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Effects of different tillage systems on nitrate-nitrogen

accumulation in a 120 cm profile and on soil structure in the top 30 cm

of the profile were studied under a fallow-wheat rotation.

Treatment effects on nitrate-nitrogen, soil moisture and soil

aggregation were measured.

Fallow tillage treatments consisting of bare fallow, stubble-mulch

and no-till were established on the trial plots.

Bare fallow, stubble-mulch, and no-till tillage treatments had no

significant effect on nitrate-nitrogen accumulation. However, the fact

that nitrate-nitrogen accumulated at the end of fallow was several

times higher than in the beginning of the fallow has great importance

in terms of fertilizer application.

Adequate moisture and temperature favored nitrate-nitrogen

accumulation in the tillage plots during the fallow. The 0-10 cm soil

layer appeared to be the accumulation zone in the three tillage

systems.

Effects of tillage treatments on soil structure were investigated

through evaluation of aggregate size distribution and water stability.

In the 0-10 cm soil layer, the aggregates larger than 0.84 mm,



considered to be a good indicator of soil resistance to wind erosion,

were more prevalent in bare fallow than in the other two treatments.

The percentage of aggregates in the 2-4.75 mm range showed similar

distribution patterns among the treatments.

The 0-10 cm soil layer is disturbed every other fallow cycle in

the bare fallow and every fallow cycle in the stubble-mulch. In no-

till, the 0-10 cm soil layer is disturbed only at planting. As a

result, more destructive action of no-till and stubble-mulch may be

reason for these differences. It should be noted that in no-till the

soil is pulverized enough during seeding to favor low aggregation and

stability.
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EFFECTS OF TILLAGE SYSTEMS ON NITRATE-NITROGEN
ACCUMULATION AND SOIL STRUCTURE

INTRODUCTION

In the semi-arid regions of the Western United States, low

precipitation usually limits crop production. Fallowing is practiced

for about 14-20 months for winter or spring cereals during each 2-year

period to conserve moisture in the soil profile for the subsequent

crop.

In addition to storing moisture during the fallowing period, there

is a considerable amount of nitrate-nitrogen accumulation in the soil

profile depending on organic material and soil conditions. Therefore,

nitrogen recommendations, for a given crop, are based on the amount of

nitrate and stored moisture in the soil profile.

The success of the fallowing system depends on climatic factors,

and tillage systems. In Eastern Oregon, conventional tillage (bare

fallow) and stubble-mulch tillage are commonly used and zero tillage

(no-till) is being investigated. Conventional tillage refers to

tillage with the moldboard plow followed by a sweep or other secondary

tillage implement. Stubble-mulch tillage leaves the crop residues on

the soil surface. However, in the zero tillage system soil is

disturbed only sufficiently to sow the seed. Each tillage system

apparently affects soil chemical, physical, and microbiological

properties differently.

Nitrogen mineralization primarily depends on organic matter, soil

temperature, and soil moisture. Tillage strongly influence nitrogen

mineralization during the fallow. For maximum yields, the amount of
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water stored in the soil profile must be balanced with available

nitrogen. The nitrogen accumulated in the soil profile significantly

contributes to the crop nitrogen requirement.

Soil structure affects the retention and transmission of water in

the soil, as well as infiltration and aeration. It also affects

germination and root growth.

Soil structure can be expressed in terms of aggregation. Soil

aggregation is caused by the combining of soil particles into a larger

secondary unit or granule. The stability of aggregates in water is

used as an index of (1) the resistance of the soil to dispersion, (2) a

soil's susceptibility to compaction, (3) the degree of soil aeration,

(4) soil drainage, (5) infiltration, (6) susceptibility to soil

erosion, and (7) plant emergence (Griffith et al., 1986).

The objectives of this research were to determine the effects of

different tillage systems on:

1. Nitrate-nitrogen accumulation in the soil profile,

2. Soil structural changes, and

3. Grain yield in a fallow-winter wheat rotation (secondary

objective).



LITERATURE REVIEW

Nitrate Accumulation:

3

In dryland cereal production nitrogen is essential for maximum

yield. Nitrogen is absorbed by plants primarily in the nitrate form.

Studies have shown considerable nitrate accumulation after fallow

in grain-fallow rotation due to nitrogen mineralization. Nitrogen

mineralization is the microbial transformation of organic nitrogen to

inorganic nitrogen, while nitrification refers to oxidation of ammonium

ions to nitrate through nitrifying bacteria. Nitrosomonas oxidizes

NH4+ to NO2-. Energy yielded in this reaction, although small,

provides all of the energy for bacterial biosynthesis and maintenance.

Finally, NO2-is oxidized to NO3- by Nitrobacter.

The quantity of nitrogen mineralized in a given time is depends

upon soil temperature, available water, rate of oxygen replenishment,

pH, amount and nature of plant residues, and level of other nutrients

(Stanford and Smith, 1972).

Nitrification is a biological oxidation reaction requiring oxygen.

In the soil, oxygen for nitrification is provided by the liquid phase

of the soil system. Therefore, the amount and composition of the soil

water influences nitrification. Oxygen can be limiting to soil

nitrifiers. Depletion of oxygen in the soil water is favored by (1)

high soil moisture content, which fills soil pores and restricts

recharge of oxygen from the gaseous phase, (2) high soil temperatures,

which reduces the solubility of oxygen and increases oxygen demand by

heterotrophic microorganisms, and (3) oxidizable organic matter, which

also increases heterotrophic oxygen demand (Schmidt, 1982).



4

Fathi et al. (1951) reported that optimum concentration of oxygen

in the soil air for nitrification is about equal to that contained in

ordinary air. Reducing the atmospheric oxygen concentration from about

20 to 11 percent had only a negligible influence upon the rate of

nitrification.

When conditions are favorable, nitrification of ammonium proceeds

rapidly in the soil. However, ammonium may persist in soil for an

extended period near the point of placement especially if the pH is not

high and if other conditions are not favorable for nitrification (Fox

et al., 1952). Nitrification does not occur in very acid soils.

Free ammonia in the soil typically inhibits nitrification, and

Nitrobacter is more sensitive to ammonia toxicity than is Nitrosomonas.

Thus heavy dressing of anhydrous ammonia in neutral or calcareous

soils, and ammonium fertilizers on some high pH soils, are liable to

lead to a build-up of nitrites in the soil, which may reach over 10 ppm

nitrite-nitrogen and persist for an appreciable time if the soil

temperature is rather low (Russell, 1980).

Effects of Moisture on Nitrification:

When no nitrogen fertilizers are used soil nitrogen availability

depends on the rate at which soil organic nitrogen can be converted to

mineral nitrogen. This conversion , as a microbiological process,

depends to a great extent on soil moisture. Nitrate is formed in the

permanent wilting point-field capacity range. Nitrification is

insignificant when soil moisture is reduced to or below the hygroscopic

coefficient (Russell et al., 1925).

Relationships among soil N mineralization, soil water content, and
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matric suction were studied by Stanford and Epstein (1974). They found

that highest N mineralization rates occurred between matric suctions of

0.33 to 0.1 bar, in which range 80 to 90 % of the total pore space was

filled with water. In the range from optimum soil water content (0.33

to 0.1 bar) to 15 bars, a near-linear relation generally existed

between the amount of mineral N accumulated and soil water content.

With increasing dryness, N mineralization continued to decline. Water

levels above optimum often reduced mineral N accumulation, presumably

because of denitrification.

Reichman et al. (1966), investigated the effect of soil moisture

on ammonification and nitrification in two Northern plains soils.

Samples of Chestnut and Chernozem soils, with and without additions of

ammonium sulfate, were incubated at constant water contents ranging

from suctions of 0.2 to about 100 bars, and the exchangeable ammonium

and nitrite-N were periodically measured. Nitrite-N never exceeded

0.33 ppm. Ammonification and nitrification of soil N were almost

directly proportional to soil water content at suctions between 0.2 and

15 bars. Measurable ammonification and nitrification occurred at a

suction of 15 bars.

Miller and Johnson (1964), studied the effect of soil moisture

tension on carbon dioxide evolution, nitrification, and nitrogen

mineralization. They incubated four soils at 30 °C for 14 days under

soil conditions varying from zero tension to air-dry soil. Maximum

nitrification occurred in the tension range of 0.50 to 0.15 bars.

Nitrification was shown to proceed very slowly at tensions above 15

bars. Ammonification proceeded at a faster rate at both high and low

tensions, indicating that ammonium nitrogen can accumulate in soil at
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high tensions (up to air-dry) and low tensions (near zero bars).

Wetselaar (1968), studied soil organic nitrogen mineralization in

two Australian soils under -2.7, -5, -15, -20, -35, and -50 bars water

potential at 25 °C for three and six weeks. The amount of nitrate and

ammonium formed between three and six weeks incubation were regarded as

a good measure of the effect of the different water potentials on

organic nitrogen mineralization. He concluded that nitrate formation

ceased at -24.3 bars in Tippera clay loam and at -50 bars in Manbulloo

sand. Ammonium formation was increased up to -50 bars. He also pointed

out that the results for Tippera clay loam suggest that there are

microorganisms which utilize ammonium nitrogen at high water potential,

but their activity is decreased at a higher water potential than that

of the ammonium formers.

Nitrification in soils after different periods of dryness was

studied by Birch (1960). Soils were air dried for 3, 6, 9, 12, and 15

weeks and then remoistened. The amount of ammonia and nitrate-nitrogen

subsequently produced during 19 days were then determined and compared

with the amounts mineralized from a non-dried soil. For a given drying

period the amounts of nitrogen mineralized were proportional to the

carbon content of the soil while, for a given soil, mineralized

nitrogen was found to be a significant linear function of the log of

the time soil was in an air-dry state prior to moistening.

