases early-season fertilizer N requirements (Hargrove,

1986; Tyler et al., 1987; Holderbaum et al., 1990). Nitrogen immobilization in the field may be

apparent when large volumes of residue are incorporated into the soil immediately before planting.

Thus, crop N deficiency may develop (Schepers and Mosier, 1991).

The timing of cover crop N availability to the subsequent crop depends on rates of N

mineralization and immobilization (Huntington et al., 1985; Smith et al., 1987). Powison et al.
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(1985) found that when wheat straw was incorporated into soil, only 12 percent of the immobilized N

was recovered by the subsequent wheat crop while 78 percent remained in the soil for one year after

incorporation. This soil retention leads to greater fertilizer needs in the early season (Liebman et aL,

1995; 1{argrove and Frye, 1987; Holderbaum et al., 1990; Wagger et al., 1988; Francis et al., 1994;

Linden and Waligren, 1993).

Crop residue quality affects rates of both decomposition and N mineralization (Knapp et al.,

1983). If the C:N ratio of crop residues is greater than 25:1, either N will be removed from the soil

mineral N pooi or crop residue decomposition will be slowed. Increased residue degradation will not

occur until a portion of the microbial population dies or simultaneous microbial attack on soil

organic matter, releases more available nitrogen (Paul and Clark, 1989). Nitrogen removal is

apparent with non-legumes because of their low -N concentration and wide C:N ratio. Under

adequate temperature and moisture conditions, soil microbes flourish as they use the new source of

carbon, and thus assimilate C and N from the organic matter and residual N from the soil into their

bodies. For example, Somda et a!, (1991) reported that immobilization in non-legume cover crop

residues occurred during the first 56 days, followed by a slow N-release period. They reported

further that residues with similar C:N content can have different decomposition rates depending on

the presence of different C compounds.

Early killing of the cover crop, when it has a low C:N ratio, favors mineralization rather than

immobilization (Evanylo, 1991; Wagger, 1989), and makes it possible to recycle N for the following

season (Evanylo, 1991). Residual N trapped by a cover crop can supply a considerable portion of

potato and corn crop N needs in sandy Coastal Plain soils (Evanylo, 1991). However, decomposition

and N release from crop residues are influenced by a number of biotic and abiotic factors (Parr et al.,

1978), and proper management is required to encourage the cover crop to supply nitrogen for the

summer crop.
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Bremer and van Kessel (1992) reported that the microbial biomass nitrogen accumulated

during cover crop decomposition was the source of mineralized N. Doran et al. (1987) found that

when soil nitrate was high, microbial biomass N was low, and vice versa. In contrast, Bonder et al.

(1988) concluded that microbial biomass N was not a major source of plant available N, but rather

that it processed other soil organic matter fractions and made N available from them. Similarly,

Yaacob and Blair (1980) found that addition of organic residues stimulated native organic N release;

they referred to this as a "positive priming effect," the magnitude of which increased with longer

cropping histories.

Immobilization of N by the microbial community upon the incorporation of crop residue can

be a problem, but Allison and Killham (1988) found that systems apparently adapt to regulate inputs

of organic matter by increasing their microbial population, so turnover of organic matter becomes

progressively more rapid. Greater cropping intensity increases soil microbial activity and facilitates

nitrogen cycling (Bolton et al., 1985),

Soil mineral N present in the fall may persist, or be recycled by the cover crop for spring and

have considerable influence on optimum spring fertilization strategy (Scharf and Alley, 1994). High

N-use efficiency, or using fertilizer N in a most effective manner, is one goal of a "best management

practice" approach, which seeks to establish a balance between food production, profit, and

environmental quality. Improved N use efficiency can reduce in-season N losses or decrease residual

nitrate following the cropping season (McMorran, 1994; IRZ, 1993). Applied N fertilizer utilization

efficiency usually decreases as the amount of total plant available N increases (Schepers and Mosier,

1991). Thus in order to adopt a best management practice, proper accounting of the required N rates

is essential. Accounting depends on residual soil nitrate, mineralization and immobilization rates, and

other input sources (Bock and Hergert, 1991; Schepers and Mosier, 1991).
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Little information is available on the effectiveness of winter cover crops in recovering

residual fertilizer N and its subsequent release to spring crops in the Columbia Basin. Therefore, this

study was undertaken at the Hermiston Agricultural Research and Extension Center (HAREC) of

Oregon State University to evaluate the effectiveness of fall-planted non-legume cover crops in

recycling residual fertilizer nitrogen for the succeeding crop.

Materials and Methods

Field plots

Experiments were conducted from September, 1992 to May, 1993 and September, 1993 to

April, 1994 at HAREC in the lower Columbia Basin. Trials were established in two adjacent blocks

under a center pivot irrigation system on Adkins fine sandy loam (coarse-loamy, mixed mesic

Xerollic Camborthid). The site had been intensively cropped for more than 50 years. Potato

preceded the winter cover crops.

Seven treatments were arranged in a randomized complete block design with four

replications. Six cover crop species (winter wheat cv. Stephens, winter barley cv. Hesk, spring

barley cv. Steptoe, cereal rye cv. Wheeler, triticale cv. Whitman, and rape cv. Humus) were

compared to a fallow check. Plots were 3 x 10.2 m., and seeds were sown in rows 25 cm apart (330

seeds m2 for cereals and 135 seeds m2 for rape). Cover crops were not fertilized and depended

totally on residual fertilizers and mineralization of N from organic matter.

Supplementary irrigation was provided to simulate an average high rainfall season based on

long term values (1961-1990), but irrigation could not continue beyond November due to freezing

winter temperatures in both seasons. The 1992-1993 winter was cold and wet. Snowfall began in

mid-December and reached a maximum of 27.5 cm of snow on the ground in February. The winter

of 1993-1994 was mild and only 5 cm of snow accumulated for a few days in December.
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Soil and plant sampling

Soil NO3-N, NH4-N and organic N concentrations were measured in 0.3 m increments to a

depth of 0.9 m in both seasons. Soil was sampled at cover crop planting in late summer (18

September, 1992 and 20 September, 1993) and one month after cover crop incorporation on 7 May,

1993 and 9 April, 1994. Four soil cores (internal diameter 25 mm) per plot were taken in 1992-1993

with a hand probe, and three soil cores (i.d. 50 mm) were taken in each plot in 1993-1994 with a

truck mounted hydraulic probe (Gidding Machine Co., Ft. Collins, Co.). Plant samples for dry

matter and plant nitrogen estimates were taken from an 0.5 m2 area in the center of each plot in

March.

Soil analysis

Inorganic-N: The method outlined by Keeney and Nelson (1982) was used for determining

ammonium and nitrate N with a modification in which 75 mL of KC1 and 20 grams of soil were used

instead of 100 niL of KC1 and 10 grams of soil (Homeck et al., 1989). Extended shaking of the soil

samples with 2N KCI (Bremner, 1982) permitted simultaneous extraction of ammonium and nitrate

N. Both NO3-N and NIH4-N concentrations of the extract were determined with an ALPKEM rapid

flow analyzer (RF-305),

Organic-N: A two gram sample of ground soil which passed through a 2 mm stainless steel

sieve was used for micro Kjeldahl digestion (Homeck et aL, 1989). The NH4-N content of the extract

was determined with an ALPKEM rapid flow analyzer (RF-305).
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Plant total nitrogen

Plant samples were prepared according to the procedure of Lockman (1980) and micro

Kjeldahl procedures were followed for digestion (Bremner and Mulvaney, 1982). The NIH4-N

content of the digest solution was detennined with an ALPKEM rapid flow analyzer (RF-305).

Statistical analyses

Soil nitrate, ammonium, and organic nitrogen were analyzed according to a randomized

complete block design. ANOVA and orthogonal contrasts of interest were performed using the

general linear model (GLM) procedure of SAS (SAS Institution, 1991). A probability level of P

0.05 was used in the F test to indicate significant treatment effects, and Fisher's protected LSD

(0.05) was applied for comparison of means.

Results and Discussion

Cover crops were soil-incorporated on 5 April, 1993 and on 15 March, 1994. Cover crop

incorporation in the first season was delayed due to wet weather. When nitrate data from both

seasons for the 0-0.3 and 0.3-0.6 m depths were combined, cover crop x season interactions were

significant indicating that cover crop effects on soil nitrate depend on the season. Therefore, the two

seasons of data were not combined.

Weather conditions

The 1992-1993 plots received 307 mni of water (irrigation plus precipitation) between cover

crop planting and fmal soil sampling. Long term mean precipitation is 180 mm, and the long term

maximum is 522mm for this period. In 1993-1994, plots received 150mm of water. Long term

mean and maximum precipitation levels for this period are 162 mm and 454 mm, respectively. Plots
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received 29 mm of precipitation in 1992-1993, and 4 mm in 1993-1994 after cover crops were

incorporated into the soil. Moist, and warm conditions followed cover crop incorporation in 1992-

1993, but conditions were drier and cooler in 1993- 1994 (Table 4.1).

Table 4.1 Precipitation and air and soil temperatures between cover crop
incorporation and soil sampling

5 April to 7 May, 1993 15 March to 9 April, 1994

Total precipitation (mm) 29 4

Avg. max. air temperature (C) 17 16.4

Avg. mm. air temperature (C) 4.8 1.6

5 cm soil max. temperature (C) 15.2 12.9

5 cm soil min. temperature (C) 12.8 10.4
*Source: Oregon Climate Service, Oregon State University (1995).

Soil nitrate nitrogen

September

After potato harvest, most of the nitrogen in the 0-0.6 m soil layer occurred in organic fomi;

NO3-N was the primary inorganic nitrogen form available for immediate plant uptake (Table 4.2).

Residual NO3-N concentration from potato in the 0-0,6 m layer was higher in 1992 than in 1993 (P <

0.000 1). Though potato contributed 160 kg ha1 NO3-N in September, 1992 and 62 ha' NO3-N in

September, 1993, these amounts represent oniy 4.6 percent and 1.9 percent of the total nitrogen

pool, respectively (Table 4.2). Nitrate leaching is a concern in the Columbia Basin (McMorran,

1994), but these results show that residual NO3-N represents a very small fraction of the total

nitrogen pool in the rooting zone (0-0.6 m). Further, NO3-N is concentrated in the top 30 cm and

varies with the season. Martinez and Guiraud (1990) and Pumphrey and Rusmussen (1983)



suggested that a large component of nitrate leached during winter comes from mineralization of

organic matter. These data support that theory.

Table 4.2 Soil nitrogen concentrations in the 0-0.6 m profile following September
potato harvest

18 September, 1992 20 September, 1993

Depth, m. Nitrate Ammoniuin Organic-N Nitrate Ammonium Organic-N

mg kg-1 mg kg

0-0.3 31 5 508 12 3 467

0.3-0.6 6 3 246 2 2 237

% 4.6 1.0 94.4 1.9 0.7 97.4

April I May

0-0.3 m. Nitrate nitrogen decreased in the 0-0.3 m zone with all treatments from September,

1992 to May, 1993 (P< 0.01), but no differences were evident among treatments in May (Table 4.3).

