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Abstract approved:

Legislation to reduce the annual limit of field burning in Oregon has led to increased study of

alternative non-thermal grass-seed management methods. Of these methods, non-thermal residue

management, in combination with crop rotations and different tillage practices, offer potential to

equal or exceed crop production of conventional thermal production systems. To ease the

transition to non-thermal practices, it is important to understand how soil dynamics are affected

by these systems. This study focused on key biological (microbial biomass carbon, soil

respiration, (3-glucosidase enzyme assays), soil carbon pools [particulate organic matter (POM),

dissolved organic carbon (DOC)], and physical properties (water stable aggregate). This study

examined the three primary management treatments at three different sites in the Willamette

Valley. The three soil types were Nekia, Woodburn, and Amity, common soils used in Oregon

grass-seed production. Samples were taken throughout the growing season of 1997, in April,

May, June, and July. This study found that high residue addition was correlated to higher

microbial biomass carbon, [3-glucosidase enzyme activity, POM, and DOC, while no conclusion

could be drawn concerning crop rotation methods. Furthermore, it was discovered that tillage

treatments were dependent on soil characteristics and perhaps on the duration of cultivation. For

Nekia and Woodburn soils, conventional tillage treatments resulted in higher microbial biomass

carbon, [3-glucosidase enzyme activity, POM, and DOC; while for the Amity soil, no-till was

correlated to microbial biomass carbon and DOC. Though greater aggregate stability is thought to

play an important role in these no-till effects, it actually was greater in conventional tillage

treatments, illustrating the variability of soil systems and the importance of thorough studies.
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Soil biological, chemical, and physical dynamics during transition to non-

thermal residue grass-seed management systems.

I. INTRODUCTION

A. IMPORTANCE OF NON-THERMAL RESEARCH

In the past, field burning in Oregon grass-seed fields has been central to the control of

pests and diseases; straw residue removal; stimulating seed yields; and decreasing fertilizer

keep. Complaints from the public of smoke pollution, eye irritation, aggravation of

asthma, illness, and smoke-induced automobile accidents caused legislation to gradually

reduce the annual limit of land burned and to encourage the development and use of

alternative non-thermal sanitation methods (State, 1989).

Alternative residue management * systems that include no-till, and crop rotation methods

seem to be the most promising. These methods appear to maintain growth and

productivity comparable to straw burning. Crop rotations have proven to potentially

break pest life cycles, improve soil health, and increase organic matter. Unfortunately,

these practices tend to require larger capital inputs, more labor and machinery, greater

quantities of fossil fuel and increased chemical fertilizer applications compared to burning

(Chapin, 1992).

These expensive factors show the need for as much experimental data as possible to

support these alternative, environmentally friendly methods of grass seed production.

Extensive soil research must be compiled to fully understand the effects of comparative

alternative methods on soil properties and to give a solid scientific basis for the use of

non-thermal management instead of burning.

* Italicized words are defined in the Glossary.
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A wide spectrum of interacting physical, chemical, and biological factors contribute to the

varied nature of the soil habitat. Therefore, studies of the physical, chemical, and

biological changes in soils after straw retention are needed for any practical application of

alternative non-thermal methods to occur. The goal of this study was to better understand

the results of non-thermal methods by measuring microbial biomass, soil respiration,

enzyme assays, particulate organic matter, dissolved organic carbon, and amount of water

stable aggregates in each sample area in this study. Combining these biological, chemical,

and physical measurements into one study gives us a better understanding of the biological

aspect of the soil sphere. In this way, we can hope to move one step closer to fully

comprehending the affects of alternative methods and the changes caused at the biological

level in changing from thermal to non-thermal management.

B. CONVENTIONAL AND CONSERVATIONAL TILLAGE

Conventional tillage is the combined primary and secondary tillage operations normally

performed in preparing a seedbed for a given crop. Primary tillage contributes to the

major soil manipulation, commonly with a plow, while secondary tillage uses a power-

driven rotary tillage tool to loosen and mix soil (Brady and Weil, 1996). Two examples of

conventional tillage are chisel-plowing, or subsoiling, and moldboard-plowing. In chisel-

plowing, use of the knifelike instrument results in shattering or loosening hard compact

layers usually in the subsoil without inversion to depths below normal plow depth, from

thirty to sixty centimeters. Moldboard-plowing is similar but results in partial to complete

inversion at a shallower depth.

Conservation tillage is any non-inversion tillage sequence that reduces loss of soil or water

relative to conventional tillage (Brady and Well, 1996). Examples of conservation tillage

are plow-planting, ridge till, sod planting, strip till, subsurface tillage, and wheel track

planting. The three most-studied examples in grass systems are minimum tillage, mulch

tillage, and a no-tillage, or zero-tillage, system. Minimum tillage involves the minimum

soil manipulation necessary for crop production or for meeting tillage requirements under
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the existing soil and climactic conditions. Mulch tillage, classified as minimum tillage, is

the tillage and preparation of the soil in such a way that plant residues or other materials

are left to cover the surface. In a no-tillage system, the crop is planted directly into a

seedbed that has not been tilled since harvest of the previous crop.

As tillage intensity increases, soil organic matter, particulate organic matter, microbial

biomass, and aggregate stability decrease over time (Follett and Peterson, 1988);

(Cambardella and Elliott, 1993). Since all of these factors are interrelated, their decreases

can be seen as a cumulative effect resulting from cultivation disturbance. Tillage causes

aggregates to disintegrate, thereby releasing soil organic carbon (SOC) and particulate

organic matter (POM) to microbial decomposition which depletes organic matter reserves,

which in turn, makes it more difficult to form aggregates.

In conservation tillage systems, the loss of soil carbon pools and aggregate stability in

comparison to native sod can be attributed to a number of factors. First, this system is

largely monoculture compared to a normally diverse group of plant species, which usually

give greater residue inputs than monoculture systems (Brady and Weil, 1996). But, even

with harvested crops, one-tenth to two-thirds of the aboveground plant residue is returned

to the soil surface or is incorporated into the soil, accounting for the greater amount of

organic matter compared to conventional tillage treatments. Aggregate stability also

decreases somewhat, not only in reaction to loss in organic matter and thus microbial

biomass, but from the cultivation disturbance (Cambardella and Elliott, 1993).

C. MICROBIAL BIOMASS

Microorganisms compose the soil microflora that can range from 0.5 to 8.0 micrometers

in size (Sylvia et. al, 1998). Though they are small, census-wise, they may number billions

per gram of soil (Paul and Clark, 1996). Microbial biomass is the total mass of

microorganisms alive in a given volume or mass of soil. The microbial biomass is the

driving force of most terrestrial ecosystems. It stabilizes organic matter, releases nutrients
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for plant growth, and produces extracellular enzymes, organic acids, and chelates that play

important roles in plant nutrition, and soil, aggregate formation (Turco et. al, 1994).