Effects of Temperature on Nitrification:

The nitrogen is partially produced by microbial action in soil.

The breakdown of humus and other nitrogenous organic additives in soil

is brought about by a large number of soil microorganisms, and their
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activity to a large extent depends on temperature.

Russell et al. (1925) stated that nitrification proceeds most

rapidly at about 35 °C, but is very slow at 5 °C. Similar studies have

been made by Thiagalingam and Kanehiro (1973) in Hawai. They reported

that mineralization of organic nitrogen occurred to a greater extent at

40 °C than at three lower incubating temperatures of 5, 15, and 25 °C.

Rapid and active mineralization was associated with high organic matter

and C/N ratio in soils.

Mahendrappa et al. (1966), studied nitrification in Western USA.

Nitrification of ammoniacal N added as ammonium sulphate to different

soils of Western USA and incubated at 20, 25, 35 and 40 °C with

moisture at 0.3 bar moisture tension was investigated. In all soils

from northern regions, nitrification was faster at 20 and 25 °C than 35

and 40 °C. The reverse was true in the case of the southern soils

which nitrified fastest at 35 °C.

Choudhury and Cornfield (1978) studied nitrification in two

Bangladesh soils. They concluded that at temperatures of 20, 30, 40,

50 and 60 °C in a Gangetic alluvial soil (pH 7.6) N-mineralization and

nitrification increased with temperature up to 40 °C and mineralized N

accumulated entirely as nitrate. At 50 and 60 °C mineralized N was

relatively low and no nitrification occurred. In the Red soil (pH 5.2)

mineralized N increased with temperature up to 40 °C, was somewhat less

at 50 °C and was at a maximum at 60 °C. Nitrification was maximum at 30

°C but did not occur at 50 and 60 °C.

The effect of low temperature and various concentrations of

ammonium nitrate on nitrification in acid soils was studied by Anderson

and Boswell (1964). In this study, several cultivated soils were limed
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to pH 6.0 to 6.4, treated with 100 ppm ammonium nitrate and incubated

for 12 weeks at low to near-optimum temperatures for nitrification.

They pointed out that nitrate accumulation at 42 °F was either

completely suppressed or delayed for several weeks in sandy soils.

But, in clay loam, nitrates accumulated at 37 °F at a very slow rate

throughout the 12 weeks but at 47 °F, after a 6 week delay, the

accumulation proceeded rapidly. The great influence of differing soil

characteristics on nitrification is shown by the fact that nitrate

accumulation in the clay loam at 37 °F was about two-thirds of that

occurring in a loamy sand at 90 °F.

Sabey et al. (1959), incubated a number of soils of varying

properties at several temperatures and rates of inoculation of

nitrifying organisms to determine the influence of these factors on

nitrification. In soils incubated at field capacity, the maximum

nitrification rates increased from immeasurably low values to as great

as 900 ppm per week in some soils and the delay period decreased from

about 32 weeks to less than 1 day, as temperature increased from 0 to

25 °C. Increase in initial population of nitrifying organisms caused

decreases in delay periods but did not appreciably affect the maximum

rate above 10 °C.

The effect of shifting temperatures on nitrification reported by

Chandra (1962) in a loam soil. Soil samples were incubated at 5, 16

and 27 °C for a 24-day period, whereas the others were shifted from one

temperature to another during the 24-day incubation period. Data show

that continuous cool temperatures do not completely stop the

nitrification process. But, significantly less nitrification occurred

when the incubation temperature was shifted from sub-optimal to optimal
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than when the temperature was initially optimal and shifted to lower

temperatures.

The effect of low temperatures on nitrification of ammonia was

reported by Anderson (1960). Anhydrous ammonia at the rate of 150 ppm

was applied to samples of Cecil sandy loam in the laboratory in a manner

simulating field application. Nitrification occurring at 37, 42, 47 and

52 °F was studied. Nitrate accumulation during 12 weeks expressed as a

percentage of that occurring at 52 °F was 93, 51 and 8% at 47, 42 and 37

°F, respectively.

Frederick (1956) studied the effect of temperature on the formation

of nitrate from ammonium nitrogen in soils. A quantitative relationship

between temperature and nitrification rates was determined under

laboratory conditions. The formation of nitrates took place at all

temperatures studied between 2 and 35 °C when other factors were

favorable. The rate of nitrification increased with temperature with

the greater increase between.7 and 15 °C.

In Genesee silt loam (pH 7.7) nitrate nitrogen was formed at rates

of 2, 10, 15, 60, 90, and 120 ppm per week at 2, 7, 15.5, 21, 27, and 35

°C, respectively. The rate in the Chalmers silty clay loam (pH 6.2) was

intermediate. The slowest rates found occurred in the Clermont silt

loam (pH 5.0) which had maximum rates of 0, 0, 25, 30, 30, and 15 ppm

per week at the temperatures from 2 to 35 °C given above.

Temperature fluctuating in a 24-hour cycle generally resulted in an

increased rate of nitrification at temperatures below 15.5 °C and a

decreased rate above 15.5 °C in Genesee silt loam.

Justice and Smith (1962), studied effects of moisture and

temperature combinations on nitrification of ammonium sulfate in a
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calcareous soil. Ammonium sulfate at levels of 0, 150, and 450 ppm

nitrogen was incubated in calcareous soil at 2, 10, and 22 °C at 10, 1,

and 0.3 bars moisture tension using periodic aeration. A second

incubation study included 7, 15, 115, and 415 bars moisture tension

with continuous aeration. They concluded that nitrification at 2 °C

was the production of nitrite-nitrogen which was not converted to

nitrate-nitrogen in ten weeks. At 10 °C, there was nitrification at

1/3 , 1, and 10 bars tension where the lowest moisture delayed the

initiation of nitrification and increased the period of nitrite

accumulation. At 25 °C, nitrification was completely inhibited at 415

and 115 bars tension. At 15 bars tension 50 percent of the 150 ppm

nitrogen was oxidized to nitrate-nitrogen in 28 days, while 10, 7, and

1 bars tension the nitrification was complete in about 28, 20, and 12

days, respectively. In this soil 35 °C was less favorable for

nitrification than 25 °C.

Effects of Tillage on Nitrification:

Fallow may accumulate nitrate-nitrogen under four conditions: (1)

there must be decomposable organic matter in the soil, (2) fallow must

be kept free of weeds, (3) there must be no leaching due to heavy

rainfall, and (4) the soil must be moist in the upper 30 cm of the soil

profile (Russell, 1980).

In fallowed soils mineralization of nitrogen generally fluctuates

during the fallow period. Herlihy (1979) reported that an increase in

nitrogen production between mid-April and the end of May was followed

by a through in June and July and a second increase from early August

to the end of September. Results of short-term incubations indicated
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that net mineralization was minimal or negative in June and July.

In a study of the influence of residue level on some chemical soil

properties after four crop-fallow cycles, Black (1973), reported that

as residue level increases, soil organic matter and nitrate-nitrogen

accumulation increased significantly. In addition, exchangeable K

increased, Ca decreased, and Mg and Na were not influenced by residue

level treatments.

In Pendleton, Oregon, Douglas et al. (1980), reported that net

nitrogen mineralization in buried wheat straw varied from 17 to 2 kg/ha

N at the end of 26 month-period in a winter wheat-pea rotation. When

placed above or on the surface net mineralization ranged from 6 to 4

kg/ha N.

Previous research suggested that the potential rate of

mineralization and nitrification are higher with conventional tillage

while that for denitrification is higher with no-till. The microbial

populations of surface soil (0-7.6 cm) under reduced tillage were

significantly higher than those in conventionally tilled soil (Doran,

1980).

At three locations of the Great Plains Smika et al. (1969), showed

that mulched soils contained more water and less nitrate-nitrogen at

seeding than bare soil in a wheat-fallow rotation.

In another experiment consisting of conventional and no-tillage

systems, Groffman (1985), showed that nitrification activities were

higher in the top of 5 cm of no-tillage soils than in conventionally

tilled soils and a reverse pattern was observed at lower depths.

However, Lamb et al. (1985), observed that the nitrate-nitrogen

accumulation under no-till, stubble-mulch and plow treatments was not
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different.

Unger and Parker (1968), reported that the residues should be

incorporated with the soil as soon as possible after crop harvest to

obtain maximum decomposition in the interval between crops, where this

is desirable.

A study conducted by Dowwdell and Cannell (1975), showed that the

concentration of nitrate-N at 30 cm depth in a clay soil was 2-5 times

greater after ploughing than after direct drilling during the winter

and spring.

At two sites in western Nebraska during spring growth of winter

wheat, the influence of plow subtillage, and no-tillage fallow

management on nitrifier and denitrifier populations and available N in

surface soil (30 cm) was evaluated by Broder et al. (1984). At both

sites they found that nitrifier populations in the surface 15 cm of no-

tillage and subtillage soils were 22 to 56 % and 16 to 35 % lower,

respectively, than those in plowed soil. Differences in soil water

content and temperature were major factors influencing differences in

microbial populations between tillage practices. Higher water content

in reduced tillage soils during early spring paralleled lower nitrifier

and higher denitrifier populations as compared with plowed soils.

These differences apparently resulted from greater aeration in plowed

soils. Soil temperatures during the spring were well below optimum for

mineralization and nitrification, particularly on subtillage and no-

tillage soils.

No-till and plowed soils were compared with regard to denitrifying

activity (Rice and Smith, 1982). It was suggested that the generally

higher soil moisture contents observed in no-till soils, rather than
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tillage per se, are primarily responsible for higher denitrifying

activity. Enhanced denitrification may account, in part, for the lower

soil nitrate concentrations and higher N fertilizer requirements

sometimes reported for no-till soils.