By 7 May of 1993, cereals had higher soil NO3-N concentrations than winter fallow and rape. From

September, 1993 to April, 1994 all treatments except spring barley reduced soil NO3-N in the 0-0.3

m zone and the resulting NO3-N concentrations differed among treatments (Table 4.3). In April,

1994 soil NO3-N was lower in rye than in spring barley, rape and fallow plots. Fallow NO3-N

concentrations were not different from those of any other treatments. Rye had lower NO3-N

concentrations than the other cereals (P=0,04).

0.3-0.6 m. All treatments except fallow, spring barley and triticale decreased soil NO3-N in

the 0.3-0.6 in zone between September, 1992 and May, 1993 (Table 4.4). Nitrate-N concentrations

in May, 1993 differed among treatments. The differences between fallow and rape plots (P=0.04),



Table 4.3

Cover crops

Effects of winter cover crops on soil nitrate nitrogen in the 0-0.3 m soil
profile

1992-1993 1993-1994

18 Sep. 7 May 'P value 20 Sep. 9 April 'P value

81

mg kg'_ mg kg'_
None (fallow) 23.6 8.2 0.003 12.1 5.5 abc 0.002

Winter wheat 25.0 10.2 0.003 10.3 3.9 bcd 0.003

Winter barley 40.6 16.2 0.000 1 12.7 4.4 abcd 0.0003

Spring barley 29.5 16.5 0.01 10.9 7.7 a 0.09

Cereal rye 33.8 13.0 0.0002 13.4 1.9 d 0.0001

Triticale 30.4 15.6 0.003 13.6 3.3 cd 0.0001

Rape 30.7 8.9 0.0001 11.2 7.1 ab 0.04

Pr>F ns 115 flS
*

LSD(P=0.05) - - 3.4

Orthogonal contrasts:
Fallow x Cover crops ns ns

Cereals x Rape * *

Cereals x Fallow * ns

Fallow x Rape ns ns

Rye x Cereals ns *

Ryex Wheat ns ns
In a column means followed by a common letter are not statistically significant at P=0.05 by LSD. * Significant at the 0.05
level of probability. ns = nonsignificant at the 0.05 level of probability.

P value for the concentration difference between 18 September, 1992 to 7 May, 1993 and 20 September, 1993 to 9 April,
1994.
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Table 4.4 Effects of winter cover crops on soil nitrate nitrogen in the 0.3-0.6 m soil
profile

1992-1993 1993-1994

Cover crops 18 Sep. 7 May 'P value 20 Sep. 9 April P value

mgkg'_ mgkg'_.

None (fallow) 4.6 2.8 ab 0.1 1.6 4.5 a 0.02

Winter wheat 5.8 1.3 bc 0.002 1.7 0.1 b 0.2

Winter barley 6.5 2.0 bc 0.002 1.6 0.4 b 0.3

Spring barley 5.3 4.3 a 0.4 2.3 1.0 b 0.3

Cerealrye 5.8 1.Oc 0,001 1.4 0.lb 0.2

Triticale 4.5 2.2 bc 0.07 2.0 0.3 b 0.1

Rape 6.8 0.9 c 0.000 1 2.1 4.8 a 0.03

Pr>F ns ** ns **

LSD(P=0.05) - 1.8 - 2.8

Orthogonal contrasts:
Fallow x Cover crops ns **

Cereals x Rape ns

Cereals x Fallow ns

Fallow x Rape * flS

Rye x Cereals * nS

Rye x Wheat fls flS

In a column means followed by a common letter are not statistically significant at P=0.05 by LSD. *,**,*** Significant at
the 0.05, 0.01, and 0.001 levels of probability, respectively. ns nonsignificant at the 0.05 level of probability.

P value for the concentration difference between 18 September, 1992 to 7 May, 1993 and 20 September, 1993 to 9 April,
1994.
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and rye and cereal plots (P=0.04) were significant i.e, fallow plots had more NO3-N than rape, and

rye plots had less than the other cereals. By the end of the 1993-1994 season, NO3-N concentrations

had increased in fallow and rape plots (P< 0.03) in the 0.3-0.6 m depth while cereal plots had not

changed. It is important to consider that initial NO3-N concentrations in the 0.3-0.6 m zone were

lower in 1993-1994 than in 1992-1993, In April, 1994, cereals had lower NO3-N concentrations than

fallow and rape plots. There were no differences in soil NO3-N among cereal plots, but rye typically

had low concentrations. In May, 1993, rape had lower NO3-N than fallow, but the two were similar

in April, 1994. By contrast, rye was always lower in NO3-N than the fallow.

Because of the cold winter of 1992, over 50% of the spring barley vegetation was dead in

early March, 1993, which allowed these materials to decompose and release N to the soil earlier than

the other crops. This decomposition likely contributed to high NO3-N in the 0.3-0.6 m soil zone in

spring barley plots in May, 1993. During the 1993-1994 season, spring barley began to die in late

December, and by early January resembled a surface mulch. This dried plant material once again

decomposed much earlier than other species and released moreNO3 -N to the 0-0.3 m layer. Rye

lead all treatments in total seasonal N uptake, followed in descending order by winter barley, rape,

wheat, triticale, and spring barley in May, 1993. Spring barley incorporated less N (Table 4.5) but

decomposed earlier due to winter kill and therefore contributed to high NO3-N concentrations in the

0.3-0.6 m zone (Tables 4.3 and 4.4).

After cover crop incorporation April, 1994, fallow plots had a decrease in NO3-N in the 0-

0.3 m layer (Table 4.3), but increased concentrations in the 0.3 -0.6 m layer, not in the 0-0.3 in layer

(Table 4.4). During this period, in the fallow plot, organic N in the 0.3-0.6 m layer decreased (Table

4.6). Mineralization probably contributed to the observed increased NO3-N concentration iii the 0.3-

0.6 m zone. Similarly, in rape plots where crop stands and N uptake were poor, organic nitrogen
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Table 4.5 Cover crop nitrogen uptake, nitrogen percentage, and C:N ratio

Cover crop Total-N

March, 1993

N% C:N Total-N

March, 1994

N% C:N

kg ha-' kg ha-1

Wmterwheat 98bc 2.8b 14.68a 76a 2.5c 16.37b

Wmter barley 116 ab 3.1 b 13.05 ab 65 b 2.4 cd 16.54 b

Spring barley 74 c 2.8 b 14.64 a 45 b 2.4 ab 13.70 c

Cereal rye 133 a 3.0 b 13.36 a 71 a 2.1 d 19.28 a

Triticale 95 bc 2.9 b 13.93 a 76 a 2.6 be 15.94 b

Rape 100 be 3.5 a 11.51 b 35 b 3.2 a 12.58 c

Pr>F * ** ** *** *** ***

LSD(P=O.05) 33 0.4 1.79 18 0.4 2.22

Orthogonal contrasts:
Cereal x Rape 115 * *** *** ***

Wheat x Cereals ns ns ns ns ns nS

Rye x Cereals ** ns ns ns ** **

Wheat x Rye * ns ns 11S * **

Wheat x W.barley ns ns ns ns ns fl5

In a column means followed by a common letter are not statistically significant at P=0.05 by LSD, Significant at
the 0.05, 0.01, and 0.001 levels of probability, respectively. ns = nonsignificant at the 0,05 level of probability.
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Table 4.6 Effects of winter cover crops on organic nitrogen in the 0.3-0.6 m soil
profile

1992-1993 1993-1994

Cover crops 18 Sep. 7 May P value 20 Sep. 9 April P value

mgkg'_ mgkg1_

None (fallow) 270 209 0.03 233 206 0.03

Winter wheat 226 207 0.5 238 204 0.01

Winter barley 236. 199 0.2 247 202 0.02

Spring barley 239 232 0.9 207 197 0.4

Cereal rye 248 210 0.2 244 187 0.01

Triticale 245 216 0.6 255 191 0.001

Rape 258 231 0.5 235 212 0.01

Pr>F ns ns ns ns

LSD(P=0.05) - - - -

Orthogonal contrasts:
Fallow x Cover crops ns 11S

Cereals x Rape ns ns

Cereals x Fallow ns ns

Fallow x Rape ns fls

Rye x Cereals ns flS

Rye x Wheat ns ns
ns = nonsignificant at the 0.05 level of probability.
P value for the concentration difference between 18 September, 1992 to 7 May, 1993 and 20 September, 1993 to 9Apr11

1994.



decreased during 1993-1994 (Table 4.6). Therefore, NO3-N concentrations did not differ between

rape and fallow plots in the 1993- 1994 season in either the 0-0.3 m or 0.3-0.6 m zones.

From September, 1992 to May, 1993, NO3-N in the 0-0.3 m zone decreased with all

treatments; however fallow, spring barley, and triticale did not decrease concentrations in the 0.3-0.6

m layer (Table 4.3 and 4.4). All treatments reduced NO3-N in the 0-0.6 m zone between September,

1992 and May, 1993 (P= <0.01) (Table 4.7) but no treatment differences were noted in the amounts

depleted. Total NO3-N in the 0-0.6 m zone was higher with spring barley than with the wheat,

fallow, and rape treatments; none of the other cover crops differed from the fallow plot. In

orthogonal contrasts, cereals were higher in NO3-N than rape (P=0.02), but not different from fallow

at the 95% probability level; however, they were different from fallow at a probability level of P=

0.06. Thus, cereal cover crops tended to increase NO3-N concentration over the fallow treatment at

spring plow-down (Table 4.7).

Results were quite different for the two seasons. In the second season, all treatments except

spring barley decreased NO3-N in the 0-0.3 m layer between September, 1993 and April, 1994.

Likewise, rape and fallow plots increased NO3-N concentrations in the 0.3 -0.6 m layer but cereal

plots did not (Table 4.3 and 4.4). Between September, 1993 and April, 1994, NO3-N in the 0-0.6 m

layer was depleted by wheat, winter barley, rye, and triticale (P < 0.01); final amounts depended on

the cover crop treatment (P=0.001). Rye, triticale, and winter wheat had lower NO3-N concentrations

than fallow, rape, and spring barley plots (Table 4.7). Rye showed low NO3-N but not lower than

triticale, wheat, or winter barley. Rye, triticale, winter wheat, and winter barley reduced soil NO3-N

compared to fallow. In orthogonal contrast, rye was not different in soil NO3-N from other cereals

(P=0.06), but cereals were different from fallow (P=0.004) in April, 1994.

All treatments reduced soil NO3-N in the 0-0.6 m layer (P < 0.01) during the first (1992-

1993) season which was characterized by a wet, cold winter followed by a moist, warm spring
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Table 4.7 Effects of winter cover crops on total nitrate nitrogen in the 0-0.6 m soil
profile

Cover crops 18 Sep.

1992-1993

7 May P value 20 Sep.

1993-1994

9 April P value

kgha1___ kgha_.

