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EXECUTIVE SUMMARY

A dramatic increase in the land area utilized for corn and bean production in Ontario

has occurred since 1960. The move towards row crops has been accompanied by increasing

reliance on off-farm inputs. Increasing emphasis on row crop production has also resulted in

detrimental changes in the physical properties of some soils. New cropping systems are

required which will maintain or improve soil structure, reduce nitrogen fertilizer use and

increase profitability in row crop production.

This study has focused on the use of forages (particularly legumes) and  a reduction

in tillage as possible ways to improve soil structure and  reduce nitrogen use. Four aspects

have been investigated: (a) assessment of cropping systems for soybeans utilizing different

tillage and  combinations of preceding crops, (b) refinement of management practices for the

use of red clover as a companion crop underseeded in corn or cereals, (c) evaluation of

different forage species as cover crops and  (d) development of the capability to predict the

response of a range of different soils when forages are used to improve soil structure.

Crop Rotation and Tillage Effects on Soybean Production

A series of 2-year field experiments were conducted from 1988 to 1991 evaluating the

effect of cropping history and tillage practice on soil structure, potential for soil erosion, and

soybean productivity. The field trials were located on a Fox sandy loam in Waterloo county

near Ayr, Guelph silt loam in Oxford county near Woodstock, and  a Brookston clay loam in

Essex county near Comber. The preceding year cropping treatments were: 1) Corn, 2)

Wheat, 3) Wheat underseeded with red clover, 4) Soybeans, and  5) Fall rye cover crop

established following soybeans. The tillage systems evaluated were: 1) Zero-till, 2) Spring

tandem disc, and 3) Fall moldboard plow. On the silt loam and  clay loam soils a field

cultivator was used following tandem discing to improve seedbed conditions. In the zero-till

treatments, fall rye and  red clover were chemically killed by spraying at least two weeks prior

to soybean planting.

Soils tended to be the most structurally stable following either wheat or wheat that was

underseeded with red clover and  the least stable following soybeans. Structural stability was

not improved by the inclusion of fall rye after soybeans. Seedbeds in the spring following
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soybeans also were associated with higher proportions of fine aggregates than were

observed following other previous crop treatments, particularly with the  zero-till system.

The potential for soil erosion was lower in the  zero-till than in the  fall moldboard plow

tillage system. The extent by which soil erosion was reduced by zero-tillage following the

various preceding crops was proportional to residue cover differences among the tillage

systems. In fact, the relatively small residue cover differences between zero-till and  fall

plowing following soybeans alone were associated with similar soil erosion losses.

Occasionally, there was evidence that increasing soil structural stability also decreased the

potential for soil erosion.

On all three soil types, zero-till planting soybeans following wheat that was

underseeded with red clover was associated with seed yield reductions of at least 15% when

compared to fall moldboard plowing. Similar yield reductions were associated with zero-till

planting into wheat residues on the silt loam and  clay loam soils and into corn residues on

the  silt loam soil. Whenever soybean seed yield response to tillage was significant, yields

following spring tandem discing were usually intermediate to fall moldboard plow and  zero-till

yields. When soybeans or fall rye were the preceding crop(s), seed yields among the tillage

systems tended to be similar. Inferior soybean seed yields in the  tandem disc and  zero-till

tillage systems were usually associated with a greater incidence of insect damage from slugs

and/or seed corn maggot in 1990 and  disease damage from rhizoctonia root rot in 1991.

There was no evidence that rotating soybeans with a crop other than itself would result

in higher yields within the  time frame of this study. Actually, when soybeans were planted

without tillage, seed yields were often reduced when soybeans followed crops other than

soybeans.

These trials demonstrated the  ability of a zero-till system, provided that residue cover

was significantly increased, to minimize the  potential for soil erosion. However, zero-till

planting following crops that left relatively high amounts of residue cover (ie. wheat, wheat

underseeded with red clover, and  corn) often resulted in significant soybean yield reductions

when compared to fall moldboard plowing. Soybean yield reductions with zero tillage following

high residue producing crops appear to be caused by pests rather than by inferior soil

physical properties.

Nevertheless, zero tillage is still recommended for soybean production on sandy loam

soil following all crops except winter wheat plus red clover. Furthermore, zero tillage is also
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recommended following soybeans on loams or clay loams. The option of spring cultivation

only (without any primary tillage) appears to be feasible on loams and  sandy loams which

are well-drained following all crops tested but wheat and  red clover. Conservation tillage  on

clay loams could involve fall primary tillage (eg. chisel plowing or offset discing) since spring

cultivation alone often resulted in yields which were lower than both moldboard plowing and

zero tillage.

Underseeding with Red Clover

Red clover was underseeded in corn and wheat and  subsequently the  red clover was

managed as a plow down crop or maintained for an additional year for red clover hay or seed

production. The plow down crop was managed under three different primary tillage systems:

fall plowing, spring plowing, and  zero tillage where the red clover stand was killed by

chemical burn down in the spring. The treatments were located on a Fox sandy loam, in

Waterloo County (Ayr) and Conestogo silt loam in Wellington County (Elora Research

Station). Corn was planted on all treatments after the red clover was plowed down and

different nitrogen rates applied in order to determine the contribution of the red clover to the

nitrogen requirement of the succeeding corn.

Successful establishment of red clover using wheat or corn as the  companion crop

was achieved at both sites. A significant response to nitrogen was measured at both sites;

the magnitude of the response was greater on the sandy loam soil at Ayr than on the  silt

loam soil at the Elora Research Station.

The optimum economic yield at Ayr was higher with both spring plowing and with

chemical burn down than with fall plowing. Zero tillage with chemical burn down was the

superior method of primary tillage. Chemical burn down of the red clover provided a 9.7%

increase in the optimum economic yield. When combined with the obvious soil erosion control

benefits, it becomes the preferred tillage system on sandy soils. Improved moisture

relationships during the growing season on the  undisturbed sandy loam soil is considered

the  cause of the yield superiority of the chemical burn down system.

At Elora, however, chemical burn down failed to show an advantage over other primary

tillage methods. Red clover established under wheat and  managed as hay consistently

produced 10 tonne/ha of grain, regardless of the tillage system. Grain yields averaged 3.4%

higher after red clover than with continuous corn.
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Managing the  red clover, established under either companion crop, as a hay - seed

crop eliminated the  requirement for additional nitrogen by the  following corn crop at both

sites. An exception was a requirement for 50 kg N/ha at the Elora site where chemical burn

down was employed to kill the red clover stand established under wheat.

Managing the red clover established with wheat as a plow down crop reduced the

nitrogen requirement to zero at Elora. At Ayr, however, a nitrogen requirement was measured,

the magnitude of the requirement increasing from fall to spring plowing, to chemical burn

down of the red clover.

Managing the  red clover established with a corn companion crop as a plow down crop

at Ayr resulted in a nitrogen requirement which increased as the  primary tillage system was

changed from fall to spring, to chemical burn down of the  red clover. The nitrogen

requirement was reduced by 24, 18 and 7% from that of continuous corn where the  red

clover was fall plowed, spring plowed and  chemically removed, respectively. At Elora only

fall plowing of the red clover resulted in a reduction of 18% from the requirement of

continuous corn.

The saving in fertilizer nitrogen, therefore, appears to be a function of the  degree of

development of the red clover. The greatest saving occurred where one full year of red clover

growth occurred or where the red clover was allowed to develop after the  harvest of a cereal

in July - August. The minimal growth obtained after establishment in corn  and  plowed that

fall or the next spring provided a highly unreliable amount of nitrogen.

The use of red clover underseeding was reflected in the nitrate soil test where the

nitrate level rose to 3.0 times and  2.5 times that found under continuous corn at Ayr and

Elora, respectively. The nitrogen soil test, however, was three to four fold higher at Elora than

at Ayr. The nitrogen soil test was highest where the red clover was managed as hay at both

sites. Furthermore, chemical burn down as the  primary tillage system resulted in a lower test

at both sites.

Assuming that the nitrogen rate calculated for the optimum economic yield from the

field data is the best estimate of the  nitrogen requirement, a comparison can be made with

the  requirement predicted by the soil test. Whereas the soil test successfully predicted the

nitrogen requirement for continuous corn at both sites, the soil test failed to predict the

correct requirement where red clover was produced.
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The failure of the soil test to successfully predict the nitrogen requirement where

legume hay or plow down established under cereals is the previous crop suggest an

improvement may be gained where nitrogen credits are applied against the  soil test

recommendation where legumes are concerned on light textured soils. These credits may be

125 to 150 kg N/ha where the  legume was managed as a hay crop established under wheat

or corn and  50 kg N/ha where the  red clover was established under a cereal and  managed

as a plow down crop. Such a system of credits is currently applied in general nitrogen

recommendation for corn production.

Since the deviations were minor on the silt loam soil at Elora, with the  exception of the

chemical burn down treatment, no system of credits would be applied to soils of this texture

or finer.

It is recommended that the data from this study be combined with data from other

studies to devise a system of credits for the correction of the  nitrogen soil test for corn.

The role of time of killing the red clover and  tillage was also assessed at both the  Ayr

and Elora sites in order to determine the influence on soil structural stability, soil erosion

potential and  the growth and  yield of the succeeding corn crop.

Soil structural stability was very little affected by the  management of red clover when

zero tillage was employed for the  corn which followed. Neither the  timing of red clover kill

nor the method of planting (underseeded vs. direct seeded) had much influence on soil

structural stability. The results probably illustrate that various crop rotation effects on

structural stability are more difficult to detect when they are all compared within a zero tillage

system and  when the rotation exists for a very short period. Differences may be more evident

under systems which employ some form of tillage and  when studies extend over a longer

time period.

Including red clover as a cover crop after wheat can reduce surface water run-off and

soil loss during an intense rainfall event, when compared to wheat alone, even in a zero-till

tillage system. There also appears to be a benefit to killing red clover in May compared to the

fall, in terms of reducing erosion and surface water run-off. These factors are both due

primarily to greater surface residue cover and  not enhanced soil aggregate stability.

Red clover management had minimal effect on zero-till corn growth and  yield. The

May 10th kill date resulted in delayed corn growth (relative to earlier kill dates) in some cases,

but did not result in lower yields. Corn following underseeded red clover tended to be delayed
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in growth compared to corn following direct seeded red clover and, in 1990, grain yields were

11% higher with the direct seeded red clover treatment. In some situations the  presence of

wheat residue might have an inhibitory effect on corn growth sufficient to warrant some form

of conservation tillage other than a strict zero tillage system.

Grain yields also tended to be higher when corn followed a treatment which included

red clover compared to winter wheat alone. Future work in this area should deal with the

effect of various management strategies on the  amount and  timing of nitrogen released by

the  red clover for subsequent crops.

Evaluation of Forage Species

Field experiments were conducted in the  years 1989, 1990, and  1991 on a sandy

loam soil at Ayr and  a silt loam soil at Lucan to evaluate the  effect of various forage species

(annual ryegrass, perennial ryegrass, red clover and a no forage control) and  cropping

systems (direct seeded, oats as main crop and, winter wheat as main crop) on soil structural

stability, the potential for soil erosion and corn productivity. Wet aggregate stability

measurements (principally Yoder method) and rainfall simulations were employed to

determine structural stability and  erosion potential, respectively. Forages and/or small grains

were grown in the  first year of each cycle and then corn was planted on all plots in the

succeeding year.

Results from this work indicate that the  main cropping system had virtually no effect

on aggregate stability. That is, dedicating a year to the  strict production of forages had no

greater effect on aggregate stability than when these same forage species were included in

a small grain cropping system.

The addition of forage species contributed, consistently and  significantly, to aggregate

stability on the coarse textured (sandy loam) soil only when compared to the  bare ground

treatment and not when winter wheat and/or spring oats were present. These differences in

stability persisted throughout the  following corn production year.

On the medium textured (silt loam) soil, forages generally resulted in enhanced

aggregate stability by the end of the establishment year compared to treatments without

forages within all three cropping systems. Over the course of the  succeeding year these

differences tended to persist, with aggregate stabilities resulting from ryegrass species
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remaining consistently higher than those resulting from either red clover or the  no forage

treatment.

The lowest amounts of soil loss from rainfall simulation studies at both sites occurred

following direct seeded ryegrass. However, underseeding ryegrass into wheat did not

significantly reduce the  potential for soil erosion or surface water run-off when compared to

wheat alone. On the  silt loam site there was evidence that underseeded red clover may

reduce the potential for soil loss and  surface water run-off when compared to wheat alone.

Whenever soil loss was reduced by the  presence of a forage crop in the  preceding

year, it was often associated with higher surface residue cover. On the  silt loam site greater

water stability of soil aggregates following forage crops also reduced the  potential for surface

water run-off and  soil erosion.

The various forage species, main crops, and  levels of aggregate stability present

within this study generally had no effect on subsequent grain corn yields on either soil type.

Failure to observe any effect on yield may be due to the  very limited duration of the  study

and  the subsequent small change in aggregate stability.

Prediction of response of different soils to use of forages to improve soil structure

The response of the  structural stability of different soils to the  introduction of forages

was assessed on seven sites in southern Ontario. The sites exhibited a range in soil texture

(clay contents ranged from 6 to 34%), organic matter content (2.2 to 3.8%) and  pH (5.77 to

7.33). Prior to initiation of this experiment, the  sites were under conventionally tilled corn or

soybean production for at least 10 years.

The cropping treatments were established in May, 1989. The maximum change in

structural stability was sought and  therefore continuous corn using conventional tillage was

compared to stands of forages maintained from May 1989 to Sept. 1991. Forage species

which were included in the  study were alfalfa, alfalfa/bromegrass mixture and  red clover

although all species were not included on all sites. The forage treatments were direct seeded

using conventional tillage practices.

Wet aggregate stability (using the Pojasok method) WAS, and  dispersible clay, DC,

measurements were made on field moist samples collected at monthly materials during 1989,
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1990 and  1991 growing season.

A progressive improvement in WAS and  stabilized clay (total clay minus dispersible

clay), SC, was exhibited on the  forage treatments of all seven soils but the  magnitude of the

change varied considerably between soils. The change in the  stability was defined in terms

of the maximum potential improvement in stability, and the  time required to achieve half the

maximum potential improvement. Both the  maximum potential change and the  time required

to achieve half the  maximum change varied considerably between soils. For instance the

time required to increase the  amount of stabilized clay to half of the  potential maximum was

estimated to vary from 3.55 year for the  soil with the  highest clay content to 9.12 year for the

soil with the lowest clay content (these estimates represented projections based on data

collected over the  three years of the  study). The clay began stabilizing shortly after the

introduction of the  forages. Wet aggregate stability did not, however, exhibit measurable

changes or stability until late in the first year or early in the  second year of forage production.

These observations are consistent with observations reported above.

Relationships between inherent soil properties and  parameters describing the  rate

of change in stability were established. These relationships were then used to predict the

rates of change in WAS and  SC on soils with different texture, organic matter content and

soil pH. The analyses showed that the increase in WAS or SC over time, subsequent to the

introduction of forages, will increase with clay content. The gain in stability on any texture

increases slightly with increases in organic matter content and  soil pH. These relations imply

that structural stability can be improved fastest using forages on those soils which are already

most stable.

The gains in stability due to the introduction of forages can be quickly lost when

cultivation practices including plowing and  secondary tillage are reintroduced. Preliminary

data from a Conestogo silt loam suggest that, whereas 5 to 6 years may be required to

achieve half the maximum gain in stability when forages are grown as a hay crop, the

subsequent planting of corn using conventional tillage results in a decline in stability with a

half life of less than a year. Although similar data are needed for soils of other textures, the

data indicate that the gains in structural stability due to forages are somewhat transient. The

gains will only persist if forages are included in cropping systems at every possible

opportunity and  if tillage  is reduced or eliminated.
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Overview

The study illustrated that the  use of forages and a reduction in tillage  could lead to

significant reductions in soil erosion, improvements in soil structural stability and, in the  case

of a legume forage such as red clover, could reduce the nitrogen requirements of the

following corn crop. The extent of reduction in erosion, improvement in structural stability and

the  decrease in nitrogen requirement varied with soil properties, particularly soil texture, and

the  way the  red clover was managed. The impact of red clover and  tillage practices on

erosion, soil structure and  nitrogen requirement also occurred over different time periods: a

larger reduction in erosion was noted after the  first growing season, whereas reduction in

nitrogen requirement occurred at a slower rate and improvement in structural stability

occurred at an even slower rate.

Red clover underseeded in either wheat or oats and  used as a green manure crop can

provide different levels of erosion control for the following crop depending on the  type of

tillage and subsequent residue cover. Greatest erosion control is provided when the  red

clover is chemically killed and the subsequent crop planted using zero or reduced tillage. The

red clover will not increase the structural stability measurably in a single year as a cover crop

compared to cereals alone and  therefore reduction in residue cover by tillage will diminish

any gains in erosion control by the red clover. The reduction in nitrogen requirement of the

following crop will vary with red clover management and  soil texture. The greatest reduction

in the  nitrogen requirement of the following corn crop tends to be under fall ploughing and

least under chemical burn down. The effect of tillage on nitrogen reduction may be greater

on coarser textured soils (although only two textures were considered in the nitrogen study).

The fall or spring plow tillage treatments on both soils were able to supply almost all of the

nitrogen which was required by the following corn crop.

Red clover underseeded in wheat and  then used for hay or seed production in the

following year would be expected to result in a small increase in structural stability and the

effect would be larger on finer textured soils. The reduction in the  nitrogen requirements of

the following corn crop are less sensitive to tillage and  in the case of fall plow or spring plow,

the  red clover continue to provide essentially all of the  nitrogen required by the  succeeding

corn  crop. There appears to be little benefit from the perspective of reduction in nitrogen

requirements in maintaining the red clover for the additional year if fall or spring tillage is

used.
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Red clover underseeded in wheat obviously offers no advantages in nitrogen reduction

if the following crop is soybeans and  many even contribute to increased leaching losses of

nitrogen. Planting soybeans after wheat underseeded with red clover using zero tillage also

resulted in seed yield reductions of at least 15% when compared to fall moldboard planting.

Underseeding wheat with red clover in the year prior to planting soybeans would not therefore

be recommended.

Underseeding red clover in grain corn for use as a green manure crop will not result

in a measurable increase in structural stability at the end of one year. Continuous planting of

grain corn using zero tillage underseeded with red clover may result in a slow but progressive

increase in stability although such gains will be of minor significance in erosion control since

erosion will be controlled primarily by residue cover. The reduction in nitrogen requirement

by the following corn crop is small and  dependent on tillage: once again the reduction in

nitrogen requirement is least on the  chemical burn down with the  effect being significant on

the  coarser textured soil.