Furthermore, the microbial biomass largely controls the rates ofturnover and

mineralization of organic substrates such as carbon and nitrogen, playing a critical role in

cycling. The carbon cycle is extremely important to plants and microbes alike (Figure 1).

The microbial biomass carbon represents a living nutrient pool that immobilizes and

eventually returns carbon to the soil environment. By monitoring the change of this

dynamic pool, we gain a better idea of what carbon cycle processes are happening in the

soil with the addition or subtraction of residue, with tillage or no-till, and with different

crop rotations.

Changes in soil physical and chemical properties resulting from tillage greatly alter the soil

matrix supporting the growth of the microbial population. In no-till treatments, microbial

activities drastically differ with depth, with the greatest microbial activity occurring near

the no-till surface, while in tilled systems, activities are more evenly distributed throughout

the plow layer (Doran, 1980). In studies done with soils from sites derived from native

grassland, after initiation of cultivation, soil microbial biomass C levels were reduced

greatly: after 16 years of management to 36, 52, and 57% of the native sod microbial

biomass C (Follett and Schimel, 1989). In a similar study, after 69 years, cultivated soil

retained 57% of native sod microbial biomass C (Gupta and Germida, 1988). Another

study by Kandeler and Murer (1993) showed the effect on microbial biomass C by

conventional tillage over time compared to no-till. treatment. In general, soil under no-till,

or temporary grassland, contained significantly higher amounts of microbial biomass C

than the soil under conventional tillage.

Microbial biomass C is highly correlated with SOC (Follett and Schimel, 1989). This

relationship is understandable since the microbial biomass feeds on the C that the organic

matter provides, the SOC, and when this resource is depleted, the biomass naturally

decreases along with it. Furthermore, microbial metabolism in the soil produces some

organic compounds of such stability that years or even centuries may pass before the
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carbon in them is returned to the atmosphere as carbon dioxide. Such resistance to decay

allows organic matter to accumulate in soils (Brady and Well, 1996).

D. SOI. RESPIRATION

Soil respiration is the measurement of the carbon dioxide released during microbial

degradation of organic compounds. The ultimate end product of organic matter

breakdown in soil is carbon dioxide, assuming the soil is reasonably aerated. By measuring

this carbon dioxide evolution, the decomposition rate at which the microorganisms are

decomposing the residue within the soil can be quantified.

E. (3-GLUCOSIDASE ENZYME

(3-glucosidase is another indicator of microbial activities. To carry out decomposition of

complex molecules to usable substrates for the microorganism, enzymes are required. An

appropriate glycosidase cleaves longer chains into monomers that can be transported into

the microbial cell and used as carbon and energy sources. In this case, (3-glucosidase is

used to break down polymers of glucose that are connected by P-linkages , such as

cellulose, into glucose, which can then be utilized by the microbial cell as an important

energy source. By measuring this enzyme activity in the soil, the effect of the field

treatment (rotation, residue, and tillage) on microbial decomposition activity can be

assessed. Previous research (Miller and Dick, 1995) has shown this enzyme to be

sensitive to soil management effects.

F. PARTICULATE ORGANIC MATTER

Particulate organic matter (POM) is largely undecomposed plant residue and microbial

debris composed mainly of root fragments in various stages of decomposition, and in a

lesser amount, sand grains and charcoal (Cambardella and Elliott, 1993). It may be an

indicator of soil stability and structure, because it appears to be protected inside of an
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aggregate, surrounded by a clay shell. It represents a fraction of the total soil organic

carbon, and thus, by studying this fraction, a better understanding of the significance of

this fraction in the carbon cycle will be better understood.

POM values under conventional tillage (bare fallow) have a significantly lower value

compared to no-till and native sod systems (Cambardella and Elliott, 1992). According to

Cambardella and Elliott in 1993, the POM C in native sod comprised about 39% of total

SOC, but twenty years of conventional, minimum, and no-tillage treatments reduced the C

content of the POM fraction to 18, 19, and 25% of SOC, respectively. Out of all the

fractions in SOC, POM appears to be among the first to be affected on the initiation of

cultivation. This may occur because the change in physical conditions, cultivation, causes

a decrease in the large aggregates, and as they are broken up, the POM is exposed to

decomposition at a rapid rate. In conservation tillage treatments, though, aggregates are

not broken down as much and more plant residue is usually being returned to the soil

which allows POM to remain somewhat protected and soil organic matter (and thus SOC)

to remain at a higher value than in a soil under conventional tillage.

G. DISSOLVED ORGANIC CARBON

Plant residue contains an appreciable amount of water-soluble organic compounds, such

as organic acids, free amino acids, and sugars that are readily available for microbial

decomposition. Numerous water-soluble compounds also pass from the plant root into

the soil as exudates. As with the water-soluble components in plant residue, root exudates

are rapidly utilized by the microbes in the rhizosphere (Sylvia et. al, 1998). Thus, by

studying this total soil organic carbon fraction, a better understanding of the compounds

available to microorganisms from the soil organic matter fraction of the carbon cycle will

be gained.



H. WATER STABLE AGGREGATES

A soil aggregate is made of many soil particles held in a single mass or cluster such as a

clod, crumb, block, or prism (Brady and Well, 1996). Aggregates are extremely important

parts of soil. They determine the volume of pore space, which effects water-holding

capacity, infiltration, and gas movement; they provide habitat for microbes; and they

protect soil organic matter, such as particulate organic matter. A well-aggregated soil

sometimes is equated with soil quality and health. Aggregates form from root activity,

microbial activity, chemical reactions, and faunal activity. Scientists try to manipulate

microbial and root activity to encourage aggregation.

Over time, aggregate stability under conventional tillage treatment has been seen to

become significantly lower than no-till treatment (Kandeler and Murer, 1993). The lower

value of aggregate stability is understandable, since tillage causes the soil to be disturbed,

aggregates are broken into smaller and smaller sizes, which in turn reduces structural

stability of the soil. Furthermore, when an aggregate disintegrates, protected organic

matter and microbial biomass is either exposed or forced into smaller and smaller

fractions. In a study by Cambardella and Elliott (1993), a comparison of tillage effects on

the amount of SOC in aggregate-size fractions in surface soil was determined.

Conventional tillage was significantly lower in organic matter in aggregate-size fractions

of greater than 250 µm than no-till, and minimum till, and no-till treatments showed no

significant difference from each other over any fraction. In a similar study by Gupta and

Germida (1988), the amount of microbial biomass C was calculated in similar size

fractions. Under cultivation (tillage), there was a great reduction in each of the fractions

compared to the native sod. In fact, cultivation averaged only 56% of native soil

aggregate-size fraction microbial biomass C values.

The relationship of aggregates to SOC and microbial biomass C is extremely strong.