None (fallow) 126 49 bc 0.01 62 45 a 0.2

Winterwheat 138 52bc 0.001 54 18c 0.01

Winter barley 211 82 ab 0.0001 64 22 bc 0.00 1

Springbarley 156 93a 0.01 59 39ab 0.09

Cerealrye 177 63abc 0.0001 66 9c 0.0001

Triticale 156 80 ab 0.01 70 16 c 0.0002

Rape 168 44c 0.0001 59 53a 0.6

Pr>F ns * ns

LSD(P=0.05) 33 20

Orthogonal contrasts:
Fallow x Cover crops ns *

Cereals x Rape * **

Cereals x Fallow ns **

Fallow x Rape ns ns

Rye x Cereals ns ns

Rye x Wheat ns flS

In a column means followed by a common letter are not statistically significant at P=0.05 by LSD. Significant at
the 0.05, 0,01, and 0.001 levels of probability, respectively. ns = nonsignificant at the 0.05 level of probability.
P value for the concentration difference between 18 September,1992 to 7 May, 1993 and 20 September, 1993 to 9 April,

1994.



decomposition period (Table 4.7). Final soil NO3-N concentrations differed among treatments in

May, 1993 (P =0.04). Spring barley, which was killed by cold weather in early March, 1993, had

more NO3-N than the fallow treatment. Likewise, the remaining cereals had higher NO3-N than

fallow at the 94% probability level (P= 0.0587) in May, 1993. The 1993-1994 season experienced a

mild, dry winter followed by a dry, cool decomposition period. Between September, 1993 and April,

1994, wheat, winter barley, rye and triticale depleted NO3-N in the 0-0.6 m zone; treatment effects

differed in April, 1994. In April wheat, triticale, rye, and winter barley had lower NO3-N

concentrations than rape or fallow plots. Thus, cereal cover crop incorporation after a mild, dry

winter can deplete soil NO3-N compared to fallow. Among cereals, rye was most effective in

reducing available NO3-N in the 1993-1994 season (Table 4.7). The higher C:N ratio in rye (Table

4.5) may have increased the N immobilization rate leading to a more NO3-N depletion in April,

1994.

Ammonium nitrogen

September

Initial late summer N114-N concentrations in the 0-0.3, and 0.3-0.6 m soil layers differed

between the 1992 and 1993 seasons (Table 4.2). Animonium-N represents the smallest fraction of

the total nitrogen pool in the 0-0.6 m layer and accounted for only 1% and 0.7% of the total pool in

the 1992-1993 and 1993-1994 seasons, respectively. Though it is the smallest fraction, the 0-0.6 m

soil layer contained 36 and 22 kg ha1 N}T4-N in September, 1992 and 1993, respectively.

May I April

No differences in NH4-N were evident among treatments in either May, 1993 or April, 1994

in either the 0-0.3 or 0.3-0.6 m zones (Table 4.8 and 4.9).



Table 4.8 Effects of winter cover crops on ammonium nitrogen in the 0-0.3 m soil
profile

1992-1993 1993-1994

Cover crops 18 Sep. 7 May P value 18 Sep. 9 April P value

mg kg1_ mg kg1_

None (fallow) 4.0 2.9 0.2 2.5 3.8 0.6

Winter wheat 5.2 2.8 0.01 2.6 5.4 0.2

Winterbarley 5.3 4.3 0.2 2.9 4.2 0.1

Spring barley 4.3 4.0 0.7 2.5 3.4 0.5

Cereal rye 4.2 3.1 0.2 2.4 4.2 0.9

Triticale 4.5 3.4 0.2 2.5 5.2 0.9

Rape 4.5 3.6 0.3 2.5 6.4 0.4

Pi>F ns ns ns flS

LSD(P=0.05) - - - -

Orthogonal contrasts:
Fallow x Cover crops ns flS

Cereals x Rape ns ns

Cereals x Fallow ns ns

Fallow x Rape ns nS

Rye x Cereals ns ns

Rye x Wheat ns ns
ns = nonsignificant at the 0.05 level of probability.

P value for the concentration difference between 18 September, 1992 to 7 May, 1993 and 20 September, 1993 to 9Apr11,
1994.



Table 4.9 Effects of winter cover crops on ammonium nitrogen in the 0.3-0.6 m soil
profile

1992-1993 1993-1994

Cover crops 18 Sep. 7 May P value 20 Sep. 9 April P value

mg kg1_ mg kgL...

None (fallow) 2.7 2.5 0.6 2.3 2.3 0.8

Winter wheat 2.7 2.6 0.8 2.3 2.2 0.7

Winter barley 3.0 2.1 0,02 2.4 2.2 0.5

Spring barley 2.6 2.5 0.8 2.3 2.1 0.4

Cereal rye 2.6 2.6 0.9 2.4 2.4 0.9

Triticale 2.4 2.9 0.1 2.5 2.3 0.6

Rape 2.6 2.5 0.8 2.3 2.4 0.8

Pi>F ns ns ns ns

LSD(P=0.05) - - - -

Orthogonal contrasts:
Fallow x Cover crops ns 115

Cereals x Rape ns ns

Cereals x Fallow ns ns

Fallow x Rape ns flS

Rye x Cereals ns flS

Rye x Wheat ns flS

ns = nonsignificant at the 0.05 level of probability.
P value for the concentration difference between 18 September, 1992 to 7 May, 1993 and 20 September, 1993 to 9 April,

1994.
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Total inorganic nitrogen

Between September, 1992 and May, 1993, all treatments reduced total inorganic nitrogen

(NO3 + NH4) in the 0-0.6 m zone (Table 4.10) and concentrations differed among treatments

(P=0.03) in May, 1993. Winter fallow showed a lower concentration of NO,-N than triticale, winter

barley or and spring barley in May, 1993. Rye inorganic nitrogen concentrations were not different

from those of other treatments. In the 1993-1994 season, wheat, winter barley, rye, and triticale

reduced inorganic nitrogen in the top 0.6 m, In 1994, rye showed lower inorganic nitrogen than

fallow and rape (Table 4.10). These results support Ditsch et al. (1993), who reported that rye is an

extremely effective cover crop for accumulating residual N. Though cereal plots were not different

from each other, cereals had lower inorganic N concentrations than fallow (P=0.05) and rape

(P=0.0009) in April, 1994,

As expected in September, 1992 there was no difference among plot inorganic nitrogen

concentration in the 0-0.6 in depth, but treatment effects on inorganic nitrogen were evident in the

following spring. In May, 1993, spring barley plots contained 122 kg ha' of inorganic nitrogen, or

about 45% of initial September, 1992 amount. Bundy and Malone (1988) found that winter

retention of fall profile nitrate in Wisconsin varied from 45 to 60% with above nonnal precipitation.

Fallow, wheat, and rape plots, which had lower inorganic N than spring barley, showed 73,76 and 71

kg ha-' of inorganic nitrogen, respectively (Table 4.10); rye, with 88 kg ha', did not differ from other

treatments. Prior to treatment initiation, inorganic nitrogen in the 0-0.6 m depth in September, 1993

did not different among plots, but difference were evident in April, 1994. In April 1994, rye had less

inorganic-N than fallow, but about the same as other cereals. In April, 1994, rye plots contained 38

kg ha-' of inorganic nitrogen while fallow and rape showed 72 and 92 kg ha' of inorganic nitrogen,

respectively.



92

Table 4.10 Effects of winter cover crops on inorganic nitrogen (NH4 + NO3) in the 0-
0.6 m soil profile

1992-1993 1993-1994

Cover crops 18 Sep. 7 May P value 20 Sep. 9 April 'P value

kghaL_.... kghaL

None(fallow) 156 73c 0.01 83 72ab 0.4

Winterwheat 173 76bc 0.001 76 5lbc 0.05

Winterbarley 248 111 ab 0.0001 88 5Obc 0.01

Spnngbarley 187 122a 0.01 81 63bc 0.1

Cerealrye 208 88abc 0.0001 88 38c 0.001

Triticale 187 lO8ab 0.01 93 SObc 0,01

Rape 199 71c 0.0001 81 92a 0.3

Pr>F ns * ns *

LSD(P=0.05) 35 - 28

Orthogonal contrasts:
Fallow x Cover crops ns fls

Cereals x Rape *

Cereals x Fallow * *

Fallow x Rape ns ns

Rye x Cereals 115 ns

Rye x Wheat ns ns
In a column means followed by a common letter are not statistically significant at P=0.05 by LSD. *,**,*** Significant at
the 0.05, 0.01, and 0.001 levels of probability, respectively. ns = nonsignificant at the 0.05 level of probability.

P value for the concentration difference between 18 September. 1992 to 7 May, 1993 and 20 September, 1993 to 09
April, 1994.



Organic nitrogen

0-0.3 m. Soil organic N concentration decreased in fallow, winter barley, spring barley and

rye between September, 1992 and May, 1993 (Table 4.11). By comparison, only winter wheat and

rape decreased organic N between September, 1993 and April, 1994. No treatment differences in

organic N concentration were evident in either May, 1993 or April, 1994. Similar results were

reported by McCracken et al. (1989).

0.3-0.6 m. Fallow decreased organic N concentration between September, 1992 and May,

1993 while other treatments showed no effect (Table 4.6). In the 1993-1994 season, by comparison,

all treatments, except spring barley reduced organic N concentrations between September, 1993 and

April, 1994 (P < 0.03). No treatment differences in organic N concentration were noted for the 0.3-

0.6 m zone in either May, 1993 or April, 1994.

Organic N represents the largest component of the soil N pool and most is present in the 0-

0.3 m zone (Table 4.2). Though organic N is not readily available for plant uptake or leaching, some

is available for mineralization. Mineralization rate depends on a number of biotic and abiotic

factors.

Biomass nitrogen

Just before cover crop incorporation in March, 1993, rye contained more N in the above-

ground biomass than either spring barley, winter wheat, triticale, or rape (Table 4.5). However, in

March, 1994, triticale, wheat, and rye showed similar N incorporation, but all three accumulated

significantly more N than spring barley, winter barley, or rape. Cereal C:N ratios were similar in

March, 1993; however, except for winter barley, all were higher than rape. Rape and spring barley

had lower C:N ratios than the other crops in March, 1994; at the same time triticale, wheat, and

winter barley had similar C:N ratios which were lower than that of rye. Rye accounted for 133 kg ha1
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Table 4.11 Effects of winter cover crops on organic nitrogen in the 0-0.3 m soil
profile

1992-1993 1993-1994

Cover crops 18 Sep. 7 May P value 20 Sep. 9 April P value

mg kgL_ mg kgL.

None (fallow) 499 433 0.02 449 437 0.8

Winter wheat 499 444 0.07 479 411 0.02

Winter barley 498 447 0.03 457 396 0.09

Spring barley 528 463 0.03 476 426 0.1

Cereal rye 534 455 0.03 473 399 0.1

Triticale 512 499 0.4 461 423 0.4

Rape 485 447 0.2 472 404 0.02

Pr>F ns ns ns ns

LSD(P=0.05) - - - -

Orthogonal contrasts:
Fallow x Cover crops ns flS

Cereals x Rape ns ns

Cereals x Fallow ns ns

Fallow x Rape ns ns

Rye x Cereals ns flS

Rye x Wheat ns ns
ns = nonsignificant at the 0.05 level of probability.

P value for the concentration difference between 18 September, 1992 to 7 May, 1993 and 20 September, 1993 to 9
April, 1994.
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of inorganic N uptake in March, 1993, but only 71 kg ha1 in March, 1994. Initial soil NO3-N and

NIT4-N concentrations were also lower in the second season (Table 4.2). These results support those

of Ditsch et al (1993), who reported that recovery of residual N by rye increased with high nitrogen

rates. Thus, in addition to climatic factors, initial soil N concentrations may also influence the C:N

ratio and, later on, mineralization and immobilization processes. These results also support those of

Tukey (1971) who reported that the quantity of the nutrient present in plants is related to the soil

nutrient supply.