Underseeding red clover in corn  and  maintaining the  red clover as a hay or seed crop

the  following year will have a small effect on structural stability. The effect on the  nitrogen

requirement is similar to where the  red clover is established under wheat, i.e. the  red clover

can supply all of the nitrogen needed by the succeeding corn crop. In contrast to

underseeding in wheat however, the  reduction in nitrogen required is much greater if the  red

clover is maintained for hay or seed production than is the  case if it is plowed down after the

year of underseeding.

The option of direct seeding of red clover or ryegrass (whether annual or perennial)

for a single "break" year between successive grain crops will not result in any further

improvement in structural stability compared to underseeding the  same cover crop species

into winter or spring cereals. Although there is some evidence that the  improvement in

structural stability following a ryegrass cover crop may persist longer than that following red

clover, the  higher establishment costs and  lack of subsequent corn yield enhancement after

ryegrass would suggest that there is no need for farmers to consider this alternative cover

crop.

This study extended over three years with some cropping treatments existing for only

one year. The duration of the study justifies the  use of caution in extrapolating the  results

to longer time periods. Notwithstanding this limitation the  study has provided insights which

will be of value to farmers and  advisory personnel.
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1. INTRODUCTION

1.1 RATIONALE FOR STUDY

Between 1960 and  1991 the  area of corn and  beans increased in Ontario by 200%;

by 1991 almost 40% of the  area used for the  production of field crops (including hay) was

used for the production of corn and  beans. The move towards row crops has been

accompanied by increased reliance on off-farm inputs, the  most expensive of which is

nitrogen fertilizer. Replacement of legume forages and the  growth in corn acreage has been

accompanied by a dramatic growth in nitrogen use; in 1991 the  annual consumption of

nitrogen fertilizer in Ontario was 5.4 times that in 1961. Increasing reliance on fertilizer

nitrogen now coincides with shrinking profit margins associated with row crop production.

These changes in farming practices have also caused changes in soil properties which are

already constraining yield increases on some soils and  which are resulting in unacceptable

levels of sediments and  agricultural chemicals being eroded into ditches, streams and  lakes.

One of the  properties of soils which is most sensitive to cropping practices and  which has

a direct bearing on crop yield and  erodibility of soil is soil structure. New cropping systems

are required which will (i) maintain or improve soil structure, (ii) reduce nitrogen fertilizer use

and  (iii) increase profitability in row crop production.

1.2 OBJECTIVES

Research directed towards the  development of new cost effective cropping systems which

improve and  maintain soil structure focused on the  following specific objectives:

(a) to develop cropping systems for soybeans which will improve soil structure and

sustain or increase soybean production on soils of different texture.

(b) to define the  red clover establishment procedures, the  subsequent management of

the  red clover, and the  primary tillage following the  legume, which give the  greatest

soil structural enhancement and  nitrogen benefits to a succeeding corn crop when red

clover is underseeded in cereals and  corn.

I
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(c) to evaluate different forage species, relative to red clover for soil improvement and

financial feasibility when direct seeded and  under seeded in cereals.

(d) to determine the  rate of change of soil structure on a limited number of soils under

different cropping practices and  to develop the  capability of extrapolating the  results

from these studies to a broader range of soil conditions.

1.3 STUDY TEAM

Personnel associated with research directed to each of the  four objectives included

the  following:

(a) Crop rotation and tillage effects in soybean production

T.J. Vyn, K.J. Janovicek, C. Roland, G.A. Stewart  and  B.A. Raimbault

(b) Underseeding with red clover

Maximizing the  nitrogen benefit R.W. Sheard, B.D. Kay and  J.A. Ferguson

Tillage and  red clover management T.J. Vyn, D. Sebastian and  K.J. Janovicek

(c) Evaluation of forage species

T.J. Vyn, G.A. Stewart and  K.J. Janovicek

(d) Prediction of response of different soils to use of forages to improve soil structure  

B.D. Kay and  V. Rasiah
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2. SOYBEAN CROPPING SYSTEMS

2.1 INTRODUCTION

The lack of scientific information on soybean response to minimum tillage systems

following some of the  common crops produced in Ontario prompted research examining the

effect of reduced tillage  systems and crops other than corn on soybean growth and soil

structure. Field experiments were established on three soil types in southern Ontario to

determine the  effect of various crops and tillage systems on (1) soil structure, (2) the

potential for soil erosion and  (3) the following soybean crop.

2.2 MATERIALS AND METHODS

The study consisted of two, 2-year cropping cycles (1989/90 and  1990/91) conducted

at three locations in southern Ontario. The sandy-loam site was located on a Fox sandy loam

in Waterloo county near Ayr. The loam site was located on a Guelph loam at the  Woodstock

Research Station  in Oxford county. The clay-loam site was located on a Brookston clay loam

in Essex county near Comber. The growing seasons were rated at 2700, 2800, and  3500

Ontario Corn Heat Units at Ayr, Woodstock, and Comber, respectively.

The experiment was arranged in a split plot design with four replications. The main

plots were the following "preceding crops" which were established during the  first year:

1. Corn

2. Winter wheat

3. Winter wheat underseeded with red clover

4. Soybeans

5. Fall rye cover crop following soybeans

Winter wheat was planted in the  preceding fall. Red clover was established by underseeding

into wheat in late March. Fall rye was established by broadcast seeding into standing

soybeans when they were at 20% leaf drop.

The sub plots consisted of the  three tillage systems which were:

1. Fall Moldboard plus spring secondary tillage
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2. Spring disc

3. Zero-till.

In the  second year of the  study, soybeans were planted on the  entire area.

Management practices for the  crops are presented in Table 2.1. In the  spring of the  second

year, Glyphosate (1.3 kg ai ha-1) was sprayed on the  entire area except for Treatment 3

(winter wheat underseeded with red clover) where Glyphosate (1.3 kg ai ha-1) and  2,4-D (1.0

kg ai ha-1) were applied.

During the  soybean growing season, final plant stand, whole plant weight at the  R2

stage, grain moisture content at harvest, and grain yield were recorded.

Soil samples were taken from the surface 7.0 cm after spring cultivation for

determining aggregate size distribution (Kemper and Chepil, 1965). The proportion of

aggregates which were water stable (wet aggregate stability) was determined by either the

Yoder (Yoder, 1936) or Pojasok (Pojasok and  Kay, 1990) method. Penetrometer resistance

readings were taken every 1.5 cm and averaged over 4.5 cm depth intervals (from a minimum

of 7 positions per plot) with a Rimik recording penetrometer (Rimik PTY Ltd., Toowoomba,

Australia).

Rainfall simulation studies were conducted on the  loam and  clay-loam soil in the  fall

moldboard plow and  zero-till tillage systems following corn, winter wheat underseeded with

red clover, and  soybeans. The rainfall simulator consisted of a nozzle that was centred 1.5

m above a 1 m2 sample area. The simulation lasted for 10 minutes with a rainfall intensity of

approximately 190 mm hr-1. The amount of rainfall during the  simulation was about 32 mm.

Ensuring that soil and surface residue was minimally disturbed, soybean plants were removed

from the sample area just prior to the initiation of the  rainfall simulation.

2.3 RESULTS AND DISCUSSION

2.3.1 Soil Properties

2.3.1.1 Soil Structural Stability

The two methods which were used in this study to determine the  water stability of soil

aggregates both measured the  tendency of soil aggregates to disintegrate in the  presence

of water. The main difference between these two methods is that in the Yoder method,

slaking can contribute to the  disintegration of soil aggregates when in the  presence of water.



19

Table 2.1. Preceding crop management practices.

Crop

Practice

Sandy loam

and  loam

Clay loam

---------------------- rate ha-1 --------------------------- 

Corn
Hybrid Pioneer 3790 Pioneer 3544
Seeding rate 73000 seeds 73000 seeds
Starter fertilizer 5-20-20 190 kg 5-20-20 190 kg
N fertilizer 28-0-0 28-0-0
Herbicides cyanazine 2.2 kg cyanazine 2.2 kg

metolachlor 2.4 kg metolachlor 2.4 kg

Winter wheat

Cultivar Harus Harus
Seeding rate 130 kg 130 kg
Starter fertilizer 0-20-20 150 kg 0-20-20 150 kg
N fertilizer

34-0-0 270 kg
34-0-0 270 kg

Red clover+
Cultivar Florex Arlington
Seeding rate 15 kg 15 kg

Soybeans
Cultivar KG60 Corsoy79
Seeding rate 80 kg 80 kg
Herbicides linuron 0.9 kg metribuzin 0.7 kg

metolachlor 2.4 kg metolachlor 2.4 kg
Fall rye++

Cultivar 1989 Prima Prima
1990 Danko Danko

Seeding rate 150 kg 150 kg

+ Red clover broadcast in to winter wheat in the spring.  

+ + Fall rye seeded into soybeans shortly before harvest.
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Slaking refers to the disintegration of soil aggregates due to the  creation of stresses within

the  soil aggregates caused primarily by the rapid uptake of water during rapid immersion.

Theoretically, the  slow pre-wetting of soil aggregates in the  Pojasok method minimizes the

effects of slaking on the  wet aggregate stability measurements.

(a) Fall (October) of the  initial year.

In the fall of the initial year of these experiments (ie. fall of 1989 and 1990) wet

aggregate stability was determined using only the Pojasok method. Sampling occurred prior

to the initiation of the tillage treatments.

Wet aggregate stability in the  fall of 1989 was measured only on the  sandy-loam and

loam soils. In 1989, there was no evidence that cropping history had an effect on wet

aggregate stability on the sandy-loam soil. However on the  loam soil, wet aggregate stability

among the various preceding crops were ranked as follows: winter wheat underseeded with

red clover > corn = winter wheat > soybeans = a fall rye cover crop established following

soybeans (Table 2.2). In the fall of 1990, there was no evidence that the  various preceding

crops had an effect on wet aggregate stability, regardless of the  soil type (Table 2.3).

(b) Following soybean planting (June 1990 and  1991).

Approximately 4 weeks after soybean planting (ie. early to mid June of 1990 and

1991), wet aggregate stability was determined using both the Yoder and  Pojasok methods

on all the  soil types.

(i) Sandy loam

In 1990 (Table 2.4) and  1991 (Table 2.5), there was no evidence that preceding crops,

when averaged overall tillage systems, had an effect on wet aggregate stability determined

according to the  Yoder method. There was however, a significant tillage effect with inferior

stability measured following fall moldboard plowing compared to either the  zero-till or spring

disk tillage systems. In 1991 this tillage effect was evident in every preceding crop except

following soybeans (Table 2.5). Following soybeans, the  differences were not as great;

however, the trends were similar when compared to the  other crops. In each case, wet

aggregate stability between the  spring disc and  zero-till tillage systems were similar.
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Table 2.2. Effect of preceding crops on wet aggregate stability in October 1989,

determined  using the  Pojasok method for the  sandy-loam and  loam soils.

Previous crop Soil type

Sandy loam Loam

------------ Wet aggregate stability (%) --------

Corn  19.4 a+ 31.3 b

Wheat 21.8 a 30.3 b
Wheat/Red Clover 16.2 a 36.0 a
Soybeans 17.1 a 21.3 c
Soybeans/Fall Rye 19.1 a 25.3 c

+ Within column means followed by  the  same letter are not significantly different according to

a protected LSD test at p <0.05.

Table 2.3. Effect of preceding crops on wet aggregate stability in October 1990,

determined using the Pojasok method for the three soil types.

Soil type

Previous crop Sandy loam Loam Clay loam

---------- Wet aggregate stability (%) ----------

Corn  20.4 a+ 27.1 a 21.4 a
Wheat 21.0 a 28.9 a 16.3 a
Wheat/Red Clover 21.8 a 28.6 a 16.6 a
Soybeans 20.1 a 26.1 a 14.3 a
Soybeans/Fall Rye 20.7 a 25.2 a 16.5 a

+ Within column means followed by  the  same letter are not significantly different according to

a protected LSD test at p <0.05.
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Table 2.4. Effect of preceding crop  and  tillage system on wet aggregate stability 4
wk after planting in 1990 determined using the Yoder method for the three
soil types.

Previous
Crop/Tillage

Soil type

Sandy loam Loam Clay loam

------ Wet aggregate stability (%)  -------

Corn
Zero-till  59.5 a+ 51.5 a 38.1 ab
Disc 56.9 a 49.4 a 35.4 b
Moldboard 50.5 a 50.0 a 40.8 a
Mean 55.6 i 50.4 i 38.1 i

Wheat
Zero-till 63.0 a 50.1 a 36.4 a
Disc 63.0 a 51.3 a 38.0 a
Moldboard 42.8 a 48.4 a 35.1 a
Mean 56.3 i 49.9 i 36.5 i

Wheat/red clover

Zero-till 65.2 a 51.4 a 42.2 ab
Disc 56.5 a 58.1 a 44.0 a
Moldboard 45.3 a 47.4 a 39.3 b
Mean 55.7 i 52.3 i 41.8 i

Soybeans

Zero-till 54.4 a 41.6 a 26.2 a
Disc 53.2 a 45.6 a 25.9 a
Moldboard 43.9 a 49.5 a 29.2 a
Mean 50.5 i 45.6 i 27.1 j

Soybeans/fall rye

Zero-till 60.4 a 47.6 a 34.2 a
Disc 56.3 a 43.9 a 37.5 a
Moldboard 53.1 a 43.8 a 36.9 a
Mean 56.6 i 45.1 i 36.2 i

All crops

Zero-till 60.5 a 48.4 a 35.4 a
Disc 57.2 a 49.7 a 36.1 a
Moldboard 47.1 b 47.8 a 36.3 a

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different according to a protected

LSD test at p <0.05.
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Table 2.5. Effect of preceding crop and tillage system on wet aggregate stability 4
wk after  planting in 1991 determined using the Yoder method for the
three soil types.

Crop/Tillage Soil type

Sandy loam Loam Clay loam

-------- Wet aggregate stability (%) --------
Corn

Zero-till 66.1 a+ 63.2 ab 22.9 a

Disc 59.2 a 65.8 a 23.3 a

Moldboard 48.8 b 57.7 b 22.9 a

Mean 58.0 i 62.2 jk 23.0 j

Wheat

Zero-till 68.5 a 64.0 b 22.2 b

Disc 65.7 a 71.2 a 28.8 a

Moldboard 52.1 b 62.9 b 23.5 b

Mean 62.1 i 66.1 ij 24.8 ij

Wheat/Red Clover

Zero-till 69.3 a 73.4 a 26.7 b

Disc 67.4 ab 72.3 a 35.3 a

Moldboard 58.4 b 62.1 b 22.6 c

Mean 65.0 i 69.3 i 28.2 i

Soybeans

Zero-till 62.6 a 60.0 a 21.0 a

Disc 64.1 a 60.0 a 21.6 a

Moldboard 57.2 a 58.8 a 22.2 a

Mean 61.3 i 59.6 k 21.6 j

Soybeans/Fall Rye

Zero-till 67.2 a 59.8 b 21.3 b

Disc 66.2 a 69.0 a 25.4 a

Moldboard 52.4 b 60.3 b 23.5 ab

Mean 61.9 i 63.0 jk 23.4 j

All Crops

Zero-till 66.7 a 64.1 b 22.8 b

Disc 64.5 a 67.7 a 26.9 a

Moldboard 53.8 b 60.4 c 22.9 b

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different according to a protected

LSD test at p < 0.05.
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There was no evidence that wet aggregate stability (Pojasok method) was affected by

the  cropping history in either 1990 (Table 2.6) or 1991 (Table 2.7). In 1990, tillage systems

had a significant effect on wet aggregate stability when combined over all preceding crops

with greater stability in the  zero-till compared to the  fall moldboard plow tillage system (Table

2.6). Although not significant, wet aggregate stability in 1991 in the  spring disc tillage system

tended to be greater when compared to the  other tillage systems (Table 2.7).

(ii) Loam Soil

On the loam soil, wet aggregate stability (Yoder method) was not affected by cropping

history (Table 2.4). However in 1991, wet aggregate stability was greater following wheat and

wheat that was underseeded with red clover when compared to soybeans (Table 2.5). Wet

aggregate stability following corn and  a fall rye cover crop established following soybeans

were intermediate to wheat and soybeans.

When combined over all crops, tillage had a significant effect on wet aggregate stability

only in 1991 (Table 2.5). When combined over all preceding crops, the  tillage systems were

ranked as follows: spring disc > zero-till > fall moldboard plow. Except following soybeans,

the spring disc tillage system had superior stability when compared to the  fall moldboard

plow tillage system. Following wheat and a fall rye cover crop, wet aggregate stability values

in the zero-till were similar to the fall moldboard plow tillage system. Following corn and

underseeded red clover, wet aggregate stability values between the  zero-till and  spring disc

tillage systems were similar. There was no evidence of differences among the tillage systems

following soybeans. These tillage effects were not evident in 1990 (Table 2.4).

According to the  Pojasok method, there was no evidence that wet aggregate stability was

significantly affected by the  preceding crop in either 1990 (Table 2.6) or 1991 (Table 2.7).

In 1991, there was a tendency for greater stability following wheat and  wheat that was

underseeded with red clover and  lower stability following soybeans and  corn. In 1990, there

were very little differences in wet aggregate stability that could be attributed to cropping

history (Table 2.6).

However, in both years wet aggregate stability determined using the  Pojasok method

was significantly affected by tillage practice. In 1990, soil aggregates were most stable in the

fall moldboard plow tillage system and the  least stable in the  spring disc tillage  system

(Table 2.6).
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Table 2.6. Effect of preceding crop  and  tillage system on wet aggregate stability 4

wk after planting in 1990 determined using the  Pojasok method for the

three soil types.

Soil type

Crop/Tillage Sandy loam Loam Clay loam

------  Wet aggregate stability (%)  ------

Preceding crop
Corn  36.9 a+ 40.7 a 34.2 a
Wheat 42.5 a 38.6 a 33.8 a
Wheat/red clover 35.5 a 38.3 a 37.5 a
Soybeans 33.0 a 38.8 a 33.6 a
Soybeans/fall rye 35.1 a 39.9 a 34.0 a

Tillage system

Zero 38.4 a   39.7 ab 33.5 b
Disc   36.7 ab 36.4 b 33.6 b
Moldboard 34.8 b 41.8 a 36.8 a

+ Within column preceding crop and tillage means followed by the  same letter are not

significantly different according to a protected LSD test at p <0.05.
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Table 2.7. Effect of preceding crop and tillage system on wet aggregate stability 4
wk after planting in 1991 determined using the Pojasok method for the
three soil types.