Soil Structure:

Soils in their natural condition have at least some of their

individual particles clustered into clods and crumbs, or so called

peds; size distribution of these peds, or its converse-the size

distribution of the pore spaces between them-determines the soil

structure and, in part, the soil tilth (Russell, 1980). In other

words, the structure of a soil implies an arrangement of primary (e. g.

sand, silt, and clay) and secondary (aggregates) particles into a

certain structural pattern (Bayer et al., 1972). Since many soils are

made up of secondary particles (crumbs, granules, aggregates), they

have two types of pore space. These are the micropores within the

granules and the macropores between the granules.

At present no method is available for direct evaluation of soil

structure. Many researchers use the analysis of size and water

stability of aggregates as a measure of soil structure. When soil

aggregates are built by primary soil particles they are called

microaggregates which are the ultimate structural units being packets

of clay particles. The visible aggregates, which are several

millimeters to several centimeters in diameter, are called peds or

microaggregates. These are usually assemblages of microaggregates.

In general, we recognize three broad categories of soil structure:

(1) single grained, (2) massive, and (3) aggregated. When particles
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are entirely unattached to each other, the structure is completely

loose, as it is in the case of coarse granular soils or unconsolidated

deposits of desert dust. Such soils are labeled structureless (single

grained structure). The percentage of aggregates is low in desert

soils because of a small clay content. On the other hand, when the

soil is tightly packed in large cohesive blocks, as is sometimes the

case with dried clay, the structure can be called massive. Between

these two extremes, we can recognize an intermediate condition in which

the soil particles are associated in quasi-stable small clods known as

aggregates or peds. This last type of structure, called aggregated, is

generally the most desirable condition for plant growth, especially in

the critical early stages of germination and seedling establishment

(Hillel, 1982).

Under arid conditions chemical weathering does not proceed very

far; consequently a small amount of clay is formed from the clay-

forming minerals. As the rainfall becomes greater, chemical weathering

is intensified and clay formation increases. Not only is the clay

content highest in the chernozem and dark-prairie regions but the

percentage of organic matter in these soils is also largest. As a

result of these two factors, the percentage of aggregates in the soil

is greatest in these soils (Bayer et al., 1972).

There is a higher correlation between clay content and aggregation

as the amount of organic matter decreases. At the higher percentages

of organic matter, the effect of clay in secondary particle formation

becomes insignificant. The effect of organic matter is less

significant in soils containing large amounts of clay. Polysaccarides

produce aggregates of high stability in soils low in clay; the



15

stabilizing effects are small when the clay content is high (Acton et

al., 1963).

Aggregation process includes flocculation of clay particles and

cementation. Formation and degradation of soil aggregates was reviewed

by Harris et al. (1965). The extensive networks of roots permeate the

soil and tend to enmesh soil aggregates. Moreover, root exudations and

continual death of roots and particularly root hairs promote microbial

activity which results in the production of humic cements. Since these

binding substances are transitory, as they are susceptible to further

microbial decomposition, organic matter must be replenished and

supplied continually if aggregate stability is to be maintained in the

long run.

Soil microorganisms bind aggregates by mucilaginous products such

as polysaccarides, and hemicelluloses. Such materials are attached to

clay surfaces by means of cation bridges, hydrogen bonding, van der

Waals forces, and anion adsorption mechanisms. Polysaccarides, in

particular, consist of large, linear, and flexible molecules capable of

forming multiple bonds with several particles at once. In addition to

increasing the strength and stability of intra-aggregate bonding,

organic products may further promote aggregate stability by reducing

wettability and swelling. Some of the organic materials are inherently

hydrophobic so that the organo-clay complex may have a reduced affinity

for water.

Earthworm activity is said to affect the physical structure of the

soil by increasing the proportion of water stable aggregates. The

effect of earthworms on aggregate size and stability and infiltration

rate of soil to which soybean and corn have been added was investigated
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by Kladiveko et al. (1986). Their data indicated that earthworms

increased the size and stability of soil aggregates during a 54-day

greenhouse experiment.

Emerson (1959), provided a model describing possible arrangements

of quartz particles, clay domains, and organic matter in a soil

aggregate. Stability of the aggregate is enhanced by linkage of

organic polymers between the quartz particles and the faces or edges of

clay crystals.

Some inorganic materials can also serve as cementing agents.

Cohesiveness between clay particles is the ultimate internal binding

force within macroaggregates. Calcium carbonate, as well as iron and

aluminum oxides can impart considerabely stability to otherwise weak

soil aggregates.

Stability of Aggregates:

The formation and maintenance of stable aggregates is the essential

feature of soil tilth which is a highly desirable physical condition in

which the soil is an optimally loose, friable, and porous assemblage of

aggregates permitting free movement of water and air, easy cultivation

and planting, germination and root growth. Moreover, well aggregated

soils exhibit reduced erosion and runoff, and favor microbiological

activity.

The soil colloidal material is responsible for the cementation of

primary particles into stable aggregates. Stable aggregate formation

can not take place in sands or silts in the absence of colloids. The

soil colloidal material may be divided into at least three distinct

groups as far as its cementation effects are concerned. They are clay
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particles themselves, irreversible or slowly reversible inorganic

colloids such as the oxides of iron and alumina, and organic colloids.

Grassland soils have high levels of organic matter and high

structural stability. There is a reduction of organic matter upon

cultivation of these soils. Losses of organic C and N are correlated

with the reduction of soil structure.

Tisdall and Oades (1982), presented a conceptual model for soil

structure that describes the association of organic matter with the

three types of physical units that exist in mineral grassland soil:

free primary particles (i.e., sand, silt, and clay), microaggregates,

and macroaggregates. They also proposed three types of cementing

agents to be responsible for soil aggregation: (i) transient, composed

of microbial and plant-drived polysaccarides, which are rapidly

decomposed by microbes, (ii) temporary, including roots and hyphae,

especially mycorhizal, and (iii) persistent, aromatic humic material in

association with amorphous Fe and Al compounds and polyvalent metal

cations. The metals act as clay-organic matter and organic matter-

organic matter bridges. Persistent binding agents are thought to be

mainly responsible for the integrity of the microaggregates, which

range in size from 0.50 to 0.25 mm. Microaggregates are the building

blocks of soil structure because they can become united to form

macroaggregates, which are generally 0.25 mm to 2 mm in size, through

the action of temporary and transient binding agents.

The degree of aggregation is a time-variable property, as

aggregates form, disintegrate, and reform periodically. Aggregate

stability is a measure of vulnerability which is the resistance of

aggregates to breakdown when subjected to potentially disruptive
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processes (Hillel, 1982). The breakdown of soil crumbs can be caused

by (1) dispersion of the cementing material, (2) reduction in cohesion

with increasing moisture content, (3) compression of entrapped air, and

(4) stresses and strains set up by unequal swelling due to soil

heterogeneity and nonuniform wetting (Bayer et al., 1972).

It is generally recognized that a large number of factors affect

the size, distribution, and stability of soil aggregates. Among these

factors are the season of the year, moisture content of the soil at the

time of the sampling, past soil management practices, and method of

determining and expressing soil aggregation.

Seasonal variability in the aggregation of Hagerstown silt loam was

studied by Alderfer (1946). He demonstrated that soil moisture content

was closely related to amount and size of water stable aggregates when

the soil was analyzed in its field-moist condition. The effect of soil

moisture content was modified, however, by seasonal conditions such as

alternate wetting and drying during the summer and by alternate

freezing and thawing, which affected a large but temporary increase in

aggregation during the winter.

Air-drying in the laboratory causes a marked change in the size and

quantity of water stable aggregates as compared with the aggregate

distribution in the soil at its actual field moisture content. When

analyzed in the air-dry condition the soil possessed a maximum

percentage of water stable aggregates during the months of July,

August, and September and a minimum during the winter and early spring

months.

Aggregation varied in the different layers of surface soil under

the different treatments. Aggregation was greatest in the 1-3 inch
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surface layer of the tilled soils in which different materials were

incorporated, whereas the 0-1 inch layer possessed the least quantity

of the larger aggregates.

Aggregate stability of soils from Western United States and Canada

was determined by Kemper and Koch (1966). The consistent correlation of

organic matter with aggregate stability in all soil implies that

organic matter is always an important factor in the aggregate stability

of soils. Clay was found to be an important factor only in surface

soils where clay had been thoroughly mixed with the other soil

components by cultivation and perhaps by biological processes. Free

iron oxide was an appreciable factor in subsoils and may be a minor

factor in cultivated topsoils. Exchangeable sodium, when present, was

a dominant factor in destroying aggregate stability.

It was found that, in general, organic matter in excess of 2

percent added little to aggregate stability, but that reduction of

organic matter to values less than 1 percent caused rapid a decrease in

aggregate stability. Aggregate stability was found to be a logarithmic

function of organic matter.

Strickling (1950), studied soil aggregation under various crops.

He reported that the variation in soil aggregate stability between

monthly sampling showed definite seasonal trends rather than large

unexplainable variation. He also found out that soil organic matter

content was a good indication of soil aggregate stability.

The effect of freezing-thawing and wetting-drying cycles on

soil aggregation was studied by Sillanpaa, and Webber (1961). After

five cycles of wetting and drying, and freezing and thawing, the mean

weight-diameter (M.W.D.) was determined after wet sieving. They
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concluded that cycles of wetting and drying increased the M.W.D. of the

large aggregates but did not cause significant changes in the fractions

larger than 0.25 mm.