Summary and Conclusions

In May, 1993, after a wet, cold winter followed by a moist, warm cover crop decomposition

period, spring barley plots had more NO3-N in the 0-0.6 m zone than fallow, which showed levels

similar to those of other cereals and rape. However, in April, 1994, after a mild, dry winter

followed by a dry, cool decomposition period, rye. triticale, wheat and winter barley plots contained

less nitrate nitrogen than fallow plots in the 0-0.6 m profile. None of the treatments in this study

affected ammonium nitrogen concentrations in either season.

In May, 1993, spring barley, winter barley, and triticale plots contained more inorganic

nitrogen than fallow plots in the 0-0.6 m zone, suggesting that some N had been recycled. Wheat,

rye, and rape plots showed inorganic-N amounts similar to those of the fallow treatment. None of the

cover crops reduced inorganic nitrogen below the fallow plot. Therefore, N immobilization by cover

crops was not evident in May, 1993. However, such was not the case in 1994. Tn April, 1994 cereal

inorganic N amounts were similar, but rye contained less than the fallow and rape plots (P=0.02).

Thus, nitrogen depletion in the 0-0.6 m zone by rye was evident in April, 1994. Inorganic-N

depletion may be related to large volumes of persistent mulch produced by rye (Ditsch et al., 1993).



Results of this study suggest that effects of whiter cover crops on early spring soil inorganic

N in the 0-0.6 m zone strongly depend on climatic conditions. After a wet, cold winter followed by a

decomposition period, inorganic nitrogen increased relative to the fallow in spring barley, winter

barley, and triticale plots. By contrast, after a dry mild winter followed by a decomposition period,

rye plots contained less inorganic nitrogen than fallow plots.

Different cover crop species do not decompose and release N compounds concurrently, even

though they may have similar C:N ratios. Nitrogen release can be further complicated by differences

in the timing of crop kill and soil incorporation.

Cover crop effects on available nitrogen depend mainly on changes in NO3 -N concentration,

because ammonium concentrations remain relatively stable. Further, initial soil N concentrations

influence the C:N ratio, and, subsequently, nitrogen mineralization and immobilization,



CHAPTER 5
CHEMICAL CHANGES IN SOILS SUBJECTED TO WINTER COVER CROPS IN THE

COLUMBIA BASIN

Abstract

Winter cover crops influence soil characteristics and may alter nutrient availability.

However, their effects on soil chemical characteristics are largely unknown. Studies were conducted

in 1992-1993 and 1993-1994 at the Henniston Agricultural Research and Extension Center

(HAREC) to measure the effect of fall-planted annual non-legume winter cover crops following

potato on soil chemical characteristics related to fertility. Winter wheat (Triticum aestivurn L, cv.

Stephens), winter barley (Hordeum vulgare L. cv. Hesk), spring barley (J-fordeum vulgare L. cv.

Steptoe), cereal rye (Secale cereal L. cv. Wheeler), triticale (X triticosecale Wittm. cv. Whitman),

and rape (Brassica napus L. cv. Humus) were compared to winter fallow. One month after spring

incorporation, cover crop treatments did not differ in soil pH, soil organic matter (SOM), or

extractable P, K, Ca, and Mg. These results demonstrate that the incorporation of short-term non-

legume cover crops following potato in a single rotation does not affect either the distribution of

plant nutrients except for N or chemical characteristics associated with soil fertility.

Introduction

Frequent tillage and summer fallow fasten residue decomposition and often facilitate soil

erosion, thereby reducing SOM (McGill et al., 1981; Havlin et at., 1990). Restoration of SOM is

important, because it contributes to soil productivity by influencing fertility and physical properties

(Jenkinson, 1991). Since they offer an on-site source of plant biomass to restore or maintain SOM

level and soil biological activity, cover crops have great potential for restoring and maintaining soil
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productivity (Bruce at al., 1991). During the last decade, producers have turned to cover crops as an

important component of soil fertility management (Shennan, 1992).

Cover crops add biomass to the soil when killed or incorporated, but SOM is also a function

of factors such as climate, soil characteristics, and land management (Jenny, 1941). The degree and

rate of change in SOM depends on initial levels (McGill et al., 1981; Glendining and Powlson,

1991), but, because of large pool size and inherent spatial variability, changes in SOM are often

difficult to achieve and quantify (Franzluebbers et al,, 1995). The quality and quantity of biomass

input as well as the degree of soil incorporation affect results. Therefore, cover crop benefits to soil

are not often realized in one or two years (Bruce et al., 1991).

Crops absorb nutrients while actively growing, but the quantity of nutrients present in crop

biomass is related to the plant species, age, and health, and the soil nutrient supply (Tukey, 1971).

Biomass decomposition can contribute to soil nutrient availability. The solubility and mobility of

these cover crop-immobilized nutrients can vary with freezing and drying of the plant material.

Effects of cover crops on other soil chemical properties have received much less attention than C and

N (Lal et al., 1991).

Hargrove (1986) found that cover crops in a no-till grain sorghum system concentrated

exchangeable potassium (K) in the upper 7.5 cm relative to a fallow control. Similarly, Eckert

(1991) reported increased K in the upper 5 cm of soil because of inclusion of cereal rye in a no-till

cropping sequence. Both of these studies showed some tendency for cover crops to reduce available

phosphorus (P) near the soil surface. Phosphorus reductions occur because cover crops absorb labile

P and assimilate it into organic forms not accessible to laboratory extractants (Eckert, 1991). Eckert

(1991) reported that distribution of exchangeable calcium (Ca) and magnesium (Mg) concentrations

were unaffected by cover crops, and concluded that the addition of cover crops had little effect on soil

characters associated with soil fertility. Bruce et al. (1991) suggested a need for investigations on the



role of cover crops in restoration and maintenance of soil productivity in a wide range of climates

using a variety of cover crop species.

Little is known about the effectiveness of winter cover crops in restoring and maintaining

soil chemical characteristics related to productivity in the Columbia Basin. This study was

conducted at the Hermiston Agricultural Research and Extension Center (HAREC) in the lower

Columbia Basin to compare effects on soil chemical characteristics of fall-planted annual non-

legume winter cover crops relative to winter fallow.

Materials and Methods

Field plots

Experiments were conducted in two adjacent blocks located under a center pivot irrigation

system on Adkins fine sandy loam (coarse-loamy, mixed mesic Xerollic Camborthid) from

September, 1992 to May, 1993, and September, 1993 to April, 1994, at the HAREC, The site had

been intensively cropped for more than 50 years. Potato preceded winter cover crop Ireatments in

both years.

A randomized complete block design with four replications was used in both instances. Six

cover crops: winter wheat (Stephens), winter barley (Hesk), spring barley (Steptoe), cereal rye

(Wheeler), triticale (Whitman), and rape (Humus)were sown in 3 x 10.2 m plots. Control plots were

left fallow. Seeds were sown in rows 25 cm apart (330 seeds m2 for cereals and 135 seeds m2 for

rape). Cover crops were not fertilized and depended totally on residual soil nutrients.

Supplementary fall irrigation was provided to simulate an average high rainfall season based

on long term values (1961-1990), but irrigation was discontinued in late November in both seasons

because of freezing winter weather.
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The 1992-1993 winter was cold and wet. Snowfall started in mid-December and reached a

maximum of 27.5 cm on the ground in February. In comparison, the 1993-1994 winter was mild

and dry and only 5 cm of snow accumulated for a few days in December.

Soil sampling

Soil organic matter, pH, extractable P, extractable Ca, Mg, and K concentrations were

measured at the 0-0.3 m and 0.3-0.6 m depths in both seasons. Soils were sampled during cover

crop planting in late summer (18 September, 1992 and 20 September, 1993) and one month after soil

incorporation on 7 May, 1993 and 9 April, 1994. Four soil cores (internal diameter 25 mm) per plot

were taken in 1992-1993 with a hand probe, and three soil cores (i.d. 50 mm) were taken from each

plot in 1993-1994 with a truck mounted hydraulic probe (Gidding Machine Co., Ft. Collins, Co.).

Soil analyses

Organic matter: The ignition method (Nelson and Sommers, 1982; Horneck et al.,1989)

was used to measure SOM.

Extractable P: Phosphorus was extracted using sodium bicarbonate method (Olsen and

Sommers, 1982) with exceptions suggested by Horneck et al. (1989): a ammonium paramolybdate

solution containing sufficient HCI to neutralize the NaHCO3 2 mL aliquot of extractant was used to

eliminate acidification with H2SO4. The colorimeter tube was used for color development rather than

a volumetric flask.

Extractable Ca, Mg, and K: The ammonium acetate extraction method (Knudsen et aL,

1982) was followed with modifications outlined by Horneck et al. (1989).

Soil pH: The method outlined by McLean (1982) was used with a dual electrode to measure

soil pH (Fisher Scientific, Accumet Model 20). A soil-water ratio of 1:2 was used and the pH was



101

measured in the supematant instead of in the soil suspension for convenience and to minimize errors

introduced by liquid junction potential (Homeck et al., 1989).

Statistical analyses

Values obtained for SOM, pH, extractable P, extractable Ca, Mg, and K were analyzed

according to a randomized complete block design. ANOVA and orthogonal contrasts of interest were

performed using the general linear model (GLM) procedure of SAS (SAS Institution, 1991). A

probability level of P 0.05 was used in the F test to indicate significant treatment effects, and

Fisher's protected LSD (0.05) was applied for comparison of means.

Results and Discussion

Weather conditions

Irrigation and precipitation provided 307 nin of water during the 1992-1993 experimental

period. For this same period, precipitation averages 180 mm, with a long-term average maximum of

522 nm. During the 1993-1994 experimental period, plots received 150mm of water; long term

mean and maximum precipitation levels for this period are 162 mm and 454 mm, respectively. The

piots received 30 mm in 1992-1993 and 4 mm in 1993-1994 after the cover crops were incorporated

into the soil. Moist and warm conditions prevailed after soil incorporation in 1992-1993, but 1993-

1994 was drier and cooler (Fable 5.1).
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Table 5.1 Precipitation and air and soil temperatures between cover crop
incorporation and fmal spring soil sampling

5 April to 7 May, 1993 15 March to 9 April, 1994

Total precipitation (mm) 30 4

Avg. max, daily air temperature (C) 17 16.4

Avg. mm. daily air temperature (C) 4.8 1.6

5 cm daily soil max. temperature (C) 15.2 12.9

5 cm daily soil mm. temperature (C) 12.8 10.4
*Source: Oregon Climate Service, Oregon State University (1995)

Soil organic matter

The ignition method (Nelson and Sommers, 1982; Homeck et al., 1989) overestimates SOM

because both inorganic and organic constituents lose weight during heating (Nelson and Sommers,

1982). Values from the ignition method are about 40% higher than estimates from the Walkey-

Black method (Nelson and Sommers, 1982) for these soils (Hanson, PC 1995).

September

Soil organic matter content in the 0-0.3 m profile was higher in September, 1992 than in

September, 1993 (P <0.0001), but there was no difference in SOM at 0.3-0.6 m between seasons

(P=0.3) (Table 5.2).