Aggregates provide protection for soil organic matter, keeping it from degrading in the

soil. When aggregates disintegrate, this component is exposed to degradation by the
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microbial biomass. When organic matter is not returned to the soil, and as aggregate

stability and size keeps decreasing, the microbial biomass population runs out of organic

matter C as a source of energy. Furthermore, as microbial biomass decreases, it becomes

harder to form aggregates, since there are less exudates and chemical reactions, to form

compounds such as polysaccharides, which hold the soil particles together. An aggregated

soil has a greater potential to be a richer soil in organic matter and microbial biomass.

II. MATERIALS AND METHODS

A. FEEL D SrrEs, PLOTS, AND SAMPLING

This study was conducted at three sites in the prime grass-growing region of the

Willamette valley. The crops, soils, and sites were:

1. Perennial ryegrass on an Amity series (somewhat poorly drained, fine silty,

mixed, mesic Argiaquic Xeric Argialboll) at the Coon farm, Linn County.

2. Turf-type tall fescue on a Woodburn series (moderately well-drained, fine-silty,

mixed, mesic Aqualtic Argixeroll) at Oregon State University,

Hyslop Research Station, Benton County.

3. Fine fescue on a Nekia series (well-drained, weathered, clay-ey, mixed, mesic

Xeric Haplohumult) at the Jaquet Farm, Silverton, Marion County.

The primary treatments at all of the sites started in 1992 were: crop rotation - seed rotated

with a legume or wheat or continuous grass; residue management - in situ chopped straw

residue (high straw return) or straw removal; tillage - conventional or no-till. The

experimental design at each site was a randomized complete block with four replications.

Samples were taken to a depth of 10 cm and biological analyses were completed on

surface samples. The biological measurements that were conducted on the surface layers

include microbial biomass carbon, carbon dioxide determination or soil respiration,

microbial biomass nitrogen, and (3-glucosidase enzyme activity. Twelve to fifteen cores
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per plot were composited and homogenized to provide representative samples. All of the

samples were sieved to pass a two millimeter sieve and air dried, except for certain

biological measurements that needed to be done on field moist samples. The samples were

taken in the growing season from April to July of 1997.

B. MICROBIAL BIOMAss CARBON AND SOIL RESPIRATION

Microbial biomass C was determined by the chloroform fiunigation and incubation (CFI)

method proposed by Jenkinson and Powlson (1976). The CFI technique involves the

incubation of soils containing cells lysed by chloroform. First, 10 g of soil from each plot

was weighed into scintillation bottles, and the same amount was measured into an

incubation tube. The scintillation bottles were then fumigated under vacuum with

chloroform for 24 hours in a desiccator (Figure 2). After flushing the remaining

chloroform, these samples were then transferred to incubation tubes and incubated with

the unfumigated samples for ten days. Degradation of the freshly killed finnigated

population over this ten-day period yields carbon dioxide and ammonium. Carbon dioxide

within all the incubation tubes was then measured using a gas chromatograph (CARLE).

The fumigated sample values were then compared with their unfumigated counterparts.

To calculate microbial biomass carbon, the following equation was used:

Microbial Biomass = (sample C02 - blank CO) x slope x((72 -sample Wd/2.65) - sample Wm-Wd
soil weight dry x aliquot x 0.41

where Wd is the weight dry, Win is weight moist, the aliquot was equal to 0.5 ml, the

slope was equal to 7799, and the blank gas chromatograph reading was equal to 2314.

The biomass specific respiration was calculated from these results using the equation:

Specific Repiration = unfumieated C02 CI soil
fumigated microbial biomass
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C. (3-GLUCOSIDASE ENZYME ACTIVITY

0-glucosidase enzyme activity is determined by stimulating activity in soil samples, using

p-nitrophenyl-(3-D-gluco-pyranoside, and then stopping the activity after a given time. In

this method, about 1 g of soil was collected in 50 ml Erlenmeyer flasks. Next, 4 ml of

MUB stock pH 6.0 (12.1 g 0.1 M sodium hydroxide extracting solution at pH 12, 11.6 g

maleic acid, 14.0 g citric acid, 6.3 g boric acid, 488 ml IN NaOH, and brought up to I L

with water) was added to all the flasks. Then, 1 ml of PNG (0.377 g p-nitrophenyl-(3-D-

gluco-pyranoside at a total volume of 50 ml in MUB pH 6.0) was added to the non-

controls, and 0.25 ml toluene was added to all flasks. The samples were then swirled and

incubated at 37°C for 1 hour. To stop the reaction, 1 ml 0.5 M calcium chloride was

added to all flasks, followed by 4 ml of the sodium extracting solution, and 1 ml of PNG

to controls. The samples were then filtered through Whatman #2 filters and the

supernatant absorbance was read at 420 mi. The absorption of the sample is then

compared to a standard to obtain activity levels. The calculations to determine f3-

glucosidase enzyme activity were:

sample (µM p-nitrophenol) = constantx X-coefficient x absorbance x dilution rate

j-glucosidase assay = µM p-nitrophenolg soil hour = (sample uM p-nitrophenol-control uM)
sample weight x hour

D. PARTICULATE ORGANIC MATTER

Particulate organic matter was determined by first adding 30 mL 0.5% sodium hexa-

metaphosphate to 10 g of soil sample. The samples were then shaken for 15 hours and

passed through a 53 gm sieve, rinsing with deionized water. They were then dried in

Pyrex bowls at 50°C in a forced air oven. Next, the dried samples were passed through a

60 µm sieve, and carbon content was determined in these samples on a Dohrman DC-80
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carbon analyzer (Cambardella and Elliott, 1993). Particulate organic matter was

calculated using the following calculation:

sample mg C/kg soil = (C reading (mg/L) x 40 pL x 10-6 L)/(sample weight (kg))

POM-C = total C - sample mg C/kg soil

E. DISSOLVED ORGANIC CARBON

Dissolved organic carbon is measured as the amount of organic carbon in the soil that

dissolves in deionized water. Ten gram soil samples were mixed with 30 mL of deionized

water and shaken for 15 hours. After soil slurry centrifugation at 15,000 rpm for 20

minutes, the samples were filtered though 0.2 µm filters and the supernatant was collected

using a vacuum manifold. This supernatant was then measured for carbon content on a

Dohrman DC-80 carbon analyzer at a 1 mL setting. The following calculation was used to

calculate dissolved organic carbon from these readings:

mg C/kg soil = (C reading (mg/L) x 30 mL x 10-3 L/mL)/(sample weight (kg))

F. WATER STABLE AGGREGATES

To determine the percentage of aggregates in the soil that were water-stable,

approximately 4 g of soil was sieved to eliminate soil aggregates less than 1 mm. The

screen cups were then placed in a submerging device and enough deionized water to just

cover the soil when the device submerged the cups was added into the tins of the device.