Coughlan, and Loch (1984), worked on the relationship between

aggregation and other soil properties in cracking clay soils. The

percentage of dry aggregates larger than 5 mm was found to increase

with resistance to mechanical abrasion, stability to wet sieving after

capillary wetting. There was a strong relationship between dry

aggregate size in the 0-10 cm layer and salt content in the subsurface

(60-90 cm) layer. However, dry aggregate size in the 0-10 cm layer was

not simply correlated with any of the chemical properties of that

layer.

Soil microorganisms differ in their aggregate-stabilizing

characteristics and in their ability to affect aggregate stabilization.

In a study of soil aggregate stabilization by the indigenous microflora

as affected by temperature, Harris et al. (1966), pointed out that

maximum stabilization by the indigenous microflora occurred within 4

days at all three temperatures; appreciable stability was maintained

for 84, 14, and 4 days at 15, 25, and 35 °C, respectively. Bacteria

was primarily responsible for the initial stabilization of aggregates

incubated at 15 and 25 °C and contributed to the initial stabilization

of aggregates incubated at 35 °C. The fungal species involved in

aggregate stabilization varied with temperature.

A laboratory study was made by Allison, and Moore (1956), to

determine the relative effectiveness of MAMA and HPAN polymers at 6

rates of application in producing high water-stable aggregation. Their

data showed that the rate of application of polymers necessary for
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effective structure stabilization was found to be directly related to

both the specific surface and the clay content of soil.

Aggregate formation and the stability of soil aggregates against

dispersion by water are important factors that influence soil

environment for the crop growth. Microbial activity associated with

organic matter undergoing decomposition tends to cement soil particles

into stable aggregates. Pure culture studies indicate that in the

presence of a suitable energy source a wide range of molds,

streptomycetes, yeasts and bacteria are capable of binding soil

particles into stable aggregates (Martin et al., 1945).

The significance of the rate of organic matter decomposition on the

aggregation of soil was investigated by Meredith and Kohnke (1965).

Their experiments indicated that a fairly rapid and sustained rate of

decomposition of organic residues is necessary in the stabilization of

soil aggregates. In a similar study Wilson, and Fisher (1945), also

observed that increasing the carbon content of Lintonia silt loam

increased the percentage of the whole soil in the form of aggregates.

Chemical properties of microbially bound aggregates were determined

by Aspiras et al. (1971). They found that microorganisms differ widely

in their ability to affect mechanical stability of water-stable

aggregates. The ability of each microorganism to bind mechanically

stable aggregates varied between soil types. Microbially bound

Kewaunee clay aggregates were generally the most resistant to sonic

dispersion.

In a similar study, Webber (1965), determined soil polysaccarides

and aggregation in corn plots from a rotation project where the

preceding crops were corn, oats, alfalfa-brome, or winter wheat.
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Aggregate stability was greater in the rotations that included a grass-

legume. Manure improved aggregation over unmanured plots.

Aggregate stability was determined by Conaway, and Strickling

(1962), on samples taken from plots under 10 cropping systems.

Complete aggregate and mechanical analysis curves were determined on

the 2.0 to 4.76 mm fraction. It was found that changes in aggregate

stability were reflected most by the 0.5 to 2.0 mm aggregates.

Soil Structure and Crop Growth:

Soil structure is defined as the size and arrangement of particles

and pores in soil. Good soil structure on loams and clays can be

defined in terms of the precedence of pores for the storage of water

available to plants, pores for the transmission of water and air, and

pores in which roots can grow. A desirable range of pore sizes for a

tilled layer occurs when most of the clay fraction is flocculated into

microaggregates, defined as < 0.250 mm diameter, and secondly these

microaggregates and other particles are bound together into

macroaggregates > 0.250 mm diameter. In those soils where organic

matter is the major binding agent macroaggregation is controlled by

management. In general, numbers of macroaggregates can be increased by

addition of decomposable organic materials. The majority of the

macroaggregates should have diameter in the range 1 to 10 mm. However,

microaggregation is not so sensitive to management. Therefore it is

more difficult to improve microaggregation by normal farming practices

although systems, which conserve organic matter, will slowly improve

the number of microaggregates (Oades, 1984).

The stability of pores and particles is essential for optimum plant



23

growth. Stability of macroaggregates and microaggregates depends on

organic matter for stability against disruptive forces caused by rapid

wetting.

A number of experiments have shown that optimum physical conditions

for plant growth occur in soils composed of aggregates of 1 to 5 mm

diameter (Russell, 1980). Aggregates of this size give pores between

them which allow reasonably free movement of air and water. Pores

within the aggregates should be of a suitable size to retain adequate

supplies of water for plant root development and seedling emergence

take place without mechanical impedance. Between microaggregates the

forces acting should be large to enable the aggregate to maintain its

identity under the impact of raindrops and cultivation implements

(Greenland, 1971).

Soil aggregates of different sizes, separated by sieving, and

artificial aggregates stabilized by a chemical conditioner were used by

Cornforth (1968), to study the effect of soil aggregates on nutrient

supply. Phosphate uptake was consistently less from the coarser than

from the finer fractions of soil. The uptake of nitrate was also

greater from smaller than from larger aggregates, despite its mobility

in soil moisture.

A greenhouse experiment was performed by Hagin (1952), to

investigate the relation between plant growth and soil structure as

found by aggregates analysis. Three forms of aggregate size were

prepared (1) coarse aggregates (the natural clods broken by hand), (2)

medium-sized aggregates (less than 2 mm in diameter), and (3) fine

aggregates (less than 0.5 mm in diameter). The size of the aggregates

was the only independent variable. Wheat was grown in greenhouse pots.
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The coarsely aggregated soil produced much better plant growth than did

the finely aggregated soil.

As a possible cause of the reduced yields in the finely aggregated

soils, insufficient oxygen was suggested. Presumably the low supply of

oxygen influenced at least two processes: it diminished the ability of

roots to absorb nutrients, and it depressed the supply of some

available nutrients to the growing plants.

Mcintyre (1955), studied the effect of soil structure on wheat

germination in a red-brown earth. The plots chosen for examination

were in a replicated rotation experiment. The rotations used were a

two-course (fallow-wheat) and a four-course (fallow-wheat-peas-

pasture). They had a history of cultivation dating back to 1925 but

had been in these rotations since 1937. Germination counts of the

wheat on plots under the above treatments showed that both were low but

on the two-course rotation plots germination was 28 percent less than

on the four-course rotation plots. It was noted that the young wheat

plants on the four-course plots had a much healthier appearance than

those on the two-course plots. Yields from both treatments were low

but the germination difference is reflected in the higher yields.

Comparison of bulk density and porosity could explain the decreased

emergence , particularly on the two-course rotation plots. Bulk

density values are 1.46, 1.36, and 1.64 g/cm3 for two-course, four-

course, and crust samples, respectively. Corresponding total porosity

values were 45, 49, and 38%.

Aggregation tests of surface soil (0-6 cm) were also made on the

samples taken. Dry sieving values of the samples taken from two-

course, four-course, and virgin sites were 3.0, 3.5, and 11.5% for the
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aggregate size of 5-2 mm in diameter. Corresponding water stable

aggregation values were 1.4, 3.2, and 15%, respectively. He pointed

out that it is difficult to account for the poor structure in terms of

the decrease in organic matter. The data shows a decrease of 40-50

percent in total nitrogen, which is representative of organic matter,

from virgin to cultivated soils. But water stable aggregation shows a

much greater decrease, 70-80 percent, although in the two cultivated

plots the organic matter contents are similar, the water stable

aggregation values are significantly different. He concluded that the

greatest deterioration in the soil is due to a combination of

shattering by cultivating instruments, and dispersion by heavy rain

forming crusts which are unstable.

Effects of Tillage on Soil Aggregation:

Soil structure can be evaluated by determining the extent of

aggregation, the stability of the aggregates, and the nature of the

pore space. These characteristics change with tillage practices and

cropping systems (Bayer et al.).

McCalla, and Army (1961), summarized the various impacts of

stubble-mulch tillage on soil properties and crop yields. Mulches

reduce soil temperature in the spring and early summer as a result of

the reflection of solar energy, their insulating influences, and the

greater heat capacity of the soil beneath them due to increased

moisture. There is little difference between aggregation and porosity

of stubble-mulched and plowed lands. The percentage of water stable

aggregates has been observed to increase under stubble-mulching; the

amount of dry aggregates has been shown to decrease. The control of
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both wind and water erosion is perhaps the most important effect of

mulch tillage. Water erosion is controlled by protecting the soil

surface against the dispersive action of falling raindrops and

increasing the infiltration rate. Wind erosion is controlled because

the force of the wind at the surface of the soil may be reduced 5 to 99

percent by anchored crop residues.

Powers, and Skidmore (1984), worked on soil structure as influenced

by simulated tillage. They used surface soil samples of cultivated and

noncultivated Reading silt loam. They found that the greater the

disturbance, the greater the differences between the nondisturbed and

disturbed soils. The main differences were caused by the destruction

of cements and bridges between individual aggregates.

The effect of stubble management on the structure of black cracking

clays was studied by Marston, and Hird (1978). Wheat stubble has been

managed by both burning and incorporation for annual wheat production.

Data from the wet sieving shows that there are no significant

differences between treatments. However, there are significant

differences between years within the same treatment. These differences

show the decreasing stability of aggregates with continued cultivation.

Data from dry sieving show no significant difference between treatments

and only a small difference over time.

The organic carbon content of the soil did not vary significantly

between treatments but did vary quite significantly between virgin

soils and treated soils.

Laboratory tests were made by Swanson et al. (1955) to determine

the effectiveness of three soil conditioning chemicals on stabilizing

soils and the effect of laboratory-simulated normal cultivation,
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excessive cultivation, and puddling on breaking down the structure of

these treated soils.