Table 5.2 Initial September Soil organic matter in the 0-0.6 m profile following summer
potato

Depth 18 September, 1992 20 September, 1993

m

0-0.3

0.3-0.6

May I April

% %

2.2 1.9

1.4 1.3
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0-0.3 m. Soil organic matter content decreased from September, 1992 to May, 1993, in all

treatments, but no change in SOM occurred during the September, 1993 to April, 1994 experiment

(Table 5.3). Neither fallow x cover, fallow x cereals, nor the other tested treatment groups were

different in orthogonal contrasts. Thus, no cover crop effects on SOM in the 0-0.3 m zone were

evident at the end of these two experimental periods.

0.3-0.6 m. Soil organic matter content showed no response to either cover crops or fallow at

the end of either season, Likewise, tested treatment groups were not different in orthogonal contrasts

(Table 5.4).

Soil organic matter content in the 0-0.6 m profile showed no response to treatments at plow-

down in either season (P=0.7 and P=0.4 respectively). Similarly, when data for the 0-0.3 m zone

from both seasons were analyzed, season (P=0.3), treatment (P=0.3), and season x treatment

interactions (P=0.7) showed no statistical significance. Likewise, treatment (P=0.2), and treatment x

season interactions (P=0.2) were not significant for the 0.3-0.6 m zone, but seasonal effects were

(P=0.02).

Soil organic matter in the 0-0.3, 0.3-0.6, and the 0-0.6 m zones did not respond sufficiently

to document cover crop affects in this study. These results support yen der Linden et al. (1987),

who reported that an increase in SOM is not universally observed when cover crops are added to



Table 5.3 Effects of winter cover crop incorporation on soil organic matter content in
the 0-0.3 m profile

Cover crop

1992-1993 1993-1994

104

18 Sep. 7 May P value 20 Sep. 9 April P value

%___ ___%-
None (fallow) 2.3 1.7 0.000 1 1.8 1.9 0.23

Winter wheat 2.1 1.8 0.0004 2.0 1.9 0.39

Winter barley 2.3 1,6 0.0001 1.8 1.9 0.40

Spring barley 2.2 1.8 0.0001 1.8 1.9 0.59

Cereal rye 2.3 1.7 0.0001 1.8 1.9 0.28

Triticale 2.2 1.8 0.0001 2.0 2.0 0.77

Rape 2.2 1.7 0.0001 1.9 1.8 0.75

Pr>F ns ns ns ns

LSD(P=0.05) - - - -

Orthogonal contrasts:
Fallow x Cover crops 115 115

Cereals x Rape ns ns

Cereals x Fallow ns ns

Fallow x Rape ns ns

Rye x Cereals ns ns
ns = nonsignificant at the 0.05 level of probability.

P value for the concentration difference between 18 September, 1992 to 7 May, 1993 and 20 September, 1993 to 9 April,
1994.
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Table 5. 4 Effects of winter cover crop incorporation on soil organic matter content in
the 0-3-0.6 m profile

Cover crop 7 May, 1993 9 April, 1994

% %

None (fallow) 1.6 1.4

Winter wheat 1.6 1.3

Winter barley 1.7 1.3

Spring barley 1.7 1.3

Cereal rye 1.5 1.4

Triticale 1,5 1,3

Rape 1.7 1.3

Pr>F ns ns

LSD(P=0.05)

Orthogonal contrasts:
Fallow x Cover crops ns ils

Cereals x Rape ns ns

Cereals x Fallow ns ns

Fallow x Rape ns 11S

Rye x Cereals ns ns
ns = nonsignificant at the 0.05 level of probability.
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cropping systems. Bloodworth and Johnson (1995) also reported that soil organic matter levels are

generally unaffected by cover crops. Further, it has been reported that short-and medium-term

changes in soil organic carbon are often difficult to quantify because of large SOM pooi size and

inherent soil spatial variability (Franzluebbers, et al., 1995).

Extractable P

September

September soil P concentrations in the 0-0.3 m and 0.3-0.6 m depths did not differ between

seasons (P=0.0550, and P= 0.0838 respectively) (Table 5.5). Soil organic matter content in the 0-

0.3 m profile was higher on 18 September, 1992 than on 20 September, 1993 (Table 5.2), compared

to 1992, more P may have been assimilated into organic form and rendered inaccessible to the

extractantin 1993 (Eckert, 1991).

Table 5.5 September extractable phosphorus concentrations in the 0-0.3 and 0.3-0.6
m soil profiles after summer potato

Depth 18 September, 1992 20 September, 1993

m mgkg' mgkg1

0-0,3 9,7 19.9

0.3-0.6 3.1 6.0

May I April

No significant season x treatment interaction, seasonal, or treatment effects on P were

observed at any depths (P > 0.05) (Table 5.6). In the orthogonal contrast for 0-0.3 and 0.3-0.6 m
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Table 5.6 Effects of winter cover crop incorporation on soil extractable P in the 0-0.3
and 0.3-0.6 m profiles

7 May, 1993 9 April, 1994

Cover crop 0-0.3 m 0.3-0.6 m 0-0.3 m 0.3-0.6 m

mgkg'

None (fallow) 16.8 4.6 21.1 6.1

Winter wheat 13.4 2.7 18.7 5.4

Winter barley 14,0 4.0 20.2 5.8

Spring barley 15.4 4.6 21.6 6.1

Cereal rye 12.8 2.8 20.2 7.2

Triticale 18.0 4.5 21.6 7.4

Rape 15.0 3.8 21.0 6.5

Pr>F ns ns ns ns

LSD(P=0.05) - - - -

Orthogonal contrasts:
Fallow x Cover crops ns ns ns fls

Cereals x Rape ns ns ns ns

Cereals x Fallow ns ns ns ns

Fallow x Rape ns ns ns ns

Rye x Cereals ns ns ns ns
ns = nonsignificant at the 0.05 level of probability.
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depths, none of the tested treatment groups differed in P concentrations. These results support

Bloodworth and Johnson (1995) who reported that extractable soil P is not influenced by cover

crops.

Extractable K, Ca, and Mg

September

Extractable K in the 0-0.3 m zone was higher on 20 September, 1993 than on 18

September, 1992 (P=0.02), but K concentrations in the 0.3-0.6 m profile were similar for the two

seasons P=0. 1) (Table 5.7). Initial Ca concentrations in the 0-0.3, and 0.3-0.6 m zones are in

accordance with values reported by McMorran (1994) for the same site. Calcium concentrations in

the 0-0.3 and 0.3-0.6 m zones did not differ between seasons (P=0.09, and P=0.5). Magnesium

concentrations in the 0-0.3 m layer were different between seasons (P=0.04), but concentrations in

the 0,3-0.6 m layer were not (P=0.5).

Table 5,7 September extractable cation concentrations in the 0-0.3 and 0.3-0.6 m
soil profiles after summer potato.

18 September, 1992 20 September, 1993

Depth K Ca Mg K Ca Mg

m mg kg1 c mole kg1 c mole kg' mg kg" c mole kg' c mole kg'

0-0.3 318 5.04 2.04 423 4.68 1.85

0.3-0.6 183 5.90 2.21 236 5.60 2.07
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May I April

Soil K concentrations at all depths responded to seasonal differences (0-0.3, P=0.05, 0.3-

0.6, P=0.05, and 0-0.6 m P=0.03), but no significant season x treatment interaction or trealment

effects were noted for any depth (P> 0.05). All tested contrasts were similar except for May, 1993

samples when K concentrations in the 0-0.3 in zone were higher for cereals or fallow than for rape

(Table 5.8).

Bloodworth and Johnson (1995) also reported that extractable K concentrations in the 0-

7.5, and 7.5-15 cm depths were not influenced by cover crops. In previous studies, Hargrove (1986)

and Eckert (1991) reported an increased K concentration in the upper 7.5, and 5 cm depths,

respectively, in comparison to deeper layers in the soil profile in a no-till condition. Eckert (1991)

concluded that the no-till system itself was more influential than the cover crops in altering the

distribution of attributes associated with soil fertility.

Treatment, season, and season x treatment interaction showed no effect on soil Ca or Mg

concentrations for any depth, Orthogonal contrasts likewise showed no differences in Ca or Mg

concentrations between treatment groups for either the 0-0.3, or 0.3-0.6 m zones (Tables 5.9 and

5.10).

Soil pH

September

Applications of N fertilizers over time lower soil pH (Edwards et al., 1992). Thus, the

chosen experimental site which has been intensively cultivated for more than 50 years has a soil pH

lower than usual for the area. There were no differences in soil pH between seasons for the 0-0.3 m

zone (P=0.08), but pH was higher in 1993 than 1992 in the 0.3-0.6 m profile (P=0.002) (Table

5.11).
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Table 5.8 Effects of winter cover crop incorporation on soil extractable K in the 0-0.3
and 0.3-0.6 m profiles

7 May, 1993 9 April, 1994

Cover crop 0-0.3 m 0.3-0.6 m 0-0.3 m 0.3-0.6 m

mgkg1

None (fallow) 321 163 460 220

Winter wheat 296 170 398 199

Winter barley 384 171 449 251

Spnng barley 371 161 459 213

Cereal rye 290 159 406 204

Triticale 380 160 471 184

Rape 354 141 463 234

Pr>F ns ns ns ns

LSD(P=0,05) - - -

Orthogonal contrasts:
Fallow x Cover crops ns ns ns ns

Cereals x Rape ns * ils ns

Cereals x Fallow ns ns ns ns

Fallow xRape ns * ns ns

Rye x Cereals ns ns ns ns
'k, ns significant or nonsignificant at the 0.05 level of probability.
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Table 5.9 Effects of winter cover crop incorporation on soil extractable calcium in the
0-0.3 and 0.3-0.6 m profiles

Cover crop

7 May, 1993

0-0.3 m 0.3-0.6 m

9 April, 1994

0-0.3 m 0.3-0.6 m

cmolekg1

None (fallow) 5.13 5.96 4.74 5.52

Winter wheat 5.09 5.64 4.82 5.88

Winter barley 4.94 5.99 5.13 6.02

Spring barley 5.27 5.89 4.71 5.69

Cerealrye 5.11 5.91 5.12 5.86

Triticale 5.51 6.12 5.23 5.69

Rape 5.26 5.96 4.85 5.60

Pi>F ns ns IIS flS

LSD(P=0.05) - - -

Orthogonal contrasts:
Fallow x Cover crops ns ns flS US

Cereals x Rape ns ns ns ns

Cereals x Fallow ns ns ns Us

Fallow x Rape ns ns ns ns

Rye x Cereals ns Us flS flS

ns = nonsignificant at the 0.05 level of probability.
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Table 5.10 Effects of winter cover crop incorporation on soil extractable magnesium in
the 0-0.3 and 0.3-0.6 m profiles

7 May, 1993 9 April, 1994

Cover crop 0-0.3 m 0.3-0.6 m 0-0.3 m 0.3-0.6 m

_______________ c mole kg1

None (fallow) 1.91 2.05 1.83 2.08

Winterwheat 1.71 1.83 1.89 2.13

Winterbarley 1,88 2.01 1.78 1.95

Spring barley 1.91 2.03 1.79 2.06

Cereal rye 1.93 2.00 1.85 2.09

Triticale 1.90 2.10 1.87 1.94

Rape 1.96 2.02 1.82 2.03

Pi>F ns ns ns 115

LSD(P=0.05) - - - -

Orthogonal contrasts:
Fallow x Cover crops ns ns ns IIS

Cereals x Rape ns ns ns IIS

Cereals x Fallow ns ns ns ns

FallowxRape ns ns 11S 11S

Rye x Cereals ns ns ns ns
ns = nonsignificant at the 0.05 level of probability.
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May I April

Spring soil pH was not affected by season or cover crop in the 0-0.3, and 0.3-0.6 m profiles

and none of the tested treatment groups were differed from others (Table 5.12). These results

support Bloodworth and Johnson (1995) who reported that soil pH is generally unaffected by cover

crops.