Screen cups containing the samples were dunked at a rate of 35 times per minute for 3

minutes. The samples were then dried overnight at 110 T. The sample remaining on the

screen was dispersed with 100 mL of 2 g/L dispersing agent, and the percent of water
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stable aggregates was determined using the following calculation:

%WSA = (weight of soil for sample with dispersing agent) x 100
(total weight of soil from both samples )

G. ADDITIONAL MEASUREMENTS

Members of the Richard Dick Laboratory measured bulk density (BD), microbial biomass

nitrogen (MBN), and pH. For bulk density measurements, soil cores at 5 or 10 cm depth

were taken with a bulk density apparatus. Cores were trimmed to ring volume and placed

in tin cans minus rings. The samples were then dried at 105 °C for 48 hours and weighed.

The final calculation was:

bulk density = over dry weight/ring volume

Microbial biomass nitrogen was determined by the CFI method proposed by Jenkinson

and Powlson (1976) that was used in the calculation of microbial biomass carbon. First,

10 g of soil from each plot was weighed into scintillation bottles, and the same amount

was measured into an incubation tube. The scintillation bottles were then fumigated under

vacuum with chloroform for 24 hours in a desiccator (Figure 2). After flushing the

remaining chloroform, these samples were then transferred to incubation tubes and

incubated with the unfumigated samples for ten days. Degradation of the freshly killed

fumigated population over this ten-day period yields carbon dioxide and ammonium.

Fumigated and unfumigated samples are analyzed using Nitrogen Steam Distillation. The

fumigated sample values were then compared with their unfumigated counterparts. To

calculate microbial biomass nitrogen, the following equation was used:

(µg NH4-N/g soil) _ ((sample - blank) x 75.29 me/ml x 50 ml
(sample weight (g) x aliquot (ml))
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where the aliquot was equal to 10.0 ml and the blank was equal to 0.12. And,

Microbial Biomass N = (fumigated N - unfumigated N)/0.30

where 0.30 is used as an estimate of the fraction of biomass N to total N in the soil.

Soil pH was determined by measuring 5 g of soil into a paper cup, adding 10 ml 0.01 M

CaC12 solution, stirring intermittently for 30 minutes, and measuring pH with a glass

electrode.

H. STATISTICAL ANALYSIS

The experimental design was a randomized complete block with four replications in a split

plot design. Data was analyzed with the Statistical Analysis System by an analysis of

variance (SAS Institute, 1985). Mean separations were made at the p=0.1 level by

Fisher's Protected Least Significant Difference test (LSD).

III. RESULTS

A. MICROBIAL BIOMAss CARBON

1. Rotation Effect

In April of 1997 at the Coon's Farm, shown in Figure 3, microbial biomass C was greatest

at 484 µg C g' of soil in the grass-legume rotation under no-till (NT). The lowest value

was found in the continuous grass treatment under low residue incorporation or removed

residue at 326 gg C g-1 of soil. In May of 1997 these values changed, with the diverse

rotation with high residue having the greatest biomass C at 492 µg C g' of soil. Grass-

legume under no-till had the next highest biomass, and continuous grass with high residue

had the third. In June, all three rotation treatments increased in microbial biomass C



14

except for the continuous grass under high residue treatment. The high residue diverse

rotation again had the highest value at 540 gg C g' of soil and grass-legume under no-ti l

at 488 µg C g'' of soil the second highest. In July, microbial biomass C increased in every

treatment, excluding low residue continuous grass, to values between 360 and 594 µg C g-

' of soil, but relative values of the rotations remained unchanged.

In Figure 4, microbial biomass C results at the Hyslop Research Station are shown.

Continuous grass treatment and diverse rotation did not have any significant* differences

between them in April 1997, while the grass-legume rotations had the lowest values for

biomass at 142 and 169 µg C g'' of soil. In May, diverse and grass-legume rotations

maintained no significant differences compared to the biomass C values from the previous

month. However, the continuous grass treatment with high residue addition rose from

251 µg C g' of soil in April to 344 µg C g' of soil in May. The following month, the

diverse rotations increased in biomass while there was no significant change in the

grass/legume rotations. Continuous grass under high residue maintained the greatest

biomass. Lastly, in July, continuous grass still maintained the highest biomass value, while

diverse rotation decreased and grass-legume remained stationary.

In April 1997, at the Jaquet farm, as seen in Figure 5, there was no significant difference

between the greatest microbial biomass C values of the continuous grass treatment under

high residue, the grass/legume rotation with no-till, and the diverse rotation with high

residue at 362, 346, and 352 µg C g' of soil respectively. In May, however, both the

continuous grass and the diverse rotation rose in biomass reaching 461 and 486 jig C g'

of soil respectively, while grass/legume biomass declined marginally. The following

month, in the continuous grass and grass/legume under conventional tillage treatments,

microbial biomass C increased, while in the diverse rotation, microbial biomass C

decreased. In July, diverse rotation with high residue had the highest value of microbial

* All significant differences in this study are statistically significant at a p=0.1 LSD level.
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biomass at 578 µg C g' of soil, while continuous grass with high residue had the third

highest at 434 µg C g' of soil.

2. Residue Effect

At the Coon's Farm, each sampling period showed that high residue tended to have the

greatest microbial biomass C (Figure 3). The only discrepancy was found in the June

sampling where continuous grass under high residue was 356 µg C g' while the low

residue was 384 µg C g', but this difference was not significant. High residue microbial

biomass C values in the diverse rotation had a difference of 44 to 150 jig C g'' of soil

greater than low residue values.

As can be seen in Figure 4, at the Hyslop Research Station, high residue tended to

maintain the greatest amount of microbial biomass in both the continuous grass treatment

and the diverse rotation (Figure 4). The only exception occurred in July in the diverse

rotation, but differences were not significant.

Microbial biomass C values at the Jaquet Farm fluctuated over the four month growing

season (Figure 5). In April, there was no significant difference between the high or low

residue in either rotation. In May, diverse rotation with high residue was greater than with

low residue, while continuous grass had a greater value with low than with high residue,

but neither of these differences were significant. In June, the opposite was true, with a

significant difference between the two continuous grass treatments. Lastly, both rotations

had higher microbial biomass C in the high residue additions compared to low residue.

3. Tillage Effect

Over the four month period at the Coon's Farm, each sampling showed a greater microbial

biomass C in the no-till treatment than in the conventional till treatment (Figure 3).

Differences ranged from 30 µg C g' of soil in May to 126 µg C g'' of soil in July.
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Unlike the Coon's site, conventional tillage had greater microbial biomass C than no-till

treatments at each sampling of the Hyslop Research Station plots (Figure 4). All of these

differences were significant except in July. Differences ranged from 20 to 38 gg C g' of

soil.

At the Jaquet Farm, conventional tillage appeared to have greater biomass C each month

compared to no-till (Figure 5). The only exception was in May when there were no

significant differences between the two treatments. Otherwise, differences ranged from 40

µg C g'' of soil in April to 174 µg C g'' of soil in July.

B. SOIL RESPIRATION

1. Rotation Effect

At the Coon's Farm site, rotation effects on soil respiration fluctuated monthly (Figure 6).