The data suggest that for maintenance of structure, cultivation of

soils should be delayed until moisture is below field capacity.

As measured by wet sieving, excessive cultivation broke down the >

2 mm aggregates. With increased cultivation, the total aggregation

decreased.

The water stability of aggregates was directly related to increased

conditioner applications. Soils with VAMA-6 had a higher percentage of

water stable aggregates for all treatments than did soils with the

other two chemicals.

They concluded that the structure of the soils deteriorated under

excessive tillage, regardless of treatments.

Field experiments were conducted by Voorhees, and Lindstrom (1984),

on a Nicollet silt clay loam in Southwestern Minnesota to measure and

evaluate the direct effects of tillage method on soil tilth independent

of wheel-induced soil compaction. The degree of soil tilth was

evaluated by measuring bulk density, clod density, and aggregate size

distribution over a period of 9 years. Wheel-induced compaction

increased the density of the soil and the mean diameter of aggregates <

9 mm in diameter. More importantly, wheel traffic essentially

eliminated differences in tilth due to tillage method. When tilth

parameters were measured in the non-wheel tracked soil, tillage method

did have an effect on tilth, and this effect changed with time.

Initially, moldboard plowing produced a more porous soil in the 0 to 15

cm depth than did conservation tillage. This difference gradually

changed with time, and after 3 to 4 years, conservation tillage
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produced a higher porosity than did plowing. A similar effect was

measured in the 15 to 30 cm layer, but about 7 years of conservation

tillage were needed to produce a soil with porosity equal to that of

plowing. Continuous conservation tillage produced larger diameter

aggregates and more porous clods than did continuous moldboard plowing.

These changes in soil tilth with time illustrate the need for long-term

experiments.

A dryland tillage and cropping system study for winter wheat was

conducted on Pullman clay loam from 1941 to 1977. Oneway disk tillage

resulted in significantly fewer small dry aggregates than sweep tillage

in the wheat-fallow system, but had no significant effect in the

continuous wheat system. Organic matter concentration was lower for

oneway than for sweep tillage in both systems, while continuous wheat

resulted in higher organic matter concentration than wheat-fallow for

comparable tillage methods. Dry aggregate analysis indicated that the

soil did not contain enough coarse aggregates to control wind erosion,

indicating the need to maintain residues on the soil surface to aid

wind erosion control.

Four methods of wheat stubble management (burn and plow, plow, one-

way disk, and subsurface-till) in an alternate wheat-fallow system on a

chernozem soil were studied by Ramig, and Mazurak (1964), for 12 years.

Twelve years of subsurface-tilling or one-way disking substantially

increased the geometric mean diameter of water stable aggregates and

decreased the bulk density of the surface soil as compared with plowing

or burning and plowing.

Aggregate analysis of plots at Ft. Hays, Kansas (Olmstead, 1946)

show that all cropping systems which include continuous small grain,
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continuous row crops, and rotations including fallow show no

significant differences in water stable aggregation. However, all

plots show a loss of 80% of their initial aggregation in the surface-

tilled zone, since they were broken from sod about 1902, based upon the

present aggregation of virgin buffalo grass pasture.

In a similar experiment Elliot (1986), studied aggregate structure

and carbon, nitrogen, and phosphorous in native and cultivated soils.

He concluded that native sod soils were more stable than cultivated

soils when slaked. The decreased stability with cultivation is

paralleled by reductions of organic matter concentrations and increases

in microaggregates. Microaggregates have less organic C, N, and P and

lower specific nitrogen mineralization rates than macroaggregates.

Microaggregates have more N and again more P than C compared with

macroaggregates.

He also stated that the relative stability of macroaggregates from

virgin prairie soil is greater than those from soils cultivated for

only 14 years, as determined by comparing aggregate size distribution

from wet sieving vapor-wetted and air-dried soils. There was more

organic matter associated with macroaggregates, and it was more labile

than that associated with microaggregates.

These results suggest that the organic matter binding

microaggregates into macroaggregates is the primary source of nutrients

released when organic matter is lost on cultivation.

In agreement with the conclusions above, Tisdale, and Oades

(1980b), reported that longterm cropping decreased the length of roots,

hyphae, and soil organic matter and reduced macroaggregation, but

microaggregation was relatively unaffected. Macroaggregate organic
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matter content decreased with cultivation, and the proportion of small

aggregates increased (Tisdall, and Oades, 1980a).

However, Dexter et al. (1982), found that stubble management

(burning and incorporation) had only small and probably insignificant

effects on soil macrostructure compared to chemical weed control.

In a study of the effects of soil conditions on the structure

produced by a tillage implement Ojeniyi and Dexter (1979), demonstrated

that continuous cereal production results in the production of larger

aggregates and voids than when periods of pasture or fallow are

included in the rotation. This is attributed to the smaller soil

organic matter content under continuous cropping. The greater

frequency of tillage under fallow is also a contributing factor.

Tilths produced from pasture produce a finer structure than tilths

produced from fallow or cereals. This is attributed to the extensive

root systems of the pasture species.

They also stated that there is an optimum water content at which

tillage produces the maximum number of small aggregates and the minimum

number of large voids. This was equal to gravimetric water content of

around 0.9 of the soil's plastic limit.

Effects of Tillage on Soil Erosion:

Erodibility defines the resistance of the soil to both detachment

and transport. Although soil resistance to erosion depends in part on

topographic position, slop steepness and the amount of disturbance

(e.g. tillage), the properties of the soil are the most important

determinants. Erodibility varies with soil texture, aggregate

stability, shear strength, infiltration capacity and organic and
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chemical content.

Many attempts have been made to devise a simple index of

erodibility based either on the properties of the soil as determined in

the laboratory or the field, or on the response of the soil to rainfall

and wind. Bryan (1968), favors aggregate stability as the most

efficient index of soil erodibility. He pointed out that the

proportion of water-stable aggregates less than 0.5 mm is a good index

of erodibility. The greater the proportion of aggregates < 0.5 mm the

greater the erodibility of the soil.

Water-stable aggregate structure has been considered as a major

factor that influences water erosion of soil. The structural units,

once stabilized, have strong cohesive forces between particles within

the aggregates and are able to resist disintegration by the forces of

rainfall and runoff.

The formation, size, and stability of the soil aggregates are

influenced by various physical, chemical, and environmental conditions

of soil, which to a great extent are modified by the cropping

management.

Rai et al. (1954), investigated the primary effects and

interactions of aggregate size and stability, rainfall rate, soil

slope, and surface condition on soil erosion by water to obtain

quantitative laboratory data. They found that size of aggregates had

the greatest influence on the erosion of soil. As size was decreased

from 1 to 0.5 mm size, there was a slight increase in erosion but a

much greater increase occurred as size was decreased further.

Horner (1960), reported that crop rotations that include legume-

grass sod crops are more effective for runoff and erosion control, soil
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organic matter maintenance, and high wheat yields than the unfertilized

pea-wheat and fallow-wheat systems. Summer fallowing causes the

largest erosion losses and the rapid depletion of organic matter.

Large soil aggregates, commonly called clods, are a major factor

for controlling wind erosion of cultivated soils. Chepil (1958), found

that dry aggregates greater than 0.84 mm in diameter are generally

nonerodible by wind and the percent of those aggregates in the soil is

inversely related to the amount of wind erosion.

Overwinter, clods tend to break down to a size erodible by wind,

and the break down is accompanied by aggregation of the fine soil

particles to make the surface more erodible in the spring than in the

fall (Chepil, 1954).

Soil loss by wind erosion is greater in the spring due to higher

wind velocities, loss of protective crop residues by tillage and

decomposition, and overwinter changes in nonerodible soil aggregates.

A study was conducted by Armbrust et al. (1982), to determine the

effect of crop species and tillage on soil aggregation. They found

that winter wheat plots contained more nonerodible aggregates (> 0.84

mm), and the aggregates were more stable and more resistent to

overwinter breakdown than were aggregates from sorghum or soybean

plots.

A study of structure and erodibility was carried out by Chepil

(1953), on wind eroded and residual soil materials in a condition

usually existing in the field and after sampling, cultivating, and dry

sieving. In soils undisturbed by cultivation after rain, four distinct

phases of structure were found, all of which possess different degrees

of erodibility by wind. These phases are the primary aggregates
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(water-stable aggregates), the secondary aggregates (granules and

clods), the surface crust, and the consolidated soil material between

the secondary aggregates.

The mechanical stability , that is the resistance of a soil to

breakdown by mechanical forces such as cultivation or sieving, was

greatest for drift particles (sand grains and water-stable aggregates

mostly), less for the secondary aggregates.

The amount of dispersed fine silt was found to be a primary factor

influencing the formation of the surface crust and the consolidation of

the soil body after it was wetted and dried. A fraction of clay size,

being much less dispersible than silt, was found to be the primary

factor of secondary aggregate formation. Water-dispersible silt and

clay were responsible in large measure for the resistance of the soil

to erosion by wind. Although the amount of erosion was limited to some

degree by the presence of water-stable aggregates too large to be moved

by wind, it was found that cultivated dryland soils lack these

aggregates in sufficient amounts. The resistance of these soils to

wind action was found to depend primarily on their ability to form

secondary aggregates, or clods.
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MATERIAL AND METHODS

Duplicate experiments were established at the Sherman Experiment

Station at Moro, Oregon in 1981 and 1982 in order to monitor fallow and

crop plots in the same year.