Table 5.11 Initial soil pH in 0-0.3 and 0.3-0.6 m profiles after summer potato

Depth 18 September, 1992 20 September, 1993

m

0-0.3 6.3 6.4

0.3-0.6

Cover crop effects

6.7 7.1

Soil NO3-N and N1114-N in the 0-0.6 m profile were higher on 18 September, 1992 (total of

194 kg ha' N) than on 20 September, 1993 (total of 84 kg ha-' N), and most of the N was present

in the upper 0.3 m. Soil organic matter in the 0-0.3 m zone was higher in September, 1992 than in

September, 1993. Soil organic matter in the 0-0.3 m layer decreased between 18 September, 1992

and 7 May, 1993, but not between 18 September, 1993 and 9 April, 1994. Thus, more

mineralization may have occurred in 1992-1993. These results support Blackmer et al. (1988) and

Green et al. (1995) who reported that SOM could decrease due to the addition of more N than

needed for maximum yield.

At potato harvest, P concentrations in the 0-0.3 and 0.3-0.6 m layers were similar for the

two seasons. High SOM in the 0-0.3 m zone in September, 1992 may have lowered P

concentrations. However, P concentrations showed no response to either cover crop



Table 5.12 Effects of winter cover crop incorporation on soil pH in the 0-0.3 and 0.3-
0.6 m profiles

7 May, 1993

Cover crop 0-0.3 m

None (fallow) 6.7

Winter wheat 7.0

Winter barley 6.9

Spring barley 6.7

Cereal rye 6.7

Triticale 6.6

Rape 6.7

Pr>F ns

LSD(P=0.05) -

Orthogonal contrasts:
Fallow x Cover crops ns

Cereals x Rape ns

Cereals x Fallow ns

Fallow x Rape ns

Rye x Cereals ns
ns = nonsignificant at the 0.05 level of probability

0.3-0.6 m

9 April, 1994

0-0.3m
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0.3-0.6 m

7.3 6.8 7.0

7.2 6.7 7.0

7.2 6.9 7.2

7.1 6.8 7.2

7,2 6.9 7.2

7.1 6.9 7.2

7.1 6.9 7.1

ns ns ns

ns ns ns

ns ns ns

ns ns ns

ns ns ns

us ns ns
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treatments, seasons or their interactions. Eckert (1991) similarly reported that cover crop had little

effect on P distribution.

Initial soil K concentrations in the 0-0.3 m layer were higher in September 1993 than in

September, 1992, but seasonal differences were not evident for the 0.3-0.6 m zone. In September

1992, SOM was high in the 0-0.3 m zone and may have reduced extractable K concentrations.

After the summer potato crop, Ca concentrations in the 0-0.3 and. 0.3-0.6 m zone were similar

between seasons. After cover crop incorporation, no differences were observed in Ca concentration

among cover crop treatments or between cover crops and fallow. This could be due to relatively low

Ca uptake by cover crops compared to Ca concentrations in the soil. Similarly, Eckert (1991)

concluded that distribution of exchangeable Ca was not affected by cover crops. Winter cover crops

did not affect Mg concentration in the surface soil layers. These data support fmdings of Eckert

(1991).

Edwards et al. (1992) reported that crop rotations lower the soil pH due to applications of

N fertilizers over time. In this study no fertilizers were added, and a single rotation was used. These

conditions may account for the relatively constant soil pH among treatments in this study.

Summary and Conclusions

Based on these results, it can be concluded that a single rotation of cover cropping had no

measurable effect on SOM in the 0-0.3 m and 0.3-0.6 m profiles regardless of seasonal climatic

differences. If SOM is high, it decreases during fall and winter regardless of the cover crop

situation. The decrease in SOM has some association with increased mineral N concentration.

The non-legume cover crops tested have had no effect on soil P, K, Ca, or Mg

concentrations or soil pH in the 0-0.3 m and 0.3 -0.6 m profiles in early spring under Columbia

Basin tillage conditions.
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CHAPTER 6
POTATO MANAGEMENT AND WINTER COVER CROP EFFECTS ON RESIDUAL

NITRATE IN COLUMBIA BASIN SOILS

Abstract

At the end of the summer potato crop, high residual NO3-N concentrations can be present in

different soil layers depending on seasonal management practices. High soil NO3-N accumulated

during the cropping season can be reduced before winter leaching by use of fall-planted cover crops.

Field trials were conducted in north central Oregon to determine effects of summer crop

management and winter cover crops on nitrate losses during winter. Winter wheat (Triticurn

aestivum L. cv. Stephens), and triticale (X triticosecale Wittm. cv. Whitman) were planted after

potato grown under seven combinations of nitrogen fertilizer, irrigation rate, and irrigation

frequency.

Wheat and triticale did not differ in their affect on soil NO3-N loss during either the wet cold

winter of 1992-1993 or the dry cool winter of 1993-1994. Soil NO3-N losses during the 1992-1993

winter depended on summer potato management practices, but in the dry cool winter of 1993-1994,

summer potato management practices had no effect.

During the wet cold winter of 1992-1993, highly fertilized summer potato plot (560 kg N

ha-') showed the highest NO3-N losses (119 kg ha'). By comparison, NO3-N losses from the 0-1.2

m profile were not evident for either the 392 or 224 kg N ha' fertilizer rates. All treatments except

for low fertility (242 kg N ha-'), high irrigation rate, and low irrigation frequency lost NO3-N during

the dry cool winter of 1993-1994. By contrast, potato management treatments did not affect nitrogen

losses during drier 1993-1994 winter.
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Introduction

The shift to concentrated inorganic fertilizers is thought to have contributed to nitrate

contamination of ground water in the Columbia Basin of Oregon (del Nero, 1994; McMorron, 1994).

Potato, a major crop in the area, gained attention because it is generally fertilized at a higher rate than

most other area (McMorran, 1994). Because of its shallow root system (Harris, 1978), potato is not

efficient in utilizing deep residual nitrogen. Therefore, potato leaves a significant amount of nitrate

and organic nitrogen in the soil at harvest which can eventually leach to the ground water during

succeeding winters (Connell and Binning, 1991; Pumphrey and Rasmussen, 1983). Residual nitrate

levels as high as 334 kg ha-' in the upper 1.5 meters have been reported for fields previously cropped

to potato in the Columbia Basin (Pumphrey and Rasmussen, 1983).

Winter cover crops are effective in stabilizing NO,-N and NIH4-N derived from residual

fertilizer and mineralized organic matter (Ditsch et al., 1991; Jackson et al., 1993a; Guillard et at.,

1995). In order to reduce NO,-N leaching by winter rains, an effective cover crop must be capable of

rapid fall growth and extensive root development, and must tolerate the environmental stress of

winter without supplemental inputs (Misinger et at., 1991). Growing a winter annual crop following

harvest of a summer crop has long been recognized as important in conserving soil and reducing

wind erosion in the Columbia Basin. Among these winter annuals, winter wheat is a major rotational

crop.

Fertilization and irrigation contribute to NO3-N leaching in sandy soils (Hargert, 1986;

Middleton et al., 1975). Both irrigation management and the interaction between irrigation and N

management can influence NO3-N leaching (Brinsfield et al., 1991; McMorran, 1994). Thus,

different soil layers can accumulate different residual N levels after harvest depending on

management practices used during the season (McMonan, 1994).
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Information on effects of summer crop management and winter cover crops on winter nitrate

leaching is vital for maintaining Columbia Basin water quality and high crop production levels.

Consequently, trials were conducted at the Hermiston Agricultural Research and Extension Center

(HAREC) in the lower Columbia Basin to detei-mine effects of potato crop management and winter

cover crops on soil NO3-N concentrations.

Materials and Methods

Field plots

Experiments were conducted from September, 1992 to March, 1993 and September, 1993 to

March, 1994 at HAREC in the lower Columbia Basin. Trials were established in two adjacent

blocks on Adkins fine sandy loam (coarse-loamy, mixed mesic Xerollic Carnborthid). The site had

never been cropped prior to potato irrigation and fertilizer management studies initiated in 1992

(McMorran, 1994).

Winter wheat, triticale, and rape were planted on 16 September, 1992 and 18 September,

1993, respectively. The crops were randomly allocated to three sub plots (10 x 3.3 m) within each of

21 blocks (10 x 10 m) to form a split plot design. Prior to cover crop initiation, the 21 blocks had

been utilized for a potato management study (McMorran, 1994). Potato treatment combinations

were (SPP): 1) control: recommended replacement rate, watered every other day, and 392 kg N ha-';

2) low nitrogen: 224 kg N ha1, recommended replacement rate, watered every other day; 3) high

nitrogen 560 kg N ha', recommended replacement rate, watered every other day; 4) low irrigation;

0.7 x rec., watered every other day, 392 kg N ha-'; 5) high irrigation 1.3 x rec., watered every other

day, 392 kg N ha1; 6) low irrigation frequency: 3 day interval, recommended replacement rate, 392

kg. N ha'; 7) high irrigation frequency: daily, reconmiended replacement rate, 392 kg N hif'.
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Seeds were sown in rows 25 cm apart with at a seeding rate of 330 seeds m2 for cereals and

135 seeds m2 for rape. Cover crops were not fertilized or irrigated during the experiment, but in

both seasons 12.5 mm of water was applied prior to planting.

The 1992-1993 winter was cold and wet. Snowfall began in mid December and reached a

maximum of 27.5 cm on the ground in February. The 1993-1994 winter was mild and only 5 cm of

snow accumulated for a few days in December.

Soil sampling

Soil NO3-N and NH4-N concentrations were measured in 0.3 m increments to a depth of 1.2

m. Soil sampling began in September before cover crop planting, but after potato harvest. Final

samples were collected in late winter (March). Four soil cores were taken in each of the 63 plots with

a truck-mounted hydraulic probe (Gidding Machine Co., Ft. Collins, Co.). All cores of the same

depth for each plot were composited, mixed, and stored in sealed plastic bags at 4 C for processing.

Soil analyses

Soil samples were air-dried, pulverized, and sieved with a Custom Laboratory Equipment

Co. Dynacrush soil crusher (Custom Laboratory Equipment, Inc., Oregon City, FL.). Soil passing

through the 2 mm stainless steel sieve was used for chemical analyses.

Twenty grams of sieved soil was placed into a 250 mL extracting bottle and 75 mL of 2 N

KC1 extracting solution was added. Extracting bottles were shaken for one hour on a mechanical

shaker. After shaking, bottles were removed from the shaker and the soil-KC1 suspension was

allowed to settle for 30 minutes. Settled suspensions were filtered through Whatman No. 42 filter

paper. The extracts were then stored in a refrigerator at 4 C until analyses.
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The method outlined by Keeney and Nelson (1982) for determining NH4-N and NO3-N was

used with a modification in which 75 ml. of KC1 and 20 grams of soil were used instead of 100 mL

of KC1 and 10 grams of soil (Homeck et al., 1989). Extended shaking of the soil samples with 2N

KCI according to Bremner's (1982) specifications permitted the simultaneous extraction of

ammonium and nitrate.