In April, the grass-legume rotation had a significantly higher soil respiration at 0.641 µg

C02-C µg' C than the continuous grass or diverse rotation treatments. In May, the

continuous grass rotation had a significantly higher soil respiration at 0.534 µg C02-C gg"'

C than the other two rotations. In June and July, there was no significant difference

between the three treatments.

At the Hyslop Research Station, in April and May, the continuous grass treatment at

around 0.550 µg CO2-C µg"' C had a significantly higher soil respiration than the diverse

or grass-legume rotation (Figure 7). In June and July, despite sharp peaks, there was no

statistically significant difference between the three treatments.

At the Jaquet Farm, the continuous grass treatment had a significantly higher soil

respiration in three of the four months compared to the two crop rotations (Figure 8), with

a value of0.394 99 C02-C µg'' C in April, 0.416 pg C02-C µg'' C in May, and 0.504 µg
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C02-C gg' C in July. The only discrepancy was in June, where the diverse rotation had a

significantly higher soil respiration than either the grass-legume rotation or the continuous

grass treatment with a value of 0.566 µg C02-C gg"' C.

2. Residue Effect

At the Coon's Farm site, in April, the low residue treatment had a significantly higher soil

respiration than the high residue treatment in the continuous grass rotation with a value of

0.622 µg C02-C µg' C (Figure 6). In the diverse rotation, there was no significant

difference between residue treatments. In May and June, though the diverse rotation

treatments had no significant differences, the low residue treatment had a significantly

lower soil respiration than the high residue treatment in the continuous grass rotation, with

values of 0.494 µg C02-C µg"' C in May and 0.385 µg C02-C µg"' C in June. In contrast,

the high residue treatment had values of 0.534 µg C02-C µg'' C in May and 0.487 µg

C02-C µg' C in June. Then, in July, there was no significant difference between the two

residue conditions under continuous grass treatment, while in the diverse rotation, high

residue treatment had a greater soil respiration at 0.405 µg C02-C µg' C than the low

residue treatment.

At the Hyslop Research Station, residue effects also varied among the months and among

the rotation treatments (Figure 7). In April, the low residue treatment of the diverse

rotation was significantly lower in soil respiration, with a value of 0.312 .tg C02-C µg'' C,

than the high residue treatment, with a value of 0.439 gg C02-C µg' C. There were no

significant differences between residue treatments in the continuous grass. Likewise, there

were no significant differences between residue conditions in either the diverse rotation or

the continuous grass treatment in May or July. But, in June, in the continuous grass

treatment, the high residue application had a significantly higher soil respiration, at

0.420 .Lg C02-C µg' C, compared to the low residue treatment, at 0.284 µg C02-C µg"'

C.
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At the Jaquet Farm, there were no significant differences in residue treatments from April

to June (Figure 8). In July, in the diverse rotation, the high residue application had a

significantly higher soil respiration at 0.357 µg C02-C µg-1 C compared to the low residue

treatment at 0.292 µg C02-C 99-1 C-

3. Tillage Effect

At the Coon's Farm, the conventional till treatment had a significantly higher soil

respiration in April and June than the no-till treatment (Figure 6). In May and July, there

were no significant differences between the two tillage treatments.

At the Hyslop Research Station, there were no significant differences in soil respiration,

during the sampling period from April to July, between the two tillage treatments (Figure

7).

At the Jaquet Farm, the conventional tillage treatment had a significantly higher soil

respiration than the no-till treatment during the entire sampling period (Figure 8). The

highest value was in April at 0.354 µg C02-C µg'1 C, and the lowest was in July at

0.294 µg C02-C 9g"1 C.

C. (3-GLUCOSIDASE ENZYME ACTIVITY

1. Rotation Effect

At the Coon's Farm site, in April, the diverse rotation with a value of 0.840 µmol p-

nitrophenol/g soil hour had a significantly lower (3-glucosidase activity than the other two

treatments (Figure 9). In May and July, there was no significant difference in the three

treatments, while in June, the diverse rotation had a significantly higher enzyme activity

with a value of 1.334 µmol p-nitrophenol/g soil hour than the continuous grass treatment

or the grass-legume rotation. The grass-legume rotation in June also had a significantly
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higher enzyme activity than the continuous grass treatment, with a value of 1.127 pmol p-

nitrophenol/g soil hour. Levels of (3-glucosidase activity increased over the four-month

period.

At the Hyslop Research Station, in April, the continuous grass treatment at a value of

1.223 µmol p-nitrophenol/g soil hour and the diverse rotation at a value of 1.176 µmol p-

nitrophenol/g soil hour had significantly higher (3-glucosidase activities compared to the

grass-legume rotation (Figure 10). In May and June, these results remained the same,

with all treatments at higher levels than the month before. Then, in July, the diverse

rotation, at a value of 2.115 µmol p-nitrophenol/g soil hour, had a significantly higher

activity than the continuous grass treatment or the grass-legume rotation. As at the

Coon's Farm site, activity levels appeared to increase over the four-month period.

Over the entire four-month period, the continuous grass treatment had a significantly

higher enzyme activity than the two rotations at the Jaquet Farm (Figure 11). From May

to July, the diverse rotation had a significantly higher enzyme activity than the grass

legume rotation. As at the other two studied sites, enzyme activity increased over the

four-month sampling period, ranging from a high value of 1.232 µmol p-nitrophenol/g soil

hour in April to a high value of 1.850 µmol p-nitrophenol/g soil hour in July.

2. Residue Effect

At the Coon's Farm (Figure 9) and at the Hyslop Research Station (Figure 10), high

residue treatments continually had the highest (3-glucosidase activity from April to July.

At Coon's Farm, in the continuous grass treatment, these differences in activity were

significantly higher at every sampling period, except for June, while in the diverse rotation

they were significantly higher in June and July only. At the Hyslop Research Station, the

high residue treatment of the diverse rotation was only significantly higher in enzyme

activity than the low residue treatment in April.
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At the Jaquet Farm, there was no significant difference between the two residue

treatments under the diverse rotation, but there was a dramatically higher enzymatic

activity in the high residue of the continuous grass rotation than the low residue treatments

over the entire four-month period (Figure 11).

3. Tillage Effect

Tillage effects varied among the three sites. At the Coons Farm, from April to June, there

was no significant difference in enzyme activity between no-till or conventional till

treatments (Figure 9). Then, in July, the no-till treatment became significantly higher in (3-

glucosidase activity.

At the Hyslop Research Station, p-glucosidase activity was higher in the conventional

tillage treatment compared to no-till in both April and July, while in May and June, there

was no significant difference between the two treatments (Figure 10).

At the Jaquet Farm sight, (3-glucosidase activity levels were consistently higher in the

conventional tillage treatment compared to no-till, though not significantly different in

April and June (Figure 11).