Soil type

Crop/Tillage Sandy loam Loam Clay loam

------- Wet aggregate stability (%) -------
Corn

Zero-till  24.5 a+ 25.1 a  28.3 ab
Disc 24.2 a 30.3 a 26.3 b
Moldboard 23.8 a 29.1 a 31.1 a
Mean 24.2 I 28.2 i 28.6 i

Wheat

Zero-till 23.5 a 30.5 b 20.4 b
Disc 26.6 a 35.2 ab 23.5 b
Moldboard 23.9 a 36.5 a 29.1 a
Mean 24.7 i 34.1 i 24.3 j

Wheat/Red Clover
Zero-till

22.1 a 27.3 b 16.3 b

Disc 24.5 a 34.1 a 27.3 a
Moldboard 23.5 a 35.7 a 29.1 a
Mean 23.4 i 32.4 i 24.2 j

Soybeans
Zero-till 23.9 a 31.8 a 29.8 a
Disc 24.7 a 26.6 a 29.0 a
Moldboard 23.9 a 28.3 a 27.6 a
Mean 24.2 i 28.9 i 28.8 i

Soybeans/Fall Rye
Zero-till 23.6 a 27.0 a 24.9 a
Disc 25.3 a 30.7 a 28.9 a
Moldboard 23.6 a 32.3 a 29.2 a
Mean 24.2 i 30.0 i 27.7 i

All Crops

Zero-till 23.5 a 28.3 b 23.9 c
Disc 25.1 a 31.4 a 27.0 b
Moldboard 23.8 a 32.4 a 29.2 a

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system
means over all crops followed by the same letter are not significantly different according to a
protected LSD test at p < 0.05.
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Wet aggregate stability in the zero-till tillage system was intermediate to the fall moldboard

plow or spring disc tillage systems. In 1991, the fall moldboard plow tillage system also had

the most water stable aggregates while in the zero-till tillage system they were the least stable

(Table 2.7). There was no significant difference between the fall moldboard plow and the

spring disc tillage systems. Following wheat and wheat that was underseeded with red clover,

wet aggregate stability was lower in the zero-till tillage system when compared to the fall

moldboard plow tillage system. Although not significant, there was a similar tendency after a

fall rye cover crop established following soybeans. Wet aggregate stability did not vary

significantly among the tillage systems following either corn or soybeans. Regardless of the

preceding crop, wet aggregate stability in the spring disc and fall moldboard plow tillage

system was similar.

(iii) Clay loam

In 1990 wet aggregate stability (Yoder method) determined for the Brookston clay-loam

soil was affected significantly by preceding crop with inferior wet aggregate stability measured

following soybeans when compared to the other crops (Table 2.4). In 1991, superior wet

aggregate stability was measured following wheat that was underseeded with red clover when

compared to either corn, soybeans or a fall rye cover crop established following soybeans

(Table 2.5). Wheat alone was intermediate to wheat that was underseeded with red clover and

either soybeans, corn or the fall rye cover crop. In 1991, when combined over all crops, wet

aggregate stability in the spring disc tillage system was greater than either the fall moldboard

plow or the zero-till tillage systems (Table 2.5). There was no difference between the zero-till

and fall moldboard plow tillage system. Wet aggregate stability did not vary significantly when

combined over all crops in 1990 (Table 2.4). In both years, there was evidence that preceding

crops had an influence on tillage effects on wet aggregate stability. In 1991, following wheat

that was underseeded with red clover, rankings among the tillage systems were spring disc

> zero-till > fall moldboard plow (Table 2.5). A similar trend occurred in 1990 with the spring

disc tillage system having superior wet aggregate stability compared to the fall moldboard plow

tillage system (Table 2.4). In 1991, the spring disc tillage system also had superior wet

aggregate stability compared to the other tillage systems following wheat and the fall rye cover

crop. Tillage effects on wet aggregate stability following these preceding crops in 1990 were

not significant. Wet aggregate stability was affected by tillage systems in 1990 with inferior

stability measured in the spring disc compared to the fall moldboard plow tillage system (Table
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2.4). Following corn, there were no differences among the tillage systems in 1991 (Table 2.5).

In both years there were no differences in wet aggregate stability among the tillage systems

following soybeans.

The evidence from the Pojasok aggregate stability determination suggests that there

were no differences in wet aggregate stability among the preceding cropping treatments in

1990 (Table 2.6). However, in 1991, cropping history affected wet aggregate stability with

lower stability measured following wheat and wheat underseeded with red clover when

compared to either corn, soybeans, or soybeans plus rye (Table 2.7).

When combined over all crops, the tillage systems in 1990 were ranked fall moldboard

plow > spring disc = zero-till (Table 2.6), while in 1991 they were ranked fall moldboard plow

> spring disc > zero-till (Table 2.7). In 1991, wet aggregate stability was lower in the zero-till

compared to the fall moldboard plow tillage system following each preceding crop. This effect

was significant following corn, wheat, and wheat underseeded to red clover. Following

soybeans and the fall rye cover crop differences among the tillage systems were not

significant. Regardless of the preceding crop, wet aggregate stability between the spring disc

and fall moldboard plow tillage systems were not different.

(c) Late July of 1990 and 1991.

(i) Loam

In 1990 wet aggregate stability was determined using only the Pojasok method, while

in 1991 both methods were used.

In 1991, the Yoder method indicated that wet aggregate stability following wheat and

wheat that was underseeded with red clover was greater than either corn, soybeans, or the

fall rye cover crop (Table 2.8). There were no differences in wet aggregate stability following

corn, soybeans, and fall rye.

In 1991 the Yoder method indicated, when combined over all preceding crops, that both

the spring disc and zero-till tillage systems had superior wet aggregate stability compared to

the fall moldboard plow tillage system (Table 2.8). Except following soybeans, superior wet

aggregate stability was measured in the spring disc compared to the fall moldboard plow tillage

system. Following wheat and wheat that was underseeded with red clover, wet aggregate
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Table 2.8. Effect of preceding crop and tillage system on wet aggregate stability 12

wk after planting in 1991 determined using the Yoder and Pojasok methods

for the loam soil.

Method

Crop/Tillage Yoder Pojasok
Wet aggregate stability (%)

Corn
Zero-till    67.8 ab+ 44.9 a
Disc 72.5 a 50.1 a
Moldboard 62.4 b 46.2 a
Mean 67.6 j 47.1 i

Wheat
Zero-till 75.5 a 51.5 a
Disc 76.1 a 54.5 a
Moldboard 67.3 b 49.8 a
Mean 73.0 i 51.9 i

Wheat/Red Clover
Zero-till 78.0 a 50.7 a
Disc 75.3 a 50.2 a
Moldboard 66.8 b 48.3 a
Mean 73.4 i 49.7 i

Soybeans

Zero-till 62.6 a 43.6 a
Disc 68.3 a 47.0 a
Moldboard 65.8 a 43.6 a
Mean 65.6 j 44.7 i

Soybeans/Fall Rye
Zero-till   66.7 ab 46.2 a
Disc 73.4 a 49.5 a
Moldboard 62.6 b 45.6 a
Mean 67.6 j 47.1 i

All Crops
Zero-till 70.1 a 47.4 b
Disc 73.1 a 50.2 a
Moldboard 65.0 b 46.7 b

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different according to a protected

LSD test at p < 0.05.
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stability in the zero-till tillage system was also greater than the fall moldboard plow tillage

system. Following corn and fall rye, wet aggregate stability in the zero-till tillage system was

intermediate to the spring disc and fall moldboard plow tillage systems. There were no

significant differences among the tillage systems following soybeans.

In 1990, wet aggregate stability determined using the Pojasok method was greater

following wheat underseeded with red clover compared to either corn, soybeans, or fall rye

(Table 2.9). Although not significant, similar trends were observed in 1991 (Table 2.8).

In 1991, wet aggregate stability differences (Pojasok) among the tillage systems were

not different within any of the preceding crop treatments (Table 2.9). However, when combined

over all crops, superior wet aggregate stability was measured in the spring disc when

compared to either the fall moldboard or zero-till tillage systems. In 1990, the tillage systems

when combined over all preceding crops were ranked zero-till > spring disc = fall moldboard

plow (Table 2.8).

(ii) Clay loam

Wet aggregate stability was determined on the clay-loam soil only in 1990 using the

Pojasok method. Cropping history did not significantly affect wet aggregate stability (Table

2.8). There was a tendency for superior wet aggregate stability in the fall moldboard plow

compared to the spring disc tillage system.

(d) Following soybean harvest (Fall 1990)

After soybean harvest in 1990, wet aggregate stability determined using the Pojasok

method, was significantly affected by cropping history only on the clay-loam soil (Table 2.10).

On this soil, the water stability of aggregates was greater following a fall rye than either winter

wheat or soybeans alone. Wet aggregate stability was also greater following winter wheat

underseeded with red clover than following soybeans, but was not significantly different than

following any of the other crops. Following corn, wet aggregate stability was not significantly

different than following any of the other crops.

Wet aggregate stability was not significantly affected by tillage systems on any of the

soils (Table 2.9). However, there was a tendency for wet aggregate stability on the sandy-loam

soil to be greater in the zero-till than in the fall moldboard plow tillage system, especially when

the preceding crops were corn or wheat (Table 2.10).
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Table 2.9. Effect of preceding crop and tillage system on wet aggregate stability 12

wk after planting in 1990 determined using the Pojasok method for the

loam and clay soils.

Soil type

Treatment Loam Clay loam

Wet aggregate stability (%)

Preceding crop
Corn 29.8 j+ 20.7 i
Wheat 32.0 ij 19.0 i
Wheat/red clover 33.8 i 25.8 i
Soybeans 29.5 j 20.6 i
Soybeans/fall rye 28.4 j 22.2 i

Tillage system
Zero 34.1 a 22.0 a
Disc 28.4 b 20.4 a
Moldboard 29.7 b 22.6 a

+ Within column preceding crop and tillage means followed by the same letter are not

significantly different according to a protected LSD test at p < 0.05.
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Table 2.10. Effect of preceding crop and tillage system on wet aggregate stability in

early October 1990 following soybean harvest determined using the

Pojasok method for the three soil types.

Soil type

Crop/Tillage Sandy loam Loam Clay loam

Wet aggregate stability (%)
Corn

Zero-till  37.7 a+ 27.2 a 14.0 a
Disc 34.8 a 25.9 a 11.6 a
Moldboard 30.5 a 30.7 a 15.6 a
Mean 34.3 i 27.9 I   13.7 ijk

Wheat
Zero-till 39.2 a 27.5 a 10.7 a
Disc 42.7 a 27.4 a 13.0 a
Moldboard 33.1 a 29.4 a 13.4 a
Mean 38.3 i 28.1 i 12.4 jk

Wheat/red clover
Zero-till 39.5 a 26.9 a 18.5 a
Disc 34.6 a 27.4 a 16.4 a
Moldboard 35.2 a 23.6 a 14.9 a
Mean 36.4 i 25.9 i 16.6 ij

Soybeans
Zero-till 34.8 a 23.6 a 13.0 a
Disc 33.4 a 23.4 a 11.0 a
Moldboard 34.3 a 27.9 a 12.4 a
Mean 34.2 i 25.0 i 12.2 k

Soybeans/fall rye
Zero-till 31.7 a 24.2 a 20.8 a
Disc 35.2 a 21.6 a 16.7 a
Moldboard 35.6 a 21.7 a 16.3 a
Mean 34.2 i 22.5 i 17.9 i

All crops
Zero-till 36.6 a 25.9 a 15.4 a
Disc 36.1 a 25.2 a 13.7 a
Moldboard 33.8 a 26.7 a 14.5 a

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different accordingto a protected

LSD test at p<0.05.



33

Wet aggregate stability summary.

Whenever significant differences in wet aggregate stability among the tillage systems

occurred using the Yoder method, the fall moldboard plow tillage system tended to have

inferior stability when compared to the other tillage systems. However, the opposite often

occurred when wet aggregate stability was determined using the Pojasok method. Possible

explanations for these apparently contradictory results are:

Soil moisture can have an effect on soil stability with soils with a higher moisture

content being less stable. The Pojasok method may be more sensitive to differences in soil

moisture than the Yoder method. Therefore the greater stability (Pojasok) often observed in

fall moldboard plow tillage systems when compared to the other tillage systems may be mostly

due to lower soil moisture in the fall moldboard plow tillage system.

Soil aggregates in the fall moldboard plow tillage system were more susceptible to

slaking than in the other two tillage systems. When the conditions that cause slaking are

eliminated (ie. Pojasok method), then other factors such as soil moisture may play a more

dominant role in the water stability of soil aggregates.

Cropping history often had an effect on water stability of soil aggregates. Whenever

significant differences occurred, the two methods often indicated that superior stability could

be expected following wheat and wheat underseeded with red clover while inferior stability

could be expected following soybeans.

2.3.1.2 Seedbed Fineness

Aggregate size distribution was measured shortly after planting and the percentage of

aggregates less than 5 mm in diameter was calculated to give an indication of how preceding

crops and tillage affected seedbed fineness.

On the sandy-loam and loam soils, a treatment by year interaction was obtained for the

proportion of aggregates less than 5 mm in diameter. On the sandy-loam soil in both years and

the loam soil in 1990, the preceding crop had no effect on the proportion of fine aggregates

(Table 2.11). In 1991 on the loam soil, a crop by tillage interaction occurred (analysis not

shown). When zero-till was used, the seedbed following corn and soybean had a significantly

higher proportion of fine aggregates than following winter wheat, winter wheat underseeded

withred clover, and fall rye. A crop by tillage interaction was obtained when years were

combined for the clay-loam soil. 
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Table 2.11. Effect of preceding crop and tillage system on percent of aggregates less

than 5 mm in diameter for three soil types.

Sandy loam Loam Clay loam

Treatment 1990 1991 1990 1991 1990/1991

Corn
---------------------------------- % -------------------------------------

zero-till  66.4 a* 44.8 b 56.9 b 35.6 a 32.6 a
Disc 65.5 a 55.3 a 57.4 b 29.9 a 33.7 a
Moldboard 64.2 a 59.6 a 59.6 a 39.9 a 36.2 a
Mean 65.4 i 53.2 I 58.0 i 35.1 I 34.2 i

Wheat

zero-till 64.2 a 38.7 b 56.8 b 23.5 b 30.2 b
Disc 63.4 a 54.1 a 57.2 b   36.4 ab 32.7 b
Moldboard 65.1 a 54.8 a 59.4 a 42.0 a 36.8 a
Mean 64.2 i 49.2 i 57.8 i 34.0 i 33.2 i

Wheat/red clover
zero-till 66.4 a 37.4 b 56.2 b 22.7 b 28.5 c
Disc 65.4 a 58.1 a   56.8 ab 41.8 a 31.4 b
Moldboard 64.8 a 53.0 a 58.1 a 42.8 a 38.1 a
Mean 65.5 i 49.5 i 57.0 i 35.8 i 32.7 i

Soybeans

zero-till 66.6 a 45.6 b 57.0 a 39.0 a 36.4 a
Disc 66.8 a 55.2 a 58.0 a 46.1 a 38.6 a
Moldboard 65.5 a 61.2 a 58.4 a 44.4 a 35.9 a
Mean 66.3 i 54.0 i 57.8 i 43.2 i 37.0 i

Soybeans/rye

zero-till 65.9 a 36.6 b 55.8 b 24.5 a 31.6 b
Disc 65.7 a 54.4 a 56.6 b 32.7 a 33.2 b
Moldboard 65.9 a 53.9 a 58.3 a 39.2 a 37.0 a
Mean 65.8 I 48.3 i 56.9 I 32.1 i 33.9 i

All crops

zero-till 65.9 a 40.6 b 56.5 b 29.1 b 31.9 c
Disc 65.4 a 55.4 a 57.2 b 37.4 a 33.9 b
Moldboard 65.1 a 56.5 a 58.8 a 41.7 a 36.8 a

* Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different at p <0.05.
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For the zero-till and disc tillage systems, the soybean treatment resulted in a higher proportion

of fine aggregates than all other treatments. The other preceding crops did not significantly

affect the fineness of the seedbed except for the zero-till system where the proportion of fine

aggregates following winter wheat underseeded with red clover was significantly lower than

following corn.

Tillage had no effect on aggregates less than 5 mm in diameter on the sandy-loam soil

in 1990 (Table 2.11). However, tillage systems had an effect on the proportion of aggregates

less than 5 mm on the sandy-loam soil in 1991 and on the loam and clay-loam soils in both

years. In each soil/year combination where significant tillage effects on seedbed fineness

occurred, the fall moldboard plow tillage system consistently resulted in the highest proportion

of fine aggregates, although it was not significantly different than disc tillage in 1991 on the

sandy-loamand loam soils.

With the exception of the sandy-loam soil in 1991, tillage had no effect on fine

aggregates when soybeans were the preceding crop (Table 2.11).

2.3.1.3 Soil Strength

Penetrometer resistance was measured on all soils in both 1990 and 1991. On the

sandy-loam soil in 1990, differences among preceding crops were significant from a depth of

9 to 27 cm (data not shown). The soybean plus rye treatment resulted in the highest soil

strength from 9 to 13.5 cm. From 18 to 27 cm, winter wheat underseeded with red clover in

soil strength was lower than the other treatments which did not differ significantly. In 1991, at

depths up to 9 cm, only the zero-till tillage system differed significantly among preceding crops.

With zero-till, corn as the preceding crop resulted in the lowest penetrometer resistance to a

depth of 13.5 cm (Figure 2.1). Winter wheat underseeded with red clover and a fall rye cover

crop established following soybeans resulted in reduced soil strength compared to winter

wheat and soybeans alone on the zero-till soil up to a depth of 27 cm (and from 15 to 27 cm

for the other tillage systems).

On the loam soil, a decrease in soil strength occurred at various depth intervals when

winter wheat was underseeded with red clover and rye was planted following soybeans

comparedto winter wheat and soybeans grown alone (Figure 2.2, 1991 only). In 1991, the

decrease in soil strength following winter wheat underseeded with red clover and soybeans

plus fall rye was greater with the zero-till system than the other tillage treatments.
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Figure 2.1 Effect of preceding crops on soil strength of sandy loam soil which had
been zero-till seeded into soybeans in 1991.
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Figure 2.2 Effect of preceding crop on soil strength of loam soil which had been
planted to soybeans in 1991.
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On the clay-loam soil, differences among preceding crops were nonsignificant in 1990.

In 1991, at depth of 6 to 18 cm, the two winter wheat treatments resulted in the lowest

penetrometer resistance (Fig. 2.3).

On the sandy-loam and loam soils, zero-till generally resulted in the highest

penetrometer resistance, while fall moldboard plowing resulted in the lowest penetrometer

resistance (data notshown). An exception occurred in 1991 on the loam soil at depths of 15

to 28 cm when the moldboard plow treatment consistently had a higher soil strength than

zero-till and disc tillage. On the clay-loam soil, disc tillage resulted in the highest soil strength

at depths from 9 to 18 cm in 1990 and at depths from 6 to 27 cm in 1991 (data not shown).

