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Residue disposal and field sanitation in grass grown for seed was routinely

accomplished by burning straw. Environmental and safety issues caused legislation

that limits field burning of straw. Grass seed growers in the Willamette Valley of

western Oregon were forced to implement non-burn post harvest residue management.

Several post-harvest non-burn residue management practices have been established by

grass seed growers of the region. However, non-burn residue management gave rise to

uncertainty among the growers about their crop yields and fertilizer management. The

ability to evaluate and predict the impact of non-burn residue management practices

with respect to yield and nitrogen uptake became desirable.

This study was conducted to determine the plant growth and nitrogen uptake by

tall fescue (Festuca arundinacea) on the fields where the straw had been chopped back

and left on the soil surface compared to complete residue removal by vacuum

sweeping. Four sites in the Willamette Valley were selected for the experiment.
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Two of the sites were established in 1990, the other two in 1992. Each of the sites

had at least two post-harvest residue management treatments (straw chopped 3x and

vacuum sweep) and are referred to as first-year (established 1992) or third year

(established in 1990) sites. First-year sites are located on a Dayton silty clay loam

(poorly drained) and Woodburn silt loam (well drained). The third-year sites were

Amity silt loam (poorly drained) and Woodburn silt loam (well drained). Each of the

sites received split applications of standard rates of 150 to 210 kg N ha'. Replicate

plant and soil samples were collected from within each treatment on each site on six

dates from March 24 to July 1, 1993. Plant samples were dried, weighed, ground in a

Wiley mill and analyzed for nitrogen content by the Kjeldahl method. Soil samples

collected from 0 to 1", 1 to 4" and 4 to 8" depths were extracted with 2M KC1 and

analyzed for ammonium and nitrate nitrogen. Statistical analyses included analysis of

variance of dry matter, N uptake and soil N data, fitting logistic curves to the data for

biomass accumulation and N uptake.

Straw management affected plant growth and N uptake, but the responses were

different in first-year fields as compared to third-year fields. On first-year fields, both

plant growth and nitrogen uptake were slightly less where chopped straw was returned

to the soil surface. Conversely, the plant growth and nitrogen uptake was higher on

third-year fields where straw was chopped back. Differences between treatments were

greater prominent on well drained sites compared to the poorly drained site. On both

poorly drained sites the differences were small and statistically non-significant. The

decrease in plant growth and nitrogen uptake on first-year sites where straw had been

chopped back could a result of the nitrogen immobilization.



The increase in plant growth and nitrogen uptake on third year sites with chopped

straw can be due to mineralization of N from the added residue.

Residue management treatments had small effects on soil ammonium and

nitrate N and provided little evidence that either immobilization or mineralization of N

caused by returning chopped straw to the soil surface were sufficiently large to change

current N fertilizer management practices.
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TALL FESCUE GROWTH AND NITROGEN UPTAKE AS INFLUENCED BY
NON-THERMAL RESIDUE MANAGEMENT

INTRODUCTION

Oregon is one of the major grass seed producing states in the United States. In

1993, about 500,000 acres of grass and legume seed were grown in Oregon (Miles,

1993). Grass seed is produced in many parts of the state. However, the Willamette

Valley of western Oregon predominates in grass seed production because of its cool

wet springs and warm dry summers. Grass seed is grown in the Willamette Valley on

soil types ranging from well to poorly drained.

During 1993, 368,630 acres of grass seed were grown in the Willamette

Valley- about 74% of the total grass and legume seed production of the state (Young,

1994a). Ranked by gross dollar sale, annual ryegrass, perennial ryegrass and tall

fescue were among the top twenty state agricultural commodities in 1993 (Miles,

1994). Tall fescue was grown on 73,470 acres in 1993 producing a yield of

94,803,000 pounds of seed (Young, et al, 1994b).

Tall fescue (Festuca arundinaceae Sherb) was probably imported to the United

States from Europe over a century ago. It is now the predominant cool-season

perennial grass in the U.S.A. Tall fescue became widely grown after Oregon and

Kentucky released two new varieties 'Alta' and 'Kentucky 31', respectively. By 1952,

tall fescue was popular as a nutritional forage and seed crop. About 50 million

pounds of seed were produced in 1952, twice the quantity consumed in the U.S.A

(Cowan, 1956). The adaptability of this grass to a wide range of soils and climate
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made the species particularly valuable. Tall fescue has a deep root system and the

ability to grow on low lying sites with moist, heavy soils. It can withstand water-

logging and flooding and has the ability to grow across a wide range of soil pH. In

1982, Watson estimated that each year 150,000 to 200,000 hectares of tall fescue were

harvested for seed in the U.S.A. The toughness, drought resistance and dense deep

sod of tall fescue make it ideal cover for airports, playgrounds, athletic fields and

home lawns. Its deep penetrating fibrous root system and tendency to develop sod

rapidly make it an excellent soil conserver. It has been used very successfully on

eroding hillsides, gulleys, and other areas where a long lived, tenacious deep-rooted

grass is needed. (Cowan, 1956). Many state offices recommend tall fescue as one of

the most desirable grass species for use on construction sites to prevent serious water

and wind erosion (Bennett, 1979).

Owing to wide adaptability, tall fescue was grown in varied soil and climatic

conditions and it soon spread throughout the Pacific Northwest. It became an

important enterprise in Oregon and throughout the Pacific Northwest, but it was

mostly grown on soils with low fertility. This pattern changed dramatically in

Western Oregon in 1970 after the introduction of new varieties with high yielding

potential and a great increase in seed prices. Tall fescue, which was once commonly

grown on relatively infertile and poorly drained soils, was being grown on soils with

good drainage and a high fertility level.

Seed yield of tall fescue has been found to be related to the age of the stand,

with yield decreasing as the stand becomes older (Cowan, 1956). This phenomenon is
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associated with "sod-binding", an increase in the crop tiller density. Lambert (1964)

suggested that seed yield decreases as the tiller density increases in meadow fescue

and timothy and observed that seed yield is controlled by the number of fertile tillers.

Reduction in seed yield was observed to be related to the number of tillers and number

of spikelets per panicle (Watson, 1982). Stanwood (1974) found that different post-

harvest residue management practices affected the tiller density and thus can result in

high seed and dry material yields. Burning the residue of red fescue after harvest

increased the tiller density which resulted in an increased dry matter and seed yields

versus non burn residue management (Kim, 1973).

Crop residue, the harvest remnant of the previous crop, has a very important

role in sustaining soil productivity and thus maintaining higher crop yields. Larson et

al. (1978) estimated that approximately 363 million metric tons of crop residue are

produced annually in the United States and that these residues contain approximately 4

million metric tons of nitrogen. Crop residue is a big source of plant nutrients and is

a main factor in plant nutrient cycling and transformations since it affects soil

physical, biological and chemical properties. Changes in these properties affect the

microbiological environment, thereby altering nutrient transformations and efficiency

of nutrient use by crops. Particularly important in characterizing the soil environment

are the water, aeration, temperature and substrate regimes established by crop residue

management. The interactions among these factors define the habitat being established

for biological activity in the soil (Power and Doran, 1988).
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Crop residue plays a vital role in protecting soils from wind and water erosion,

reducing soil organic N losses and thus maintaining organic nitrogen pool sizes and

turnover rates. Mulching with organic residues reduces erosion losses, soil

temperature and maintains soil moisture (Lal, 1974).

Incorporation of crop residue and manures into soils improves soil physical

parameters (Pikul and Allmaras, 1986) and stabilizes soil organic carbon levels

(Rasmussen et al, 1980; Unger, 1982). Increased organic C levels could provide

energy and an environment conducive to soil microrganisms proliferation (Dick et al.,

1988). Microbial activity and population depends on the substrate present in the soil

which controls nutrient cycling and thereby the nutrient availability to plants.

Numerous researchers have shown that soil organic nitrogen levels are usually

enhanced by increased rates of crop residue added to the soil. Some of this increase

in soil organic nitrogen is in the more readily labile forms (Power and Doran, 1988).

Crop residue influences the nitrogen utilization by plants, not only from applied N and

soil organic matter but also from the nitrogen coming from the mineralization of N

from crop residue.

Traditionally, tall fescue residue is burned after harvesting the crop. This

practice is conventionally called "open field burning". Open field burning has been an

established cultural practice in the Willamette Valley since the late 1940s as it has

been considered an inexpensive means to remove unwanted straw and stubble from the

harvested field, and a successful practice for controlling weeds and certain diseases

(Hardison, 1964). It has been observed in various studies that field burning has
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beneficial effects on seed yield and quality of many perennial grasses (Canode, 1965;

Musser, 1947; Pumphrey, 1965). Between 1980 and 1985, 75 80% of total grass

seed production was open field burned (Young 1994b). As a consequence of burning

the straw after harvest, some nutrients such as nitrogen and carbon may be volatilized.

Carbon is an important energy sources for soil microorganisms responsible for

numerous bio-chemical changes in the soil which affect the availability of plant

nutrients. Collins et al. (1992) found that soil organic carbon loss induces a microbial

decline in the soil when residues are removed by open field burning. Field burning is

environmentally hazardous and may have detrimental affect on air quality due to the

huge clouds of smoke released by the burning of crop residue. Due to the detrimental

affects of field burning on the atmosphere, it became a major cause of concern. In

1991 the Oregon legislature passed a bill which declares that Oregon public policy is

to reduce the area of open field burning to 40,000 acres by 1997. As a result of this

legislation grass seed growers will have to depend primarily on non-thermal residue

management practice rather than field burning.

Many seed growers have adopted non-thermal, post-harvest residue

management systems. Various straw and stubble management techniques are

commercially used as a substitute for open field burning. In 1992, only 23% of the

total grass seed acreage in the Willamette Valley was open field burned, a substantial

reduction as compared to 10 years earlier (Young, 1993).

The most common non-thermal residue management systems commercially

practiced by the grass seed growers are: 1) chopping the straw - flail chopping the
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straw and stubble and putting it back on the surface of the field. Residue is chopped

three times to reduce the size of straw to about 1 to 1.5 inches and to leave the stubble

height at about 3 to 4 inches. A flail chopper is used to achieve finess necessary so

straw can settle to the soil surface instead of remaining on plant crowns. 2) bale only

- baling and removing of the straw from the field without any subsequent stubble

management leaves the stubble height at 4 to 6 inches. 3) vacuum sweep - baling

and complete removal of the straw followed by close cutting and removal of the

stubble leaving stubble height at 1 to 2 inches.

When straw is removed from the field the mineral nutrients are not recycled.

Without an external supply of these nutrients soils may become depleted with the

passage of time. Young et al. (1993) found that potassium and magnesium

concentration were significantly lower in soil samples from 0-3" where crop residue

had been removed compared to putting the straw back. Studies have shown that

burning the straw following harvest decreases soil organic matter content, potentially

available N and microbial activity in the soil (Unger et al., 1973; Rasmussen et al.,

1973). Putting the residue back contributes to the supply of plant nutrients (Larson et

al., 1978) particularly the availability of nitrogen since residue decomposition is

intimately tied with N cycling in the soil (Wagger et al., 1985).

Nitrogen, one of the essential plant nutrients and a widely distributed element

in nature, has been intensively studied through decades and is still the most studied

element in various areas of soil science. Inadequately available nitrogen most

commonly limits plant growth. Nitrogen plays a central role in modern crop
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production because it is an essential plant macronutrient and energy intensive input.

Plants require nitrogen throughout their development to maintain growth because it is

the main constituent of structural and non-structural cell components. A sufficiency of

N is expressed as a green luxuriant color of growing plants. Major roles of N in plant

growth include: a component of the chlorophyll molecule and amino acids; essential

for carbohydrate utilization by plants; stimulative to root development and activity and

supportive to uptake of other nutrients (Olson and Kurtz, 1982). An optimum amount

of nitrogen is necessary to ensure healthy plant growth and economic yields. Today's

modem soil-crop systems supply plants with nitrogen in quantities needed for high

crop productivity from fertilizer N, residual nitrate N, and by the mineralization of N

through the decomposition of crop residue and other waste materials (Meisinger,

1984). Part of the soil nitrogen may be readily available to plants from the labile

pool, but more nitrogen becomes gradually available throughout the season from N

mineralization which is termed as mineralizable N.

Mineralization and immobilization are the two biochemical processes of

nitrogen transformation which control nitrogen availability to plants as well as soil

microorganisms which perform these process as their source of energy. Nitrogen

mineralization is defined as the transformation of N from the organic state into the

inorganic forms of ammonium or ammonia. This process is performed by a wide

variety of heterotrophic soil micro organisms bacteria, fungi, and actinomycetes that

utilize nitrogenous organic substances as energy sources. About 2% of organic N is

mineralized in a year in well drained soils. In soils containing 0.05 to 0.1% N,
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mineralization amounts to 25 to 50 kg N ha' for a plow layer of 20cm (Henry et al.,

1988). In dealing with mineralization and its role in plant production, the

immobilization of N cannot be neglected. Nitrogen immobilization is defined as the

transformation of inorganic nitrogen compounds ammonium, ammonia., nitrate and

nitrite into the organic state. This fact is because soil microrganisms decomposing

organic matter must assimilate mineral nutrients for their growth and maintenance.

Soil organisms assimilate inorganic N compounds and transform them into the organic

N constituents of their cells and tissues resulting in a paucity of ammonium and nitrate

ions in soil (Jansson and Persson, 1982). Ammonium and nitrate ions reappear in the

soil solution as the microbial activity subsides. However, much of the immobilized

nitrogen remains in the organic form (Brady, 1974). Immobilization and

mineralization work in opposite directions, building up and breaking down the organic

matter respectively. The resulting effect of these two opposing process will determine

the nitrogen supply to the plants (Jansson and Persson, 1982).