D. PARTICULATE ORGANIC MATTER

1. Rotation Effect

There were no significant differences observed between rotations at the Coons Farm site

over the months of April to May in particulate organic matter (POM) (Figure 12), while at

the Hyslop Research Station, the grass-legume rotation at was significantly lower than the

diverse rotation or continuous grass treatments (Figure 13). At the Jaquet Farm, the

continuous grass treatment under high residue was significantly higher in POM than the
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diverse or the grass-legume rotations (Figure 14). At all three sites, there did tend to be

an increase in POM over the two month period.

2. Residue Effect

At all three sites, under both the diverse rotation and the continuous grass treatments,

there were no significant differences in high versus low residue application in POM levels.

However, high residue treatments tended to have higher associated POM levels compared

to low residue treatments.

3. Tillage Effect

At the Coon's Farm site, there were no significant differences between no-till and

conventional till treatments in POM (Figure 9), while at the Hyslop Research Station

(Figure 10) and at the Jaquet Farm (Figure 11), significant differences were seen. In these

cases, POM levels were higher in conventional till treatments compared to no-till.

E. DISSOLVED ORGANIC CARBON

1. Rotation Effect

At the Coon's Farm site, there were no significant differences in dissolved organic carbon

(DOC) levels between the diverse rotation, grass-legume rotation, or the continuous grass

treatment (Figure 15).

At Hyslop Research Station, the grass-legume rotation had lower DOC amounts than the

other two treatments in April, and both the rotations had significantly lower DOC than the

continuous grass treatment in May (Figure 16).
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At the Jaquet Farm, though there were no significant differences in April, in May the

continuous grass treatment had a. significantly higher DOC than both of the rotations with

the diverse rotation having. a significantly higher: DOC than- the grass-legume rotation

(Figure 17).

2. Residue Effect

At the Coon's Farm site, there were no significant differences in residue treatment DOC in

April (Figure 15). In May, the high residue treatment, with a value of 151.71 mg C/kg

soil had a significantly higher DOC than the low residue treatment, at 109.90 mg C/kg soil

in the diverse rotation.

Unlike the Coon's Farm plots, the Hyslop Research Station showed a significant

difference in DOC between the high residue and low residue treatments in the continuous

grass treatment in both May and April (Figure 16). The high residue treatment was

significantly higher in both cases, at values of 96.21 mg C/kg soil in April and 83.47 mg

C/kg soil in May.

In April, at the Jaquet Farm, there were no significant differences in residue treatment

DOC values (Figure 17). However, in May, the continuous grass high residue treatment,

at 68.41 mg C/kg soil had a significantly higher DOC than the low residue treatment, at

56.20 mg C/kg soil.

3. Tillage Effect

At the Coon's Farm, the no-till treatment had a significantly greater DOC than the

conventional tillage treatment in both April and May (Figure 15). Values were around

150 mg C/kg soil for the no-till treatment and 120 mg C/kg soil for the conventional till

treatment.
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At the Hyslop Research Station, there were no statistically significant differences between

tillage treatments in April, while in May, the no-till treatment was significantly higher in

DOC than the conventional tillage treatment (Figure 16). Values were around 60 mg

C/kg soil for the tillage treatment plots.

In April and May, at the Jaquet Farm, the conventional tillage treatment had a significantly

higher DOC than the no-till treatment (Figure 17). Values for DOC also significantly

declined from April to May, ranging from around 120 mg C/kg soil in April to 70 mg C/kg

soil in May.

F. WATER STABLE AGGREGATES

1. Rotation Effect

At the Coon's (Figure 18) and Jaquet Farm (Figure 20) sites, there was no significant

difference in water stable aggregate percentage between the three treatments. At the

Hyslop Research Station site, there was a significant difference between all three

treatments, with continuous grass having the highest water stable aggregate percentage at

49% and the diverse rotation having the lowest at 47% (Figure 19).

2. Residue Effect

At all three sites, there were no significant differences in water stable aggregates between

high and low residue additions.

3. Tillage Effect

At the Coon's Farm site, the conventional tillage treatment had a higher water stable

aggregate percentage than the no-till treatment, with a value of 51% (Figure 18). This

was also true for the Jaquet Farm site, where the conventional tillage treatment had a



24

value of 52% compared to a no-till treatment value of 50% (Figure 20). However, at the

Hyslop Research Station, no tillage effect on water stable aggregate percentage was

observed.

IV. DISCUSSION

A. ROTATION EFFECT

No rotation effect was observed collectively over all three sites for any measurement.

Though one site may have shown statistically significant association with a rotation

practice, this difference was not significant over all four months at all three sites.

Therefore, no common conclusion on rotation effect can be established with these data

over the growing season. At each individual site, however, some conclusions can be

made.

At the Coon's Farm site, diverse rotation with high residue addition corresponded with the

highest microbial biomass C in May, June, and July. There appeared to be no consistent

affect of rotation on P-glucosidase enzyme levels, though they increased over the four-

month period under each rotation. Also, no significant rotation effects were observed in

soil respiration, POM, DOC, or water stable aggregate percentage.

At the Hyslop Research Station, microbial biomass C and soil respiration levels were

greatest every month in the continuous grass treatment with high residue addition. (3-

glucosidase levels did not appear to be affected by rotation treatment, though the diverse

rotation did have a greater level by the end of the four-month period. As at the Coon's

site, enzyme levels increased over the growing season. Like microbial biomass C, POM,

DOC, and water stable aggregate percentage tended to have higher levels in the

continuous grass treatment.
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Lastly, at the Jaquet Farm, dominance in microbial biomass C varied each month between

either the continuous grass high residue treatment or the diverse rotation with high

residue, appearing that the residue addition was the microbial biomass C benefit. From

these separate conclusions, it appears that rotation is not a deciding factor in microbial

biomass C growth. But, there did appear to be an effect of rotation on (3-glucosidase

enzyme activity, soil respiration, POM, and DOC, with the continuous grass treatment

having significantly higher levels. Also, like the other two sites, enzyme activity increased

over time. Like microbial biomass C, there appeared to be no effect of rotation on water

stable aggregate percentage.

B. RESIDUE EFFECT

At all three sites, high residue treatments tended to have greater microbial biomass than

low residue or removed residue treatments. This residue effect on microbial biomass C

can be explained. With more plant residue, composed of C-based compounds, added to

the soil, more substrate is available for microbial decomposition. The higher DOC and

POM values associated with the high residue additions confirm this. In low residue not as

much substrate is available, so naturally, the microbes are not able to decompose or

consume as much carbon. Therefore, a higher biomass C would result from incorporation

of high residue because of added substrate for microbial decomposition. Similar results

have been found in other studies as well. For example, Collins et. al (1992) found that

microbial biomass declines when residues are removed. Furthermore, in a similar study, it

was shown that microbial biomass carbon of soils where crop residues were retained or

incorporated was greater than where the residues were removed or burned (Powlson et.

al, 1987). This hypothesis is also supported by the high (3-glucosidase enzyme activity

levels found in the high residue treatments at the Coon's Farm site, the Hyslop Research

Station, and within the continuous grass treatment of the Jaquet Farm site. Soil

respiration and water stable aggregate percentage were not effected by residue addition.
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C. TILLAGE EFFECT