Nitrate-N: The NO3-N concentration of the extract was determined with an ALPKEM rapid

flow analyzer (RF-305) which reduces nitrate to nitrite via cadmium reactor then complexes nitrite

with sulfanilamide and N-(1-Napthyl)-ethylenediamine dihydrochioride to form a red-purple color

which is measured at 540 nm (Horneck et al., 1989).

Ammonium-N: The NH4-N content of the extract was determined with an ALPKEM rapid

flow analyzer (RF-305) which allows ammonium to complex with salicylate to form indophenoiblue.

This color was intensified with sodium nitroprusside and measured at 660 nm (Homeck et al., 1989).

Statistical analyses

Soil nitrate data were analyzed according to a split plot design. ANOVA was performed

using the general linear model (GLM) procedure of SAS (SAS Institution, 1991). A probability

level of P 0.05 was used in the F test to indicate significant treatment effects, and Fisher's

protected LSD (0.05) was applied for comparison of means.

Results and Discussion

Weather conditions

Monthly rainfall for September through December, 1992 approximated long term averages,

but precipitation exceeded averages from January through March, 1993. From September, 1992 to
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March, 1993, plots received 208 mm of precipitation, well above the long term mean of 164 mm.

The weather was dry and only 11 mm of precipitation fell during the fall of the second season,

(1993-1994). From September, 1993 to March, 1994, plots received a total of 77 mm of

precipitation which fell mainly (66 mm) in the winter. Of this 66 mm, 22 mm occurred on 24

February, 1994. The 1993-1994 experimental period was warmer and experienced much higher

maximum and minimum temperatures than the 1992-1993 experimental period.

Soil NO3-N

Cover crop rape did not germinate in the second season. Thus only wheat and triticale plots

were sampled and analyzed for both years, When soil NO3-N data for the two seasons were combined

and analyzed, the season x summer potato management practices (SPP) interaction was significant

(P=0.03) for the 0-0.3 and 0.3-0.6 m depths, and season x SPP, and season x cover crop interactions

were significant for the 0.9-1.2 m depth. Therefore seasonal data were separated.

September NH4-N

In September, 1992, N114-N in the 0-1.2 m soil profile differed among SPP (P=0.02). In

September, 1993 no differences in NH4-N were evident among SPP at any depth (Table 6.1).

March NH4-N

In March, 1993, neither cover crops nor SPP affected NH4-N concentrations in any portion

of the 1.2 m profile. Similarly, in March, 1994, NH4-N at the 0-0.3, and 0.9-1.2 m depths showed no

response to cover crops or SPP, but differences among SPP were evident in the 0-6-0.9 m zone.

Further, NH4-N in the 0.3-0.6 m layer depended on cover crop x SPP interactions. However NH4-N
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concentrations were low and total NT-14-N in the 0-1.2 m profile showed no effect from either cover

crops or SPP (Table 6.1).

Table 6.1

SPP.

Ammonium nitrogen in the 0-1.2 m soil profile

3 September, 27 March,
1992 1993 (P)

kg ha1

15 September, 12 March,
1993 1994(P)

1 24bc 51 (0.0001) 19 72(0.001)

2 39a 47(0.01) 31 72(0.01)

3 15 c 48 (0.0001) 17 75 (0.000 1)

4 2Obc 49 (0.0001) 23 81 (0.0001)

5 23bc 51 (0.0001) 18 78 (0.0001)

6 13 c 41(0.0001) 14 78 (0,0001)

7 3Oab 47 (0.0001) 32 51 (0.09)

Pi>F * ns ns 115

LSD 14 --- --

SPP' = Summer potato management practices.
Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD. * Significant at the 0.05
levels of probability. ns = nonsignificant at the 0.05 levels of probability.
P= probability values for each mean difference are shown in parenthesis.

In both seasons, all SPP treatments showed a increase in NH4-N in the 0-1.2 m soil profile

compared to September concentrations except for SPP-7 (high irrigation frequency plots) in the

second season. Summer management practices, cover crops, and their interactions had no significant

effects on NH4-N in March in either season (Table 6.1).
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September soil NO3-N

Soils were sampled on 3 September, 1992 and 15 September, 1993. In September 1992,

NO3-N concentrations in the 0-0.3, 0.3-0.6, and 0.6-0.9 m depths responded to SPP, but the 0.9-1.2

m zone showed no response (Table 6.2). Thus, SPP influenced NO3-N to the 0.9 m depth and total

NO3-N in the entire 0-1.2 m soil profile.

In September, 1993, NO3-N concentrations at the 0-0.3, and 0.3-0.6 m zones responded to

SPP, but the 0.6-0.9 and 0.9-1.2 m showed no response. In the second season, SPP did not influence

NO3-N below the 0.6 m depth. However, total NO3-N in the 0-1.2 m soil profile responded to SPP

(Table 6.2).

March soil NO3-N

0-0.3 m. Nitrate nitrogen concentrations on 27 March, 1993 differed among SPP (P=0.04),

but not among cover crops (Table 6.3). On 12 March, 1994, NO3-N concentrations showed no

response to either SPP (P=0,2) or winter cover crops (P0.3). Interactions were not significant for

either season.

From September, 1992 to March, 1993, NO3-N concentrations in the 0-0.3 m depth

decreased in each plot (P < 0.00 1), and decreases differed according to SPP (P=0.02), but not cover

crops (Table 6.4). Soil NO3-N concentration decreased in all treatments from September, 1993 to

March, 1994 (P < 0.01), except for SPP-6 (low irrigation frequency). Summer management

practices affected soil NO3-N concentration changes cover crops did not (Tables 6.2, 6.3).

Initial NO3-N levels in the 0-0.3 m zone differed among SPP in September for both seasons,

but differences disappeared by the end of the second season. During the first season, between

September and May all main plots lost NO3-N (P=0.0001), but some did not during the second

season. During the second season, plots with initially low NO3-N concentrations in September, ie.,



Table 6.2 Initial September nitrate nitrogen concentrations at different soil depths

3 September, 1992 15 September, 1993

SPP O-O.3m O.3-O.6m O.6-O.9m O.9-1.2m O-1.2m O-O.3m O.3-O.6m O.6-O.9m O.9-1.2m O-1.2m

mg kg' kg ha' mg kg1 kg ha-1

1 l2bc 4bc 3c 2 9ldc l4bc lOb 7 6 167b

2 16b 5ab 6ab 4 l39abc 17b 7b 8 4 164b

3 16b 8a 7a 3 lSlab 9cd 7b 9 6 140b

4 15b 6ab 4bc 3 123 be l5bc lOb 8 5 171b

5 l4bc Sab 4bc 3 ll5bc l4bc 8b 5 4 140b

6 5c 2c 2c 2 48d 5d 3c 4 7 81c

7 25a 7a 7a 5 197a 29a 15a 11 5 267a

Pr>F ** ** * ** *** *** 115

LSD 9 3 3 58 7 4 -- -- 50
SPF = Summer potato management practices.
Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD. Significant at the 0.05, 0.01, and 0.001 levels of probability. ns=
nonsignificant at the 0.05 levels of probability.



Table 6.3 March nitrate nitrogen concentrations at different soil depths

SPP. 0-0.3m

27 March, 1993

0.3-0.6m 0.6-0.9m 0.9-1.2m 0-0.3m

12 March, 1994

0.3-0.6m 0.6-0.9m 0.9-1.2m

mgkg1

1 3.6a 1.1 6.2bcd 9.4bc 3.6 6.9 3.lb 3.8

2 2.6 ab 1.0 9.1 ab 16.9 a 8.9 10.9 3.8 b 2.9

3 2.4 ab 0.9 1,7 cd 2.2 de 4.1 4.9 3.4 b 5.4

4 1.7 b 0.8 4.0 bcd 6.7 cd 5.8 8.8 6.3 b 4.9

5 2.2 ab 0.8 7.0 bc 8.8 bc 3.9 8.7 8.3 ab 4.6

6 1.Ob 0.6 0.4d 0.8e 5.4 4.0 3.7b 3.3

7 2.5 ab 0.3 13.9 a 12.3 b 7.2 14.8 12.6 b 6.3

sPP * ns ** * ns ns *

Crop ns ns ns ** ns ns ns ns

SPP xCrop. ns ns ns ns ns ns ns ns
SPP = Summer potato management practices.
Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD. ** Significant at the 0.05, 0.01, and 0.001 levels of probability.
ns = nonsignificant at the 0.05 levels of probability.
SPP x Crop = interaction.

tJ



Table 6.4 Change in soil nitrate nitrogen during the experimental period

Spp 0-0.3m

3 September, 1992-

0.3-0.6m 0.6-0.9m

27 March, 1993

0.9-1.2m 0-1.2m(P) 0-0.3m

15 September, 1993-12 March, 1994

0.3-0.6m 0.6-0.9m 0.9-1.2m 0-l.2m(P)

kgha-1________________________________________________

1 38d 12e -l6bc -33b ld(0.8) 48b 14 17 -10 89(0.01)

2 62b 18d -l4bc -59c 7cd(0.5) 38bc -16 17 7 46(0.1)

3 61b 31a 23a 4a 119a(0.0001) 22c 9 25 4 60(0.04)

4 60 b 23 bc -2 abc -17 b 63 b (0.0001) 42 b 6 7 2 56 (0.05)

5 Sic 2icd -iSbc -26b 3lcd(0.0l) 46b 1 17 1 26(0.3)

6 18e 7f 8ab 4a 37 bc (0.01) -4d 5 2 15 7(0,7)

7 102 a 26 b -30 c -35 b 64 b (0.0001) 96 a 0 -5 -8 83 (0.01)

Pr>F * * * * * ns ns ns ns

LSD 8 4 30 21 31 -16 -- -- -- --

SPP = Summer potato management practices.
Means in a column followed by a common letter are not statistically significant at P=0.05 by LSD. ', ', Significant at the 0.05, 0.01, and 0.001 levels of probability. ns =
nonsignificant at the 0.05 levels of probability.
P= probability values for each mean difference are shown in parenthesis.
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SPP -6 (low irrigation frequency), showed no change. Plots with initially high NO-N had higher

losses than plots starting with low NO3-N in both seasons.

0.3-0.6 m. March NO3-N concentrations did not differ among SPP or cover crops over both

seasons. In the first season, all plots showed a decrease in NO3-N in the 0.3-0.6 m depth (P<0.01).

Nitrate changes differed among SPP (P=0.03), but not among cover crops (P=0.8) (Table 6.4). Plots

with high NO3-N in September, 1992 showed high losses during the winter. In the second year, none

of the treatments caused changes in soil NO3-N (P > 0.05). Thus, even though NO3-N losses were

significant in the first season, net loss was zero in the second. In the second season, SPP differed in

soil NO3-N concentration in September, 1993, but by the end of the winter, responses to either cover

crops or SPP were not evident (Table 6.3). Differences in NO3-N among SPP were significant at the

91% (P=O.09) level. Thus, SPP influences persisted throughout the dry second winter to some

extent.