2.3.1.4 Potential for soil erosion

Rainfall simulation studies were conducted on the clay loam and loam soils in the

summer of 1990 and 1991 to evaluate the influence of various preceding crops and tillage

systems on the potential for surface water run-off and soil erosion. The experiments at this

time were in their second year; therefore soybeans had already been planted prior to

conducting the rainfall simulation studies. The potential for soil erosion was assessed in the

zero-till and fall moldboard plow tillage systems following corn, wheat that was underseeded

to red clover and soybeans. Residue cover, volume of surface water run-off and soil loss

values presented in this report were combined over years.

Increasing the amount of surface residue cover has long been recognized as an

effective method of decreasing surface water run-off and soil loss associated with intense

rainstorm events. In theory, increasing the water stability of soil aggregates also should reduce

the potential for surface water run-off and soil erosion. Regression analyses were conducted

and Type I sums of squares calculated to determine if any additional variability in either

surface water run-off or soil loss amounts could be explained by variations in wet aggregate

stability, after accounting for the effects of surface residue cover. The two methods of

determining wet aggregate stability were entered separately into regression analyses to

determine which, if any, explained more of the variability in run-off volumes or soil loss

amounts. The regression analyses were conducted using data from individual years, instead

of using data combined over years.
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Figure 2.3 Effect of preceding crops on soil penetration resistance of clay loam soil
planted with soybeans in 1991.
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(a) Clay loam

On the clay-loam soil, preceding crops had little effect on the volume of surface water

run-off and soil loss when combined over both tillage systems (Table 2.12). When combined

over all preceding crops, moldboard plowing increased the volume of surface water run-off and

soil loss by 75 % compared to the zero-till tillage system. This effect was predominantly

caused by relatively large differences among the tillage systems following wheat that was

underseeded with red clover. In fact, there was essentially no soil loss in the zero-till tillage

system following wheat underseeded with red clover. Although not significant, surface water

run-off volumes and soil loss amounts measured in the zero-till tillage system following corn

were about 60% lower than the values measured in the moldboard plow tillage system.

Following soybeans, the volume of surface water run-off and amount of soil loss was not

different between the tillage systems.

Regression analyses indicated that variations in residue cover explained a significant

proportion of the variability in soil loss amounts and surface water run-off volumes in 1990 but

not in 1991 (Table 2.13). In 1990, there was also evidence that wet aggregate stability

determined using the Yoder method explained additional variability in soil loss amounts. This

effect did not occur when wet aggregate stability values determined using the Pojasok method

were entered into regression analyses. In 1990, the amount of soil loss decreased

logarithmically as residue cover increased and linearly as wet aggregate stability determined

using the Yoder method increased. This relationship is illustrated in Figure 2.4. Additional

variability explained by wet aggregate stability determined using the Yoder method on the

volume of surface water run-off was significant at the 10% level. The effect of residue cover,

and wet aggregate stability determined using the Yoder method on run-off volume was similar

to the effect they had on soil loss amounts.

(b) Loam soil

On the loam soil, the volume of water run-off was greatest following soybeans and did

not differ significantly between corn and winter wheat underseeded with red clover (Table

2.14).A similar pattern occurred for soil loss. Although there was less soil loss following winter

wheat underseeded with red clover than corn, the difference was not significant.



41

Table 2.12. The effect of preceding crop and tillage systems on residue cover prior to

rainfall simulation and the volume of surface water run-off and soil loss

following a simulated rainfall event on a clay-loam soil.

Crop/Tillage Residue

cover

Run-off

volume

Soil

loss
% L m-2 Mg ha-1

Corn

Zero-till  76 a+ 1.2 a 0.13 a
Moldboard 13 b 3.1 a 0.31 a
Mean   45 i++ 2.2 I 0.22 i

Wheat/Red Clover
Zero-till 97 a 0.6 b 0.04 b
Moldboard 10 b 6.2 a 0.62 a
Mean 53 i 3.4 i 0.33 i

Soybeans
Zero-till 31 a 5.6 a 0.57 a
Moldboard   8 b 3.9 a 0.55 a
Mean 19 j 4.8 i 0.56 i

All Crops

Zero-till 68 a 2.5 b 0.25 b
Moldboard 10 b 4.4 a 0.49 a

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different at p < 0.05.

+ + Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different at p < 0.05 using 

log(x+ 1) transformed data.
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Table 2.13. Type I sum of squares from a multiple regression analyses for soil loss

and volume of surface water runoff with residue cover and wet aggregate

stability determined using either the Yoder or Pojasok methods for the

clay-loam soil in 1990 and 1991.

Run-off Volume Soil Loss

Source of Variation df Yoder Pojasok Yoder Pojasok

1990

Residue cover (RC) 1 29.6* 29.6* 0.5* 0.5
Aggregate Stability (WAS) 1 22.2 2.5 0.5* 0.1
RC by WAS 1  2.6 8.9 0.0 0.1
Error 14 92.6 106.0   1.7 2.1

R2 37.0 27.9 37.9 25.9 

1991

Residue cover (RC) 1 26.9 26.9 0.5 0.5
Aggregate Stability (WAS) 1 25.5 25.5 0.1 0.1
RC by WAS 1 51.6 28.7 0.3 0.2
Error 14 185.7 208.6 1.7 1.9

R2 36.1 28.2 35.2 28.3

*,  ** Effects significant at the 5 and 1 % level of probability, respectively.
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Figure 2.4 Influence of residue cover and wet aggregate stability determined using
the Yoder method on the amount of soil loss following a simulated rainfall
event on a clay loam soil in 1990.
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Table 2.14. The effect of preceding crop and tillage systems on residue cover prior to

rainfall simulation and the volume of surface water run-off and soil loss

following a simulated rainfall event on a loam soil.

Crop/Tillage Residue

cover

Run-off

volume

Soil

loss

% L m-2 Mg ha-1

Corn

Zero-till 68 a 3.6 b 0.48 b
Moldboard 10 b 6.3 a 1.17 a
Mean 39 I 5.0 j 0.82 j

Wheat/Red Clover
Zero-till 88 a 2.5 b 0.17 b
Moldboard   6 b 7.7 a 1.04 a
Mean 47 I 5.1 j 0.60 j

Soybeans
Zero-till 16 a 8.9 a 1.24 a
Moldboard  6 a 8.6 a 1.43 a
Mean 11 j 8.8 I 1.34 I

All Crops

Zero-till 57 a 5.0 b 0.63 b
Moldboard   7 b 7.6 a 1.21 a

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different at p < 0.05.

+ + Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different at p < 0.05 using 

log (x+ 1) transformed data.
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When averaged over all crops, moldboard plowing increased the volume of surface

water run-off by 50% and doubled the amount of soil loss when compared to zero-tillage. This

effect was predominantly caused by significant differences among the tillage systems following

corn and wheat underseeded with red clover, where the amount of surface water run-off and

soil loss was at least one-half of the values for moldboard plowing. However, when soybeans

were the preceding crop, surface water run-off volumes and soil loss amounts were not

significantly affected by these tillage systems.

Regression analyses indicated that in both 1990 and 1991, a significant proportion of

the variability in soil loss amounts could be explained by variations in residue cover (Table

2.15). In both years, soil loss decreased logarithmically as residue cover increased. There was

no evidence that wet aggregate stability determined using either method could explain

additional variability in soil loss amounts in 1990. However, in 1991 the additional variability

in soil loss amounts explained by wet aggregate stability determined using the Pojasok method

was significant at the 10% level. In this year, the effect of residue cover and wet aggregate

stability on the amount of soil loss was similar to Figure 2.4.

A significant proportion of the variability in the volume of surface water run-off was

explained by residue cover in 1991 (Table 2.15). There was also evidence that an interaction

between residue cover and wet aggregate stability determined using either method explained

additional variability in run-off volumes. In 1991, increasing wet aggregate stability had little

effect on run-off volumes when residue cover levels were low but did reduce the volume of

run-off when residue cover levels were high (Fig. 2.5). This effect occurred for wet aggregate

stability determined using both methods, however slightly more variability was explained when

the Yoder method was used.

Potential for soil erosion summary

These rainfall simulation studies demonstrated the potential for a zero-till tillage system

to substantially reduce the potential for surface water run-off and soil erosion when compared

to the traditional practice of moldboard plowing. However, a zero-till tillage system can be

expected to reduce soil erosion only if residue cover is significantly increased. The greatest

difference in residue cover, volume of surface water run-off and soil loss amounts among the

tillage systems occurred when the preceding crop was wheat underseeded with red clover.
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Table 2.15. Type I sum of squares from a multiple regression analyses for soil loss

and volume of surface water runoff with residue cover and wet aggregate

stability determined using either the Yoder or Pojasok methods for the

loam soil in 1990 and 1991.

Run-off Volume Soil Loss

Source of Variation df Yoder Pojasok Yoder Pojasok

1990

Residue cover (RC) 1 20.4 20.4 1.8* 1.8*
Aggregate Stability (WAS) 1 12.7   0.3 0.0 0.0
RC by WAS 1   8.8 15.3 0.7 0.7
Error 14 118.2  124.1  5.0 5.0

R2 26.2 22.5 33.6 33.7

1991

Residue cover (RC) 1 194.4**  194.4**    6.1**   6.1**
Aggregate Stability (WAS) 1 0.8 5.8 0.0 0.5
RC by WAS 1 45.0 * 43.3 * 0.0 0.0
Error 14 76.3  73.1 2.6 2.1

R2 75.9 76.9 70.3 75.8

*, ** Effects significant at the 5 and 1 % level of probability, respectively. Table 2.14
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Figure 2.5 Influence of residue cover and wet aggregate stability determined using
the Yoder method on the volume of surface water run-off following a
simulated rainfall event on a loam soil in 1991.
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The relatively small differences in residue cover among the tillage systems following

soybeans were also associated with relatively small differences in both surface water run-off

and soil loss amounts. The effect of preceding crops on soil loss amounts and surface water

run-off volumes appeared to be enhanced in the zero-till tillage system, primarily due to

differences in residue cover. There also was evidence that increasing the water stability of soil

aggregates would reduce the potential for surface water run-off and soil erosion.

2.3.2 Soybean Productivity

2.3.2.1 Early season plant growth

Evaluation of early season soybean plant growth was determined by taking whole plant

dry weight when soybeans were at the R2 stage. A year by preceding crop interaction was

obtained on the sandy-loam and loam soils and, therefore, individual years data are shown

in Table 2.16. On the sandy-loam soil, differences were significant only in 1991, with corn as

a preceding crop resulting in the lowest plant weight (Table 2.16). On the loam soil, soybean

plants following winter wheat underseeded with red clover had the lowest weight in both years.

In 1990, soybeans planted following a fall rye cover crop established following soybeans

resulted in significantly lower plant weight than corn, wheat or soybeans alone.

Zero-till consistently resulted in the lowest plant weight on all soils (Table 2.16). In 1990,

early season soybean plant weights in the fall moldboard plow tillage system were higher than

in the spring disc tillage system. This difference was not significant in 1991.

2.3.2.2 Soybean moisture at harvest

A significant year by preceding crop interaction occurred on the sandy-loam and loam

soils for soybean moisture at harvest (Table 2.16). For these two soils, differences among

preceding crops were not significant in 1991 (Table 2.17). In 1990, on the sandy- loam and

loam soils and for both years combined on the clay-loam soil, grain moisture content was

highest following wheat underseeded with red clover indicating a delay in maturity compared

to the other treatments.

Tillage had no effect on grain moisture content (Table 2.18).

2.3.2.3 Soybean yields

On each soil type, a significant preceding crop by tillage system interaction occurred

indicating that soybean yield response to tillage was affected differently by the cropping

history.
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Table 2.16. Effect of preceding crop and tillage system on soybean whole plant dry

matter at the R2 growth stage for three soil types.

Treatment Sandy loam Loam Clay loam+

1990 1991 1990 1991 1990

Preceding crop ------------------------ t ha-1 ---------------------------

Corn 2.62 a 2.02 b 2.52 a 2.32 a 1.86 a
Wheat 2.56 a 2.37 a 2.50 a 2.23 a 1.78 a
Wheat/red clover 2.08 a 2.40 a 1.71 b 1.86 b 1.88 a
Soybeans 2.74 a   2.24 ab 2.59 a 2.40 a 2.08 a
Soybeans/rye 2.91 a 2.40 a 1.86 b 2.31 a 1.84 a

Tillage

Zero 2.38 a 2.10 b 1.79 c 1.87 b 1.55 c
Disc 2.61 a 2.42 a 2.17 b 2.36 a 1.84 b
Moldboard 2.76 a 2.35 a 2.75 a 2.44 a 2.28 a

+ Only 1990 data available for the clay-loam soil.

Within each column, within preceding crop and tillage, data followed by the same letter

are not statistically different at p < 0.05.
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Table 2.17. Effect of preceding crop and tillage system on soybean grain moisture

content at harvest for three soil types.

Sandy loam Loam Clay loam

Treatment 1990 1991 1990 1991 90/91

Preceding crop --------------------------- g kg -1 --------------------------

Corn  191 b+ 124 a 144 b 124 a   137 ab
Wheat   204 ab 122 a 148 b 134 a   138 ab
Wheat/red clover 247a 128 a 189 a 132 a 143 a
Soybeans 169 b 119 a 155 b 125 a 135 b
Soybeans/rye 164 b 126 a 160 b 123 a 136 b

Tillage

Zero 187 a 125 a 165 a 130 a 136 a
Disc 199 a 123 a 159 a 128 a 140 a
Moldboard 199 a 122 a 154 a 125 a 137 a

+ Within each column, within preceding crop and tillage, data followed by the same letter are not

statistically different at p < 0.05.
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Table 2.18. Effect of preceding crop and tillage system on soybean yields at 14%

moisture combined over both years for the three soil types.

Soil type

Crop/Tillage Sandy Loam Clay loam

---------------------- Mg ha-1  ---------------------

Corn
Zero-till 2.99 a 3.17 b 3.25 a
Disc 3.10 a  3.47 ab 3.11 a
Moldboard 2.87 a 3.61 a 3.42 a
Mean   2.99 ijk 3.42 i 3.26 i

Wheat

Zero-till 3.08 a 3.06 b 2.43 c
Disc 2.79 a 3.38 ab 2.80 b
Moldboard 2.89 a 3.58 a 3.41 a
Mean 2.92 jk 3.34 i 2.88 i

Wheat/Red Clover

Zero-till 2.70 b 2.02 c 2.66 b
Disc 2.47 b 2.67 b   2.99 ab
Moldboard 3.19 a 3.29 a 3.24 a
Mean 2.79 k 2.66 j 2.96 i

Soybeans

Zero-till 3.04 a 3.34 a 3.10 a
Disc 3.25 a 3.35 a 3.03 a
Moldboard 3.01 a 3.70 a 3.27 a
Mean 3.10 ij 3.46 i 3.13 i

Soybeans/Fall Rye

Zero-till 3.32 a  3.37 ab 2.89 a
Disc 3.10 a 3.17 b 2.94 a
Moldboard 3.11 a 3.61 a 3.06 a
Mean 3.18 I 3.39 I 2.96 i

Overall Crops
Zero-till 3.03 a 2.99 c 2.86 b
Disc 2.94 a 3.21 b 2.97 b
Moldboard 3.02 a 3.56 a 3.28 a

+ Tillage subtreatments within a preceding crop, preceding crop means, or tillage system means

over all crops followed by the same letter are not significantly different according to a protected

LSD test at p <0.05.
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These interactions were mostly due to the preceding crops affecting soybean yield response

to tillage systems in terms of magnitude, rather than order of rankings. Some of the smallest

yield differences among the tillage systems occurred when the preceding crop was soybeans.

In contrast, some of the largest yield differences occurred when the preceding crops were

either wheat or wheat that was underseeded with red clover.

Zero-till planting soybeans into spring killed red clover reduced soybean yields, relative

to fall moldboard plowing by about 15% on the sandy-loam and clay-loam soils, and by about

40% on the loam soil (Table 2.18). On the loam and clay-loam soil) yields in the spring disc

tillage system were intermediate to the zero-till and fall moldboard plow tillage systems.

Although not significant, soybean yields on the sandy-loam soil were 9% lower in the spring

disc compared to the zero-till tillage system.

When the preceding crop was wheat, soybean yields among the tillage systems varied

significantly on the loam and clay-loam soils. On these soils, zero-till planting soybeans

reduced yields relative to fall moldboard plowing by about 15% on the loam soil and by almost

30% on the clay-loam soil. Yields in the spring disc tillage system for both these soils were

intermediate to yields observed in the fall moldboard plow and zero-till tillage systems.

Although not significant, soybean yields following wheat on the sandy-loam soil tended to be

slightly higher in the zero-till compared to either the spring disc or fall moldboard plow tillage

systems.

On the sandy-loam and clay-loam soils, the yield differences among the tillage systems

were not significant when the preceding crop(s) were either corn or a fall rye cover crop

established following soybeans. On the loam soil, however, there was a soybean yield

response to tillage following these crops, with the highest yields occurring in the fall moldboard

plow tillage system. When corn was the preceding crop, soybean yields were about 12% lower

in the zero-till compared to the fall moldboard plow tillage system. Following fall rye, the lowest

yields were observed in the spring disc tillage system; yields with the disc system were about

12% lower than the fall moldboard plow tillage system.

When averaged over tillage systems, the lowest soybean yields, particularly on the

sandy-loam and loam soils, were observed following wheat that was underseeded with red

clover. This was mostly due to relatively large yield reductions, when compared to the other

preceding crops, associated with the zero-till tillage system when compared to the fall

moldboard plow tillage system. On the clay-loam soil, the preceding crop did not significantly

affect soy bean yields. On the loam soil, soybean yields did not vary significantly among the
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preceding crops except for wheat underseeded with red clover where yields were lower than

any other preceding crop. On the sandy-loam soil, soybean yields were highest when planted

following fall rye. Soybean yields were higher following a fall rye cover crop than either wheat

or wheat that was underseeded with red clover.

These experiments indicated that soybean yield response to tillage intensity was

dependent on the preceding year's crop. Following wheat and wheat that was underseeded

with red clover, particularly on the loam and clay-loam soils, zero-till planting soybeans was

associated with significant yield reductions when compared to the traditional fall moldboard

plow tillage system. However, following soybeans the yield differences caused by tillage

intensity was relatively small. There was no evidence that growing soybeans in rotation rather

than following soybeans would increase yields.
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3. REFINEMENT OF SYSTEM FOR UNDERSEEDING RED CLOVER IN

CORN AND WINTER WHEAT

3.1 INTRODUCTION

The practice of legume underseeding of cereals is widely accepted in Ontario. The

resulting legume hay crop can make a significant contribution to the nitrogen requirement of

any crop which follows plowing under the legume hay crop. In the past decade a practice of

underseeding cereals with a forage legume, generally red clover, and plowing under the red

clover in the late fall of the year of establishment or the following spring [a plow down crop] has

been recommended. In addition to providing a degree of erosion control, the plow down crop

has also been credited with providing up to 45 kg N/ha of the requirement for the succeeding

crop.