The rate and amount of mineralization and immobilization depends on soil

properties, temperature, moisture and the chemical composition (C/N ratio or lignin

concentration) of the crop residue added to the soil. Harmsen et al. (1955) observed

that net mineralization resulted with N concentration of organic matter between 15 to

20 mg N/kg (C/N ratio of 20 to 25), whereas at lower N concentration net

immobilization is expected. Alexander (1977) found that the critical C/N ratio of a

crop residue for net N mineralization is less than 20 to 30:1, whereas C/N ratios wider

than 30:1 favor net immobilization. On the other hand, Muller et al. (1988) observed
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that lignin concentration was better than N concentration and N concentration was

better than C/N ratio in predicting the amount of N mineralized. Vigil and Kissel

(1991) compared the two as predictors by fitting the regression equation on the total N

mineralized as a function of C/N ratio and N concentration and suggested that C/N

ratio and N concentration are really measurements of the same thing. The relationship

between N content of crop residue and N mineralization are well established. About

1.5% N is the threshold value for net mineralization of N from plant residue, and

above 2.5%, the rate of mineralization is sufficiently high to meet the N requirements

of many crops, depending upon the quantity of crop residue present (Broadbent, 1984).

The method of placement of crop residue may influence nitrogen availability

by affecting N mineralization and immobilization. Smith and Sharp ley (1990)

indicated that laboratory experiments showed an initial depression in net soil

mineralization with non-legume residue addition and this depression was enhanced

when the residue were incorporated rather than left on the soil surface. Campbell et

al. (1978) suggested that by leaving the organic residue on the soil surface microbial

activity and growth are stimulated, resulting not only in greater pools of labile N, but

also improved soil physical conditions that maintain porosity and promote aeration and

water regimes favorable for biological activity. Residue placement may also affect

applied fertilizer N availability by increasing the rate of immobilization. Greater

microbial biomass resulting from surface placement of crop residue with a wide C/N

ratio results in a great potential for immobilization of surface applied fertilizer N than

would occur if crop residue were incorporated. Consequently, plants growing on soils
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covered with surface residue recovered a smaller amount of surface applied N than on

the bare soils (Power and Doran, 1988). In general, however, less drastic effects on

soil N availability may be expected when high C/N ratio crop residues are left on the

soil surface rather than incorporated (Smith and Sharp ley, 1990). Parker (1962)

estimated that half the corn stalk residue placed on the soil surface had decomposed in

8 weeks, compared to 5 weeks for incorporated residue.

Because 1) nitrogen availability to plants changes with the rate of nitrogen

mineralized or immobilized while crop residue is undergoing decomposition (Vigil

and Kissel, 1991), and 2) the rate of mineralization and immobilization is altered by

the rate of mineral nitrogen added to the soil (Mengel and Kirkby, 1987), non-thermal

residue management has created uncertainty among growers about seed yield and

quality, essential plant nutrient availability, sustaining soil productivity, fertilizer

management practices and the impacts of crop residue on nitrogen cycling. Growers

asked whether returning residue to the soil surface results in mineralization or

immobilization of nitrogen from the crop residue. Other questions in the growers'

minds were: 1) What happens if we continue non-thermal residue management over a

period of time?, 2) are mineralization and immobilization affected by soil drainage

characteristics?, and 3) Are the rates of mineralization or immobilization sufficient to

alter conventional fertilizer management practices?

Therefore, to evaluate and predict the impact of different non-thermal residue

management treatments on yield and nitrogen uptake became desirable. This study

was established to observe the impacts of two non-thermal residue management
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systems (Vacuum sweeping and Flail chopping) on growth and nitrogen uptake by tall

fescue (Festuca arundinaceae Shreb) on four sites in the Willamette Valley. Two of

the sites were well drained, while the other two were poorly drained. Two of these

sites received residue management treatment variables for one year (since 1992),

while the other received the same treatments for three years (since 1990).



MATERIALS AND METHODS

Sites

12

Experiments were initiated in 1990 on two turf-type tall fescue fields in the

Willamette Valley to evaluate two non-thermal residue management treatments,

vacuum sweep and flail chopping. The treatments were applied after harvest of the

first-year's seed crop in summer 1990 on Amity silt loam (Fine-silty mixed, mesic,

Argiaquic, Xeric Argialbolls), a poorly drained soil and Woodburn silt loam (Fine-

silty, mixed, mesic, Aquultic Argixerolls), a moderately well drained soil. The two

treatments were maintained on these sites for three years. The objective in

maintaining the treatments for three years on these sites was to evaluate the long term

effects of the two non-thermal residue treatments on crop dry matter yield and nitrogen

uptake.

Two additional sites were established in 1992 with the same treatments on

Dayton silt loam (Fine, montmorillonitic, mesic, Typic Albaqualfs ), a poorly drained

soil and a Woodburn silt loam. Each of the four sites was named with respect to time

of treatment. The 1990 sites were thus named "third-year-sites" and 1992 sites were

named "first-year" sites for convenience in identification and interpretation. Soil

chemical properties and cropping information are given in Table 2-1 and Table 2-2.

Because of non-significant differences, the soil tests levels for OM, Ca', Mg', and P

were averaged across the treatments, whereas the extractable soil K concentrations

showed significant differences between vacuum sweep and flail chop residue

management treatments, especially on the third-year sites.
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Table 2-1. Soil series and chemical properties for the 0 to 15 cm soil depth at four
sites.

Sites

First-year

Well drained Poorly drained

Third-year

Well drained Poorly drained

Soil series Woodburn Dayton Woodburn Amity

pH 5.4 5.6 5.0 4.5

OM (g kg-1 ) 48 53 40 38

P (mg kg-1) 145 15 50 88

r(VS)-1. (mg kg-1 ) 160 78 100 222

K +(FC) (mg kg1 ) 202 84 236 317

Ca' (Cmol (+) ke ) 6.0 10.6 5.4 3.6

Mg' (Cmol (+) kg-1) 0.8 0.7 0.6 0.8
tVS = Vacuum sweep. FC = Flail chop.

Table 2-2. Cultivar, seed rate and row spacing on the four sites.

Sites

First-year

Well drained Poorly drained

Third-year

Well drained Poorly drained

Cultivar

Seed rate (kg ha' )
Row space (cm)

Crew-cut

3 to 5

46

Rebel II

3 to 5

53

Cochise

3 to 5

53

Arid

3 to 5

53
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Soils

Amity silt loam

This deep somewhat poorly drained soil is in slightly concave areas on broad

terraces of the Willamette Valley. It formed in silty alluvium derived from mixed

sources. In a typical profile, the surface layer is very dark grayish brown silt loam

about 16 inches thick. The subsurface layer is dark gray, faintly mottled silt loam

about 6 inches thick. The pH of this soil ranges from medium acid on the surface to

slightly acid in the substratum. This soil is mainly used for the cultivation of small

grain, vegetables, grass seed, hay and pasture. Returning all crop residue to the soil

and using a cropping system that include grasses, legumes and grass-legume mixture

helps to maintain fertility and tilth. Where stubble mulching is practiced or crop

residue is used on this soil additional nitrogen is needed to maintain yields. In this

soil legumes respond to phosphorus, boron and sulfur, vegetables respond to nitrogen

phosphorus and potassium and grain and grasses respond to nitrogen. (Soil Survey of

Linn County area Oregon, 1982).

Dayton silt loam

This deep, poorly drained soil is in slightly concave areas on broad terraces of

the Willamette Valley. It formed on silty clayey alluvial and lacustrine material.

Typically the surface layer is grayish brown silt loam about 9 inches thick. The sub

surface layer is dark gray silt loam about 6 inches thick. The pH of this soil ranges
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from strongly acid on the upper layers and medium acid to neutral in the sub soil.

This soil is mostly used for hay and pastures and grass seed. Returning all crop

residue to the soil and using a cropping system that include grasses, legumes and

grass-legume mixture helps to maintain fertility and tilth. Where stubble mulching is

practiced or crop residue is used, additional nitrogen is needed to maintain yields. In

this soil legumes respond to phosphorus, boron, sulfur and lime, grain and grasses

respond to nitrogen. (Soil Survey of Linn County area Oregon, 1982).

Woodburn silt loam

This deep moderately well drained soil is in slightly convex areas. It formed in

silty alluvium derived from mixed sources. Typically the surface layer is very dark

brown silt loam about 6 inches thick. The upper 35 inches of the subsoil is dark

brown and brown, mottled silty clay loam. The pH of this soil ranges from medium

acid to slightly acid. This soil is mainly used for small grain, grass seed, orchards,

berries and vegetables. Returning all crop residue to the soil and using a cropping

system that include grasses, legumes and grass-legume mixture help to maintain

fertility and tilth. Where stubble mulching is practiced or crop residue is used on this

soil additional nitrogen is needed to maintain yields. In this soil legumes respond to

phosphorus, boron, sulfur and lime, vegetables and berries respond to nitrogen

phosphorus and potassium and grain and grasses respond to nitrogen. (Soil Survey of

Linn County area Oregon, 1982).
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Treatment application

The treatments were established on plots about 100 feet wide and 400 to 600

feet long at each the four sites. For the vacuum sweep treatment, the straw was first

baled then completely removed by a vacuum sweeper. For the flail chop treatment,

the straw was chopped finely three times with a flail chopper resulting in an average

rate of 3700 kilograms residue ha' on the soil surface. Residue treatments left stubble

height at about 4.8 cm and 5.8 cm in vacuum sweep and flail chop treatments,

respectively.

Fertilization

Between fall 1992 and spring 1993, standard fertilization practices were

employed by individual growers at each site. While there were variations in fertilizer

material used and timing of application, shown in Table 2-4, all four sites received

standard split applications of 150 to 210 kg N ha'. Rates of fertilizer nutrients applied

by the growers are listed in Table 2-3.

Table 2-3. Rate of plant nutrients applied as commercial fertilizers for the 1992-93
growing season.

First-year Third-year
Well drained Poorly drained Well drained Poorly drained

kg ha-1
Nitrogen 200 205 156 208
Phosphorus 45 57 0 18

Potassium 45 57 0 24

Sulfur 26 23 22 0



Table 2-4. Fertilizer grades, rates and dates of application on four experimental sites in 1992-93.

Sites

First-year Third-year
Well drained Poorly drained Well drained Poorly drained

Grade/Rate Date Grade/Rate Date Grade/Rate Date Grade/Rate Date

16-16-16

280 kg ha'
46-0-0

170 kg ha'
46-0-0-6

170 kg ha'

01-Nov-92

28-Jan-93

22-Mar-93

10-10-10-2

448 kg ha-1

28-5-5-0

236 kg ha'
40-0-0-6

235 kg ha'

12-Oct-92

05-Mar-93

15-Apr-93

40-0-0-6

134 kg ha1

40-0-0-6

134 kg ha1

40-0-0-6

121 kg ha'

05-Feb-93

08-Mar-93

29-Mar-93

40-0-0

140 kg ha'
25-3-4-0

228 kg ha-1

25-3-4-0

380 kg ha "'

16-Nov-92

01-Mar-93

25-Mar-93
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Sample collection and chemical analysis

Plant and soil samples were collected six times from each plot at approximately

two-week intervals from late March to early July, when the crops were swathed.

Sampling dates are given in Table 2-5.

Table 2-5. Sampling dates at four sites.

1 26-Mar-93 26-Mar-93 26-Mar-93 26-Mar-93

2 09-Apr-93 14-Apr-93 08-Apr-93 14-Apr-93

3 26-Apr-93 28-Apr-93 28-Apr-93 28-Apr-93

4 13-May-93 13-May-93 13-May-93 13-May-93

5 04-Jun-93 04-Jun-93 04-Jun-93 04-Jun-93

6 01-Jul-93 01-Jul-93 01-Jul-93 01-Jul-93

MAIN PLOT

Replication 30 cm of a row

raw- Sub location

V

Randomly selected location

Figure 2-1. Sample collection layout
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At each site, three locations in the main plots of each of the two treatments

were randomly selected for sample collection on each of the six sampling dates (Fig.

2-1). Within the three selected locations in the main plots, three sub locations each

consisting of two rows of 30 cm length were then clipped and combined. Each

composited sample was equivalent to 180 cm of row (3 samples x 2 rows x 30 cm)

and was considered as a replication. Analytical procedures used for the analysis of

plant and soil samples was outlined by Bremner and Mulvaney (1982) and modified

by Horneck et al (1989).

Plant samples were dried at 70 °C in a forced Air oven, weighed and ground

in Wiley mill to pass 1 mm mesh. For analysis of total Kjeldahl nitrogen, 0.25 grams

of tissue were weighed into the digestion tubes. One to 1.5 grams of digestion catalyst

(100g of K2SO4 + 5g of CuSO4 + lg of Se) and 8 mL of concentrated H2SO4 were

added to each tube. The samples were digested in Technicon BD-40 aluminum

digestion block at 150° C for the first 80 minutes and then 350° C for four hours.