The following procedures were used in 1986-1987 fallow and crop

plots:

Fallow Plots:

This trial had three tillage treatments; (1) conventional tillage

(moldboard plow was used for initial tillage in late March and followed

by secondary tillage with a sweep or rodweeder), (2) stubble-mulch

tillage (sweep plow was used for initial tillage and followed by a

secondary tillage with a sweep or rodweeder), and (3) no-tillage

(herbicides were used for weed control). The experimental design was

a randomized block with four replications. The soil is classified as

Walla Walla silt loam which is typical of the area. The chemical and

physical properties of the soil profile from the experimental site are

reported in Table 1. Climatic data were presented in Table 2 for the

Sherman Branch Experiment Station (Moro, OR) where the experiment was

located.

Soil samples were taken after harvest, on September 10, 1986

(beginning of the fallow period), March 23, 1987 (prior to primary

tillage operations), and September 8, 1987 (end of fallow period) from

a 120 cm profile divided into five increments (0-10, 10-30, 30-60, 60-

90, and 90-120 cm) for moisture determination. Soil moisture was

determined gravimetrically.
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Table 1. Typical soil test values for the Walla Walla silt loam
in the experiment site, Moro, OR, 1987.

Soil Depth (cm)

Soil Property 0-10 10-30 30-60 60-90 90-120

Bare Fallow:
Organic Matter (%) 1.10 1.10 1.05 0.77 0.28
Total Nitrogen (%) 0.06 0.06 0.05 0.05 0.04

NH4-N (ppm) 2.50 3.50 1.60 1.20 1.20

pH 6.60 6.50 7.20 8.50 8.60

P (PPm) 25.00 21.00 13.00 13.00 11.00

K (ppm) 452.00 429.00 327.60 230.00 241.80

Ca (meq/100 g) 6.30 6.40 8.40 21.80 8.50

Mg (meq/100 g) 2.60 2.90 3.70 5.70 4.90

C.E.C. (meq/100 g) 10.40 11.30 12.40 11.70 11.30

SO4 -S (ppm) 1.80 1.90 1.40 2.20 1.30

Sand (%) 30.10 28.40 27.90 27.90 30.10
, Silt (%) 53.80 55.30 57.80 59.10 59.10

Clay (%) 16.10 16.30 14.30 13.10 10.80

Stubble Mulch:
Organic Matter (%) 1.27 0.88 0.77 0.61 0.55

Total Nitrogen (%) 0.07 0.06 0.05 0.05 0.04

NH4-N (ppm) 2.10 1.60 1.20 1.20 1.20

pH 6.70 6.50 8.20 8.50 8.50

P (PPm) 22.00 17.00 11.00 11.00 10.00

K (ppm) 471.90 374.40 280.80 202.30 218.40
Ca (meq/100 g) 6.30 6.90 11.80 29.00 14.80

Mg (meq/100 g) 2.40 2.60 3.70 6.20 5.60

C.E.C. (meq/100 g) 10.40 11.50 12.20 11.30 11.30

SO4-S (ppm) 1.90 1.40 1.60 1.40 1.70

Sand (%) 31.30 30.10 27.90 26.40 30.40
Silt (%) 54.60 55.40 57.30 59.30 58.20

Clay (%) 14.10 14.50 14.80 14.40 11.40
No-Till:

Organic Matter (%) 1.16 1.05 1.10 0.83 0.61

Total Nitrogen (%) 0.07 0.06 0.06 0.05 0.04
NH4-N (ppm) 1.60 2.50 1.20 1.60 1.60

pH 6.20 6.40 6.90 8.40 8.60

P (PPm) 24.00 22.00 13.00 11.00 7.00

K (ppm) 468.00 386.00 315.00 237.00 214.00
Ca (meq/100 g) 5.90 6.10 7.90 11.50 34.10

Mg (meq/100 g) 2.40 2.60 3.50 4.00 6.20

C.E.C. (meq/100 g) 9.90 10.80 12.20 12.20 11.30

SO4-S (ppm) 1.80 2.60 1.60 3.20 6.00

Sand (%) 29.90 55.30 27.80 26.70 28.20

Silt (%) 57.10 55.30 57.80 59.20 60.10

Clay (%) 13.00 13.40 14.40 14.10 11.70
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Table 2. Monthly mean climatological data for the experimental
site, Moro, OR, 1986-1987.

Precipitation Temperature Wind

Month (mm) ( °C) (km/h)

July, 1986 13.72 17.33 9.98

August, 1986 1.78 22.28 8.05

September, 1986 38.61 13.17 6.86

October, 1986 11.43 10.94 4.22

November, 1986 38.86 4.83 7.43

December, 1986 19.81 -1.44 3.90

January, 1987 42.67 -1.17 4.14

February, 1987 27.94 3.06 5.94

March, 1987 39.11 5.89 7.24

Total 233.93
April, 1987 7.11 10.83 7.23

May, 1987 25.15 14.39 8.37

June, 1987 7.37 17.89 8.53

July, 1987 19.81 18.72 9.84

August, 1987 2.79 19.33 8.16

Total 62.23
G.Total 296.16
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Soil samples for nitrate-nitrogen determination were taken with

sampling tubes from the 120 cm profile in five increments on March 23,

1987, and September 8, 1987. Samples were air-dried immediately after

field sampling. Nitrate-nitrogen levels for each sample was determined

colorimetrically (Keeney and Nelson, 1984).

Soil samples for bulk density measurements were taken in the

beginning of the fallow (September 10, 1986) and before spring tillage

operations (March 23, 1987) from two depths (0-10 and 10-30 cm).

Aggregate analysis of the samples taken from two depths (0-10, 10-

30 cm) in March 23,1987 and September 8, 1987, were made by both dry

sieving and wet sieving methods. For the dry sieving method, a shaker

with five sieves, 8 inches in diameter, with openings of 4.75, 2.00,

1.00, 0.84, and 0.42 mm were arranged in descending order. It was

operated for 10 minutes to measure dry aggregate size distribution.

For each sample a 100 g air-dried soil sample was placed in the top

sieve. Remaining aggregates, in each sieve were weighed and expressed

as a percentage of initial weight. Wet aggregate stability of the 1-2

mm aggregates was determined according to a method described by Kemper,

and Rosenau (1986).

Organic matter content of the samples taken from two depths in

March 23, 1987 was determined according to the procedure described by

Nelson and Sommers (1984).

Wheat plots:

The trial was planted on October 2, 1986, to determine the response

of Stephens winter wheat (Triticum aestivum L.) to three different

tillage systems. Seeding rates of 60 seeds per meter was used with 30
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cm row spacing for bare fallow and stubble-mulch fallow, and 40 cm for

no-tillage. Anhydrous ammonia (82% N), was injected about one month

before seeding at the rate of 62 kg/ha nitrogen for the bare and

stubble-mulch fallow treatments. Solution-32 (32% N) was applied at

planting in the no-till treatment. Since adequate levels of

phosphorous and potassium were present in the soil, these elements were

not applied.

Grain was harvested from the center of each plot using a self-

propelled combine. The ends of the plots were trimmed in order to

eleminate the border effects. Grain yield calculated in kg/ha. 1000

kernel weight was determined by counting 500 seeds from each plot.

Spikes per m2 were calculated by counting the number of spikes in one

meter in two center rows. The number of kernels per spike was

determined by counting kernels of 20 spikes from each plot.
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Nitrate-Nitrogen Accumulation:

Soil Moisture:
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Distribution of the soil profile moisture of each tillage treatment

is graphically presented in Figure 1 and tabulated in Table 3.

In the beginning of the fallow, on September 10, 1986, there were

significant differences in soil water content among the tillage

treatments (Appendix Table 1). Bare fallow had the lowest water content

(65.94 mm) in the profile, while no-tillage had the highest water

content (81.49 mm). These differences can be attributed to the

different yields of wheat attained at harvest. Apparently the highest

yield of bare fallow caused the most water consumption, and consequently

resulted in lowest water content after harvest, and visa versa.

On March 23, 1987, moisture content of the three systems were

parallel to those in fall. There were significant differences among the

treatments. Prior to primary tillage operations, no-till showed the

highest water content (222.39 mm) in the profile, while stubble-mulch

and bare fallow produced similar results (201.06 and 200.38 mm,

respectively). The accumulated soil moisture was somewhat different.

While no-till had 142.14 mm total moisture accumulated, bare and

stubble-mulch had 134.44 and 128.59 mm, respectively. The no-till

treatment conserved 60.76% of the precipitation that occurred through

March, 1987. In bare and stubble-mulch fallow plots 57.47 and 54.96% of

the precipitation were conserved, respectively. The data suggest that

no-till was the most effective system in increasing infiltration of



A - Sept. 10, 1986

B - Sept. 8, 1987

C - March 23, 1987
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Figure 1. Soil moisture distribution in the profile for three

tillage treatments during 1986-87 fallow season.
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Table 3. Average moisture distribution in the soil profile for three
tillage systems in the 1986-87 fallow season.

Soil Depth
Sampling Date (cm)

Tillage Treatments

Bare Stubble

(mm)

NO-Till

September 10, 1986 0-10 2.47 2.54 2.57

10-30 8.91 10.32 10.02

30-60 16.43 18.89 19.87

60-90 20.07 19.60 23.23

90-120 18.07 21.15 25.81

Total 65.94b* 72.49b 81.49a

March 23, 1987 0-10 21.30 21.17 21.56

10-30 42.98 43.88 47.39

30-60 56.03 55.14 57.22

60-90 46.86 47.35 48.26

90-120 33.21 33.52 47.96

Total 200.38b 201.06b 222.39a

Precipitation (mm) 233.93

September 8, 1987 0-10 10.50 11.41 7.33

10-30 29.89 27.42 22.64

30-60 45.59 40.12 39.80

60-90 40.59 41.40 50.60

90-120 42.24 38.75 44.30

Total 168.80 159.10 164.67

Precipitation (mm) 62.23

* means in a row followed by the same letter for each treatment are
not significantly different at the 5% probability level.
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winter precipitation. Seeding zones, which are 10 cm wide and 10 cm

deep, may be responsible for this by reducing runoff.