During this time period research has also been undertaken to develop procedures for

underseeding corn. The basic problem to be resolved was the time of planting of the two

species whereby the corn was not overly competitive with the red clover and conversely the

red clover development was not so vigorous as to become a weed in the corn. Furthermore

a chemical weed control system was required which was compatible with the two widely

different species.

Initial work at Cornell University indicated that the pre-plant, incorporated herbicide,

Eradicane, would provide good annual grass control and partial broadleaf weed control in corn

without any adverse effect on the germination and development of the red clover. In their

system broadcasting of the red clover seed was delayed until after an interrow cultivation for

broad leaf weed escapes.

Delaying seeding the red clover increased the chances of poor germination of the red

clover and therefore management techniques were necessary to promote germination under

potentially adverse conditions. Studies at Guelph have shown that establishment of the red

clover was less risky if the red clover was band seeded with phosphate, followed by packing

wheels to press the seed into the soil surface. Delaying the seeding of the red clover until the

six leaf stage of the corn appeared to give satisfactory establishment of the legume. Control

of the broad leaf weed escapes was achieved through the used of MCPA/MCPB, applied with

drop nozzles.
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Successful establishment was achieved over a six year period in silage corn at the

Elora Research Station. The use of the red clover as a plowdown crop reduced the nitrogen

requirement by an average of 47 kg N/ha and made a significant contribution to reduced soil

and water loss prior to spring plowing of the red clover.

An objective of the experiments described in this section was to compare the

establishment of red clover under grain corn with the standard practice of establishment under

a cereal. In both areas conventional tillage practices were used. In addition data were

collected to permit an economic evaluation of the nitrogen contribution of the red clover to the

production of grain corn following the red clover which had been managed as a plow down

crop or as a hay crop and using primary tillage systems which involved fall plowing, spring

plowing and no tillage. A further objective was to determine the best time of red clover

chemical kill and to compare the effect of underseeded red clover versus direct seeded red

clover on the following zero-till corn crop. Studies related to the two objectives will be reported

separately.

A. MAXIMIZING THE NITROGEN BENEFIT 

3.2 MATERIALS AND METHODS

The basic statistical design of the experiments was a split, split block arrangement of

a factorial group of treatments in a randomized complete block design. The main blocks were

two red clover establishment systems; either using grain corn or cereal as the companion crop.

The main blocks were split into two red clover management systems; managed as a plow

down crop or as a one year red clover hay - seed production crop. Each sub block was further

split into three primary tillage systems - fall plowing, spring plowing and zero tillage where the

red clover stand was killed by chemical burn down in the spring. In addition each replication

contained one block of continuous corn on which conventional tillage was conducted. Four

replications were used, however, one replication was abandoned at the Ayr site due to

irregular growth on some plots.

Each block contained sufficient space for six, four-row X 9 m experimental plots to

which different rates of nitrogen could be applied. The rates were required to provide yield data

to use in the development of the optimum economic yield and nitrogen rate required to
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produce that yield of grain corn. Six meters of the centre two rows were harvested from each

plot.

The nitrogen rates selected to provide the data base for the economic analysis were

based on an estimate generated from other experiments of the probable point at which the

most economic response would be achieved. The rates are summarized in Table 3.1.

Multiple linear regression was applied to the data from the nitrogen rates using a

quadratic model of the form:

Y  =  bo  +  b1 N  + b2 N
2 [1] 

The optimum economic yield was assumed to be that of the intercept when the

following criteria were not met by the equations. Firstly the sign of b1 must be positive and the

sign of b2 must be negative and secondly the optimum economic rate calculated from the

equation must be positive.

Two experimental sites were selected. One was located on a silt loam soil at the Elora

Research Station where success had been consistently achieved in underseeding silage corn.

The experimental area selected had been in silage corn production for several years and was

in poor physical condition. The second site was on a Fox sandy loam soil near Ayr which had

been in alfalfa for several years. This site was chosen as one where successful establishment

would be at risk due to the droughty nature of the soil.
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Table 3.1. The rates of nitrogen used to establish the economic response to nitrogen

of grain corn.

Primary Tillage System

Companion Crop Clover Management Fall Plow Spring Plow Burn Down

(kg N/ha)

Wheat or Corn Hay 0 0 0

40 40 40

60 60 60

80 80 80

100 100 100

160 160 160

Plow Plow   0  0   0

40 40 40

80 80 80

120 120 120

160 160 160

220 220 220

Continuous Corn   0   0

60 60

120 120

160 160

200 200

260 260

The details of the cultural treatments and procedures used at the two sites are

summarized in Tables A.1 and A.2 in the Appendices.
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3.3 RESULTS AND DISCUSSION
3.3.1 Yield & Nitrogen Response

Ayr Site: The yield from the plots not receiving nitrogen fertilizer were used as an

estimate of the yield due to mineralization of soil nitrogen and the residues from the red clover

crop (Table 3.2). The inclusion of red clover in the cropping system increased the production

of corn by 48.8% over no red clover. The best red clover system - red clover plow down -

established under wheat and using chemical burn down as primary tillage resulted in an

increase in yield without fertilizer nitrogen of 74%.

Table 3.2. The yield of grain corn obtained without nitrogen fertilizer as influenced by

companion crop, clover management and primary tillage on a sandy loam

soil †.

Primary Tillage System

Companion Crop Clover Management Fall Plow Spring Plow Burn Down

Wheat Hay (kg grain/ha @ 15.5 % H2O)

9062 aA 9221 bA 9930 cA

Plow Down 9266 aB 8925 bB 10000 cA 

Corn Hay 8357 aA 9583 bA 9894 cA

Plow Down 5904 aB 6826 bB 5477 cB

Continuous Corn Spring Plow 5738*

† The same lower case and upper case letters following the mean values in a row and column,

respectively, indicate the values are not significantly different at 95% probability level, based

on F values provided in Appendix A.3.

* Control significantly different from the average of all other treatments.

All production factors under study had an influence on the yield achieved, however, they

interacted with each other (Table 3.3). The choice of the crop which was used for

underseeding the red clover interacted with the system used for managing the red clover. No

difference between managing the red clover as hay or plow-down was measured in the yield

of corn where the red clover was underseeded in wheat. Underseeding corn, however,

resulted in a yield similar to underseeding wheat where the clover was managed as hay, but
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provided no improvement in yield over no red clover where the clover was managed as a

plow-down crop.

An interaction also was measured between the method of establishment and the type

of primary tillage employed (Table 3.4). Whereas chemical burn down produced the superior

yield when the red clover was established under wheat, spring plow down produced a higher

yield where the clover was established under corn.

Table 3.3. The interaction of companion crop and red clover management on the

yield of grain corn without fertilizer nitrogen on a sandy loam soil.

Red Clover Management

Companion Crop Hay Plow Down Ave.

(kg/ha @ 15.5% H2O)

Wheat 9404 9397 9400

Corn 9278 6069 7673

Ave. 9341 7733

An interaction also was measured between the method of establishment and the type

of primary tillage employed (Table 3.4). Whereas chemical burn down produced the superior

yield when the red clover was established under wheat, spring plow down produced a higher

yield where the clover was established under corn.

Table 3.4. The interaction of companion crop and primary tillage system on the yield

of grain corn without fertilizer nitrogen on a sandy loam soil.

Primary Tillage System

Companion Crop Fall Plow Spring Plow Burn Down Ave.

(kg/ha @ 15.5% H2O)

Wheat 9163 9073 9965 9400

Corn 7130 8204 7685 7673

Ave. 8146 8638 8825
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The use of nitrogen fertilizer increased the optimum economic yield of corn without red

clover underseeding by 66.2%; a yield level which was not significantly different from the

yieldobtained from the red clover treatments (Table 3.5). The optimum economic yield

increase obtained from nitrogen fertilizer established the location as one with a high demand

for nitrogen; a demand which may in part be met by the nitrogen inputs from red clover.

Table 3.5. The optimum economic yield from nitrogen fertilization of grain corn

following red clover management systems of companion crop, clover

management and primary tillage on a sandy loam soil using a price ratio

of six †.

Primary Tillage System

Companion Crop Clover Management Fall Plow Spring Plow Burn Down

(kg grain/ha @ 15.5% H2O)

Wheat Hay 9048 aB 8995 aB 10131 bB

Corn Plow Down

Hay

9298 cA

8396 cB

9479 bA

9488 bB

10788 aA

  9863 aA

Plow Down 9376 bA 9868 aA   9815 aA

Continuous Corn Spring Plow 9535 NS

† The same lower case and upper case letters following the mean values in a row and column,

respectively, indicate the values are not significantly different at 95% probability level, based

on F values provided in Appendix A.4.
NS Control not significantly different than the average of all other treatments.

An interaction between the crop used for underseeding and the method of primary

tillage was determined for the optimum economic yield (Table 3.6). The interaction was similar

to the previous interaction measured for the yield without nitrogen fertilizer (see Table 3.4).

The highest yields were achieved by using chemical burn down, with a lower yield resulting

from establishment under corn, except where spring tillage was used.
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Table 3.6. The interaction of companion crop and primary tillage system on the

optimum economic yield of grain corn with nitrogen fertilizer on a sandy

loam soil.

Primary Tillage System

Companion Crop Fall Plow Spring Plow Burn Down Ave.

(kg/ha @ 15.5% H2O)

Wheat 9173 9237 10459 9623

Corn 8886 9678   9839 7573

Ave. 9029 9457 10149

The nitrogen requirement to produce the optimum economic yield was reduced to zero

where the red clover was managed as hay regardless of whether the clover was established

under corn or wheat (Table 3.7). An interaction, however was measured between the

establishment crop and the method of red clover management (Table 3.8). The interaction was

due to an average increase in nitrogen requirement from 12.1 kg N/ha for hay management

to 47.8 kg N/ha for plow down management where underseeding occurred with wheat. This

small increase in nitrogen demand is in sharp contrast to an increase from an average of zero

where hay management was used on the red clover established under corn to an average of

146.3 kg N/ha where a plow down management was used. Nevertheless, an average of 29.2

kg less nitrogen was required where plow down red clover was used in contrast to no red

clover.
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Table 3.7. The rate of nitrogen fertilization for optimum economic yield of grain corn

following red clover management systems of companion crop, clover

management and primary tillage on a sandy loam soil†.

Primary Tillage System

Companion Crop Clover Management Fall Plow Spring Plow Burn Down

(kg N/ha)

Wheat Hay 14.1 bA   0 B 22.3 aB

Plow Down 11.3 cA 25.8 bA 106.4 aA

Corn Hay   0 B   0 B   0 B

Plow Down 132.7 cA 143.4 bA 163.0 aA

Continuous Corn Spring Plow 175.5*

† The same lower case and upper case letters following the mean values in a row and column,

respectively, indicate the values are not significantly different at 95 % probability level, based

on F values provided in Appendix A.5.

* Control significantly different from the average of all other treatments.

Table 3.8. The interaction of companion crop and red clover management on the

nitrogen requirement for optimum economic yield on a sandy loam soil.

Red Clover Management

Companion Crop Hay Plow Down Ave.

(kg nitrogen/ha)

Wheat 12.1  47.8 29.9

Corn   0.0 146.3 73.1

Ave.   6.0  97.0
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Elora Site: Somewhat similar, but slightly lower, grain corn yields were obtained at the

01 Elora site in 1992 (Table 3.9). The similar average yields at the two growing sites illustrate

that comparable growing conditions occurred at the sites although they were separated by

over 50 kilometres and were in different heat unit classes.

Table 3.9. The yield of grain corn obtained without nitrogen fertilizer as influenced by

companion crop, clover management and primary tillage on a silt loam

soil†.

Primary Tillage System
Companion Crop Clover Management Fall Plow Spring Plow Burn Down

(kg grain/ha @ 15.5% H2O)

Wheat Hay 10010 aA  9991 bA 9607 cA

Plow Down 9932 aB 9753 bB 9725 bA

Corn Hay 9585 bB 9542 bA 9708 aA

Plow Down 7996 aA 7486 bA 6654 cB

Continuous Corn Fall Plow 7553*

† The same lower case and upper case letters following the mean values in a row and column,

respectively, indicate the values are not significantly different at 95% probability level, based

on F values provided in Appendix A.6.

* Control significantly different from the average of all other treatments.

The average yield of corn without nitrogen fertilizer at the Elora site following red clover

was increased by an average of 21.3 % over that obtained without red clover underseeding

(Table 3.9). As was measured at the Ayr site, the establishment crop and the method of red

clover management interacted (Table 3.10). Where the red clover was established under

wheat the same yield was obtained from both hay and plow down management. When

established under corn, however, the yield was 2.6% lower than under wheat where the hay

management system was employed in contrast to 24.7% lower where the plow down

management was used. In fact a slightly lower yield resulted from the red clover plow down

treatment than from no red clover underseeding.
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Table 3.10. The interaction of companion crop and red clover management on the

yield of grain corn without fertilizer nitrogen on a silt loam soil.

Red Clover Management

Companion Crop Hay Plow Down Ave.

(kg/ha @ 15.5% H2O)

Wheat 9869 9803 9836

Corn 9612 7379 7673

Ave. 9740 8591

The increase in production from 7553 kg corn/ha without red clover underseeding to an

average of 9165 kg/ha with underseeding indicated this site was also responsive to nitrogen

fertilization. The degree of response, however, was less than at the Ayr site.

The various management systems had no effect on the optimum economic yield

obtained at the Elora site (Table 3.11). Nevertheless a slightly better yield was obtained where

the red clover was established under wheat and managed as hay.

Table 3.11. The optimum economic yield from nitrogen fertilization of grain corn

following red clover management systems of companion crop, clover

management and primary tillage on a silt loam soil using a price ratio of

six †.

Primary Tillage System

Companion Crop Clover Management Fall Plow Spring Plow Burn Down

(kg grain/ha @ 15.5% H2O)

Wheat Hay 10042 aA  10049 aA  10096 aA  

Plow Down 9823 aA 9825 aA 9819 aA

Corn Hay 9740 aA 9749 aA 9811 aA

9836 aA 10086 aA  9718 aA

Continuous Corn Fall Plow 9729NS

† The same lower case and upper case letters following the mean values in a row and column,

respectively, indicate the values are not significantly different at 95% probability level, basedon

F values provided in Appendix A.7.
NS Control not significantly different from the average of all other treatments.
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The rate of nitrogen required to produce the optimum yield of corn without red clover

underseeding was estimated at 130 kg N/ha. Underseeding with red clover reduced the

demand for nitrogen, the reduction depending on how the red clover was managed (Table

3.2). Furthermore, the management systems interacted (Table 3.12).

Table 3.12. The rate of nitrogen fertilization for optimum economic yield of grain corn

following red clover management systems of companion crop, clover

management and primary tillage on a silt loam soil †.

Primary Tillage System

Companion Crop Clover Management Fall Plow Spring Plow Burn Down

(kg nitrogen/ha)

Wheat Hay 0 0 50.2 A

Plow Down 0 8.6 1.5 B

Corn Hay 9.0 cB 12.9 aB 8.1 aA

Plow Down 107.3 aA 128.7 aA 131.4 aA

Continuous Corn Fall Plow 130.4*

 † The same lower case and upper case letters following the mean values in a row and column

respectively, indicate the values are not significantly different at 95 % probability level, based

on F value provided in Appendix A.8.

* Control is significantly different from the average of all other treatments.

Table 3.13. The interaction of companion crop and red clover management on the

nitrogen requirement for optimum economic yield on a silt loam soil.

Red Clover Management

Companion Crop Hay Plow Down Ave.

(kg nitrogen/ha)

Wheat 16.7 3.4 10.0

Corn 10.0 122.4 66.2

Ave. 13.3 62.9
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When the red clover was managed as hay there was essentially no requirement for

nitrogen to produce the optimum economic yield. Similarly when the red clover was

established under wheat for hay production there was no requirement. Managing the clover

established under corn as a plow down crop, however, raised the requirement to the same

level as where no red clover underseeding had been used.

3.3.2 Nitrogen Soil Test

Ayr Site: The diversity of legume treatments provided an opportunity to examine their

effect on the recently introduced nitrogen soil test for corn. The cultural practices used in the

production of red clover had a significant effect on the nitrogen soil test on the sandy loam soil

(Table 3.14). The three cultural practices, however, interacted with each other. While nitrogen

test following red clover harvested as hay did not differ between establishment under wheat

or corn, managing the red clover as a plow down crop reduced the average nitrogen test by

44.8% where the establishment was under corn in contrast to wheat (Table 3.15). The nitrogen

soil test value measured from plow down red clover established under corn was the same as

that obtained where red clover was not planted.
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Table 3.14. The nitrogen soil test as influenced by companion crop, clover

management and  primary tillage on a sandy loam soil †.

Primary Tillage System

Companion Crop Clover Management Fall Plow Spring Plow Burn Down

(kg NO3-N/ha)

Wheat Hay 45.5 aA 36.8 bA 21.9 cA
Plow Down 38.6 cB 29.3 bB 16.5 cB

Corn Hay 41.2 aA 35.7 bA 25.0 cA

Plow Down 18.7 cB 16.9 bB 10.9 cB
Continuous Corn Spring Plow 14.1*

† The same lower case and  upper case letters following the mean values in a row and  column,

respectively, indicate the values are not significantly different at 95% probability level, based

on F values provided in Appendix A.9.

* Control is significantly different from the average of all other treatments.

Table 3.15. The interaction of companion crop and  red clover management on the

nitrogen soil test for corn on a sandy loam soil.

Companion

Crop

Red Clover Management

Hay Plow Down Ave.

Wheat

Corn

Ave.

34.7

34.0

34.3

28.1

15.5

21.8

31.4

24.7

The choice of crop for underseeding also interacted with the method of primary tillage

(Table 3.16). The average nitrogen soil tests following red clover established under wheat

were 42, 33, and 19 kg NO3-N, respectfully, for fall plow, spring plow and chemical burn down.

These values were reduced by 12, 7, and 1 kg NO3-N, respectfully, for the same treatments

when the establishment was conducted under corn.
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Table 3.16. The interaction of companion crop and primary tillage system on the

nitrogen soil test for corn on a sandy loam soil.

Companion

Crop

Primary Tillage System

Fall Plow Spring Plow Burn Down Ave. 
(kg NO3-N/ha)

Wheat 42.0 33.0 19.2 31.4

Corn 29.9 26.3 17.9 24.7

Ave. 35.9 29.6 18.5

The soil test values were used in conjunction with the  recently published requirement

tables (O.M.A.F. Publ. 296) to generate the  nitrogen recommendation for corn following each

treatment. The optimum economic rate derived from the field data was subtracted from the

recommended rate to determine the error associated with using the requirement tables where

legumes are involved (Table 3.17). The recommendation based on the soil test was found

to closely approximate the measured requirement for nitrogen where red clover was not

involved in the management.