About 10 to 20 mL of distilled water were added to digestion tubes to keep the

samples from hardening. Digests were allowed to cool until the next day. The

samples were mixed by using a vortex shaker and then brought to volume with

distilled water in 75 mL digestion tubes. An aliquot of 3.7 mL was pipetted from the

digestion tubes into small plastic vials to colorimetrically analyze for total nitrogen

using an ALPKEM rapid flow autoanalyser (RF-300), which makes a complex of

ammonium with salycilate to form indophenol blue. The color was intensified with

sodium nitroprusside and measured at a wavelength of 660 nm. Total Kjeldahl

nitrogen percentage was calculated by using equation [1].

mLTKN% = Nppm of digest solution x 5 x0.25g 10,000 [1]
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Each time plant samples were collected, soil samples were collected from three

depths, 0 to 1, 1 to 4, and 4 to 8 inches by using soil sampling tube. The samples

were air dried and ground to pass 2mm sieve. Twenty grams of soil were placed into

250 mL extracting bottle and 75 mL of extracting solution (2M KC1) was added. The

samples were mixed for 1 hour by using a mechanical shaker and then allowed to

settle for about 30 minutes. To avoid contamination, filter paper was leached with 20

to 50 mL of KC1. Extracts were then filtered through Whatman No. 42. An aliquot of

about 3.7 mL was pipetted into small plastic vials for the analysis of ammonium and

nitrate nitrogen. The ammonium N concentrations were determined with ALPKEM

rapid flow analyzer which complexes ammonium with salicylate to form indophenol

blue. This color was intensified with sodium nitroprusside and measured at a

wavelength of 660 nm. The nitrate concentrations were determined with the same

equipment used for ammonium analysis by reducing nitrate to nitrite via a cadmium

reactor and complexing the nitrite with sulfanilamide and N-(1-Napthyl)-

ethylenediamine dihydorchloride to form a red-purple color. The color intensity was

measured at a wavelength of 540 nm. Ammonium-N and nitrate-N concentrations

were calculated by using equations [2] and [3].

NH4- N ppm= NH4-N ppm of Filtrate x 3 .75 [2]

,NO3-N ppm= NO3-N ppm of Fi1tratex 3 .75 [3]



Biomass yield kg ha' was calculated by the following equation.

Biomass (r) = X x555 .5ha Y

Where:

X = Biomass yield in grams

Y = Row spacing in cm (Table 2-2).

555.5 = Conversion factor.

The conversion factor was obtained by following equation.

g 10ecm2x kg
180 cm2 ha 1000g
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[4]

[5]

Nitrogen uptake kg ha' by the crop in kg ha-1 was calculated as the product of

total Kjeldahl N (%) in plant tissues times the biomass accumulation (kg ha-1) divided

by 100.

Experimental design and Statistical analysis

The experimental design used for the analysis of variance of biomass yield,

total Kjeldahl nitrogen and crop nitrogen uptake was a randomized complete block.

Treatment variables included sampling dates (6) as a main plot, sites (4) as a sub plot

and residue treatment (2) as a sub-sub plot, consisting of a factorial combination of 6

x 4 x 2 with three replications.
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Table 2-6. Sample of analysis of variance table used for dry matter yield, total
Kjeldahl nitrogen, nitrogen uptake by plants and soil ammonium and nitrate nitrogen.

Source DF Sum of Mean F P
squares squares Value Value

Replication 2
Date (D) {main} 5

Error (a) 10
Site (S) {sub} 3

D*S 15
Error (b) 36
Residue (R) {sub-sub} 1

D*R 5

S*R 3

D*S*R 15
Error (c) 48
TOTAL 143

Yield data, and data from analysis of soil and plant samples were statistically

analyzed by standard ANOVA procedure (Table 2-6) for a randomized complete block

design to evaluate treatment effect, using the program MSTAT-C Ver 2.0. Treatments

were compared using Fisher's protected Least Significant Difference. For biomass

yield, crop nitrogen uptake and total Kjeldahl nitrogen in plant tissues, analysis of

variance was used to test for significant difference associated with sampling dates,

sites and residue treatments, and the interaction effects of date x site, date x residue,

site x residue and date x site x residue. The same procedure was used for analyzing

the nitrate and ammonium concentrations in the soil.

A logistic response model was used to describe biomass accumulation, nitrogen

uptake and total Kjeldahl nitrogen in plant tissues in the two residue treatments, as a

function of time. The model used for fitting the plant growth and nitrogen data is



given in equation [6]. The parameters of the model describing dry matter yield,

Kjeldahl N and N uptake were estimated using PCNONLIN Ver 4.2.

Where:

Nt = K

1+ [ (K No) ] exp-"
No
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[6]

Nt = Biomass accumulation, N concentration, or N uptake at time t.

K = Maximum Biomass accumulation, N content or N uptake.

No = Initial or minimum biomass accumulation, N content and N uptake.

r Rate of increase (Slope factor) in biomass accumulation, N

concentration, or N uptake per unit of time t.

t = Time, in days.

exp The base of natural logarithms, 2.71828.

The first derivative of equation [6] was taken to determine a rate function

dN/dt shown in equation [7]. By plotting dN/dt versus sampling date one can estimate

the time of maximum biomass accumulation and maximum nitrogen uptake.

dN
dt = rN (1- N ) [7]

Yield measurements

The seed yield was determined by swathing and harvesting a strip 12 feet

wide by 400 feet long on the first-year well drained sites. On the poorly drained site a

strip of 14 feet long and 400 feet wide was swathed. Grass was swathed in the first
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week of July, the crop was left on the field for about 25 days before combining. On

the third-year sites whole experimental plots were swathed in the first week of July

and combined in the first week of August. After combining, the harvest of each plot

was put into a weigh wagon to obtain the dirt seed yield. After determining the dirt

seed weight a representative sample of two pounds was selected and brought to OSU

seed testing lab for purity analysis. Clean seed yield was determined using to the

purity test results of the seed testing lab.
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RESULTS AND DISCUSSIONS

Dry matter accumulation.

Dry matter yield differed significantly (P=0.05) from site to site and was

influenced by the interaction of sampling dates and site (Table 3-1). The interaction

effects of residue management treatments and date were not significant. However, the

interaction effects of site and residue management treatment significantly influenced

the biomass yields. Biomass yields were not significantly affected by the interaction

of date, sites and residue management.

The sampling dates by site interaction effect on biomass yield is illustrated by

treatment means in Table 3-2. Biomass accumulation with time followed a sigmoidal

pattern at all four sites. However the rate of biomass accumulation was greater at site

1 than at the other three sites. For example, dry matter yields at site 2, 3 and 4 were

not significantly different within any of the six sampling dates. Biomass yields at site

1 in contrast, were significantly higher than at site 2 through 4 from April 9 to the last

sampling date.

The interaction effects of site by residue treatment on dry matter yield are

shown in Table 3-3. First-year sites responded differently to the residue treatment

than the third-year sites. At first-year sites, the biomass yield was higher on the plots

where the straw was removed. The vacuum sweep treatment at site 1 produced a

mean of about 0.97 Mg ha' more biomass than the flail chop treatment. Similar

results were observed on the poorly drained site (site 2). The dry matter yield at
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poorly drained site was 0.27 Mg ha-1 greater in vacuum sweep treatment when

compared to full-straw-load treatment. However, the dry matter yield of the two

residue treatments was not significantly different at site 2. The third-year sites showed

a reversal of the pattern of the first-year sites. The biomass yield was higher on the

plots which were treated with full-straw-load treatment than that of vacuum sweep

treatment. The full-straw-load treatment produced 0.73 Mg ha-1 more on the well

drained site (site 3) than the vacuum sweep treatment. At the poorly drained site (site

4) dry matter yield was 0.4 Mg ha"' greater than the vacuum sweep treatment.

Biomass yield, however, on site 4 did not significantly differ within the two residue

treatments.

Sigmoidal growth patterns at each of the four sites are illustrated in Figures

3-1 through 3-4. On the first-year well drained site (Fig 3-1) the vacuum sweep

treatment showed higher dry matter accumulation throughout the season when

compared with the full-straw-load treatment. The poorly drained site also showed

similar growth patterns (Fig 3-2), but the growth of full-straw-load treatment increased

linearly with time and on the last sampling date dry matter yield was higher than the

vacuum sweep treatment. On the third-year sites (Fig 3-3, 3-4) the full-straw-load

treatment on both well and poorly drained sites gave more dry matter yield than the

vacuum sweep treatment on each of the six sampling dates (a reversal of first-year

sites growth trend). On the well drained site the magnitude of treatment differences

was higher in mid-season, whereas on the poorly drained site higher magnitude of

treatment differences was observed in the beginning and the end of the season.
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However, the treatment differences on the poorly drained site were relatively smaller

than on the well drained site.

Estimated parameters for the sigmoidal model describing biomass

accumulation through time are given in Table 3-4. Coefficient of determination (R2)

ranged from 0.95 to 0.99, indicating the model adequately described biomass

accumulation. Within a site however, the confidence intervals around the estimated

parameters for initial (No) and maximum (K) dry matter yield and the slope factor (r =

rate of increase with time) were overlapping. This means that residue management

treatments did not significantly affect the three parameters describing the sigmoidal

growth curve.

The first order derivative of sigmoidal model describing the growth rate

(change in biomass accumulation to change in time) indicates that biomass

accumulation in both treatments differed with the drainage characteristic of the soils

and number of years under a specific treatment. On the first-year well drained site,

both treatments obtained their maximum growth rate at about the same time in the

early days of May (Fig 3-5), but the two treatments differed in the growth rate.

Though most of the season growth rate was higher in the vacuum sweep treatment, the

maximum growth rate (0.26 Mg ha' day-1) was observed in the full-straw-load

treatment. On the first-year poorly drained soil (Fig 3-6) the maximum growth rate of

two residue treatments was the same (0.13 Mg ha' day-'), but the time to achieve the

maximum growth rate differed. The full-straw-load treatment obtained its maximum

growth rate about a month later than that of vacuum sweep treatment.
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The third-year well drained site showed that the maximum growth rate of the vacuum

sweep treatment was somewhat earlier and greater (0.03 Mg had day') than the full

straw treatment (Fig 3-7). On the poorly drained soil the maximum growth in the full-

straw-load treatment was greater (0.01 Mg ha' day') and somewhat earlier than the

vacuum sweep treatment (Fig 3-8).



Table 3-1. Analysis of variance for dry matter yield as affected by sampling
date, site, and residue management treatment.

SOURCE DF MEAN
SQUARES

F
VALUE

P
VALUE

Replication 2 75385.845 0.0982
Date (D) 5 381433288.741 496.8447 0.000
Error (a) 10 767711.338
Site (S) 3 154416066.831 166.3987 0.000
D*S 15 11728873.093 12.6390 0.000
Error (b) 36 927988.493
Residue (R) 1 27307.75 0.0346
D*R 5 107639.129 0.1365
S*R 3 5130922.818 6.5086 0.001
D*S*R 15 1127454.409 1.4302 0.172
Error (c) 48 788326.805
TOTAL 143

Coefficient of Variation: 15.65%

Table 3-2. Tall fescue dry matter yield at four sites on six sampling dates.
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Dry matter yield

Site It Site 2 Site 3 Site 4
Date (1w)§ (1p) (3w) (3p)

Mg ha-1

March 26 2.04 1.21 0.46 0.87

April 8 to 14 3.76 2.09 1.12 2.03

April 26 to 28 5.99 3.50 2.65 3.30

May 13 9.14 5.27 4.85 5.49

June 3 16.21 7.95 6.99 7.43

July 1 15.25 9.99 8.81 9.78

LSD (P=0.05) = 1.12
t Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § 1 w = 1st year well drained, 1p = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd year poorly drained. For mean
comparisons within or among columns.
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Table 3-3. Tall fescue dry matter yield as affected by residue management treatment
on four sites.

Dry matter yield
sitest Vacuum sweep Full straw

Mg ha'
1 (1w)§ 9.22 8.25

2 (1p) 5.14 4.87

3 (3w) 3.78 4.51

4 (3p) 4.62 5.02

LSDt (P=0.05) = 0.59
t Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § 1w = 1st year well drained, 1p = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd year poorly drained. t For mean
comparisons within or among columns.

Table 3-4. Parameters and confidence limits for sigmoidal model describing the
biomass accumulation as influenced by residue management treatments at four sites.

First-year
Well drained Poorly drained

Third-year
Well drained Poorly drained

VSt FS VS FS VS FS VS FS
R2 0.950 0.955 0.968 0.976 0.985 0.993 0.983 0.990

uclt 21335 18443 11621 27385 10870 9748 11713 13970
K 18026 15882 10024 17064 9415 9141 10196 11963

lcl 14716 13321 8427 6744 7959 8535 8679 9956

ucl 3325 2164 1691 1912 790 787 1293 1708
No 2048 1091 1060 1341 484 554 864 1331

lcl 771 18 430 769 178 322 434 953

ucl
r

0.072,
0.051

0.095
0.065

0.072
0.052

0.044
0.031

0.069
0.054

0.076
0.065

0.064
0.050

0.048
0.038

lcl 0.023 0.036 0.032 0.018 0.037 0.053 0.035 0.029
t VS = Vacuum sweep. FS = Full straw. t ucl = Upper confidence limit.
lcl = Lower confidence limit.
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21-Apr 31-May
Date

10-Jul

Figure 3-1. Tall fescue dry matter yield on first-year well drained site as
influenced by residue management treatment.
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Figure 3-2. Tall fescue dry matter yield on first-year poorly drained site as
influenced by residue management treatment.
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21-Apr 31-May

Date
10-Jul

Figure 3-3. Tall fescue dry matter yield on third-year well drained site as
influenced by residue management treatment.
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Figure 3-4. Tall fescue dry matter yield on third-year poorly drained site as
influenced by residue management treatment.
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Figure 3-5. Tall fescue growth rate at first-year well drained site as
influenced by residue management treatment.
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Figure 3-6. Tall fescue growth rate at first-year poorly drained site as
influenced by residue management treatment.
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Figure 3-7. Tall fescue growth rate at third-year well drained site as
influenced by residue management treatment.
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Total Kjeldahl nitrogen

Like dry matter yield, total nitrogen concentration in plant tissues was

influenced by a statistically significant interaction between sampling date and site

(Table 3-5). The residue management treatment and its interactions with sampling

dates and sites did not significantly influence the N concentration of the plants.