However, at the end of the fallow, September 8, 1987, there were no

significant differences among the treatments. During spring and summer

months tillage plots were subject to evaporation. Bare fallow plots

lost 15.76% of moisture compare to spring level. Stubble-mulch and no-

till plots lost 20.87 and 25.96% of moisture, respectively. In this

case, bare fallow appears to be the most efficient method in decreasing

evaporative soil moisture loss.

Distribution of the soil moisture in each treatment shows a

different pattern. In spring, the soil moisture for each tillage showed

about similar distribution. But, in the fall, in bare and stubble mulch

fallow plots 24% of the soil moisture accumulated in the 0-30 cm depth,

and 76% of the soil moisture accumulated in the 30-120 cm depth, while

in no-till plots 18% of the total moisture accumulated in 0-10 cm, and

82% of it accumulated in 30-120 cm. That is, the upper soil profile in

no-till plots were subject to more evaporative moisture loss.

Nitrate Accumulation:

The soil nitrate-nitrogen distribution in the soil profile for each

tillage treatment are shown in Table 4 and Figure 2.

On March 23, 1987, prior to primary tillage operations, there were

no significant differences among the treatments (Appendix Table 2). At

the end of the fallow tillage operations, on September 8, 1987, bare

fallow plots had 43.84 kg/ha nitrate with 168.80 mm soil moisture. In

bare fallow plots, the 0-10 cm soil depth appeared to be a zone of
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Table 4. NO3-N distribution in the soil profile as influenced by three
tillage treatments during the 1986-87 fallow season.

Bare Stubble No-Till

Soil Depth
Sampling Date (cm) ppm kg/ha ppm kg/ha ppm kg/ha

March 23, 1987 0-10 0.25 0.26 0.23 0.24 0.23 0.24
10-30 0.25 0.56 0.23 0.50 0.45 1.01

30-60 0.43 1.39 0.25 0.82 0.38 1.23

60-90 2.48 7.65 1.70 5.25 1.65 5.10
90-120 1.13 3.48 0.65 2.01 1.05 3.24

Total 13.34 8.82 10.81
Precipitation (mm) 233.93

September 8, 1987 0-10 11.78 12.36 10.88 11.42 6.18 6.48
10-30 3.44 7.71 2.80 6.27 3.15 7.06
30-60 2.78 9.09 3.03 9.89 2.80 9.16
60-90 2.37 7.32 2.78 8.57 2.90 8.96
90-120 2.38 7.35 2.93 9.04 2.80 8.65

total 43.84 45.20 40.31

Precipitation (mm) 62.23
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nitrate accumulation of 12.36 kg/ha. Stubble-mulch and no-till plots

had the same accumulation zone having 45.20 and 40.31 kg/ha nitrate,

respectively, with an average soil moisture of 159.10 and 164.67 mm,

respectively. The increase of nitrate in the top of the profile can be

accounted for by the nitrification of NH4+-N released from organic

matter and/or upward movement of nitrate-N through evaporation of

moisture. However, no significant difference was observed among tillage

treatments.

The data suggested that the increase in the soil moisture and

temperature during fallow increased nitrification in three tillage

plots.

Soil Structure:

It is generally recognized that soil having a well developed

water- stable structure is much more resistant to water erosion than

that with a poorly developed water-stable structure. The determining

factor of resistance of soil to wind erosion, on the other hand, is the

size of dry aggregates large enough not to be moved by the wind. Many

soils that have a well developed water-stable structure are extremely

erodible by wind because the size of the aggregates is too small to

resist to wind. As the percentage of dry aggregates greater than 0.84

mm in diameter increase resistance to wind erosion increases regardless

of whether these aggregates are stable in water or not (Chepil, 1953).

Dry aggregate size distribution and water stability of the samples

as influenced by three tillage treatments are shown in Table 5, 6, and

Figure 3, 4 and 5 for two sampling time and two soil depths.

The results of this investigation demonstrated that soil structure
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Table 5. Effects of tillage systems on aggregate size distribution and
water stability during the 1986-87 fallow period.

Soil Aggregate
Depth Size

Sampling Date (cm) (mm)

Tillage Systems

Bare Stubble No-Till

( % )

March 23, 1987

Sep. 8, 1987

March 23, 1987

Sep. 8, 1987

Dry Aggregate Size Distribution:

0-10 > 4.75
2.00-4.75
1.00-2.00
0.84-1.00
0.42-0.84
< 0.42

10-30 > 4.75
2.00-4.75
1.00-2.00
0.84-1.00
0.42-0.84
< 0.42

0-10 > 4.75
2.00-4.75
1.00-2.00
0.84-1.00
0.42-0.84
< 0.42

10-30 > 4.75
2.00-4.75
1.00-2.00
0.84-1.00
0.42-0.84
< 0.42

0-10

10-30

0-10

10-30

2.58 2.11 2.10
4.41 6.04 3.01

6.80 10.74 6.12
2.29 2.76 2.58

15.96 15.54 16.37

67.96 62.81 69.82

6.78 6.18 4.23

10.45 8.39 9.38
11.23 11.55 11.94

2.66 2.86 3.23

15.62 15.86 16.10
53.25 55.20 55.13

3.72 1.50 1.50

2.97 1.65 0.68

3.24 2.43 2.74

1.17 1.05 1.47

9.16 9.45 13.48

79.75 83.93 81.12

3.31 1.50 1.50

3.38 2.88 3.25
3.64 3.30 4.51

1.28 1.20 1.64

9.80 8.49 10.98
78.61 81.07 76.50

Water Stability:

66.56a* 66.06a 57.88b

72.00 65.25 69.25

73.70a 60.18b 59.93b

66.88 54.03 51.10

* means in a row followed by the same letter for each treatment are not
significant at 5% probability level.
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Table 6. Effects of three tillage systems on aggregates in the
2-4.75 mm range and > 0.84 mm during the 1986-87 fallow
season.

Sampling Date
Soil Depth

Tillage Systems

(cm) Bare Stubble No-Till

(%)

March 23, 1987

Sep. 8, 1987

March 23, 1987

Sep. 8, 1987

Aggregates 2-4.75 mm:

0-10 4.41b* 6.04a 3.01b

10-30 10.45 8.39 9.38

0-10 2.97a 1.65b 0.68c

10-30 3.37 2.87 3.24

Aggregates > 0.84 mm:

0-10 16.08b 21.65a 13.81b

10-30 31.13 28.98 28.77

0-10 11.19a 6.62b 5.15b

10-30 11.57 10.64 12.58

* means in a row followed by the same letter for each treatment
are not significant at 5% probability level.
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is not a static quality, but is subject to fluctuation. Aggregation

(the amount of dry aggregates) decreased from March 23, 1987 to

September 8, 1987 regardless of tillage treatment. Aggregation in the

0-10 cm range was lower than that at the 10-30 cm.

At the beginning of the fallow, on March 23, 1987, the stubble-

mulch treatment had the highest percentage of aggregates (6.04%) in the

range of 2-4.75 mm, and bare fallow and no-till had 4.41 and 3.01% which

were not statistically different (Appendix Table 3). The tillage

treatments were in the same manner for the percentage of aggregates >

0.84 mm. But in September 8, 1987, Bare fallow, stubble-mulch and no-

till had 2.97, 1.65, and 0.68% aggregation, respectively, which were

significantly different (Appendix Table 4). The differences between

March and September show the temporary effect of tillage treatments and

soil moisture.

Aggregation varied markedly in the different layers of surface soil

under the different tillage treatments. Aggregation in the 10-30 cm

soil layer was more than that from 10-30 cm regardless of treatments.

The 0-10 cm soil layer in each tillage treatment is subject to more

cultivation than the 10-30 cm zone. This difference may lead to

different aggregation in the two soil depths. The difference between

the soil depths shows the destructive effect of cultivation on the soil

aggregation.

The bare fallow and stubble-mulch fallow soil is cultivated in

spring and summer, but in no-till soil is disturbed just in seeding.

However, the rotating tines of the strip-till seeder may have adversely

affected the aggregation of the soil in the seed-row strip.

The effect of tillage treatments on the aggregate size distribution
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of the 10-30 cm soil was not significant. This soil layer was not

disturbed enough to effect aggregation.

Water stability of the 0-10 cm soil layer was significantly

affected by tillage treatments (Table 5 and Appendix Table 5). On March

23, 1987, water stability of bare fallow and stubble-mulch fallow were

66.56 and 66.06%, respectively, and were not different. But water

stability of the no-till plots was 57.88% and was significantly lower

than the other two tillage systems. However, on September 8, 1987,

water stability for bare fallow plots was 73.70% that was significantly

higher than the stubble-mulch and no-till which were not significantly

different.

In summary, at the end of the fallow, tillage treatments affected

dry aggregate size distribution and water stability of the 0-10 cm soil

profile but not the 10-30 cm zone. Bare fallow was superiority to the

other two tillage treatments. Bulk density and organic matter values

for the tillage systems are shown in Table 7. There were not

significant differences among the treatments in terms of bulk density

and organic matter (Appendix Table 6). Although there is more organic

matter in the 0-10 cm zone than in the 10-30 cm layer, aggregate

stability is less than that in the 10-30 cm profile.

Wheat Yield:

Soil moisture distribution in the soil profile, at seeding and at

harvest are shown in Table 8. There is no significant difference among

the tillage treatments for total soil profile moisture for two sampling

times (Appendix Table 7).

Effects of tillage treatments on wheat grain yield and yield
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Table 7. Effects of three tillage systems on soil bulk density and
organic matter content during fallow.