Table 3.17. The deviation in the nitrogen requirement predicted by the  soil test from

the optimum economic rate of nitrogen, as influenced by companion crop,

clover management and  primary tillage system on a sandy loam soil †.

Companion

Crop

Clover

Management

Primary Tillage System
Fall Plow Spring Plow Burn Down

(kg N/ha)

Wheat Hay +139 aA +149 aA +171 aA
Wheat +  50 aA + 43 aB +  35 aB

Corn Hay +116 aB + 147 aA +154 aA
Plow Down + 132 aA + 136 aB +81 aB

Continuous Corn Spring Plow + 16*

† The same lower case and  upper case letters following the mean values in a row and  column,

respectively, indicate the  values are not significantly different at 95% probability level, based

on F values provided in Appendix A.10.

* Control is significantly different from the  average of all other treatments.
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Serious deviations, averaging 112 kg N/ha, between the  measured requirement for

nitrogen calculated at a price ratio of six and the  prediction based on the  soil test were found

where red clover underseeding was involved. The deviations were influenced by an

interaction of the crop which was underseeded and the  management of the  red clover (Table

3.18). The average deviation was reduced from 153 kg N/ha following hay to 43 kg N/ha

following plow down where the  clover was established under wheat. In contrast the  deviation

only fell from 139 kg N/ha for clover managed as hay to 116 kg N/ha where the  clover was

treated as a plow down crop following establishment under corn.

Table 3.18. The interaction of companion crop and  red clover management deviation

of the  nitrogen requirement predicted by the  nitrogen soil test from the

optimum economic rate of nitrogen on a sandy loam soil.

Red Clover Management
Companion Crop Hay Plow Down Ave.

Wheat +153 +43 +98

Corn +139 +116 +128

Ave. + 146 +79

Elora Site: Significantly higher nitrogen soil test values were measured at the Elora site

(Tables 3.19). The soil test was influenced by an interaction of the three management

treatments.
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Table 3.19. The nitrogen soil test as influenced by companion crop, clover

management and primary tillage on a silt loam soil †

Companion

Crop

Clover

Management

Primary Tillage System

Fall Plow Spring Plow Burn Down

(kg NO3-N/ha)

Wheat Hay 125.6 aA 107.7 bA 50.2 cA
Plow Down 62.3 aB 53.8 bB 42.5 cA

Corn Hay 132.4 aA 86.1 bA 54.7 cA
Plow Down 135.3 aB 91.8 bA 45.3 cA

Continuous

Corn Fall Plow 52.2*
† The same lower case and  upper case letters following the mean values in a row and  column,

respectively, indicate the values are not significantly different at 95% probability level, based

on the F value provided in Appendix A.11.

* Control is significantly different from the average of all other treatments.

Where the clover was established under wheat and managed as hay the  soil test value

decreased as the primary tillage was changed from fall plowing to spring plowing to chemical

burn down. The soil test found where the  red clover was managed as a plow down crop was

one half that found under hay management where the  primary tillage was fall plowing, but

change little as the other primary tillage systems were employed. Where the  clover was

established under corn no difference in the  soil test for nitrogen was detected between the

hay and the  plow down managements for the primary tillage systems although a similar

decrease between the  hay and  plow down managements due to later death of the red clover

by chemical burn down was measured.
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Table 3.20. The deviation in the  nitrogen requirement predicted by the  soil test from

the  optimum economic rate of nitrogen, as influenced by companion

crop, clover management and  primary tillage system on a silt loam soil †.

Companion

Crop

Clover

Management

Primary Tillage System

Fall Plow Spring Plow Burn Down

(kg N/ha)

Wheat Hay - 6 cA + 27 bA +113 aA  
Plow Down -10 bA - 15 cB  + 5 cB

Corn Hay + 1 c  + 51 bA +62 aB

Plow Down + 1 c + 30 bB + 129 aA 
Continuous Corn Fall Plow -13*
† The same lower case and  upper case letters following the  mean values in a row and  column,

respectively, indicate the values are not significantly different at 95% probability level, based

on F values provided in Appendix A.12.

* Control significantly different from the  average of all other treatments.

The soil test more closely predicted the  nitrogen requirement at the  Elora site (Table

3.20). An interaction of the  clover management system and the  crop used for underseeding

occurred due to a reversal of the effect of the  clover management (Table 3.21). The average

deviation from the  measured optimum economic response was 43 kg N/ha where the  clover

was established under wheat and  managed as hay in contrast to 7 kg N/ha where it was

managed as a plow down crop. On the other hand where the  clover was established under

corn  the  deviation increased from 38 kg N/ha for clover managed as hay to 53 kg N/ha for

clover managed as a plow down crop.
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Table 3.21. The interaction of companion crop and  red clover management on the

deviation of the nitrogen requirement predicted by the nitrogen soil test

from the optimum economic rate of nitrogen on a silt loam soil.

Companion Crop
Red Clover Management

Hay Plow Down Ave.

(kg N/ha)

Wheat +43 +7 +25

Corn +38 +53 +46

Ave. +41 +30

The system of primary tillage also influenced the comparison of the nitrogen

recommendation by a soil test to the measured optimum economic response (Table 3.22).

Where the red clover was fall plowed similar estimates of the nitrogen requirement were

found. When the red clover was spring plowed the soil test system recommended an average

excess 17 kg N/ha. Using the chemical burn down system of primary tillage resulted in an

average excess recommendation of 77 kg N/ ha.

Table 3.22. The interaction of companion crop and  primary tillage system on the

deviation of the nitrogen requirement predicted by the nitrogen soil test

from the optimum rate of nitrogen on a silt loam soil.

Companion Crop
Primary Tillage System

Fall Plow Spring Plow Burn Down Ave.

(kg N/ha)

Wheat - 8   - 6 + 59 22

Corn + 1 + 40 + 95 45

Ave. - 3 + 17 + 77

An indication of the contribution of mineralization of nitrogen from the red clover

residues and  the organic matter to the nitrogen needs of the corn at the two sites can be

obtained from a comparison of a linear regression between the check yield as the
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independent variable and  the deviation between the  two systems for deriving the  nitrogen

rate. The resulting simple regression equations are:

Ayr: Dev. = -102.44 + 0.02499Y (R2 = 55.15; F1.37 = 45.50) [2]

  Elora: Dev. = -141.83 + 0.01883Y (R2 = 18.81; F1,37 = 11.58) [3]

where Dev. =  the deviation in recommendation between the  measured nitrogen requirement

for optimum economic yield and  the nitrogen requirement predicted by the soil test and  Y

is the check yield.

At any soil organic matter level the  greater the  amount of mineralization of nitrogen

from the red clover the greater the  expected check yield, hence the  greater the  deviation

between the two systems. The significant correlation at the Ayr site would indicate that

considerable mineralization was occurring. Since the  sandy loam soil was low in organic

matter the  primary source of mineralization would be the red clover residues.

At the Elora site the  correlation was not as significant. As the  site was considerably

higher in organic matter than the  Ayr site it is proposed the  total mineralization was greater

than at Ayr and  the site was less dependent mineralization of the  red clover residues. (The

calculated regression coefficients and  selected statistical parameters for the  grain yield data

obtained at the  Ayr and Elora site are given in Appendices A.13 and  A.14 respectively).

3.4 CONCLUSIONS

A significant response to nitrogen was measured at both sites; the  magnitude of the

response was greater on the  sandy loam soil at Ayr than on the  silt loam soil at the  Elora

Research Station. Successful establishment of red clover using wheat or corn as the

companion crop was achieved at both sites.

The optimum economic yield at Ayr was higher with spring plowing and  with chemical

burn down; the latter being the  superior method of primary tillage. Chemical burn down of the

red clover provided a 9.7% increase in the  optimum economic yield. When combined with

the obvious soil erosion control benefits, it becomes the  preferred tillage system on sandy

soils. Improved moisture relationships during the  growing season on the  undisturbed sandy

loam soil is considered the  cause of the  yield superiority of the chemical burn down system.
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At Elora, however, chemical burn down failed to show an advantage over other

primary tillage methods. Red clover established under wheat and  managed as hay

consistently produced 10 tonne/ha of grain, regardless of the  tillage system; an increase of

3.4% over continuous corn. As soil structure was considered to be poor at the  initiation of

the  project at Elora, the improvement in soil structure generated by the  heavy stand of red

clover established under wheat probably accounted for this small increase in yield level.

Managing the red clover, established under either companion crop, as a hay-seed

crop eliminated the requirement for additional nitrogen as fertilizer at both sites. An exception

was a requirement for 50 kg N/ha at the Elora site where chemical burn down was employed

to kill the red clover stand established under wheat.

Managing the red clover established with wheat as a plow down crop reduced the

nitrogen requirement to zero at Elora. At Ayr, however, a nitrogen requirement was

measured, the magnitude of the  requirement increasing from fall to spring plowing, to

chemical burn down of the red clover.

Managing the  red clover established with a corn companion crop as a plow down

crop at Ayr resulted in a nitrogen requirement which increased as the  primary tillage system

was changed from fall to spring, to chemical burn down of the red clover. The nitrogen

requirement was reduced by 24, 18 and  7% from that of continuous corn where the  red

clover was fall plowed, spring plowed and  chemically removed, respectively. At Elora only

fall plowing of the red clover resulted in a reduction of 18% from the requirement of

continuous corn.

The saving in fertilizer nitrogen, therefore, appears to be a function of the  degree of

development of the red clover. The greatest saving occurred where one full year of red

clover growth occurred or where the  red clover was allowed to develop after the  harvest of

a cereal in July - August. The minimal growth obtained after establishment in corn and

plowed that fall or the next spring provided a highly unreliable amount of nitrogen.

The use of red clover underseeding was reflected in the nitrate soil test where the

nitrate level rose to 3.0X and 2.5X that found under continuous corn at Ayr and  Elora,

respectively. The nitrogen soil test, however, was three to four fold higher at Elora than at

Ayr. The nitrogen soil test was highest where the  red clover was managed as hay at both

sites. Furthermore, chemical burn down as the  primary tillage system, resulted in a lower

test at both sites.
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Assuming that the  nitrogen rate calculated for the  optimum economic yield from the

field data is the  best estimate of the  nitrogen requirement, a comparison can be made with

the  requirement predicted by the  soil test. Whereas the  soil test successfully predicted the

nitrogen requirement for continuous corn at both sites, the  soil test failed to predict the

correct requirement where red clover was produced.

The failure of the  soil test to successfully predict the nitrogen requirement where

legume Ohay or plow down established under cereals is the previous crop suggest an

improvement may be gained where nitrogen credits are applied against the  soil test

recommendation where legumes are concerned on light textured soils. These credits may

be 125 to 150 kg N/ha where the legume was managed as a hay crop established under

wheat or corn and 50 kg N/ha where the  red clover was established under a cereal and

managed as a plow down crop. Such a system of credits is currently applied in general

nitrogen recommendation for corn production.

Since the  deviations were minor on the  silt loam soil at Elora, with the  exception of

the  chemical burn down treatment, no system of credits would be applied to soils of this

texture or finer.

It is recommended that the data from this study be combined with data from other

studies to devise a system of credits for the  correction of the  nitrogen soil test for corn.

B.  TILLAGE AND RED CLOVER MANAGEMENT 

3.5 MATERIALS AND METHODS

The following test was conducted during two time periods (1989-1990 and 1990-1991)

and  in two locations. In the  first year of each 2-year cycle, the  crops listed below were

grown with conventional tillage. Zero-till corn was grown the  second year. The objectives

were to determine the  effect of these treatments on (1) soil structural stability, (2) soil

erosion potential and  (3) corn growth and yield.

The following treatments (previous crops and kill dates) were employed in both

experimental cycles:
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1) Grain corn

2) Winter wheat

3) Red clover underseeded to winter wheat

(with four chemical kill dates of approximately: Oct. 10, Nov. 10, Apr. 25, and

May 10)

4) Direct seeded red clover (with same kill dates as #3 above)

Identical experiments were set up at each of the  following locations:

1) Elora (Conestoga silt loam)

2) Ayr (Fox sandy loam)

Each plot was split into two subplots for nitrogen treatments of 75 and  150 kg N ha-1

applied as U.A.N. Other cultural practices and  dates are outlined in Tables 3.23 and  3.24.

Table 3.23. Dates of various operations performed in the  experiment.

Operation +

Elora Ayr
Cycle 1 Cycle 2 Cycle 1 Cycle 2

W.W. planting Sept 30,88 Sept 28,89 Sept 26,88 Sept 26,89

R.C. underseed Apr 12,89 Mar 28,90 Mar 16,89 Apr 6,90

direct seed May 4,89 May 1,90 Apr 25,89 Apr 24,90

R.C. kill date 1 Oct 12,89 Oct 15,90 Oct 13,89 Oct 11,90

2 Nov 2,89 Nov 10,90 Nov 10,89 Nov 10,90

3 Apr 25,90 Apr 25,91 Apr 25,89 Apr 25,90

4 May 12,90 May 15,91 May 9,90 May 7,91

Corn planting May 14,90 May 14,91 May 19,90 May 10,91

Corn harvest Oct 31,90 Oct 8,91 Oct 23,90 Sept 25,91

+ W.W. = winter wheat, R.C. = red clover
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Table 3.24. Corn hybrids, starter fertilizers, and  herbicides used on no-till corn.

Location and

inputs
Amount applied

1990 1991

Elora ------------------------ rate ha-1 -----------------------

Corn hybrid P3902 P3902

Starter fertilizer 5-20-20 190 kg 11-52-0 125 kg
Herbicides

R.C. kill 1
2,4-D 1.0 kg ai Glyphosate 1.8 kg ai

Dicamba 4.8 kg ai 2,4-D 1.0 kg ai
Mecoprop 3.0 kg ai

2 as above (1) Glyphosate 1.3 kg ai
2,4-D 0.5 kg ai

3 2,4-D 1.0 kg ai Glyphosate 1.3 kg ai
2,4-D 1.0 kg ai

4 Cyanazine 1.9 kg ai as above (3)
2,4-D 1.0 kg ai

Corn Metolachlor 2.6 kg ai Metolachlor 2.6 kg ai
Cyanazine 2.3 kg ai Cyanazine 2.3 kg ai

Ayr
Corn hybrid P3790 P3790
Starter fertilizer 5-20-20 190 kg 11-52-0 125 kg
Herbicides

R.C. kill 1
2,4-D 1.5 kg ai Glyphosate 1.8 kg ai

Dicamba 7.2 kg ai 2,4-D 1.0 kg ai
Mecoprop 4.5 kg ai

2 as above (1) Glyphosate 1.3 kg ai

2,4-D 1.0 kg ai
3 2,4-D 1.0 kg ai Glyphosate 1.1 kg ai

2,4-D 1.0 kg ai

4 Glyphosate 1.1 kg ai as above (3)

2,4-D 1.0 kg ai
Corn Metolachlor 2.6 kg ai Dicamba 0.6 kg ai

Cyanazine 2.3 kg ai
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3.6 RESULTS AND DISCUSSION

3.6.1 Soil Aggregate Stability

Due to cold weather conditions late in 1989, the Nov. 10 kill date proved to be

ineffective in its control of red clover. Regrowth of red clover persisted on this treatment and

it was necessary to re-spray on May 10, 1990. For this reason, this treatment for 1990 is

omitted from the following discussion.

Soil structural stability was affected only marginally by red clover management. Wet

aggregate stability measured during the  first year of the  experimental cycle showed little

significance or consistent trends at either Ayr or Elora (see Appendix A.15).

Wet aggregate stabilities, measured during the second year of the  cycle (i.e. the  year

zero-till corn was grown) with the Pojasok method are shown in Table 3.25. Differences were

significant only at Elora in 1991. In this site/year corn following corn was significantly lower

than most of the other treatments. Also, the  direct seeded red clover resulted in more stable

aggregates than underseeded red clover. At Elora in 1990 and  at Ayr in both 1990 and

1991 the previous corn treatment tended to result in among the lowest values for aggregate

stability, however, the  differences were not statistically significant.

The Yoder method of determining wet aggregate stability during the  corn growth year

of each cycle was employed only at Ayr (Table 3.26). In 1991, wet aggregate stability

following winter wheat alone was significantly lower than winter wheat underseeded to red

clover. Similar to the findings with the  Pojasok method, in both years at Ayr corn resulted

in the lowest structural stability, but differences were not significant.
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Table 3.25. Influence of previous crop and  red clover kill date on wet aggregate

stability (Pojasok method) measured early during the  second year of the

experiment at Elora and  Ayr.

Previous

crop +

Date of

kill

Elora Ayr

May 90 July 91 July 90 May 91

------------------------------ % -------------------------------

Corn -    18.2 a++ 11.3 d  33.7 a 26.8 a
Winter wheat - 24.4 a 18.0 ab 35.5 a 26.1 a

W.W., R.C. Oct. 10 19.3 a   16.1 abc 34.5 a 30.4 a

W.W., R.C. Nov. 10 -   17.5 abc - 29.0 a

W.W., R.C. April 25 - 13.3 cd - 28.5 a

W.W., R.C. May 10 23.0 a    15.1 bed 34.0 a 23.4 a

Red clover Oct. 10 24.5 a 20.2 a 39.6 a 27.7 a

Red clover Nov. 10 - 20.1 a - 30.3 a

Red clover April 25 - 20.3 a - 30.5 a
Red clover May 10 19.5 a     15.6 bcd 35.8 a 28.3 a

+ W.W. = winter wheat, R.C. = underseeded red clover

++ Within each column, data followed by the  same letter are not statistically different at p < 0.05.
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Table 3.26. Influence of previous crop and  red clover kill date on wet aggregate

stability (Yoder method) measured early during the second year of the

experiment at Ayr.

Previous crop + Date of kill June 90 May 91

------------------------ % ------------------------

Corn -   62.9 b++ 65.4 c  

Winter wheat - 69.1 ab 68.2 bc

W.W., R.C. Oct. 10 64.3 b  74.2 ab

W.W.,  R.C. Nov. 10 - 75.8 a 

W.W., R.C. April 25 -   71.1 abc

W.W.,  R.C. May 10 68.0 ab 73.4 ab

Red clover Oct. 10 63.5 b   71.5 abc

Red clover Nov. 10 -   72.4 abc

Red clover April 25 -  73.0 ab
Red clover May 10 74.7 a  68.4 bc

+ W.W. = winter wheat, R.C. = underseeded red clover.