At the Hyslop Research Station site and at the Jaquet Farm, conventional tillage caused

greater microbial biomass C levels compared to no-till treatments. When conventional

tillage is employed in the beginning years of cultivation, a flux of activity results. With

conventional tillage, any residue left on the soil surface is plowed under to a depth of 30

cm. This increase of residue to this depth gives subsurface microbes readily available

carbon, thereby amplifying the residue effect. This was confirmed from the higher DOC

and POM levels in the conventional tillage treatment. Studies show that in a tilled system,

microbial activities are distributed throughout the plow layer compared to no-till

treatments (Doran, 1980) causing an increase in subsurface microbe populations, thus

increasing the microbial biomass. This was also supported by the significantly higher (3-

glucosidase levels found in the conventional tillage treatments at the Hyslop Research

Station and at the Jaquet Farm sites, and the high soil respiration values at the Jaquet Farm

under conventional tillage. However, it remains unexplained why water stable aggregate

percentage was higher at the Jaquet Farm under conventional tillage. It is expected that

tillage would cause lower aggregate stability (Kandeler and Murer, 1993). Perhaps the

conventional tillage treatment was not in effect long enough to cause any aggregation

effects.

The Coon's Farm site had soil responses that were consistent with what might be expected

for reduced or no-till systems. All three sampling periods showed greater microbial

biomass C and DOC in no-till than in conventional tillage treatments. Furthermore, (3-

glucosidase levels, unlike at the other two sites, were not significantly different at the

Coon's Farm site in the two tillage treatments until July, where the no-till treatment had a

higher enzyme activity. Repeated changes in soil physical and chemical properties

resulting from tillage greatly alter the soil matrix supporting the growth of the microbial

population. Tillage of the soil causes soil aggregates to break up into smaller and smaller

fractions, thus causing microbe populations protected by the aggregates to either be

exposed to predation or reduced to smaller fractions. Over time, this causes an overall
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decrease in microbial biomass. Many studies have shown greater microbial biomass over

time in no-till treatments when compared to conventional tillage (Follett and Schimel,

1989); (Gupta and Germida, 1988). For example, a study conducted by Kandeler and

Murer (1993) found that, under conventional tillage, aggregate stability was only 46.6%,

compared to 54.8% under no-till. Moreover, microbial biomass carbon was found to be

analogous with these percentages. The Coon's Farm site results portray this same

behavior, but, unexpectedly, the water stable aggregate percentage was higher under

conventional tillage. This illustrates that aggregation is not only affected by tillage

practices. Mineralogical characteristics of the soil can also contribute to this soil property.

Soil respiration was also higher in the conventional tillage treatments in two out of the

four months.

D. CONCLUSION AND FUTURE RECOMMENDATIONS

With so many different factors and interacting dynamics within the soil ecosystem, many

details must be considered when analyzing any type of soil data. The type of grass, the

type of soil, and a range of environmental conditions must be taken into consideration.

This is the primary reason that this experiment was performed on three different types of

soils and grasses. With so much variation within the Willamette Valley itself, finding an

index for the three reoccurring soil types is the best a research team can expect. Because

of the complexity of the soil environment, many relationships between biological,

chemical, and physical processes still are not completely understood. Simple correlations

among a range of soil properties are shown in Tables 1, 2, and 3. For example, microbial

biomass carbon shows a strong correlation with microbial biomass nitrogen at all three

sites.

From this study alone, we may conclude that higher additions of residue correspond to

higher microbial biomass carbon, (3-glucosidase enzyme activity, POM, and DOC at these

sites. Also, with newly cultivated soils, conventional tillage increases available carbon

more than no-till, resulting in greater levels of microbial biomass carbon, (3-glucosidase
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enzyme activity, POM, and DOC; while over time, for a more sustainable system, no-till

corresponds with greater substrate availability in cultivated soils than conventional tillage

practices. And, though greater aggregate stability is thought to play an important role in

these no-till effects, it actually was greater in conventional tillage treatments, illustrating

the variability of soil systems and the importance of thorough studies. This information,

combined with physical and chemical data, will hopefully give growers a better

understanding of the alternative non-thermal methods that can be beneficial to grass-seed

fields.
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V. GLOSSARY

aggregate - many soil particles held together in a single mass or cluster such as a clod,

crumb, block, or prism; provide habitat for microbes.

conventional till - the combined primary and secondary tillage operations normally

performed in preparing a seedbed for a given crop. Primary tillage is a major soil

disturbance, commonly with a plow, while secondary tillage uses a power-driven

rotary tillage tool to loosen and mix soil.

crop rotation - circulating a harvested crop with another crop or crops, such as a legume

or wheat, to potentially break pest life cycles and increase soil organic matter.

decomposition - degradation; chemical breakdown of a compound into simpler

compounds, often accomplished by microbial metabolism.

immobilization - conversion of an element from the inorganic to the organic form in

microbial or plant biomass.

lysis - rupture of a cell, resulting in the loss of cell contents.

mineralization - conversion of an organic form of an element to an inorganic form as a

result of microbial decomposition.

no-till - no churning of the soil; planting directly into the soil with no tillage preparation.

nutrient pool - a reserve of a substance that is taken in by a cell from its environment

and used in catabolic or anabolic reactions.
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organic matter - the organic fraction of the soil exclusive of undecayed plantand animal

residues; often synonymous with humus.

residue management - utilization of plant residues for soil fertilization by potentially

increasing organic matter.

substrate - the substance, base, or nutrient on which an organism grows.

turnover - the cycling of nutrients, such as carbon and nitrogen, within the soil

environment.
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VI. APPENDIX

Figure 1. The carbon cycle.

Figure 2. Microbial biomass carbon CFI apparatus.
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Figure 3. Microbial biomass carbon for the Coon's Farm site.

700

600

400

100

no-tillage

D conventional tillage

high residue

® low residue

}

,9, aa 9i a`@ ',, G'@ 9°'a`e
cor,,GGy

9,,/0a`0
c°'GGo9G

^of
pG

D9G -0
jG o9G -0f

0. 9G ^0
pG.

20 20

500

0



Figure 4. Microbial biomass carbon for the Hyslop Research Station site.
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Figure S. Microbial biomass carbon for the Jaquet Farm site.
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Figure S. Soil respiration for the Coon's Farm site.