0.6-0.9 m. The wheat and triticale winter cover crops showed no differences in soil NO3-N

in either March, 1993 or 1994 (Table 6.3). However, March NO3-N levels differed among SPP in

both years. initial NO3-N concentrations in September, 1992 differed among SPP, but not in

September, 1993 (Table 6.2), However, NO3-N concentrations were different among SPP at the end

of each winter. In March, 1993, NO3-N concentration increased in SPP-7 (high irrigation frequency)

and decreased in SPP-3 (high fertilizer N) compared to September levels (Table 6.4). Other SPP's

had no effect on NO3-N. Thus, SPP caused changes in soil NO3-N, but cover crops did not. None of

the treatment plots showed changes in NO3-N from September, 1993 to March, 1994, except SPP-3

(high fertilizer N) which caused a significant decrease (P=0.01).

0.9-1.2 m. Nitrate nitrogen concentrations in the 0.9-1.2 m zone responded to SPP as well

as winter cover crops in March, 1993. Cover crop effects did not depend on SPP. From September,

1992 to March, 1993, the first experimental period, all SPP except the high fertilizer N (SPP3 and
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SPP6) plots showed increases in soil NO3-N (Table 6.4), During this period, both wheat and triticale

showed an increase in NO3-N concentration, Wheat gained more NO3-N than triticale (P=0.O1). In

March, 1994, NO3-N concentrations showed no effects from either SPP or cover crops (Table 6.3).

During the second season, SPP-6 (low irrigation frequency) caused a decrease (P0.05) in NO3-N,

while others had no effect. Thus, NO3-N accumulated in deep soil layers in the wet, cold winter of

1992. Amounts accumulated during this period varied with cover crop and SPP. In the drier winter

of 1993-1994, no NO3-N accumulation was evident in the 0.9-1.2 m layer.

Total NO3-N in the 0-1.2 m soil profile

In September, 1992, NO3-N levels in the 0-1.2 m profile differed among SPP (Table 6.2).

At the end of the wet, cold winter, NO3-N concentrations showed no connection to cover crop species

(P=0.08), but differed among SPP (P=0.01). During the first experimental period, all but the normal

fertilizer N rate (SPP- 1), and low fertilizer N (SPP-2) plots lost NO3-N (Table 6.3). Soil NO3-N

losses also differed among SPP. The SPP-3 (higher N) caused the highest losses of NO3-N (119 kg

ha1). No NO3-N losses were observed for SPP-1 (normal rate N), and SPP-2 (low N). In

September, 1993, NO3-N levels in the 0-1.2 m zone differed among SPP, but by the end of the thy

winter, no differences were evident either between cover crops or among SPP (P< 0.07). During the

second experimental period, SPP 1, 3, 4, and 7 (Table 6.3) lost significant amounts of NO3-N

relative to initial September levels, while amounts for SPP-2, 5, and 6 did not change. Even in the

dry winter, NO3-N was lost from the 0-1.2 m soil profile.

Wheat and trilicale did not differ in their effect on nitrate loss. That is, winter wheat and

iriticale are grown in similar conditions, showed no difference in total biomass, tissue N

concentration, and or C:N ratios (chapters 3 and 4). Thus, these two crops showed no difference in

NO3-N uptake in their biomass. Therefore summer management practices dominated changes in soil
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nitrate observed here. At the end of the cold wet winter, highly fertilized summer potato plots (560

kg N ha" ) had lost the highest amounts of NO,-N (139 kg ha1 ) from the 0-1.2 m soil profile. Plots

which were fertilized with 224, and 392 kg N ha-' did not lose NO,-N. In the dry winter, neither

cover crops nor SPP influenced changes in soil NO3-N concentration. However, the 392 and 560 kg

N ha' fertility rates, low irrigation, and high irrigation frequency lost NO,-N during the winter.

These results support Pratt (1984) who reported that irrigation management, N management and

their interactions influence NO,-N leaching,

Summary and Conclusions

Summer potato management practices (SPP) influenced residual soil NO,-N concentrations

at different depths. Potato management practices may leave significant amounts of NO3-N in and

below the potato root zone after even a single growing season. The extent to which potato

management practices influence NO,-N distribution in the soil profile and their impact on nitrate

leaching varies seasonally.

Neither wheat nor triticale affected nitrate loss from the 0-1.2 m soil profile. Further, it can

be concluded that when wheat or triticale are used as winter cover crops following potato, significant

amounts of NO,-N leaching can occur in the field, depending on summer practices. Winter wheat and

triticale are not effective in reducing NO,-N loss during the winter when grown without irrigation.

Initial September residual NO3-N concentration plays an important role in the nitrate losses, but

precipitation and its intensity also contribute.

Regardless of conditions, low N (224 kg ha1) fertilization and normal irrigation rate and

intensity will minimize NO,-N losses.



130

CHAPTER 7
SUMMARY AND CONCLUSIONS

Nitrate losses from agricultural lands into ground water are a serious concern to society.

Nitrate-N has been shown to be the dominant contaminant in several state and national ground water

quality surveys. Nitrate in drinking water can cause methemoglobinemia, the "blue baby syndrome,"

in infants and may be linked to stomach cancer in adults. hi addition to environmental and health

concerns, NO3-N leaching causes direct financial losses to growers and to society.

Nitrate levels exceeding the U.S. Environmental Protection Agency standard 0110 ppm have

been found in public ground water in the lower Columbia Basin of north central Oregon. The shift in

crop fertilizer management systems to concentrated inorganic fertilizers may have contributed to the

nitrate problem, Potato has received close attention with regard to NO3-N leaching because it is

fertilized at a higher rate than most other crops in the area. Because of its shallow root system,

potato also is inefficient in utilizing deep residual NO3-N.

Studies were conducted at the Hermiston Agricultural Research and Extension Center in the

Columbia Basin in 1992-1993 and 1993-1994 to evaluate the effectiveness of fall-seeded winter

cover crops in reducing winter soil nitrate losses compared to a winter fallow system. Mineralization

of soil-incorporated cover crops was also studied.

In the first study, winter wheat (Triticum aestivum L. cv. Stephens), winter barley

(Hordeum vulgare L. cv. Hesk), spring barley (Hordeum vu! gare L. cv. Steptoe), cereal rye

(Secale cereal L. cv. Wheeler), triticale (X triticosecale Wittm. cv. Whitman), and rape (Brassica

napus L. cv. Humus) were compared to winter fallow in 1992-1993 and 1993-1994 following

potato. Objectives were to determine cover crop effects on soil NO3 -N, soil NH4 -N, soil organic

nitrogen (SON), PH, soil organic matter (SOM), P. K, Ca, Mg, dry matter yield (DMY), and N

uptake (NUP).
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Cereals accumulated more early biomass than rape. Rye, which produced 4.41 and 3.44 Mg

ha' in March of 1993 and 1994, respectively, was superior to other cereals in production of both

early and total biomass. Cover crop incorporation of residual inorganic N responded to changes in

rainfall and temperature. Fall-seeded cereals removed a high percentage of available soilNO3 -N

from the soil profile (0-0.9 m.) before the onset of winter rains and retained it in crop tissues

throughout the rainy season. By December in both wet, cold and dry, warm winters, rye had

incorporated more nitrogen into aerial biomass than other cereals. Cereal rye accumulated 133 and

71 kg ha-' NO3 -N in above-ground biomass during the winter of 1992-1993 and 1993- 1994,

respectively. Cereal rye partitions approximately 25% of the total plant nitrogen to its root system.

Therefore, rye could have assimilated as much as 167 and 87 kg ha-' NO3 -N in the first and second

seasons, respectively. Estimated nitrate losses from winter fallow for the two seasons were 137 and

78 kg ha-' NO, -N. Therefore, estimated NO, -N accumulation in rye exceeded predicted N losses

from winter fallow. Thus, rye can be managed to reduce N leaching in the area.

No differences in NH4-N were observed among the treatments for any depth at any sampling

date in either season. Ammoniuin nitrogen, which represents a small fraction of the inorganic soil N

pool was not affected by winter cover crops.

In May, 1993 after a wet, cold winter followed by cover crop plow down and four weeks of

decomposition, spring barley, winter barley, and triticale had more inorganic nitrogen in the 0-0.6 m

depth than the fallow treatment. Thus, some N in the 0-0.6 m layer had been recycled through plant

tissues. Wheat, rye, and rape soil nitrate concentrations did not differ from those of the fallow plots.

In May, 1993, none of the cover crops showed reduced inorganic nitrogen levels compared to fallow

plots. Therefore, nitrogen depletion by cover crop incorporation was not evident in 1992-1993.
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Inorganic nitrogen in the 0-0.6 m profile did not differ among cereals in April, 1994, but rye

had lower concentrations than fallow and rape treatments. Thus, N depletion by rye was evident.

Ammonium and organic N failed to respond to treatments in either year.

At one month after soil incorporation, fall-seeded cover crops had no influence on soil pH,

SOM, P. K, Ca, or Mg. These fmdings demonstrate that, except for N, non-legume cover crops

incorporated into potato cropping systems in a single rotation do not alter the distribution of plant

nutrients or chemicals associated with soil fertility. Thus, systematic, long-term cover cropping

experiments are required to study these gradual changes.

In a second study, two cover crops, winter wheat, and triticale, were fall-planted into potato

plots which had been exposed to seven combinations of nitrogen fertilizer, irrigation rate, and

irrigation frequency during the preceding summer, Potato management treatments consisted of three

N applications (224, 392, and 560 kg N ha-1), three irrigation rates (0.7, 1.0, and 1.3 of

recommended), and three irrigation frequencies (1,2, and 3 day intervals). In this study wheat and

triticale showed similar soil NO3-N loss patterns during both wet, cold (1992-1993) and dry, cool

(1993-1994) winters. Losses during the wet, cold winter responded closely to summer potato

management practices. However, summer management practices showed no effect on nitrate loss

during the dry cool winter of 1993-1994.

During the wet cold winter (1992- 1993), highly fertilized potato plots (560 kg N ha')

showed highest losses of NO3-N (119 kg ha4). By comparison, losses from the 0-1,2 m profile were

minimal for the 392, and 224 kg N ha rates. In the dry cool winter (1993-1994) a significant

decrease in NO3-N occurred in all treatments except the low fertilizer (224 kg N ha1), highly

watered, and low irrigation frequency plots. Nitrate losses during the dry, cold winter showed no

response to summer potato management regimes.
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Based on these studies, it can be concluded that potatoes, and all other crops, may contribute

to some extent to elevated ground water nitrate levels in the lower Columbia Basin. Cereal cover

crops planted in early fall can reduce these nitrate losses. When properly used, cereals remove a high

percentage of available NO3-N before the onset of winter rain and retain it in crop tissues during the

rainy period. Rye appears to be the best cover crop for Columbia Basin.

No major differences in ammonium concentration were evident in early spring among the

crops tested. Thus, cover crop effects on available nitrogen depend mainly on changes in NO3-N.

Winter cover crop effects on NO3-N are strongly influenced by climatic conditions. Initial soil

nitrogen concentrations also may influence tissue C:N ratios, and thus mineralization and

immobilization.

A single non-legume winter cover cropping cycle following potato does not effect the

distribution of mineral nutrients or chemical properties (except N) associated with soil fertility.

Winter wheat and triticale grown under varying NO3-N concentrations showed no difference

in their effect on NO3-N leaching. Initial residual NO3-N concentration played an important role in

NO3-N losses, but rainfall amounts and distribution were also major factors. When winter cover

crops are grown without irrigation, summer crop production practices may be more important than

cover crops in reducing nitrate losses.
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