The interaction effects of sampling dates and site on plant N concentration are

illustrated by treatment means given in Table 3-6. At each of the four sites, the N

concentration was higher at the early stage of the growth and tended to decline as the

crop reached maturity. Table 3-6 shows that in the early season the difference in plant

N concentration was significantly different one site to another, and became non-

significant in the end. On the first-year sites the differences in plant concentration

from site 1 to site 2 became non-significant after April 9, whereas on the third-year

site the difference in N concentration at site 3 and 4 were significant till May 13. The

plant N concentration was higher at site 1 than at site 2 throughout the six sampling

dates. Similar results were observed at third-year sites where site 3 showed higher

plant N concentration than site 4 through the entire season. At each of the four sites

the decline in plant N concentration with time is illustrated in Figs 3-9 through 3-12.

A general pattern of higher N concentration in the plants under vacuum sweep

treatment than that of full straw treatment was observed on each of the four sites.

Coefficients of determination (R2) for the sigmoidal model describing the

nitrogen concentration in plants ranged from 0.89 to 0.99. This indicates that the

sigmoidal model appropriately describes the plant N concentration through time. The
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estimates of the parameters of the model for initial plant N concentration (No), the

maximum plant N concentration (K) and the change in N concentration (r) through

time are shown in Table 3-7. However, overlapping of confidence intervals of the

sigmoidal model's estimated parameters shows that the residue management treatments

did not significantly change the plant N concentration within a site.

Table 3-5. Analysis of variance for total Kjeldahl nitrogen as affected by sampling
date, site, and residue management treatment.

SOURCE DF MEAN F P
SQUARES VALUE VALUE

Replication 2 0.083 1.5101 0.2672
Date (D) 5 29.034 529.2418 0.000
Error (a) 10 0.055
Site (S) 3 3.537 44.7362 0.000
D*S 15 0.390 4.9364 0.000
Error (b) 36 0.079
Residue (R) 1 0.180 2.9572 0.0922
D*R 5 0.031 0.5061
S*R 3 0.054 0.8814
D*S*R 15 0.056 0.9143
Error (c) 48 0.061
TOTAL 143

Coefficient of Variation: 9.96%
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Table 3-6. Nitrogen concentration in tall fescue at four sites on six dates.

Date
Site it Site 2 Site 3 Site 4
(1w) (1p) (3w) (3p)

N%
March 26 3.84 3.35 4.51 3.94

April 8 to 14 3.61 2.39 3.98 3.42

April 26 to 28 2.79 2.78 3.39 2.78

May 13 2.03 1.90 2.60 2.05

June 3 1.39 1.29 1.66 1.35

July 1 1.19 1.08 1.18 1.08

LSDI (P=0.05) = 0.33
f Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § 1w = 1st year well drained, ip = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd year poorly drained. For mean
comparisons with or among columns.

Table 3-7. Parameters and confidence limits for sigmoidal model describing the Total
Kjeldahl nitrogen as influenced by residue management treatments at four sites.

First-year
Well drained Poorly drained

Third-year
Well drained Poorly drained

VSO- FS VS FS VS FS VS FS
R2 0.982 0.975 0.944 0.890 0.990 0.979 0.983 0.980

ucl 20.20 20.35 199.05 9.89 6.53 12.76 11.70 33.01
K 9.05 8.85 19.51 4.54 5.58 7.74 7.11 11.38

lcl -2.11 -2.67 -160.00 -0.81 4.63 2.68 2.16 -10.24

ucl 4.13 4.33 3.67 3.52 4.81 4.99 4.33 4.13
No 3.90 4.03 333 3.07 4.59 4.67 4.08 3.88

lcl 3.67 3.72 2.98 2.63 4.37 4.35 3.84 3.62

ucl -0.009. -0.009 -0.003 -0.003 -0.024 -0.013 -0.013 -0.008
r -0.018 -0.020 -0.013 -0.021 -0.032 -0.023 -0.022 -0.018

lcl -0.027 -0.032 -0.029 -0.045 -0.040 -0.034 -0.031 -0.028
VS = Vacuum sweep. FS = Full st
ucl = Upper confidence limit. Icl =

raw.
Lower confidence limit.
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Figure 3-9. N content in tall fescue at first-year well drained site as
influenced by residue management treatment.
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Figure 3-10. N content in tall fescue at first-year poorly drained site as
influenced by residue management treatment.
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Figure 3-11. N content in tall fescue at third-year well drained site as
influenced by residue management treatment.
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influenced by residue management treatment.
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Nitrogen uptake

Nitrogen uptake by tall fescue was significantly influenced by an interaction

between sampling dates and sites. The interaction effect of residue management

treatment and site also significantly influenced crop nitrogen uptake (Table 3-8). No

interaction was found between sampling dates and residue management treatment.

The treatment means of sampling dates by sites interaction effects are

illustrated in Table 3-9. By early May nitrogen uptake was about 90% of the season

total. However, the rate of nitrogen uptake was greater at the first-year well drained

soil. On the first-year well drained site the crop N uptake was significantly higher as

compared to the other three sites on each of the six sampling dates. The differences in

N uptake were not significant among the other three sites from April 9 to the end of

the season.

The effects of residue management and sites interaction are given by treatment

means illustrated in Table 3-10. The effect of residue management on nitrogen uptake

at four sites was similar to its effects on biomass yield. Full-straw-load adversely

affected nitrogen uptake at first-year sites. In contrast, on the third-year sites nitrogen

uptake was greater in the full-straw-load treatment as compared to that of vacuum

sweeping the straw. At the first-year well drained site the N uptake was significantly

(32 kg ha' ) greater in vacuum sweep treatment. The poorly drained site showed

similar treatment differences where N uptake was (7 kg ha' ) greater in the vacuum

sweep treatment when compared to that of full-straw load treatment. However, the

effects of residue treatments on N uptake at first-year poorly drained site were
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relatively smaller than at the well drained site and not significantly different.

Conversely, on the third-year well drained site the N uptake was significantly (16 kg

ha-1 ) greater on the plot where the straw was chopped back. The third-year poorly

drained showed similar residue treatment effects as the well drained site (3 kg ha'

more N uptake in the full-straw load treatment), but the differences between the

treatments were not statistically significant.

N uptake was rapid at the early stage of the crop at each of the four sites

and most of the nitrogen was taken up by the crop within the first two and one-half

months of the season (Fig 3-13, 3-14, 3-15 and 3-16). After the first two months of

the season the N was taken up with a very low rate and by the end of the season there

was virtually no N uptake at any of the four sites. On the first-year sites N uptake

was greater on vacuum sweep treatments than the on full-straw-load treatment (Fig 3-

13). The magnitude of the treatment differences in uptake was smaller, however, on

the poorly drained site (Fig 3-14). On the third-year sites the N uptake pattern was

completely reversed when compared to the first-year sites. The full-straw-load

treatment showed a higher N uptake on both well (Fig 3-15) and poorly drained sites.

The treatment difference were very small on poorly drained soil (Fig 3-16).

The sigmoidal model adequately explained the N uptake through time, as

indicated by the coefficients of variation (R2 ) ranging from 0.82 to 0.94 (Table 3-11).

Coefficients of estimated parameters for initial N uptake (No), maximum N uptake (K),

change in uptake with time (r) and the confidence intervals for each of the estimated

parameters are also given in Table 3-11. The confidence intervals for the coefficients
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of estimated parameters describing N uptake within a site indicate that residue

management treatments had a significant effect on N uptake at well drained sites. At

poorly drained sites, over lapping of confidence intervals for the estimated parameters

show that N uptake in the two residue treatments within a site was not significantly

different.

The first order derivative of sigmoidal model describing N uptake was used to

indicate the change in nitrogen uptake with respect to time in the two residue

treatments at each site. The maximum rate of N uptake in the two residue treatments

on first-year well drained soil was similar and occurred at the same time. The

maximum rate of N uptake of 3 kg ha' day" in full-straw-load treatment and 4 kg ha-

day" in vacuum sweep treatment occurred in late March and early April (Fig 3-17).

On the poorly drained soil similar results were observed, but the difference between

the two treatment was 0.5 kg ha' day" (Fig 3-18). On the third-year well drained site

the time of maximum N uptake was not affected by the treatments (Fig 3-19), but the

rate was greater (3.2 kg ha' day") in full straw treatment than the vacuum sweep (2.5

kg ha' day"). On the poorly drained site though the rate of maximum N uptake in the

two residue treatments was not different (2.4 kg ha" day' in vacuum sweep, 2.56 kg

ha' day' in full straw), the vacuum sweep treatment attained it maximum uptake

about a week later when compared to the full straw treatment (Fig 3-20).
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Table 3-8. Analysis of variance for nitrogen uptake as affected by sampling date,
site, and residue management treatment.

SOURCE DF MEAN F P
SQUARES VALUE VALUE

Replication 2 30.580 0.1746
Date (D) 5 32196.789 183.8500 0.0000
Error (a) 10 175.125
Site (S) 3 55833.089 228.8997 0.0000
D*S 15 1212.32 4.9702 0.0000
Error (b) 36 243.919
Residue (R) 1 899.850 2.2755 0.1380
D*R 5 47.171 0.1193
S*R 3 3717.014 9.3993 0.0001
D*S*R 15 221.276 0.5593
Error (c) 48 395.456
TOTAL 143

Coefficient of Variation: 19.25%

Table 3-9. Nitrogen uptake by tall fescue at four sites on six dates.

Nitrogen uptake

SITE lt SITE 2 SITE 3 SITE 4
Date (1w)§ (1p) (3w) (3p)

kg N11-1

March 26 78 40 21 34

April 8 to 14 135 50 45 69

April 26 to 28 168 95 89 92

May 13 185 100 125 112

June 3 225 103 115 100

July 1 183 108 103 105

LSD (P=0.05) = 18.29
t Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § 1w = 1st year well drained, 1p = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd year poorly drained. t For mean
comparisons within or among columns.
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Table 3-10. Nitrogen uptake by tall fescue as affected by residue management
treatment at four sites.

Nitrogen uptake

Sitest Vacuum sweep Full straw

kg ha.-1

1 (1w)§ 178 146

2 (1p) 86 79

3 (3w) 75 91

4 (3p) 84 87

LSD (P=0.05) = 13.33
t Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § 1w = 1st year well drained, 1p = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd poorly drained. For mean comparisons
within or among columns.

Table 3-11. Parameters and the confidence limits for the sigmoidal model describing
nitrogen uptake as influenced by residue management treatments on four sites.

First-year
Well drained Poorly drained

Third-year
Well drained Poorly drained

VSO- FS VS FS VS FS VS FS
R2 0.88 0.842 0.915 0.819 0.940 0.936 0.926 0.908

ucl 239.75 211.39 121.45 130.18 118.55 135.77 116.83 113.10
K 217.14 184.41 110.01 107.31 106.49 122.90 106.51 104.24

lcl 194.53 157.42 98.57 84.45 94.44 110.04 96.20 95.41

ucl 121.64 102.22 50.66 54.81 25.84 34.11 43.83 54.04
No 91.31 68.99 36.70 33.78 13.94 18.91 29.58 39.81

lcl 60.98 35.77 22.74 12.74 2.05 3.71 15.33 25.58

ucl 0.12 0.128 0.115 0.108 0.144 0.162 0.142 0.158
r 0.07 0.071 0.074 0.057 0.096 0.104 0.091 0.098

lcl 0.02 0.013 0.033 0.006 0.047 0.047 0.040 0.038
t VS = Vacuum sweep, FS = Full straw.
ucl = Upper confidence limit, Icl = Lower confidence limit.
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Figure 3-13. Nitrogen uptake on first-year well drained site as influenced by
residue management treatment.
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Figum 3-14. Nitrogen uptake on first-year poorly drained site as influenced
by residue management treatment.
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Figure 3-15. Nitrogen uptake on third-year well drained site as influenced
by residue management treatment.
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Figure 3-16. Nitrogen uptake on third-year poorly drained site as influenced
by residue management treatment.
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Figure 3-17. Rate of nitrogen uptake on first-year well drained site as
influenced by residue management treatment.
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Figure 3-18. Rate of nitrogen uptake on first-year poorly drained site as
influenced by residue management treatment.
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Figure 3-19. Rate of nitrogen uptake on third-year well drained site as
influenced by residue management treatment.
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Figure 3-20. Rate of nitrogen uptake on third-year poorly drained site as
influenced by residue management treatment.
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Soil nitrogen

Extractable Ammonium + Nitrate-N

Soil ammonium + nitrate N was significantly influenced by sampling dates and

sites interaction. (Table 3-12). Residue treatments significantly influenced soil NH4 +

NO3-N. There was no interaction between residue management treatment and

sampling dates. No interaction was found between residue treatments and sites. The

interaction effects of residue treatment x sites x sampling dates on the soil nitrogen

were not significant.

The effects of sampling dates by site interaction on soil nitrogen are given by

means illustrated in Table 3-13. At each of the four sites soil NH4 + NO3-N was high

in early season and declined with time. However, the third-year well drained site

showed significantly higher soil nitrogen test levels from March 26 to April 26 when

compared to other sites. At site 2 nitrogen test levels were significantly higher than at

site 1 and 4 on March 26 and May 13. However, from early June to the last sampling

date soil nitrogen levels were not significantly different from one site to another.