++ Within each column, data followed by the same letter are not statistically different at p  < .05.
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3.6.2 Potential for Soil Erosion

The potential for soil erosion was assessed by conducting rainfall simulation studies

at the Elora site in early July of 1991. At this time the  experiment was in the second year,

and, therefore, corn had already been planted without tillage  prior to conducting the  rainfall

simulations. The potential for soil erosion was assessed on the following treatments:

1. Corn

2. Wheat (no clover)

3. Red clover underseeded into wheat, killed October 10

4. Red clover underseeded into wheat, killed May 10

The volume of surface water run-off was affected by the  presence of the  various

crop residues, with the highest run-off volumes occurring after corn and  lowest following

May-killed red clover (Table 3.27). Delaying red clover desiccation until May reduced water

run-off volumes by 85 % compared to where red clover was killed in October. Including red

clover as a cover crop after wheat reduced run-off volumes, relative to wheat alone, by 30%

for the October kill and  by 90% for the May kill date.

Including red clover as a cover crop after wheat reduced soil loss, relative to wheat

alone, by about 50% where red clover was killed in October (Table 3.27). Delaying red clover

desiccation until May reduced soil loss by a further 50% compared to when killed in October.

Soil loss amounts after corn were intermediate to loss amounts which occurred following

wheat alone and  underseeded red clover.

Residue cover varied significantly among the  various cropping treatments, with the

lowest residue cover occurring after corn and  highest after red clover which was killed on

May 10.
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Table 3.27. Effect of various crop residues and  red clover kill dates in a zero-tillage

system on percent residue cover, volume of surface water run-off, and

soil loss following a simulated rainfall event.

Previous crop Cover
Residue

Volume

Run-off Soil

Loss
% L m-2 Mg ha-1

Grain corn 44 b+     8.4 a++     0.49 ab+

Wheat 50 ab 5.5 a 0.63 a

Red clover (October kill) 57 ab 3.9 a   0.29 bc

Red clover (May kill) 72 a  0.6 b 0.15 c

+ Within column means followed by  the  same letter are not significantly different according

to a LSD test at the  5% level of probability.

++ Within column means followed by the  same letter are not significantly different according to

a protected LSD test at the  5% level of probability using log(x+ 1) transformed data.

Although not significant, residue cover measured in early July 1991 was 15% higher when

red clover was desiccated on May 10, 1991 rather than October 10, 1990. Regression

analyses indicated that the  volume of surface water run-off and soil loss decreased as

residue cover increased. Differences in residue cover among the various cropping

treatments accounted for 35% and  66% of the  variability in soil loss amounts and  surface

water run-off volumes, respectively.There was no significant relationship between wet

aggregate stability with either run-off volume, or soil loss.

The results indicate that including red clover as a cover crop after wheat can reduce

surface water run-off and  soil loss during an intense rainfall event, when compared to wheat

alone, even in a zero-till tillage system. There also appears to be a benefit to killing red

clover in May compared to the  fall, in terms of reducing erosion and surface water run-off.

It also confirms the importance of residue cover, since a significant proportion of the

variability in runoff volumes and  soil losses could be explained by differences in residue

cover with soil loss and  run-off volume decreasing as residue cover increases.
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3.6.3 Corn Growth and Yield

Significant differences in early corn plant height and  leaf number occurred as a result

of the treatments, but these differences were not always consistent over the  two locations

and  two years (Tables 3.28 and  3.29).

At Elora, corn following corn had among the  shortest plants (Table 3.28). At Ayr, the

direct seeded red clover treatments tended to result in taller corn plants with more leaves

than where red clover was underseeded to wheat, and the May 10 kill date resulted in

shorter plants with fewer leaves within both the  underseeded and  direct seeded red clover.

There was a trend in three of the four site/years for the May 10 kill date to result in shorter

early plant heights than any of the other treatments which included red clover; however,

these differences were seldom significant.

Silk emergence was delayed by 1.5 to 2.5 days for the  May 10 kill date compared to

the  other kill dates at Ayr in 1991 (data not shown). No significant treatment differences in

silk emergence were observed at the  other location/years. The effect of N rate on plant

growth rates was not measured.
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Table 3.28. Influence of previous crop and red clover kill date on early corn plant

height.

Previous

crop+

Red clover

kill date
Elora Ayr

1990 1991 1990 1991

---------------------------- cm -----------------------------

Corn -    7.5 b++ 19.9 bc  39.5 d   36.1 abc

Winter wheat - 10.2 a 21.6 abc 38.6 d 33.6 cd

W.W.,  R.C. Oct. 10 10.2 a 22.8 ab 45.5 bc 34.2 cd

W.W.,  R.C. Nov. 10 - 23.2 a   - 32.2 d 

W.W., R.C. April 25 11.4 a  20.1 abc 39.0 d  34.2 cd

W.W.,  R.C. May 10 10.9 a 18.9 c   38.0 d 25.6 e

Red clover Oct. 10 10.7 a 21.7 abc 48.1 ab 38.9 a

Red clover Nov. 10 - 20.7 abc -   37.7 ab

Red clover April 25 11.2 a 21.0 abc 50.7 a     34.6 bcd

Red clover May 10 11.4 a 20.4 abc 42.2 cd 24.6 e

+ W.W. = winter wheat, R.C. = underseeded clover.

++ Within each column, data followed by the same letter are not statistically different at p < 0.05.
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Table 3.29. Influence of previous crop and red clover kill date on early corn leaf

number.

Previous

crop+

Red clover

kill date

Elora Ayr

1990 1991 1990 1991

Corn -   2.9 a++ 4.6 a 7.1 d  6.5 bc

Winter wheat - 3.5 a 4.2 bc 7.4 cd 6.2 c

W.W., R.C. Oct. 10 3.4 a 4.6 a 7.5 cd 6.4 c

W.W., R.C. Nov. 10 -   4.5 ab - 6.1 c

W.W., R.C. April 25 3.5 a 4.1 c 7.5 cd 6.1 c

W.W., R.C. May 10 3.3 a 4.1 c 7.3 d 5.3 d

Red clover Oct. 10 3.7 a 4.7 a   8.2 ab 7.1 a

Red clover Nov. 10 - 4.7 a -   6.9 ab

Red clover April 25 3.4 a 4.6 a 8.5 a   6.5 be
Red clover May 10 3.4 a   4.4 ab 7.9 bc 4.9 d

+ W.W. = winter wheat, R.C. = underseeded clover.

++ Within each column, data followed by the same letter are not statistically different at p  < 0.05.
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Grain moisture contents at harvest in 1990 of corn following corn  and  winter wheat

were among the  highest of the  treatments, but the opposite occurred in 1991 (Table 3.30).

In 1991, the underseeded red clover treatments had significantly higher grain moisture

contents than direct seeded red clover at both locations. The latest kill date for direct seeded

red clover resulted in corn moisture contents consistently higher than for the  other dates,

although differences were not always significant. Nitrogen rate had no effect on grain

moisture content in either year.

At Elora, grain yields of corn following corn were 80, 75, and  77% of those following

winter wheat, winter wheat underseeded to red clover, and direct seeded red clover,

respectively. (Table 3.31). At Ayr, corn after corn yielded 97, 95, and  93% of corn following

winter wheat, winter wheat underseeded to red clover, and direct seeded red clover,

respectively. The winter wheat alone treatment also tended to result in lower corn yields than

most treatments which included red clover, although the differences were not always

significant.

Corn following direct seeded red clover yielded 11% higher than following

underseeded red clover in 1990, but this was not the  case in 1991 when differences were

not significant. The potential phytotoxic effects of the winter wheat residue on zero-till corn

was a more predominant influence on corn yield than any of the  red clover management

factors in 1990.

At Elora in 1991, a previous crop by N rate interaction occurred. With the  higher N

rate, there was a significant increase in corn yield for corn following winter wheat and  winter

wheat underseeded to red clover with the  Oct. 10 kill date. This suggests a response in yield

to the extra N applied when there was little or no N contribution from the  red clover. For the

other years and location, N rate had no effect on corn yield.

3.7 CONCLUSIONS
Soil structural stability was very little affected by the  management of red clover when

a zero tillage was employed for the corn which followed. Neither the timing of red clover kill

nor the method of planting (underseeded vs. direct seeded) had much influence on soil

structural stability. The results probably illustrate that various crop rotation effects on

structural stability are more difficult to detect when they are all compared within a zero tillage

system. Differences may be more evident under systems which employ some form of tillage.
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Table 3.30. Influence of previous crop and red clover kill date on corn grain moisture

content at harvest.

Previous

crop+

Red clover

kill date

Elora Ayr

1990 1991 1990 1991

------------------------ g kg -1 -------------------------
Corn -     330 a++ 258 cd  335 a   225 ef

Winter wheat - 320 a 261 cd   325 abc 226 ef

W.W., R.C. Oct. 10 325 a 266 bcd    316 bcde 231 de

W.W., R.C. Nov. 10 - 274 ab - 239 c  

W.W., R.C. April 25 309 a 281 a   330 ab 239 c  

W.W., R.C. May 10 310 a 280 a   330 ab 263 b  

Red clover Oct. 10 308 a 253 d   308 de 220 f  

Red clover Nov. 10 - 260 cd  - 225 ef

Red clover April 25 308 a 264 bcd 301 e  234 cd
Red clover May 10 319 a 270 abc   311 cde 287 a  

+ W.W. = winter wheat, R.C. = underseeded red clover.

++ Within each column, data followed by the same letter are not statistically different at p  < 0.05.
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Table 3.31. Influence of previous  crop and red clover kill date on corn grain yields.

Previous

crop+

Red clover

kill date

1990 1991

low N high N

------------------------------ t ha-1 ------------------------

Elora

Corn -  5.22 c++ 8.69 c  NS 8.56 c 

Winter wheat - 7.01 b  9.60 be * 10.81 ab
W.W.,  R.C. Oct. 10 7.04 b  9.89 bc * 11.45 a  
W.W., R.C. Nov. 10 - 10.92 ab NS  10.83 ab
W.W.,  R.C. April 25 7.69 ab 11.56 a  * 10.29 b
W.W., R.C. May 10 7.49 ab 10.41 ab NS 11.37 a
Red clover Oct. 10 8.00 ab 10.55 ab NS 10.29 b
Red clover Nov. 10 - 10.02 b  NS  10.76 ab
Red clover April 25 8.20 a  10.31 ab NS  11.18 ab
Red clover May 10 7.77 ab 10.14 b NS  11.08 ab

Ayr
Corn - 7.67 c 9.04 b  
Winter wheat -   7.88 bc 9.40 ab
W.W.,  R.C. Oct. 10 8.04 b 9.25 ab
W.W.,  R.C. Nov. 10 - 9.66 ab
W.W.,  R.C. April 25   7.97 bc 9.96 a  
W.W., R.C. May 10   7.62 bc 10.04 a    
Red clover Oct. 10 8.62 a 9.83 ab
Red clover Nov. 1 - 9.48 ab
Red clover April 25 8.61 a 9.23 ab
Red clover May 10 8.01 b 9.56 ab

+ W.W. = winter wheat, R.C. = underseeded red clover.

++ Within each column and location, data followed by  the  same letter are not statistically

different at p < 0.05.

*, NS Difference between N levels significant at the  5% and  nonsignificant at the  5% level of

probability, respectively.
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Including red clover as a cover crop after wheat can reduce surface water run-off and

soil loss during an intense rainfall event, when compared to wheat alone, even in a zero-till

tillage system. There also appears to be a benefit to killing red clover in May compared to

the  fall, in terms of reducing erosion and  surface water run-off. These factors are both due

primarily to greater surface residue cover and  not enhanced soil aggregate stability.

Red clover management had minimal effect on zero-till corn growth and yield. The

May 10th kill date resulted in delayed corn growth (relative to earlier kill dates) in some

cases, but did not result in lower yields. Corn following underseeded red clover tended to be

delayed in growth compared to corn following direct seeded red clover and, in 1990, grain

yields were 11% higher with the direct seeded red clover treatment. In some situations the

presence of wheat residue might have an inhibitory effect on corn growth sufficient to warrant

some form of conservation tillage other than a strict zero tillage system.

Grain yields also tended to be higher when corn followed a treatment which included

red clover compared to winter wheat alone, even though in most of the  trials there was no

response to increased N. Future work in this area should deal with the  effect of various

management strategies on the amount and timing of nitrogen released by the  red clover for

subsequent crops.
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4. EVALUATION OF FORAGE SPECIES IN CEREALS
4.1 INTRODUCTION

This section of the  study focused on examining the  effect of forages on short term

changes in soil structural stability. Measurements were made of wet aggregate stability, the

potential for soil erosion, and crop productivity over the course of each two year experimental

cycle. The beginning of each experimental cycle consisted of an establishment year were

forages were seeded within various cropping systems. At the  end of this year all plots were

chisel plowed and  corn was grown in the second year of the  cycle. The two experimental

locations employed in this study where, 1) Ayr - Fox sandy loam soil and  2) Lucan - Huron

silt loam soil. The following treatments were used at both locations.

Main treatments (principal crop)

1) Direct seeded (no principal crop, forages alone)

2) Winter wheat

3) Spring oats

Sub treatments (forage species)

1) Annual ryegrass

2) Perennial ryegrass

3) No forage species

4) Red clover

5) Annual ryegrass + 100 kg/ha N

6) Perennial ryegrass + 100 kg/ha N

At each location the experimental cycle was repeated on two separate sites so that

principal crops and  forages were established in 1989 and  1990 followed by a year of corn

production in 1990 and  1991, respectively.

4.2 RESULTS AND DISCUSSION

4.2.1 Soil Aggregate Stability

Treatment effects on soil structural stability were evaluated by determining wet aggregate

stability (Yoder method) at several times throughout the  course of each experiment. Of

particular interest in this study was the  ability of a forage species to have a significant impact
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on aggregate stability in a single growing season. Wet aggregate stability (WAS)

measurements were made in October of each seeding year to examine this. In the  second

year of each cycle WAS measurements were taken in June, August, and  October to assess

the  persistence of the  forage cover crops' effects on soil stability. This section of the  results

will not deal with the  two sub-treatments where additional nitrogen was applied to the

forage.

i) Ayr - Fox sandy loam

At Ayr, the  type of forage species and  cropping system had a significant effect on

stability by the  end of the establishment year in 1989 but not in 1990 (see Fig. 4.1 and  Fig.

4.2).

In 1989, within the  direct seeded forages, annual ryegrass resulted in aggregate

stability higher than any of the  other treatments (Fig. 4.1). All forage species which had been

underseeded into winter wheat resulted in significantly greater stability than wheat alone,

however, there was no difference among species. Red clover was the only forage to produce

stabilities significantly higher than oats alone within the  oat crop main treatment by October

of 1989 at Ayr.

The inclusion of various forages within the  main treatments of winter wheat and

spring oats generally had no effect on aggregate stability throughout the  succeeding (corn

production) years of 1990 and  1991. However, where the  forages had been seeded directly

in the  previous year they consistently resulted in greater WAS than the bare ground

treatment (Fig. 4.1 & 4.2). Among these direct seeded forage species there was no clear

trend as to which resulted in the  most persistent benefit to soil stability.

Differences among main treatments at Ayr were significant on only two sampling

dates and  there was no trend which indicated an advantage, in terms of aggregate stability,

for a particular cropping system.

ii) Lucan - Huron silt loam

At Lucan, by October of the  establishment year, there were significant differences

due to forage species in both 1989 and 1990. In 1989 (Fig. 4.3), the no forage species

treatment resulted in significantly lower WAS than all other sub-treatments within all three

main treatments. There was a similar trend to this in 1990 but differences were most

pronounced in the direct seeded cropping system (Fig. 4.4). 
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Figure 4.1 The effect of various forage species and seeding methods on wet
aggregate stability (WAS) during establishment year (1989) and
subsequent corn production year (1990) at Ayr (sandy loam).
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Figure 4.2 The effect of various forage species and seeding methods on wet
aggregate stability (WAS) during establishment year (1990) and
subsequent corn production year (1991) at Ayr (sandy loam).
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Figure 4.3 The effect of various forage species and seeding methods on wet
aggregate stability (WAS) during establishment year (1989) and
subsequent corn production year (1990) at Lucan (silt loam).
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Among the  forage species, annual ryegrass had higher stabilities than red clover by the  end

of both establishment years when seeded directly. No other trend among the  forage species

appeared to be significant.

The differences in the  percent WAS due to previous cropping treatments remained

relatively well defined throughout the succeeding year in each cycle. Although the  responses

differed slightly among sampling dates in 1990, the  aggregate stabilities following ryegrass

species, in general , were significantly higher than those following no forage species or red

clover. Furthermore, this superiority of ryegrass species in aggregate stability occurred

whether the forages were direct seeded or underseeded into wheat or oats. A similar pattern

was also observed in 1991 but the  differences between ryegrass species and  no forage or

red clover were usually significant only within the direct seeded main treatment.

During the 1989-90 experimental cycle there was a trend for the  direct seeded main

treatment to result in overall lower stabilities than either the  winter wheat or spring oats main

treatments. This trend was not observed in the 1990-91 cycle.

Effects of Additional Nitrogen

Those treatments which received additional nitrogen resulted in somewhat more lush

and  green biomass of both the annual and perennial ryegrass species and, in some

instances, dry matter was increased over the no nitrogen treatment (see Table 4.1).

However, this appeared to have had no effect on soil aggregate stability. This data is

presented graphically in Figures 4.5 and  4.6.

4.2.2 Potential for Soil Erosion

The potential for soil erosion was assessed by conducting rainfall simulation studies

early in the summer of 1991 at both the sandy-loam and  clay-loam sites. At this time the

experiments were in their second year, therefore the  whole experimental site had been

already tilled and  planted to corn prior to conducting the  rainfall simulations. The potential

for soil erosion was assessed on the following treatments:

1. Bare ground (i.e. fallow the preceding year)

2. Direct seeded red clover

3. Direct seeded perennial ryegrass
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Figure 4.4 The effect of various forage species and seeding methods on wet
aggregate stability (WAS) during establishment year (1990) and
subsequent corn production year (1991) at Lucan (silt loam).
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Table 4.1. Mean dry matter yields of direct-seeded cover crops.

Forages Ayr Lucan
1989 1990 1989 1990

---------------------- kg ha-1  -------------------------

Annual ryegrass (ARG) 1690 1258 2000 2326

Perennial ryegrass (PRG) 1680   343 1600   995

Red clover 1840 3122 2270 3382

ARG + 100 kg N ha-1 1500 1666 1500 4834

PRG + 100 kg N ha-1 1680   763 1730 2297

4. Wheat (no cover crop)

5. Wheat (underseeded with red clover)

6. Wheat (underseeded with perennial ryegrass)

Increasing the amount of surface residue cover has long been recognized as an

effective method of decreasing surface water run-off and  soil loss associated with intense

rainstorm events. In theory, increasing the water stability of soil aggregates also should

reduce the potential for surface water run-off and  soil erosion. Regression analyses were

conducted and  type T sums of squares calculated to determine if any additional variability

in either surface water run-off or soil loss amounts could be explained by variations in wet

aggregate stability, after accounting for the  effects of surface residue cover. The two

methods of determining wet aggregate stability (Yoder and Pojasok) were entered separately

into regression analyses to determine which, if any, explained more of the  variability in

run-off volumes or soil loss amounts.
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Figure 4.5 The effect of various forage species and nitrogen fertilizer on wet
aggregate stability (WAS) during establishment year (1989) and
subsequent corn production year (1990).
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Figure 4.6 The effect of various forage species and nitrogen fertilizer on wet
aggregate stability (WAS) during establishment year (1990) and
subsequent corn production year (1991).