0.7

0.6

C 0.5
0

1

0.4

0
N 0.3

0.2

0.1

0

no-tillage

II conventional tillage

high residue

® low residue
R

9a DiL C

Oil
94,

Iq. 9,
1161> 1

a:

r
d` c

0 r'
1 f`'GO`iG

f°'fo Gs9



Figure 7. Soil respiration for the Hyslop Research Station site.
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Figure 8. Soil respiration for the Jaquet Farm site.

no-tillage

0.7

0.6

C 0.5
0

0.4

0N
0.3

0.2

0.1

0

T in

conventional tillage

high residue

® low residue



Figure 9. * R-Glucosidase activity for the Coon's Farm site.
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Figure 10. R-Glucosidase activity for the Hyslop Research Station site.
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Figure 11. R-Glucosidase activity for the Jaquet Farm site.
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Figure 12. Particulate organic matter (POM) for the Coon's Farm site.
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Figure 13. Particulate organic matter for the Hyslop Research Station site.
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Figure 14. Particulate organic matter for the Jaquet Farm site.
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Figure 15. Dissolved organic carbon (DOC) for the Coon's Farm site.
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Figure 16. Dissolved organic.carbon for the Hyslop Research Station site.
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Figure 17. Dissolved organic carbon for the Jaquet Farm site.
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Figure 18. Water stable aggregate percentage for the Coon's Farm site.
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Figure 19. Water stable aggregate percentage for the Hyslop Research Station site.
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Figure 20. Water stable aggregate percentage for the Jaquet Farm site.
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Table 1. Correlation matrix for properties measured at the Coon's Farm site in 1997.

MBC SR MBN pH p-glu WSA DOC POM BD (5cm)

Soil Respiration -0.26

Biomass N 0.80** -0.31 *

pH 0.10 0.05 -0.12

B-glucosldase 0.30 0.11 0.26 0.22

WSA 0.24 -0.03 0.18 0.11 0.07

DOC 0.01 -0.33* 0.14 -0.10 0.07 -0.23

POM -0.07 0.27 -0.21 0.23 0.03 0.24 -0.04

Bulk Density (5cm) -0.22 0.01 -0.29 0.32* -0.31 * -0.28 -0.13 0.32*

Bulk Density (10cm) 0.35* -0.44** 0.30 -0.06 0.01 0.14 0.17 -0.09 -0.48**

* indicates p<0.05
indicates p< 0.01



Table 2. Correlation matrix for properties measured at the Hyslop Research Station site in 1997.

MBC SR MBN pH (3-glu WSA DOC POM BD (5cm)

Soil Respiration 0.35

Biomass N 0.55** 0.52**

pH 0.38* 0.39* 0.44*

B-glucosidase 0.80** 0.59** 0.68** 0.46*

WSA 0.43* 0.04 0.06 -0.24 0.33

DOC 0.27 0.11 0.31 0.25 0.19 -0.23

POM -0.08 -0.16 0.04 -0.26 -0.09 0.15 0.12

Bulk Density (5cm) -0.44* -0.01 -0.15 -0.19 -0.54** -0.49** 0.15 0.22

Bulk Density (10cm) -0.37 -0.54** -0.45* -0.49** -0.43* -0.04 -0.20 0.08 -0.24
* indicates p<0.05

** indicates p< 0.01



Table 3. Correlation matrix for properties measured at the Jaguet Farm site in 1997.

MBC SR MBN pH p-glu WSA DOC POM BD (5cm)

Soil Respiration 0.37*

Biomass N 0.79** -0.01

pH -0.06 0.24 -0.28

B-glucosidase 0.45** 0.57** 0.20 0.13

WSA 0.25 0.63** 0.09 0.37* 0.29

DOC -0.08 0.23 0.00 0.39* 0.13 0.17

POM 0.14 0.25 -0.09 -0.05 0.33* -0.07 0.08

Bulk Density (5cm) -0.29 -0.59** -0.12 -0.14 -0.70** -0.43** -0.48** -0.51**

Bulk Density (10cm) -0.43** -0.55** -0.24 -0.05_ -0.59** -0.39* -0.38* -0.66** 0.92**

* indicates p<0.05
** indicates p< 0.01



53

VII. LITERATURE CITED

Brady, N.C., and R.R. Well. The Nature and Properties of Soils, 11th edition. New

Jersey, NY: Prentice Hall, 1996.

Cambardellla, C.A., and E.T. Elliott. "Particulate Soil Organic-Matter Changes Across a

Grassland Cultivation Sequence." Soil Science Society American Journal 56

(1992): 777-783.

Cambardella, C.A., and E.T. Elliott. "Carbon and Nitrogen Distribution in Aggregates

From Cultivated and Native Grassland Soils." Soil Science Society American

Journal 57 (1993): 1071-1076.

Chapin, M.F. "Effects of Ryegrass Residue Management on Dayton Soil

Organic Carbon Content, Distribution and Related Properties." Oregon

State University Thesis (1992).

Collins, H.P., P.E. Rasmussen, and C.L. Douglas, Jr. "Crop Rotation and Residue

Management Effects on Soil Carbon and Microbial Dynamics." Soil Science

Society American Journal 56 (1992): 783-788.

Doran, J.W. "Soil Microbial and Biochemical Changes Associated With Reduced

Tillage." Soil Science Society American Journal 44 (1980): 765-771.

Follett, R.F., and G.A. Peterson. "Surface soil nutrient distribution as affected by wheat-

fallow tillage systems." Soil Science Society American Journal 52 (1988): 141-

147.

Follett, R.F., and D.S. Schimel. "Effect of Tillage Practices On Microbial Biomass

Dynamics." Soil Science Society American Journal 53 (1989): 1091-1096.

Gupta, V.V.S.R., and J.J. Germida. "Distribution of Microbial Biomass and Its Activity

in Different Soil Aggregate Size Classes as Affected by Cultivation." Soil Biology

and Biochemistry 20 (1988): 777-786.

Jenkinson, D.S., and D.S. Powlson. "The Effects of Biocidal Treatments on Metabolism

in Soil." Soil Biology and Biochemistry 8 (1976): 209-213.

Kandeler, E., and E. Murer. "Aggregate Stability and Soil Microbial Processes in a

Soil With Different Cultivation." Geoderma 56 (1993): 503-513.



54

Miller, Morten, and Richard P. Dick. "Dynamics of soil C and microbial biomass in whole

soil and aggregates in two cropping systems." Applied Soil Ecology 2(1995):

253-261.

Paul, E.A., and F.E. Clark. Soil Microbiology and Biochemistry, 2nd edition. San Diego,

CA: Academic Press, 1996.

Powlson, D.S., P.C. Brookes, and B.T. Christensen. "Measurement of Soil

Microbial Biomass Provides an Easy Indication of Changes in Total Soil Organic

Matter Due to Straw Incorporation." Soil Biology and Biochemistry 19 (1987):

159-164.

SAS Institute. 1985. SAS user's guide: Statistics. SAS Institute, Cary, NC.

State of Oregon Department of Environmental Quality. Annual Field Burning Report

- Volume 35-G. 1989.

Sylvia, D.M., J.J. Fuhrmann, P.G. Hartel, and D.A. Zuberer. Principles and

Applications of Soil Microbiology. New Jersey, NY: Prentice Hall, 1998.

Turco, R.F., A.C. Kennedy, and M.D. Jawson. "Microbial Indicators of Soil

Quality." Soil Science Society American Journal 80 (1994): 73-90.