The means of interaction effects of site by sampling date on soil ammonium-

N are shown in Table 3-14. Soil ammonium varied with sampling dates at all sites,

indicating higher levels in early and mid season and very low levels on the last

sampling date. The variation in soil ammonium with time differed from one site to

another. However, from June 3 to July 1, all sites tested statistically similar soil

ammonium.
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The interaction effects of site by sampling dates on soil nitrate-N are shown by

means in Table 3-15. Like ammonium, soil nitrate levels varied with sampling dates,

higher in early season and declined with time. However, soil nitrate levels on the

third-year well drained site were significantly higher than at other sites from March 26

to May 13. The other three sites did not show any significant nitrate differences at

any of the sampling date. Nitrate levels at all sites rapidly increased from June 3 to

the end of season. However, nitrate levels were not significantly different from June 3

to July 1 from one site to another.

The variation in soil ammonium levels through time in the two residue

treatments at four sites is illustrated by (Fig 3-21a to 3-24a). On the first-year well

drained site (Fig 3-21a) the ammonium concentration in both residue treatments

increased after March 24 till April 8, and then declined very sharply by the end of

April. However, soil ammonium concentration was greater in the vacuum sweep

treatment when averaged across the six sampling dates. The increase in ammonium

levels in March is not surprising because the last fertilizer application was made in

this month. The decline in ammonium concentration in April can be linked with the

crop N uptake, as N uptake of the crop was on its maximum in this month. The

maximum difference between the two residue treatments was observed on May 14.

Ammonium levels were greater in the vacuum sweep treatment as compared to full-

straw load treatment. Increase of ammonium on May 14 in the vacuum sweep

treatment can be associated with N mineralization. As the crop N uptake by mid of

May was almost over and the temperature increased, the trend of N mineralization in
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the two residue treatments became obvious. This shows that the straw adversely

affected N mineralization. However, by the end of June and early July soil

ammonium levels in both treatments were very low, which can probably the result of

nitrification. On the first-year poorly drained site (Fig 3-22a), soil ammonium

concentration in both treatments was higher on the first sampling date and declined on

the 8th of April. The decline in ammonium in April is because of crop N uptake.

However, by mid of April the vacuum sweep treatment tested higher ammonium

levels. Soil ammonium concentration increased from April 8 to May 14 in both

residue treatments. In contrast to well drained site, the increase in soil ammonium

levels in mid April and early May can be attributed more to fertilizer application than

N mineralization, because the last fertilizer application on this site was made on the

15th of April. Like the well drained site ammonium concentration on the poorly

drained site was on its lowest by July 1. However, the vacuum sweep treatment tested

higher soil ammonium than full-straw-load treatment when averaged across the six

sampling dates. Soil ammonium levels on the third-year well drained site (Fig 3-23a)

were greater in the vacuum sweep treatment on the first sampling date. On the second

sampling date the ammonium concentration declined in vacuum sweep treatment and

increased in the full-straw-load treatment. The flip-flop in ammonium levels in the

two treatments on April 8 can also be an evidence of N mineralization. By April 28

the ammonium concentration, because of crop N uptake, declined very sharply in the

two treatments and the effects of mineralization on soil ammonium were then probably

masked under N uptake. The differences in ammonium concentration in the two
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residue treatments became obvious on May 14 when the crop uptake was almost over.

The ammonium concentration was greater in full-straw load treatment than at vacuum

sweep treatment on May 14. Average ammonium concentration across the six

sampling dates was also greater in the full-straw-load treatment. This indicates that

the N mineralization was greater in the full-straw load treatment compared to vacuum

sweep treatment. In other words, in contrast to the first-year sites, the application of

straw positively affected soil ammonium. On the third-year poorly drained site (Fig 3-

24a), the vacuum sweep treatment showed higher ammonium levels from March 24 to

the April 28. Fertilizer N did not increase soil ammonium levels in the full-straw-load

treatment, probably because of N immobilization. However, the ammonium

concentration by May 14 in the two treatments was about the same and declined with

time. Conversely to the well drained site, there was no increase in ammonium

concentration after the crop N uptake on the poorly drained site. This suggests that

the effect of straw on soil ammonium on this site after crop N uptake was not obvious.

Like other three sites the ammonium levels on this site were at their lowest on the last

sampling date. However, within a site the variation in soil ammonium levels with

time was not significantly different in the two residue treatments.

Soil nitrates variation with time in the two residue treatments at four sites is

also illustrated in (Fig 3-21b to 3-24b). On the first-year well drained site (Fig 3-21b),

nitrate concentration was greater in full-straw-load treatment on the first sampling date.

In both residue treatments the nitrate level increased in early April and declined in the

end of April. However on April 8, the increase in nitrate concentration was greater in
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the vacuum sweep treatment. Higher nitrate concentration on April 8 in the vacuum

sweep treatment was probably due to the faster nitrification of fertilizer N. On the

other hand, in full-straw load treatment nitrification was slow probably because of the

organisms responsible for N mineralization utilized part of the applied N. However,

the full-straw-load treatment showed higher nitrate from April 28 to the end of season.

On the last sampling date nitrate concentration increased very sharply in both residue

treatments, even more than at the beginning of season. Higher nitrate levels in the

full-straw-load treatment during most of the season indicate that application of straw

positively affected soil nitrate levels. On the first-year poorly drained site (Fig 3-22b),

soil nitrates from March 24 to April 8 were high in the vacuum sweep treatment.

However from 28 April to the last sampling date the nitrate concentration was greater

in the full-straw-load treatment. Like the well drained site, soil nitrate on the poorly

drained site increased very rapidly on the last sampling date. Though the poorly

drained site showed similar nitrate variation with time as the well drained site, the

magnitude of treatment differences was smaller as compared to well drained site. On

the third-year well drained site (Fig 3-23b), soil nitrates increased after the last

fertilizer application in both residue treatments. After April 8 nitrate levels declined

very rapidly because of crop N uptake. From June 4 to the end of season nitrates

levels in both residue treatments increased again. However, soil nitrate concentration

was higher in the vacuum sweep treatment from first sampling date to May 14 than at

the full-straw-load treatment. But in June and early July both residue treatments tested

very similar nitrate concentrations. Lower nitrate levels in the full-straw-load
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treatment during most of the season could probably because of immobilization of

fertilizer N. On the third-year poorly drained site (Fig 3-24b), soil nitrate

concentration remained very low (< 1ppm) from March to early June in both residue

treatments. Nitrate concentration was greater in the full-straw- load treatment than

vacuum sweep treatment from first sampling date to the 4th of June. However, the

differences in soil nitrate concentration in the two residue treatments were very small

and statistically non-significant. Like other three sites, nitrate concentration on third-

year poorly drained site increased very sharply after June 4.

The soil nitrogen concentration at each of the four sites varied throughout the

season. On both first-year well and poorly drained sites the highest N concentration in

both residue management treatments were observed in April and March respectively

just after the last fertilization application was made. Soil nitrogen tended to decline

with the time. By the month of June the soil N was at it lowest, which later started

increasing in late June and early July, the time when the crop N uptake was almost

over (Fig 3-21c, 22c). On the third-year sites the N variation pattern in both

treatments was about the same as in first-year sites, but the straw removal treatment on

the well drained site showed average higher N concentration during the whole season

than the full-straw-load treatment (Fig 3-23c, 24c).
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Table 3-12. Analysis of variance for soil inorganic nitrogen extracted from 0-20 cm
depth, as influenced by dates, sites and residue management treatment.

SOURCE DF
AMMONIUM-N
MSt P value

NITRATE-N
MS P value

NH4+ NO3
MS P value

Replication 2 2.997 0.1766 4.323 0.8720 11.341 0.2002
Date (D) 5 218.761 0.0000 118.851 0.0000 396.181 0.0000
Error (a) 10 1.446 2.172 5.976
Site (S) 3 78.621 0.0000 450.887 0.0000 576.857 0.0000
D*S 15 19.375 0.0000 86.914 0.0000 124.484 0.0000
Error (b) 36 2.752 1.717 6.267
Residue (R) 1 5.39 0.1881 15.649 0.0351 39.491 0.0323
D*R 5 2.912 4.454 0.2640 8.060
S*R 3 5.255 0.1717 25.151 0.0003 10.704 0.2795
D*S*R 15 3.504 0.3346 5.448 0.0985 8.601 0.4170
Error (c) 48 3.023 3.326 8.123
CVt 34.62% 54.54% 34.07%

t MS = Mean squares. t CV = Coefficient of variance.

Table 3-13. Soil inorganic nitrogen (NH4 + NO3 ) extracted from 0-20 cm depth at
four sites on six sampling dates.

SITE It SITE 2 SITE 3 SITE 4
Date (1w)§ (1p) (3w) (3p)

NH4 + NO3-N mg kg'

March 26 4.67 12.23 23.23 7.40

April 8 to 14 9.46 8.14 28.55 8.21

April 26 to 28 3.11 9.04 14.71 7.79

May 13 4.75 10.85 10.90 6.35

June 3 2.47 3.13 2.50 2.49

July 1 5.72 5.72 4.38 4.98

LSD (P=0.05)= 2.93
t Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § lw = 1st year well drained, 1p = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd year poorly drained. t For mean
comparisons within or among columns.
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Table 3-14. Soil NH4-N extracted from 0-20 cm depth at four sites on six sampling
dates.

Date
SITE it

(1w)§
SITE 2

(1p)
SITE 3

(3w)
SITE 4

(3p)

NH4-N mg kg'

March 26 3.45 11.24 9.46 6.70

April 8 to 14 6.19 6.60 9.37 7.90

April 26 to 28 2.18 7.61 3.38 7.32

May 13 3.84 10.40 7.83 5.83

June 3 2.0 2.88 2.49 2.43

July 1 0.40 0.56 0.02 0.49

LSD (P=0.05) = 1.94

Table 3-15. Soil NO3- N extracted from 0-20 cm depth at four sites on six sampling
dates.

SITE lt SITE 2 SITE 3 SITE 4
Date (1w)§ (1p) (3w) (3p)

NO3-N mg kg'

March 26 1.21 1.0 13.77 0.7

April 8 to 14 3.29 1.54 19.12 0.32

April 26 to 28 0.94 1.43 11.33 0.49

May 13 0.91 0.46 3.08 0.52

June 3 0.48 0.24 0.02 0.05

July 1 5.33 5.16 4.37 4.50

LSD (P=0.05) = 1.53
t Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § 1w = 1st year well drained, 1p = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd year poorly drained. t For mean
comparisons within or among columns.
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Figure 3-21. Soil inorganic nitrogen content on first-year well drained site as
influenced by residue management treatment
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as influenced by residue management treatment.
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Figure 3-23. Soil inorganic nitrogen content on third-year well drained site as
influenced by residue management treatment.
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Figum 3-24. Soil inorganic nitrogen content on third-year poorly drained site
as influenced by residue management treatment.
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The interaction effects of residue by site on soil nitrates and NH4 + NO3 are

shown by treatment means illustrated in Table 3-16. Soil nitrate concentration on

third-year well drained site was significantly higher in the vacuum sweep treatment as

compared to full-straw load treatment. Conversely, nitrate concentration at other three

sites was greater in full-straw load treatment. However nitrates levels in the two

residue treatments at site 1, 2 and 4 were not significantly different. Soil NH4 + NO3

tests were the opposite of soil nitrate tests. All four sites tested higher NH4 + NO3 in

the vacuum sweep treatment. However, differences in NH4 + NO3 in the two residue

treatments were only significant on the third-year well drained site.

Table 3-16. Soil inorganic nitrogen (nitrates and ammonium + nitrate) extracted from
0 to 20 cm depth at four sites as influenced by residue management treatments.

Sitest

NO3 NH4 + NO3

VS* FS VS FS

mg kg-1

1 (1w)§ 1.83 2.21 5.04 5.03

2 (1p) 1.59 1.70 8.44 7.94

3 (3w) 10.20 7.04 15.30 12.78

4 (3p) 1.07 1.12 6.79 5.62

Mean 3.68 3.02 8.89 7.84

LSEIt 1.22 1.91

tSite 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. VS = Vacuum sweep, FS = Full straw. § 1w = 1st year
well drained, 1p = 1st year poorly drained, 3w = 3rd year well drained, 3p = 3rd year
poorly drained. t For mean comparisons within or among columns.
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Soil ammonium concentration at each of the four sites changed through time

and depths. Ammonium concentration at the depth of 0-1 inch at each of the four

sites showed greater variability with time than the sub-surface ammonium. The sub-

surface ammonium at 1-4 inch and 4-8 inch during most of the season tested similar.

On first-year well drained site (Fig 3-25a) the ammonium on the surface remained

higher than the sub-surface ammonium during the whole season. On the poorly

drained site (Fig 3-26a), ammonium was higher in the surface 0-linch from the first

sampling date to April 28. On May 14 the sub-surface (0-8 inch) ammonium was

higher than that of surface. However, by the end of June, ammonium levels declined

in all three depths below 1ppm. On the third-year well drained site (Fig 3-27a) higher

ammonium concentration at the surface was observed from March to late April, but in

May the sub-surface (0-4 inch) tested higher. From late May to the end of the season

ammonium concentration at all three depth tested very similar. On third-year poorly

drained site (Fig 3-28a) surface ammonium concentration was higher from the sub-

surface ammonium till early June, but by the end of the season all three depths tested

ammonium concentration very close to zero. Generally ammonium levels at the four

sites were higher and declined with time in all three depths. The decline in soil

ammonium in the month of April at each of the four sites can be attributed to the crop

nitrogen uptake as most of the nitrogen by the crop was taken in this month.