Soil Depth

Tillage Systems

Sampling Date (cm) Bare Stubble No-Till

Bulk Density (g/cm3):

March 23, 1987 0-10 1.08 1.14

10-30 1.12 1.11

Organic Matter (%)

March 23, 1987 0-10 1.31 1.43
10-30 1.23 1.27

1.03
1.14

1.42

1.31

Table 8. Soil Moisture distribution by depth for three tillage
treatments before seeding and after harvest in 1986-87.

Tillage Systems
Soil

Depth Bare Stubble No-Till

Sampling Date (cm) (mm)

Sept. 10, 1986

July 14, 1987

0-10 7.55 9.52 4.03

10-30 18.45 30.81 21.02

30-60 43.58 48.76 42.00
60-90 47.76 48.75 40.01

90-120 44.45 52.42 40.66

Total 161.79 190.26 147.71

0-10 2.46 2.90 3.52

10-30 12.75 12.20 11.95

30-60 20.53 21.05 21.48

60-90 18.13 18.83 20.41

90-120 18.11 19.33 18.98

Total 71.97 74.30 76.33



54

components are shown in Table 9. Tillage treatments significantly

affected grain yield (Appendix Table 8). Bare fallow and stubble-mulch

plots with 4406.63 and 3907.65 kg/ha, respectively, were significantly

higher in yield than no-till with 2869.40 kg/ha.

The only yield component affected by the tillage treatments, was

spikes per square meter. Bare fallow, stubble-mulch and no-till had

475, 415.75 and 360.25 spikes/m2, respectively.

The data shows that lower numbers of spikes per square meter were

associated with lower yields. Consequently this yield component

determined the final yield.

Table 9. Effects of tillage treatments on yield and yield components of
winter wheat in 1987.

Yield Number of Number of 1000 Kernel

Tillage Treatments (kg/ha) spikes/m4 kernels/spike Weight (g)

Bare Fallow 4407a* 475a** 34 40

Stubble-Mulch 3908a 416b 32 40

No-Till 2869b 360c 34 41

* means in a column followed by the same letter for each treatment are
not significantly different at 5% probability level.

** means in a column followed by the same letter for each treatment are
not significantly different at 1% probability level.
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SUMMARY AND CONCLUSIONS

The objectives of this study were to determine the effects of

different tillage systems on nitrate-nitrogen accumulation in the 0-120

cm soil profile and structural changes during the fallow period.

Fallow tillage treatments including bare fallow, stubble-mulch, and

no-till systems were established in trial plots.

Data were obtained from the 0-120 cm soil profile for soil

moisture, nitrate-nitrogen, and, from the 0-30 cm soil layer, for

aggregate analysis.

In the beginning of the fallow, on September 10, 1986, there were

significant differences among the tillage treatments for total soil

moisture in the 0-120 cm profile. No-till plots had more soil moisture

than bare and stubble-mulch fallow plots. This differences may be the

result of different wheat crop water consumption in the previous year.

The data for March 23, 1987 , prior to tillage operation, were parallel

to those in the first sampling date. No-till had significantly more

soil water in the soil profile than the bare fallow and stubble-mulch

system. But during dry fallow period the differences among the

treatments diminished and finally at the end of the fallow the

differences were not statistically significant. No-till plots lost more

soil moisture from the upper soil layer than bare and stubble-mulch

plots due to capillary continuity of the no-till plots compared to

tilled upper soil layer in the bare and stubble-mulch tillage plots.

Although the effects of tillage treatments on nitrate-nitrogen

accumulation in the 120 cm soil profile were not significant at the end

of the fallow, the amount of nitrate accumulated was several times more
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than initial level of the treatments. The 0-10 cm soil layer appeared

to be nitrate accumulation zone for the tillage systems.

Dry aggregate size distribution of the 0-10 cm differed

significantly for the tillage treatments in the beginning and at the end

of the tillage operations. Aggregates greater than 0.84 mm in diameter

were more in stubble-mulch tillage than bare and no-till fallow

treatments, but stubble-mulch and no-till were not different. However,

at the end of the fallow tillage operations, bare fallow had more

aggregate greater than 0.84 mm the stubble-mulch and no-till and the

latter two treatments were not different. The amount of aggregates in

the 10-30 cm layer did not differ significantly for the treatments,

because this layer did not disturbed as much as the 0-10 cm.

The number of the aggregates in the 2-4.75 mm range in the 0-10 cm

soil layer differed significantly for each treatments in the beginning

and at the end of the fallow tillage treatments. In spring prior to

tillage operations no-till had less amount of aggregates than bare and

stubble-mulch tillage while bare and stubble-mulch were not different.

At the end of the fallow tillage treatments bare fallow had more

aggregates than the other two tillages and no-till had the fewest

aggregates. The aggregation in the 10-30 cm layer was not significantly

different for the tillage systems.

Water stability was affected significantly for each sampling dates

by the tillage systems in the 0-10 cm, but not in the 10-30 cm zone. In

March, no-tillage had less stability than the others which were not

different. But in September, after tillage treatments, bare fallow had

more stability than the others which were not differed.

At the end of the fallow tillage operation, generally bare fallow
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was superior to the other two systems which were not different in the 0-

10 cm soil layer in terms of water stability and dry aggregates greater

than 0.84 mm. These two soil properties are a very important index of

erodibility.

Under the bare fallow system, soil is inverted by moldboard plow

and it is subject to secondary tillage operations. Therefore, different

soil layers are subject to secondary tillage operations during the

summer. The 0-10 cm soil is disturbed every other fallow cycle.

However, in the stubble-mulch system, the 0-10 cm soil is disturbed

every fallow cycle. Consequently, in stubble-mulch tillage soil

aggregates are less stable and dry aggregates are fewer than bare fallow

treatment. In the no-till system, a 10 cm deep and 10 cm wide soil

strip is tilled during seeding. This tillage operation pulverizes the

soil and breaks down the aggregates so that no-till has less aggregate

stability and dry aggregates than bare fallow.

There were significant differences in grain yield among the tillage

treatments in the 1986-87 crop season. The bare and stubble-mulch

fallow treatments had more grain yield than no-till. The lower number

of spikes per square meter may account for the lower yields in no-till

treatment.
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APPENDICES

Appendix Table 1. Mean squares for the soil moisture in the 120 cm
profile in 1986-87 fallow season.

S. V. df

Sampling Time

Sept. 10, 1986 March 23, 1987 Sept. 8, 1987

Replication 3 9.289 666.770** 1875.813

Tillage 2 243.877** 626.588** 94.823

Error 6 16.967 58.195 319.575 **

** Significant differences at 1% level.

Appendix Table 2. Mean squares for the soil nitrate-N in the 120 cm
profile in 1986-87 fallow season.

Sampling Time

S. V. df March 23, 1987 Sept. 8, 1987

Replication 3 9.174 386.311
Tillage 2 20.502 ns 25.475 ns
Error 6 5.120 110.422

ns means not significant at 5% level.

Appendix Table 3. Mean squares for the aggregates in the 2-4.75 mm
range in the 0-10 cm and the 10-30 cm soil for 1986-
87 fallow season.

March 23, 1987 Sept. 8, 1987

S. V. df 0-10 cm 10-30 cm 0-10 cm 10-30 cm

Replication 3 1.668 5.226 0.737** 1.474

Tillage 2 9.214** 4.246 5,261** 0.270

Error 6 0.736 2.472 0.088 0.469

** Significant differences at 1% level.
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Appendix Table 4. Mean squares for the aggregates greater than 0.84 mm
in the 0-10 cm and the 10-30 cm soil for 1986-87
fallow season.

March 23, 1987 Sept. 8, 1987

S. V. df 0-10 cm 10-30 cm 0-10 cm 10-30 cm

Replication 3 11.533* 24.288 17.851** 23.327
Tillage 2 65.230** 6.801 38.274** 3.756
Error 6 1.730 10.414 2.138 6.048

* Significant differences at 5% level.
** Significant differences at 1% level.

Appendix Table 5. Mean squares for the water stability of the
aggregates in the 0-10 cm and the 10-30 cm soil in
1986-87 fallow season.

March 23, 1987 Sept. 8, 1987

S.V. df 0-10 cm 10-30 cm 0-10 cm 10-30 cm

Replication 3 12.097* 5.015 127.042* 30.122
Tillage 2 95.172** 91.010 248.493** 281.686
Error 6 3.582 20.672 28.498 93.191

* Significant differences at 5% level.
** Significant differences at 1% level.

Appendix Table 6. Mean squares for the bulk density and organic matter
in the 0-10 cm and the 10-30 cm soil in 1986-87
fallow season.

Bulk Density Organic Matter

S. V. df 0-10 cm 10-30 cm 0-10 cm 10-30 cm

Replication 3 0.001 0.004 0.075* 0.080**

Tillage 2 0.003 0.001 0.018 0.006

Error 6 0.008 0.006 0.016 0.008

* Significant at 5% level.
** Significant at 1% level.
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Appendix Table 7. Mean squares for the soil moisture in the 120 cm
profile in the beginning and end of the 1986-87 crop

season.

Sampling Time

S. V. df Sept. 10, 1986 July, 14 1987

Replication 3 460.752 12.253

Tillage 2 1879.904 ns 19.040ns

Error 6 750.319 11.239

ns: Not significant

Appendix Table 8. Mean squares for the wheat yield and yield

components.

S. V. df Wheat Yield Spike/m2 Kernel/spike 1000 Kernel

Replication 3 810746.153* 5416.00* 8.972 181.00

Tillage 2 2460000.019** 13172.25** 3.000 0.25

Error 6 108576.265 1022.25 9.556 19.25

* Significant differences at 5% level.
** Significant differences at 1% level.