Nitrate distribution in soil at all four sites varied with time. Like ammonium

surface nitrate concentration varied more than the at the sub-surface. On the other

hand the change in soil nitrate with time in the sub-surface was also greater than



73

ammonium concentration. The surface top inch had higher nitrates than the sub-soil

on first-year well drained sites during the entire season (Fig 3-25b). Poorly drained

site (Fig 3-26b) showed similar results as in well drained site except that in late May

and early June sub-surface (0-8) measured higher nitrates than at other two depths. On

the third-year well drained site (Fig 3-27b) test results indicated that from March to

early April nitrates on the surface were higher than at the sub-surface, but remained

lower than that of sub-surface (1-4 and 4-8 inch) from mid April to early June. From

May 14 to June 4, nitrate levels were higher at sub-surface (4-8 inch) as compared to

other depths. However, on the last sampling date again surface nitrate tested higher

than that of sub-surface. On the poorly drained site (Fig 3-28b) the surface nitrates in

most of the season were higher than that of sub-soil. At all sites nitrates were higher

in early season declined with time and again increased very rapidly on the last

sampling date. Over all, at each site nitrate depression period lasted for about a

month, starting from late April to early June, the time when the crop N uptake was on

its maximum. The decline in ammonium concentration in the end of season and

increase in nitrate levels at the same time can be due to nitrification of soil

ammonium.
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influenced by depths and sampling dates.



75

6

5

4

24-March 08-April 28-April 14-May 04-June
Date

01-July

0
24-March 08-April 28-April 14-May

Date
04-June 01-July

Figure 3-26. Soil ammonium and nitrate on first-year poorly drained site as
influenced by depths and sampling dates.



76

40

30

i
E

§ 20
§

10

0
24-March 08-April 28-April 14-May 04-June

Date
01-July

24-March 08-April 28-April 14-May
Date

04-June 01-July

Figure 3 -27. Soil ammonium and nitrate on third-year well drained site as
influenced by depths and sampling dates.



77

on

E

g

40

30

10

on

4

3
z

(a)

24-March 08-April 28-April 14-May 04-June
Date

01-July

(b)

0-1
-a-
1-4

4-8

24-March 08-April 28-April 14-May 04-June
Date

01-July

Figure 3-28. Soil ammonium and nitrate on third-year poorly drained site as
influenced by depths and sampling dates.



78

Clean seed yield

Clean seed yield measured at each of the four experimental sites was

significantly influenced by residue treatments on the third-year well drained site (Table

3-17). At the other three sites the differences in seed yield due to residue treatments

were not statistically significant. Unlike the other sites, the third-year well drained site

produced significantly higher seed yield on the plot where the straw had been chopped

back. However, three of the four sites produced more seed on the plots where straw

was chopped back. The poorly drained site established in 1990 showed an opposite

trend in seed yield from other sites, where the seed yield was higher on the plot where

straw was completely removed. Table 3-5 shows that the magnitude of differences in

seed yield caused by residue management treatment was bigger on well drained sites

compared to poorly drained sites. Seed yield was higher on the well drained site of

1992 than the poorly drained site. Conversely, at 1992 sites, poorly drained site

produced more clean seed than the well drained site.

Table 3-17. Tall fescue clean seed yield at four sites as influenced by residue
management treatment.

Clean seed yield
Sites Vacuum sweep Full straw Significance Sx (df)

kg ha'
1 (1w)§ 1947 2177 NS 85.93 (4)
2 (1p) 1550 1764 NS 134.17 (4)
3 (3w) 1186 1529 (0.05) 60.98 (6)
4 (3p) 1810 1681 NS 75.69 (6)

f Site 1 and 2 had residue treatments imposed for one year while sites 3 and 4 had
residue treatment for 3 years. § 1w = 1st year well drained, 1p = 1st year poorly
drained, 3w = 3rd year well drained, 3p = 3rd year poorly drained.
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CONCLUSIONS

The study demonstrates that plant growth and nitrogen uptake were slightly

reduced on the fields where tall fescue straw had been chopped back for one year. In

contrast to one year of chopping the straw, biomass yield and nitrogen uptake were

greater on the fields where straw was being returned for three consecutive years.

Response to flail chopping the straw was more pronounced on the well drained sites.

Nitrogen uptake preceded plant growth. By early May, N uptake was 90% of

season total, whereas the biomass accumulation at this time ranged from 35 to 46%.

The pattern of N uptake and growth was consistent at four sites and across the residue

treatments. Therefore, early nitrogen application (winter and early spring) seems to be

the most appropriate time for fertilization. This is especially important on the well

drained sites, following the first year of straw application. Data for biomass, seed

yield and nitrogen uptake does not indicate very significant evidence of mineralization

and immobilization of nitrogen and their positive and negative impacts on biomass and

seed yield in the two residue management systems. The standard N fertilizer rates

used currently by the tall fescue growers do not need to be changed with residue

return.

At harvest, very low levels of soil ammonium and nitrates were observed in

both residue management systems regardless soil drainage characteristics. Ammonium

levels at surface eight inches were below 1 ppm, and soil nitrates were less than 5
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ppm. These concentration are lower than what is typically found after harvest of many

crops in the region. The rate of nitrogen fertilizer, and the timing of application is

adequate to prevent residual nitrogen build up in the soil. Lower nitrate levels also

suggest that current fertilizer practices are adequate to prevent nitrate ground water

contamination.

This study suggests that:

1) Grass seed growers do not need to increase nitrogen fertilizer rates above 150 to

210 kg N ha' when crop residue is returned.

2) Further research is required to determine the rate of mineralization and

immobilization of nitrogen on the fields where straw is being chopped back.

4) Research is needed to determine whether there is any possibility to reduce nitrogen

fertilizer rates after returning the crop residue for three years or more, and if it is, how

much nitrogen retes can be reduced.
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Appendix 1. Tall fescue dry matter yield (kg ha'), Total Kjeldahl nitrogen (%) and
nitrogen uptake (kg ha') on six sampling dates from a first-year well drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Biomass TKN N Uptake
03/26/93 VS 1 2666.03 3.91 104.24
04/09/93 VS 1 4108.39 3.62 148.72
04/26/93 VS 1 6150.64 2.83 174.06
05/13/93 VS 1 10181.35 2.19 222.97
06/03/93 VS 1 18021.71 1.54 277.53
07/01/93 VS 1 14534.72 1.23 178.78
03/26/93 VS 2 2244.20 3.71 83.26
04/09/93 VS 2 3979.33 3.55 141.27
04/26/93 VS 2 6431.46 2.92 187.80
05/13/93 VS 2 8630.25 2.00 172.61
06/03/93 VS 2 16569.79 1.48 245.23
07/01/93 VS 2 14488.11 1.42 205.73
03/26/93 VS 3 2146.21 3.75 80.48
04/09/93 VS 3 4725.01 3.38 159.71
04/26/93 VS 3 7113.80 2.93 208.43
05/13/93 VS 3 10118.02 1.97 199.32
06/03/93 VS 3 13791.43 1.34 184.81
07/01/93 VS 3 20000.62 1.17 234.01
03/26/93 FS 1 1488.96 3.95 58.81
04/09/93 FS 1 3225.29 3.49 112.56
04/26/93 FS 1 5181.50 2.99 154.93
05/13/93 FS 1 6985.94 2.04 142.51
06/03/93 FS 1 15960.35 1.15 183.54
07/01/93 FS 1 15617.38 1.20 187.41
03/26/93 FS 2 1943.06 3.78 73.45
04/09/93 FS 2 3471.46 4.09 141.98
04/26/93 FS 2 5461.12 2.54 138.71
05/13/93 FS 2 8534.65 2.02 172.40
06/03/93 FS 2 18117.31 1.36 246.40
07/01/93 FS 2 13985.02 1.24 173.41
03/26/93 FS 3 1747.08 3.91 68.31
04/09/93 FS 3 3043.65 3.48 105.92
04/26/93 FS 3 5611.69 2.55 143.10
05/13/93 FS 3 10406.01 1.94 201.88
06/03/93 FS 3 14785.67 1.45 214.39
07/01/93 FS 3 12854.56 0.90 115.69



87

Appendix 2. Tall fescue dry matter yield (kg ha-I), Total Kjeldahl nitrogen (%) and
nitrogen uptake (kg ha') on six sampling dates from a first-year poorly drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Biomass TKN N Uptake
03/26/93 VS 1 1241.43 3.86 47.92
04/09/93 VS 1 2074.17 2.74 56.83
04/28/93 VS 1 3930.17 2.55 100.22
05/13/93 VS 1 5672.47 1.98 112.31
06/04/93 VS 1 8190.15 1.28 104.83
07/01/93 VS 1 10957.76 1.09 119.44
03/26/93 VS 2 1449.36 3.16 45.80
04/09/93 VS 2 2098.75 2.34 49.11
04/28/93 VS 2 4288.66 2.54 108.93
05/13/93 VS 2 5659.15 1.98 112.05
06/04/93 VS 2 10120.92 1.27 128.54
07/01/93 VS 2 7689.28 1.19 91.50
03/26/93 VS 3 1146.17 3.37 38.63
04/09/93 VS 3 2287.22 2.34 53.52
04/28/93 VS 3 3311.50 2.77 91.73
05/13/93 VS 3 5113.21 1.85 94.59
06/04/93 VS 3 8420.61 1.32 111.15
07/01/93 VS 3 8840.57 1.00 88.41
03/26/93 FS 1 1261.91 3.28 41.39
04/09/93 FS 1 1946.13 2.46 47.87
04/28/93 FS 1 3813.40 2.47 94.19
05/13/93 FS 1 4303.00 1.87 80.47
06/04/93 FS 1 5378.50 1.23 66.16
07/01/93 FS 1 10526.54 1.01 106.32
03/26/93 FS 2 1017.11 3.15 32.04
04/09/93 FS 2 2097.73 2.20 46.15
04/28/93 FS 2 2219.62 2.55 56.60
05/13/93 FS 2 6375.12 1.77 112.84
06/04/93 FS 2 8288.48 1.20 99.46
07/01/93 FS 2 10824.60 0.87 94.17
03/26/93 FS 3 1124.66 3.30 37.11
04/09/93 FS 3 2054.71 2.25 46.23
04/28/93 FS 3 3461.05 3.45 119.41
05/13/93 FS 3 4468.94 1.92 85.80
06/04/93 FS 3 7303.12 1.46 106.63
07/01/93 FS 3 11119.59 1.31 145.67
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Appendix 3. Tall fescue dry matter yield (kg ha-I), Total Kjeldahl nitrogen (%) and
nitrogen uptake (kg ha-1) on six sampling dates from a third-year well drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Biomass TKN N Uptake
03/26/93 VS 1 393.32 4.48 17.62
04/09/93 VS 1 1001.75 2.47 24.74
04/28/93 VS 1 2533.05 3.66 92.71
05/13/93 VS 1 2907.93 2.81 81.71
06/04/93 VS 1 6489.84 1.79 116.17
07/01/93 VS 1 7495.69 1.33 99.69
03/26/93 VS 2 383.08 4.24 16.24
04/09/93 VS 2 1037.60 4.47 46.38
04/28/93 VS 2 2192.99 3.48 76.32
05/13/93 VS 2 4168.82 2.69 112.14
06/04/93 VS 2 6317.76 1.82 114.98
07/01/93 VS 2 9698.92 1.00 96.99
03/26/93 VS 3 355.43 4.67 16.60
04/09/93 VS 3 1025.31 4.34 44.50
04/28/93 VS 3 1919.50 3.42 65.65
05/13/93 VS 3 4928.84 2.68 132.09
06/04/93 VS 3 6675.24 1.58 105.47
07/01/93 VS 3 8513.82 1.04 88.54
03/26/93 FS 1 480.39 4.58 22.00
04/09/93 FS 1 1251.67 4.51 56.45
04/28/93 FS 1 2545.34 3.50 89.09
05/13/93 FS 1 5254.56 2.49 130.84
06/04/93 FS 1 7471.11 1.76 131.49
07/01/93 FS 1 9182.68 1.46 134.07
03/26/93 FS 2 519.31 4.36 22.64
04/09/93 FS 2 1253.72 4.40 55.16
04/28/93 FS 2 3063.62 3.36 102.94
05/13/93 FS 2 6131.35 2.46 150.83
06/04/93 FS 2 7060.37 1.71 120.73
07/01/93 FS 2 9327.10 1.11 103.53
03/26/93 FS 3 607.40 4.74 28.79
04/09/93 FS 3 1142.07 3.70 42.26
04/28/93 FS 3 3635.17 2.90 105.42
05/13/93 FS 3 5703.20 2.45 139.73
06/04/93 FS 3 7912.57 1.29 102.07
07/01/93 FS 3 8640.83 1.12 96.78



Appendix 4. Tall fescue dry matter yield (kg haT1), Total Kjeldahl nitrogen (%) and
nitrogen uptake (kg ha') on six sampling dates from a third-year poorly drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Biomass TKN N Uptake
03/26/93 VS 1 579.74 4.01 23.25
04/09/93 VS 1 1758.69 3.69 64.90
04/28/93 VS 1 2928.42 2.99 87.56
05/13/93 VS 1 5140.87 2.31 118.75
06/04/93 VS 1 8036.51 1.29 103.67
07/01/93 VS 1 10797.97 0.94 101.50
03/26/93 VS 2 669.88 4.07 27.26
04/09/93 VS 2 1775.08 3.71 65.86
04/28/93 VS 2 3080.01 3.18 97.94
05/13/93 VS 2 5159.30 2.07 106.80
06/04/93 VS 2 6632.22 1.27 84.23
07/01/93 VS 2 8082.60 1.14 92.14
03/26/93 VS 3 906.49 4.02 36.44
04/09/93 VS 3 1849.85 3.30 61.05
04/28/93 VS 3 2880.28 2.53 72.87
05/13/93 VS 3 5927.51 2.18 129.22
06/04/93 VS 3 7495.69 1.53 114.68
07/01/93 VS 3 9393.68 1.24 116.48
03/26/93 FS 1 1331.57 3.97 52.86
04/09/93 FS 1 2163.28 3.43 74.20
04/28/93 FS 1 3692.53 2.94 108.56
05/13/93 FS 1 5225.88 1.96 102.43
06/04/93 FS 1 7951.49 1.37 108.94
07/01/93 FS 1 11032.53 1.12 123.56
03/26/93 FS 2 961.80 3.88 37.32
04/09/93 FS 2 2124.36 3.35 71.17
04/28/93 FS 2 3698.68 2.89 106.89
05/13/93 FS 2 5703.20 1.86 106.08
06/04/93 FS 2 6611.73 1.29 85.29
07/01/93 FS 2 9825.93 1.11 109.07
03/26/93 FS 3 793.82 3.70 29.37
04/09/93 FS 3 2535.10 3.03 76.81
04/28/93 FS 3 3500.99 2.16 75.62
05/13/93 FS 3 5802.55 1.90 110.25
06/04/93 FS 3 7840.87 1.32 103.50
07/01/93 FS 3 9559.61 0.91 86.99

89
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Appendix 5. Soil nitrate-N and ammonium-N (mg kg "' of soil) extracted from three
depths (inches) on six sampling dates from a first-year well drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Depth Nitrate Ammonium
03/24/93 VS 1 0-1 0.93 7.04
03/24/93 VS 2 0-1 2.75 5.39
03/24/93 VS 3 0-1 1.22 5.04
04/08/93 VS 1 0-1 7.44 37.00
04/08/93 VS 2 0-1 4.40 12.98
04/08/93 VS 3 0-1 5.24 13.89
04/26/93 VS 1 0-1 1.56 2.28
04/26/93 VS 2 0-1 0.34 1.82
04/26/93 VS 3 0-1 1.05 2.52
05/14/93 VS 1 0-1 1.05 6.88
05/14/93 VS 2 0-1 1.78 5.85
05/14/93 VS 3 0-1 1.34 10.28
06/03/93 VS 1 0-1 2.44 3.87
06/03/93 VS 2 0-1 0.14 2.39
06/03/93 VS 3 0-1 0.04 2.53
07/01/93 VS 1 0-1 4.63 0.16
07/01/93 VS 2 0-1 4.45 1.82
07/01/93 VS 3 0-1 8.00 2.36
03/24/93 VS 1 1-4 0.66 3.82
03/24/93 VS 2 1-4 0.92 3.33
03/24/93 VS 3 1-4 0.45 3.64
04/08/93 VS 1 1-4 6.99 6.33
04/08/93 VS 2 1-4 4.47 2.66
04/08/93 VS 3 1-4 6.44 4.53
04/26/93 VS 1 1-4 0.52 1.45
04/26/93 VS 2 1-4 0.21 0.85
04/26/93 VS 3 1-4 0.17 2.06
05/14/93 VS 1 1-4 0.40 3.15
05/14/93 VS 2 1-4 0.45 6.89
05/14/93 VS 3 1-4 0.67 7.29
06/03/93 VS 1 1-4 0.17 1.73
06/03/93 VS 2 1-4 <0.1 1.62
06/03/93 VS 3 1-4 <0.1 1.92
07/01/93 VS 1 1-4 4.23 <0.1
07/01/93 VS 2 1-4 7.96 0.42
07/01/93 VS 3 1-4 7.1 0.65
03/24/93 VS 1 4-8 0.78 3.66
03/24/93 VS 2 4-8 0.45 3.12
03/24/93 VS 3 4-8 0.38 3.92
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Date Treatment Replication Depth Nitrate Ammonium
04/08/93 VS 1 4-8 2.88 4.64
04/08/93 VS 2 4-8 0.95 3.41
04/08/93 VS 3 4-8 1.14 3.69
04/26/93 VS 1 4-8 2.10 1.72
04/26/93 VS 2 4-8 <1.0 1.67
04/26/93 VS 3 4-8 0.50 0.92
05/14/93 VS 1 4-8 0.38 3.04
05/14/93 VS 2 4-8 0.62 3.12
05/14/93 VS 3 4-8 0.98 5.41
06/03/93 VS 1 4-8 0.09 1.84
06/03/93 VS 2 4-8 <0.1 1.70
06/03/93 VS 3 4-8 <0.1 1.81
07/01/93 VS 1 4-8 2.07 <0.1
07/01/93 VS 2 4-8 3.78 0.6
07/01/93 VS 3 4-8 5.34 0.72
03/24/93 FS 1 0-1 3.17 5.82
03/24/93 FS 2 0-1 2.67 3.38
03/24/93 FS 3 0-1 2.19 4.23
04/08/93 FS 1 0-1 5.95 20.72
04/08/93 FS 2 0-1 5.99 52.38
04/08/93 FS 3 0-1 2.73 10.30
04/26/93 FS 1 0-1 1.01 1.98
04/26/93 FS 2 0-1 1.61 5.83
04/26/93 FS 3 0-1 1.01 4.89
05/14/93 FS 1 0-1 1.09 3.70
05/14/93 FS 2 0-1 1.43 4.98
05/14/93 FS 3 0-1 1.28 4.84
06/03/93 FS 1 0-1 0.07 2.55
06/03/93 FS 2 0-1 4.69 3.57
06/03/93 FS 3 0-1 0.19 2.48
07/01/93 FS 1 0-1 11.08 1.24
07/01/93 FS 2 0-1 3.93 1.15
07/01/93 FS 3 0-1 5.88 0.25
03/24/93 FS 1 1-4 2.14 4.00
03/24/93 FS 2 1-4 0.93 2.03
03/24/93 FS 3 1-4 0.46 2.78
04/08/93 FS 1 1-4 4.91 3.62
04/08/93 FS 2 1-4 4.75 5.09
04/08/93 FS 3 1-4 1.26 3.70
04/26/93 FS 1 1-4 2.27 0.86
04/26/93 FS 2 1-4 0.41 3.21
04/26/93 FS 3 1-4 <0.1 2.37
05/14/93 FS 1 1-4 0.78 2.24



Appendix 5. (continued) 92

Date Treatment Replication Depth Nitrate Ammonium
05/14/93 FS 2 1-4 0.56 2.55
05/14/93 FS 3 1-4 3.28 0.69
06/03/93 FS 1 1-4 0.23 1.95
06/03/93 FS 2 1-4 1.21 2.06
06/03/93 FS 3 1-4 0.35 1.58
07/01/93 FS 1 1-4 7.66 0.29
07/01/93 FS 2 1-4 4.16 0.05
07/01/93 FS 3 1-4 4.61 0.15
03/24/93 FS 1 4-8 3.71 5.12
03/24/93 FS 2 4-8 1.06 1.50
03/24/93 FS 3 4-8 0.77 1.69
04/08/93 FS 1 4-8 2.42 3.10
04/08/93 FS 2 4-8 2.46 1.38
04/08/93 FS 3 4-8 0.04 1.76
04/26/93 FS 1 4-8 3.93 2.49
04/26/93 FS 2 4-8 0.38 3.48
04/26/93 FS 3 4-8 <0.1 2.88
05/14/93 FS 1 4-8 1.28 2.11
05/14/93 FS 2 4-8 0.40 1.95
05/14/93 FS 3 4-8 0.61 4.20
06/03/93 FS 1 4-8 1.22 1.99
06/03/93 FS 2 4-8 0.73 1.74
06/03/93 FS 3 4-8 0.27 2.39
07/01/93 FS 1 4-8 2.72 0.19
07/01/93 FS 2 4-8 9.67 0.17
07/01/93 FS 3 4-8 4.03 0.13
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Appendix 6. Soil nitrate-N and ammonium-N (mg kg' of soil) extracted from three
depths (inches) on six sampling dates from a first-year poorly drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Depth Nitrate Ammonium
03/26/93 VS 1 0-1 4.83 42.71
03/26/93 VS 2 0-1 1.59 34.13
03/26/93 VS 3 0-1 7.01 17.52
04/14/93 VS 1 0-1 5.03 11.89
04/14/93 VS 2 0-1 4.78 11.49
04/14/93 VS 3 0-1 3.43 10.87
04/28/93 VS 1 0-1 0.89 9.70
04/28/93 VS 2 0-1 2.03 25.85
04/28/93 VS 3 0-1 3.76 33.71
05/14/93 VS 1 0-1 0.85 6.05
05/14/93 VS 2 0-1 0.58 5.63
05/14/93 VS 3 0-1 2.17 6.37
06/04/93 VS 1 0-1 0.00 2.86
06/04/93 VS 2 0-1 <0.1 2.70
06/04/93 VS 3 0-1 <0.1 1.90
07/01/93 VS 1 0-1 5.78 0.19
07/01/93 VS 2 0-1 4.62 0.00
07/01/93 VS 3 0-1 5.04 0.32
03/26/93 VS 1 1-4 0.51 9.73
03/26/93 VS 2 1-4 0.79 11.03
03/26/93 VS 3 1-4 1.68 21.61
04/14/93 VS 1 1-4 1.36 12.20
04/14/93 VS 2 1-4 2.01 7.15
04/14/93 VS 3 1-4 1.42 10.55
04/28/93 VS 1 1-4 <1.0 5.21
04/28/93 VS 2 1-4 1.75 5.86
04/28/93 VS 3 1-4 1.59 5.03
05/14/93 VS 1 1-4 0.86 8.21
05/14/93 VS 2 1-4 0.00 13.39
05/14/93 VS 3 1-4 0.26 6.88
06/04/93 VS 1 1-4 0.02 3.23
06/04/93 VS 2 1-4 0.36 2.18
06/04/93 VS 3 1-4 <0.1 2.75
07/01/93 VS 1 1-4 4.19 <0.1
07/01/93 VS 2 1-4 6.87 <0.1
07/01/93 VS 3 1-4 6.18 0.12
03/26/93 VS 1 4-8 0.46 6.91
03/26/93 VS 2 4-8 0.57 6.20
03/26/93 VS 3 4-8 0.00 6.03



Appendix 6. (continued) 94

Date Treatment Replication Depth Nitrate Ammonium
04/14/93 VS 1 4-8 1.04 4.35
04/14/93 VS 2 4-8 1.21 5.18
04/14/93 VS 3 4-8 0.74 6.50
04/28/93 VS 1 4-8 1.21 4.30
04/28/93 VS 2 4-8 0.68 4.97
04/28/93 VS 3 4-8 1.02 4.97
05/14/93 VS 1 4-8 0.00 12.24
05/14/93 VS 2 4-8 0.32 12.97
05/14/93 VS 3 4-8 0.00 12.22
06/04/93 VS 1 4-8 0.31 3.66
06/04/93 VS 2 4-8 0.12 2.81
06/04/93 VS 3 4-8 0.06 3.16
07/01/93 VS 1 4-8 4.33 <0.1
07/01/93 VS 2 4-8 4.97 <0.1
07/01/93 VS 3 4-8 4.52 0.19
03/26/93 FS 1 0-1 3.99 27.63
03/26/93 FS 2 0-1 3.26 35.75
03/26/93 FS 3 0-1 0.92 24.44
04/14/93 FS 1 0-1 2.48 6.93
04/14/93 FS 2 0-1 4.32 9.18
04/14/93 FS 3 0-1 4.56 7.48
04/28/93 FS 1 0-1 4.02 35.39
04/28/93 FS 2 0-1 1.74 12.71
04/28/93 FS 3 0-1 4.13 18.73
05/14/93 FS 1 0-1 0.98 19.24
05/14/93 FS 2 0-1 2.49 6.93
05/14/93 FS 3 0-1 0.56 7.47
06/04/93 FS 1 0-1 0.33 2.69
06/04/93 FS 2 0-1 0.59 2.83
06/04/93 FS 3 0-1 0.34 2.58
07/01/93 FS 1 0-1 5.11 1.10
07/01/93 FS 2 0-1 7.8 0.97
07/01/93 FS 3 0-1 5.34 4.48
03/26/93 FS 1 1-4 1.43 15.88
03/26/93 FS 2 1-4 0.55 7.64
03/26/93 FS 3 1-4 0.72 5.24
04/14/93 FS 1 1-4 0.74 3.66
04/14/93 FS 2 1-4 1.30 4.78
04/14/93 FS 3 1-4 1.85 5.96
04/28/93 FS 1 1-4 1.43 10.05
04/28/93 FS 2 1-4 1.89 6.12
04/28/93 FS 3 1-4 4.97 1.54
05/14/93 FS 1 1-4 0.00 12.99



Appendix 6. (continued) 95

Date Treatment Replication Depth Nitrate Ammonium
05/14/93 FS 2 1-4 1.05 8.12
05/14/93 FS 3 1-4 0.25 7.12
06/04/93 FS 1 1-4 0.83 2.75
06/04/93 FS 2 1-4 0.24 2.72
06/04/93 FS 3 1-4 0.07 2.37
07/01/93 FS 1 1-4 6.31 0.31
07/01/93 FS 2 1-4 3.76 <.01
07/01/93 FS 3 1-4 4.7 1.91
03/26/93 FS 1 4-8 0.18 5.80
03/26/93 FS 2 4-8 0.21 7.19
03/26/93 FS 3 4-8 0.85 3.84
04/14/93 FS 1 4-8 0.67 4.93
04/14/93 FS 2 4-8 0.95 5.76
04/14/93 FS 3 4-8 1.24 4.73
04/28/93 FS 1 4-8 0.56 7.36
04/28/93 FS 2 4-8 0.52 6.01
04/28/93 FS 3 4-8 0.32 4.36
05/14/93 FS 1 4-8 0.00 9.28
05/14/93 FS 2 4-8 1.24 16.08
05/14/93 FS 3 4-8 0.17 6.49
06/04/93 FS 1 4-8 0.35 4.65
06/04/93 FS 2 4-8 0.31 2.83
06/04/93 FS 3 4-8 0.30 1.60
07/01/93 FS 1 4-8 3.83 0.45
07/01/93 FS 2 4-8 8.65 0.66
07/01/93 FS 3 4-8 3.19 1.90
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Appendix 7. Soil nitrate-N and ammonium-N (mg kg.' of soil) extracted from three
depths (inches) on six sampling dates from a third-year well drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Depth Nitrate Ammonium
03/24/93 VS 1 0-1 23.57 69.18
03/24/93 VS 2 0-1 19.08 55.79
03/24/93 VS 3 0-1 22.08 46.68
04/08/93 VS 1 0-1 29.34 29.21
04/08/93 VS 2 0-1 28.35 44.04
04/08/93 VS 3 0-1 25.30 37.82
04/28/93 VS 1 0-1 2.74 4.32
04/28/93 VS 2 0-1 11.99 9.03
04/28/93 VS 3 0-1 5.84 6.13
05/14/93 VS 1 0-1 0.68 11.58
05/14/93 VS 2 0-1 1.13 6.46
05/14/93 VS 3 0-1 0.48 5.91
06/04/93 VS 1 0-1 <0.1 2.32
06/04/93 VS 2 0-1 <0.1 2.73
06/04/93 VS 3 0-1 <0.1 2.26
07/01/93 VS 1 0-1 3.89 <0.1
07/01/93 VS 2 0-1 2.97 <0.1
07/01/93 VS 3 0-1 3.91 <0.1
03/24/93 VS 1 1-4 16.00 5.50
03/24/93 VS 2 1-4 14.65 4.69
03/24/93 VS 3 1-4 14.67 4.18
04/08/93 VS 1 1-4 27.73 4.25
04/08/93 VS 2 1-4 25.19 8.94
04/08/93 VS 3 1-4 25.43 5.05
04/28/93 VS 1 1-4 11.20 3.08
04/28/93 VS 2 1-4 24.14 3.80
04/28/93 VS 3 1-4 11.71 4.69
05/14/93 VS 1 1-4 6.47 3.86
05/14/93 VS 2 1-4 1.00 5.75
05/14/93 VS 3 1-4 3.05 5.20
06/04/93 VS 1 1-4 <0.1 1.92
06/04/93 VS 2 1-4 <0.1 2.01
06/04/93 VS 3 1-4 <0.1 2.33
07/01/93 VS 1 1-4 3.82 <0.1
07/01/93 VS 2 1-4 4.1 <0.1
07/01/93 VS 3 1-4 4.63 <0.1
03/24/93 VS 1 4-8 12.89 2.84
03/24/93 VS 2 4-8 13.99 3.35
03/24/93 VS 3 4-8 11.90 2.03
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Date Treatment Replication Depth Nitrate Ammonium
04/08/93 VS 1 4-8 15.58 3.49
04/08/93 VS 2 4-8 14.43 3.69
04/08/93 VS 3 4-8 12.01 3.28
04/28/93 VS 1 4-8 16.28 3.14
04/28/93 VS 2 4-8 22.54 2.84
04/28/93 VS 3 4-8 17.30 2.02
05/14/93 VS 1 4-8 8.52 4.45
05/14/93 VS 2 4-8 8.13 5.91
05/14/93 VS 3 4-8 8.73 8.68
06/04/93 VS 1 4-8 <0.1 2.13
06/04/93 VS 2 4-8 <0.1 1.64
06/04/93 VS 3 4-8 <0.1 1.88
07/01/93 VS 1 4-8 5.49 <0.1
07/01/93 VS 2 4-8 4.82 <0.1
07/01/93 VS 3 4-8 3.91 <0.1
03/24/93 FS 1 0-1 21.36 43.29
03/24/93 FS 2 0-1 17.94 19.38
03/24/93 FS 3 0-1 0.00 0.00
04/08/93 FS 1 0-1 26.37 37.54
04/08/93 FS 2 0-1 29.08 41.99
04/08/93 FS 3 0-1 24.02 29.66
04/28/93 FS 1 0-1 7.33 5.42
04/28/93 FS 2 0-1 1.72 4.77
04/28/93 FS 3 0-1 2.03 5.74
05/14/93 FS 1 0-1 0.49 7.04
05/14/93 FS 2 0-1 0.07 7.28
05/14/93 FS 3 0-1 0.66 8.18
06/04/93 FS 1 0-1 <0.1 2.22
06/04/93 FS 2 0-1 0.26 4.49
06/04/93 FS 3 0-1 <0.1 2.76
07/01/93 FS 1 0-1 6.75 <0.1
07/01/93 FS 2 0-1 6.28 <0.1
07/01/93 FS 3 0-1 5.85 <0.1
03/24/93 FS 1 1-4 13.92 6.21
03/24/93 FS 2 1-4 9.77 4.35
03/24/93 FS 3 1-4 8.31 3.16
04/08/93 FS 1 1-4 24.22 10.95
04/08/93 FS 2 1-4 21.88 7.55
04/08/93 FS 3 1-4 17.62 6.73
04/28/93 FS 1 1-4 13.35 3.55
04/28/93 FS 2 1-4 0.46 2.36
04/28/93 FS 3 1-4 5.63 2.37
05/14/93 FS 1 1-4 0.63 8.52
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Date Treatment Replication Depth Nitrate Ammonium
05/14/93 FS 2 1-4 0.38 16.50
05/14/93 FS 3 1-4 0.68 17.39
06/04/93 FS 1 1-4 <0.1 1.77
06/04/93 FS 2 1-4 <0.1 4.78
06/04/93 FS 3 1-4 <0.1 2.03
07/01/93 FS 1 1-4 3.68 <0.1
07/01/93 FS 2 1-4 3.67 <0.1
07/01/93 FS 3 1-4 4.49 0.26
03/24/93 FS 1 4-8 11.72 3.46
03/24/93 FS 2 4-8 23.20 17.93
03/24/93 FS 3 4-8 7.49 4.25
04/08/93 FS 1 4-8 19.87 5.47
04/08/93 FS 2 4-8 8.66 4.52
04/08/93 FS 3 4-8 12.33 4.34
04/28/93 FS 1 4-8 13.74 3.12
04/28/93 FS 2 4-8 1.21 2.28
04/28/93 FS 3 4-8 7.12 3.37
05/14/93 FS 1 4-8 0.79 10.48
05/14/93 FS 2 4-8 0.12 4.15
05/14/93 FS 3 4-8 0.60 5.69
06/04/93 FS 1 4-8 <0.1 1.97
06/04/93 FS 2 4-8 0.16 4.63
06/04/93 FS 3 4-8 <0.1 2.20
07/01/93 FS 1 4-8 3.74 <0.1
07/01/93 FS 2 4-8 3.93 <0.1
07/01/93 FS 3 4-8 4.78 <0.1
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Appendix 8. Soil nitrate-N and ammonium-N (mg kg-1 of soil) extracted from three
depths (inches) on six sampling dates from a third-year poorly drained site.
(VS = Vacuum sweep, FS = Full straw)

Date Treatment Replication Depth Nitrate Ammonium
03/24/93 VS 1 0-1 1.74 22.40
03/24/93 VS 2 0-1 0.95 41.97
03/24/93 VS 3 0-1 1.64 38.30
04/14/93 VS 1 0-1 1.39 41.24
04/14/93 VS 2 0-1 0.90 36.79
04/14/93 VS 3 0-1 0.97 63.81
04/28/93 VS 1 0-1 0.69 43.25
04/28/93 VS 2 0-1 0.76 35.18
04/28/93 VS 3 0-1 0.97 52.93
05/14/93 VS 1 0-1 0.29 17.60
05/14/93 VS 2 0-1 0.36 34.45
05/14/93 VS 3 0-1 1.49 17.16
06/04/93 VS 1 0-1 <0.1 3.09
06/04/93 VS 2 0-1 <0.1 6.33
06/04/93 VS 3 0-1 <0.1 6.57
07/01/93 VS 1 0-1 5.09 <0.1
07/01/93 VS 2 0-1 4.97 0.05
07/01/93 VS 3 0-1 5.02 0.26
03/24/93 VS 1 1-4 0.73 3.12
03/24/93 VS 2 1-4 0.37 5.07
03/24/93 VS 3 1-4 0.87 5.08
04/14/93 VS 1 1-4 0.20 3.79
04/14/93 VS 2 1-4 <1.0 3.83
04/14/93 VS 3 1-4 0.24 6.51
04/28/93 VS 1 1-4 0.22 4.06
04/28/93 VS 2 1-4 0.41 4.35
04/28/93 VS 3 1-4 0.13 4.79
05/14/93 VS 1 1-4 0.23 3.27
05/14/93 VS 2 1-4 0.33 2.78
05/14/93 VS 3 1-4 1.18 5.62
06/04/93 VS 1 1-4 <0.1 1.78
06/04/93 VS 2 1-4 <0.1 1.86
06/04/93 VS 3 1-4 <0.1 2.99
07/01/93 VS 1 1-4 4.39 <0.1
07/01/93 VS 2 1-4 5.95 0.15
07/01/93 VS 3 1-4 4.53 <0.1
03/24/93 VS 1 4-8 0.26 1.87
03/24/93 VS 2 4-8 0.25 2.63
03/24/93 VS 3 4-8 0.45 2.66
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Date Treatment Replication Depth Nitrate Ammonium
04/14/93 VS 1 4-8 0.30 2.95
04/14/93 VS 2 4-8 0.08 2.78
04/14/93 VS 3 4-8 0.08 3.63
04/28/93 VS 1 4-8 0.25 4.89
04/28/93 VS 2 4-8 0.58 2.56
04/28/93 VS 3 4-8 0.26 3.20
05/14/93 VS 1 4-8 0.16 2.10
05/14/93 VS 2 4-8 0.04 2.39
05/14/93 VS 3 4-8 0.81 3.82
06/04/93 VS 1 4-8 <0.1 2.10
06/04/93 VS 2 4-8 0.42 2.25
06/04/93 VS 3 4-8 <0.1 1.86
07/01/93 VS 1 4-8 3.78 <0.1
07/01/93 VS 2 4-8 3.03 4.25
07/01/93 VS 3 4-8 6.33 <0.1
03/24/93 FS 1 0-1 1.03 13.99
03/24/93 FS 2 0-1 2.55 16.30
03/24/93 FS 3 0-1 2.09 27.70
04/14/93 FS 1 0-1 2.23 33.17
04/14/93 FS 2 0-1 1.93 32.81
04/14/93 FS 3 0-1 0.78 10.89
04/28/93 FS 1 0-1 <1.0 4.18
04/28/93 FS 2 0-1 1.03 12.67
04/28/93 FS 3 0-1 0.91 28.80
05/14/93 FS 1 0-1 0.38 7.52
05/14/93 FS 2 0-1 <0.1 9.71
05/14/93 FS 3 0-1 1.24 8.88
06/04/93 FS 1 0-1 <0.1 3.13
06/04/93 FS 2 0-1 <0.1 7.24
06/04/93 FS 3 0-1 <0.1 3.58
07/01/93 FS 1 0-1 7.08 0.71
07/01/93 FS 2 0-1 8.22 0.67
07/01/93 FS 3 0-1 6.22 <0.1
03/24/93 FS 1 1-4 0.52 3.58
03/24/93 FS 2 1-4 0.97 4.17
03/24/93 FS 3 1-4 0.68 4.78
04/14/93 FS 1 1-4 0.26 2.90
04/14/93 FS 2 1-4 0.02 3.79
04/14/93 FS 3 1-4 <1.0 3.16
04/28/93 FS 1 1-4 0.28 2.92
04/28/93 FS 2 1-4 0.12 3.81
04/28/93 FS 3 1-4 0.48 2.99
05/14/93 FS 1 1-4 0.26 4.59



Appendix 8. (continued) 101

Date Treatment Replication Depth Nitrate Ammonium
05/14/93 FS 2 1-4 0.10 4.71
05/14/93 FS 3 1-4 0.88 8.29
06/04/93 FS 1 1-4 <0.1 1.81
06/04/93 FS 2 1-4 <0.1 2.05
06/04/93 FS 3 1-4 <0.1 2.43
07/01/93 FS 1 1-4 3.34 0.34
07/01/93 FS 2 1-4 4.78 0.33
07/01/93 FS 3 1-4 2.33 <0.1
03/24/93 FS 1 4-8 0.60 3.39
03/24/93 FS 2 4-8 0.51 5.90
03/24/93 FS 3 4-8 0.72 4.45
04/14/93 FS 1 4-8 0.58 5.35
04/14/93 FS 2 4-8 0.15 4.54
04/14/93 FS 3 4-8 <1.0 2.86
04/28/93 FS 1 4-8 0.52 2.26
04/28/93 FS 2 4-8 1.37 10.99
04/28/93 FS 3 4-8 0.31 2.48
05/14/93 FS 1 4-8 0.27 3.80
05/14/93 FS 2 4-8 0.61 3.74
05/14/93 FS 3 4-8 1.13 8.32
06/04/93 FS 1 4-8 0.07 1.69
06/04/93 FS 2 4-8 <0.1 2.49
06/04/93 FS 3 4-8 0.14 1.65
07/01/93 FS 1 4-8 3.66 0.31
07/01/93 FS 2 4-8 4.70 0.22
07/01/93 FS 3 4-8 4.31 <0.1