100

i) Lucan-Huron silt loam

The volume of surface water run-off was significantly affected by the  type of forage

crop present (Table 4.2). When the various forage crops were established by direct

seeding (ie. no wheat present) the  volume of surface water run-off was 4 times greater

following red clover and  5 times greater for the  bare ground treatment when compared

to the  ryegrass treatment. However, when red clover was underseeded into wheat, the

volume of surface water run-off was about one-half of the  run-off volumes measured

following either wheat with no forage crop or ryegrass that was underseeded into wheat.

Although not significant, run-off volumes tended to be lower in the underseeded treatments

mostly due to higher residue cover percentages following red clover and  where no forage

crop was established.

When the  forage crops were established by direct seeding, soil loss amounts; were

ranked no forage crop (bare ground) > red clover > ryegrass (Table 4.2). Although soil loss

amounts were not significantly different among the forage crop treatments when

underseeded into wheat, the soil loss amounts following red clover were about 50% lower

compared to either no cover or ryegrass.

Whenever lower run-off volumes and soil loss amounts were observed in the  forage

crop compared to no forage crop treatments, the  presence of the  forage crop in the

preceding year had significantly increased the residue cover (Table 4.2). Regression

analyses indicated that both surface water run-off volumes and  soil loss amounts were

significantly correlated with percent residue cover at the time of rainfall simulation (Table

4.3). There was also evidence that additional variability in both surface water run-off

volumes and  soil loss amounts could be explained by variations in wet aggregate stability.

Both methods of determining wet aggregate stability explained a significant proportion of

the variability in run-off volumes and soil loss amounts; however, greater amounts of

variability were explained by wet aggregate stability values determined using the Yoder

rather than the  Pojasok method.

The relationship between residue cover, wet aggregate stability determined using

the  Yoder method and soil loss is presented graphically in Figure 4.7. Similar relationships

were observed for surface water run-off. These multiple regression analyses indicated that

as residue cover and  wet aggregate stability increased, surface water run-off and  soil loss

decreased. Similar relationships were observed when wet aggregate stability values

determined using the Pojasok method were used. 
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Table 4.2. Effect of various cover crop species and  establishment methods on

residue cover, volume of surface water run-off, and  total soil loss

following a rainfall simulation event on a silt loam soil.

Seeding Method and

Forage Species
Residue

Cover

%

Run-off'

Volume

L m-2

Soil

Loss

Mg ha-1

Direct Seeded

No Cover  3 b++ 11.9 a  3.88 a
Red Clover 5 b 9.7 a 1.86 b
Ryegrass 20 a 1.7 b 0.32 c
  Mean 9 i 7.4 i   2.02 i

Underseeded in Wheat

No Cover 13 a 5.5 a 0.84 a
Red Clover 20 a 2.7 b 0.43 a
Ryegrass 13 a 5.5 a 0.81 a
  Mean 15 i 4.9 i 0.70 j

Forage Species

No Cover 8 b 8.7 a 2.36 a
Red Clover 12 ab 6.2 b 1.15 b
Ryegrass 17 a 3.6 c 0.57 c

+ Values were adjusted using  an analysis of covariance to remove variation caused by

differences in rainfall amounts.

+ + Within seeding method cover crop means, cover crop means and  seeding method means

followed by the  same letter are not different according to a protected LSD test at the 5%

level of probability.
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Figure 4.7 Influence of residue cover and wet aggregate stability determined
using the Yoder method on the amount of soil loss following a
simulated rainfall event on a silt-loam soil.
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Table 4.3. Type I sum of squares from a multiple regression analyses for soil loss

and volume of surface water runoff with residue cover and  wet

aggregate stability determined using either the Yoder or Pojasok

methods for the  silt loam soil.

Source of Variation df Run-off Volume Soil Loss

Yoder Pojasok Yoder Pojasok

Residue cover (RC) 1   214.9*** 214.9 **  19.8 ** 19.8 **

Aggregate Stability 1     66.0 ** 52.0 ** 10.8 **  6.3 *
RC by WAS 1   2.4 0.7  0.0 0.0 
Error 20   5.3 6.0  0.8 1.0 

R2 72.7 68.9   66.3  57.6  

*, ** Effects significant at the 5 and  1 % level of probability, respectively.

There was no evidence that the interaction between residue cover and  wet aggregate

stability explained additional variability in either surface water run-off volumes or soil loss

amounts.

ii) Ayr-Fox sandy loam

The volume of surface water run-off was affected by forage crops only when they

were direct seeded (Table 4.4). When ryegrass was direct seeded, water run-off volumes

were reduced by about 50% when compared to either the  direct seeded red clover or no

cover (i.e. bare ground) treatments. However, when the  forage crops were underseeded

into wheat, runoff volumes following red clover and  ryegrass were similar. Although not

significant, slightly higher run-off volumes were observed in the  no forage treatment (i.e.

wheat alone) compared to where either ryegrass or red clover were underseeded into

wheat.

Soil loss amounts were also significantly affected by forage crop treatments (Table

4.4). When forages were direct seeded, soil loss amounts were reduced by 50% following

red clover and by 90% following ryegrass when compared to the  no cover treatment.

When the  forage crops were underseeded into wheat, the  amount of soil loss following

either red clover or ryegrass did not differ from wheat alone.
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Table 4.4 Effect of various cover crop species and establishment methods on

residue cover, volume of surface water run-off, and total soil loss

following a rainfall simulation event on a sandy loam soil.

Seeding Method and

Forage Species

Residue

Cover

%

Run-off+

Volume

L m-2

Soil

Loss

Mg ha-1

Direct Seeded

No Cover   4 a+ 12.8 a 2.05 a
Red Clover   9 a 10.0 a 1.15 b
Ryegrass 14 a   4.9 b 0.27 c
  Mean    9 i   9.2 i 1.16 j

Underseeded in Wheat
No Cover 29 a   9.2 a 0.63 a
Red Clover 30 a   6.8 a 0.80 a
Ryegrass 23 a   6.9 a 0.68 a
  Mean 27 i   7.6 i 0.70 i

Forage Species
No Cover 16 a 11.0 a 1.34 a
Red Clover 20 a   8.4 ab 0.98 a
Ryegrass 18 a   5.9 b 0.47 b

+ Within seeding method cover crop means, cover crop means and  seeding method means

followed by the  same letter are not different according to a protected LSD test at the  5%

level of probability.

There was a tendency for treatments which had higher residue cover to have lower

amounts of surface water run-off and  soil loss amounts. However, this relationship was

only significant for soil loss, where the amount of soil loss decreased logarithmically as

residue cover increased. There was no evidence that wet aggregate stability, when

determined using the  Yoder method, explained additional variability in either surface water

run-off volume or soil loss amounts than that which was explained by residue cover.
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In summary the  lowest amounts of soil loss at both sites occurred following direct

seeded ryegrass. At both sites, there was evidence that the  amount of soil loss and

volume of surface water run-off following ryegrass would be less than direct seeded red

clover, which was not significantly different from where no cover crop (ie. bare ground) was

present. However, underseeding ryegrass into wheat did not significantly reduce the

potential for soil erosion or surface water run-off when compared to wheat alone. On the

clay-loam site there was evidence that underseeded red clover may reduce the  potential

for soil loss and surface water run-off when compared to wheat alone. Whenever soil loss

was reduced, by the  presence of a forage crop in the preceding year, it was often

associated with higher surface residue cover. On the clay-loam site, there was also some

evidence that greater water stability of soil aggregates following forage crops may also

reduce the potential for surface water run-off and  soil erosion.

4.2.3 Grain Yields

i) Cereals

Grain yields of winter wheat of winter wheat and  spring oats were not affected by

the underseeding of forages, both at Ayr and  Lucan, in 1989 and  1990 (Fable 4.5). The

occurrence of drought stress early in the  growing season of 1989, particularly at Ayr,

resulted in lower crop yields in 1989 than in 1990, a normal rainfall year.

ii) Corn

The significant differences obtained in wet aggregate stability following different

forage crops, in general, was not reflected in the  grain yields of the  following corn crop.

At both locations, the  previous main crop generally had no effect on corn yields. The one

exception to this was at Ayr in 1989 where grain yields of corn following the  direct seeded

treatments were significantly lower than after either winter wheat or oats (Table 4.6).

Similarly, the  effect of forage species seeded in the previous year had no effect on corn

yields at either site in 1990. In 1991, corn yields at Ayr following annual ryegrass tended

to be higher than those yields obtained following other forage species treatments. In

contrast corn yields were significantly reduced following perennial ryegrass at Lucan in

1991. Some of the  reason for this reduced yield following perennial ryegrass was due to

the  cloddiness of the seedbed. Our observations were that the rather dense sod of the

ryegrass was not sufficiently broken up by chisel plowing and secondary cultivation to

ensure good seed-soil contact, germination and early growth.
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Table 4.5. Grain yields of winter wheat  and  spring oats as influenced by

underseeded forages.

Cover Crop Species Ayr Lucan
Wheat Oats Wheat Oats

----------------------------- Mg ha-1 --------------------------

1989
No forage 3.07 a 2.09 a 3.68 a 3.64 ab
Annual ryegrass (ARG) 3.18 a 1.96 a 3.74 a 3.51 b  

Perennial ryegrass (PRG) 3.11 a 2.00 a 3.79 a 4.02 a  
Red clover 2.80 a 1.91 a 3.77 a 3.64 ab

1990

No forage 4.41 a 3.98 a 5.50 a 3.55 a

Annual ryegrass (ARG) 4.39 a 3.61 a 5.34 a 3.60 a

Perennial ryegrass (PRG) 4.40 a 3.97 a 5.46 a 3.40 a
Red clover 4.14 a 3.80 a 5.19 a 3.53 a

* Means within a column, in each year, followed by the same letter are not significantly

different (P <0.05).
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Table 4.6. Grain yields of corn as influenced by the previous crops and forage

species.

Ayr Lucan

Previous crops 1990 1991 1990 1991

-------------------------- Mg ha-1 -------------------------
Main crops

No crop  8.96 b* 10.76 a 9.92 a 10.29 a
Winter wheat 9.32 a 10.82 a 9.75 a 10.10 a
Spring oats 9.32 a 10.56 a 9.83 a 10.39 a

Underseeded forages
No forage 9.01 a 10.47 b 10.04 a   10.39 a
Annual ryegrass 9.35 a 11.04 a 9.87 a   10.03 ab
Perennial ryegrass 9.30 a 9.69 a   9.93 b
Red clover 9.09 a 10.37 b 9.88 a 10.52 a

* Means within a column, in each year, followed by the same letter are not significantly

different (P < 0.05).
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5. EXTRAPOLATION TO A RANGE OF SOILS: RATES OF CHANGE IN

SOIL STRUCTURAL STABILITY UNDER DIFFERENT CROPPING

SYSTEMS IN DIFFERENT SOILS

5.1 INTRODUCTION

This report summarizes the results of a three year study which addressed two issues:

i) characterizing and  modelling the  rates of change in soil structural stability and

ii) extrapolating the results to soils for which the stability measurements were not

carried out.

There is little information available on the rates of change in soil structure under

different cropping systems, or how the  rates of change vary with inherent soil properties.

Yet, such information is critically important to farmers and  advisory personnel in selecting

appropriate management practices and in determining the applicability of data or

experiences from one farm (or soil) to another situation.

Wet aggregate stability, WAS, has often been used as an index of soil structural

stability. The WAS at any point in time is influenced by the  recent history of wetting and

drying cycles (Utomo and  Dexter, 1982), age hardening (Dexter et al., 1988), freezing and

thawing (Bullock et al., 1988; Kirby and  Mehuys, 1987), and  soil water content, ?, at

sampling (Rasiah and Kay, 1992; Gollany et al., 1991; Perfect et al., 1990). The magnitude

of the  influence of these factors is determined by climate which varies within and  between

seasons in an undetermined manner. The temporal variation in WAS due to climatic

factors may, however, be as large or even larger than that due to changes in management

practices. The influence of these factors on the temporal variation in WAS must, therefore,

be taken into account in order to accurately predict the rates of change in WAS.

Dispersible clay has recently been used as an index of structural instability at a

smaller scale of measurement compared to WAS. Dispersed clay can influence a range

of mechanical and  hydrologic properties of soils. In addition, clay dispersed during rainfall

will be the  most mobile, i.e. carried the  greatest distance, of any fraction of soil that is
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being eroded. Stabilized clay (SC), i.e., the  difference between total clay and  dispersed

clay, appears to be a more promising stability parameter than the  instability parameter,

dispersible clay. Thus, in this report  the  information on dispersible clay is transformed and

reported as stabilized clay.

The objectives of the  study were to:

a) identify/characterize the factors influencing/controlling the rates of change in

structural stability (e.g. wetting and  drying cycles, age hardening, soil water content

at sampling, time of sampling etc.)

b) develop a model to predict the  rates of change in structural stability when forages

are introduced on land formerly used for row crop production and which

incorporated climatic effects

c) carry out sensitivity analysis for the  parameters of the  model

d) investigate the relationship between the model parameters and inherent soil

properties

e) use the  relations developed in 'b' and  'd' to predict and  extrapolate the  results to

other soils.

5.2 MATERIALS AND METHODS

5.2.1 Modelling the rates of change in wet aggregate stability, WAS, and stabilized

clay, SC, using the stability water content relation

The WAS of moist soil aggregates has been shown to decrease linearly with ? at

sampling (Rasiah and  Kay, 1992),

WAS(?)  =  a - b ? [1]

If the  introduction of forages onto a soil that has been used for production of corn

for an extended period changes the  WAS(?) function, then the  value of WAS at any time,

t, subsequent to the  introduction of forages can be defined as:

WASf(?f,t)  =  af  (t)  -  bf (t) ?f [2] 

where the subscript f refers to the  forage treatment. The WAS for corn, which may be

used as the control, will not vary with time due to cropping effect, if the  soil has been used

for production of corn for an extended period of time and  therefore,
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WASc (?c)  =  ac  -  bc ?c
  [3] 

where the  subscript c refers to the  corn treatment. The ? at sampling is also subscripted

because it could vary with cropping treatment at any specific time.

When forages are introduced, the WAS would increase and reach a maximum

value,   

WASf (?f) max  as  t ÷ 4 ,     where

WASf (?f) max   =  af max - bf  max  ?f [4]

The minimum value of WASf (?f) corresponds to

WASf (?f) min  =  ac - bc ?f
  [5] 

The difference between the  maximum and minimum values of WASf, i.e., e WAS f(0 f),  is

given by

?WASf (?f)  =  WASf (?f) max
  - WASf (?f) min   = ?a - ?b  ?f [6]

where,

af max  =  ac
  + ?a [7]

and, bf  max  =  bc  + ?b [8]

The value of WASf (?f,t) is then defined as:

WASf (?f,t) 
  =  WASf (?f) + ?WASf (?f) . f(t) [9]

where f(t) accounts for the change in stability introduced by forages and varies in

magnitude from zero at t = 0 to one as t ÷ 4. In addition, the  function would be expected

to change little initially [allowing for the possibility of destabilization (Caron and Kay,

1992 b)], then increase exponentially and  approach the limit of one. The following function

meets these requirements:

f(t) = 1- e -k(t - t
 l
) [10]

where tl  is the lag time such that,

WASf (?f,t < tl)  =  WASf min (?f) [11]
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After t = tl  the  value of f(t) increases exponentially and approaches a limit of one. Thus,

WASf (?f,t > tl)   =  ac  -  bc  ?f   +  (?a - ?b ?f) (1- e -k(t - t
 l) [12]

The impact of wetting and  drying cycles, age hardening, as well as freezing and

thawing events on the  computed values of k can be minimized by considering the  corn

treatment as the  control and  always subtracting the value of WAS for corn from the

corresponding value for forage, i.e.,

WASf (?f,t > tl)  - WASc(?c)   =   ac  - bc ?f + (?a - ?b ?f)(1- e -k(t - t
 l) -

  (ac - bc ?c)

i.e., WAS(net)  =  (?a - ?b ?f)(1- e -k(t - t
 l) + bc (?c - ?f)  [13]

The time required for a forage to improve the WAS of a soil to a point midway

between the initial and  maximum value is a meaningful variable for advisory purposes to

describe the rate of change in WAS when a new soil or crop management practice is

introduced. Perfect et al. (1990) defined this variable as half-life, t1/2 (WAS).  Inclusion of tl and

mathematical manipulation of Eq.[13], at constant ? for the two extremes would produce

the following equation,

t1/2 (WAS net)i   =  tl  - ln(0.5)/ki [14] 

where the subscript i refers to soil i.

An equation to predict the net change in clay stabilization, SCnet, was developed

following the principles, assumptions, and  hypotheses similar to those used to develop

Eq.[13], i.e., 

SCf (?f, t > tl) - SCc (?c)  =  vc + qc ?f  +  [(?v + ?q ?f) (1- e -k(t - t
 l) - (vc - qc  ?c)]

i.e., SCnet   =  (?v - ?q ?f) (1- e -k(t - t
 l)  + qc (?c - ?f)  [15]  

The half life for the  net stabilization of clay can be defined using the same approach

as for WAS, i.e.
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t1/2 (SCnet)i  = tl  - ln(0.5)/ki [16] 

where the  subscript i refers to soil i.

5.2.2 Site and Soil Characterization

Soil samples were collected in 1989, 1990, and 1991 from seven sites on which

crop rotation-soil structure studies were initiated in 1989. The characteristics of the  soils

at the  sites are summarized in Table 5.1.

Prior to 1989, the experimental sites were under conventionally tilled continuous

corn (Zea mays L.) production for at least 10 yr. Conventional tillage involved plowing in

the  fall followed by secondary tillage in the spring. Cropping treatments included

conventionally tilled continuous corn and  corn-forage rotations. During the sampling period

the  corn-forage rotation plots were in the  forage phase. The forages included in the

rotation were alfalfa (Medicago sativa. L) in soil #4, bromegrass (Bromus inermis. L) and

alfalfa mixture in soils #1, #2, #3 and #6, and red clover (Trifolium pratense. L) in soils #5

and #7. Conventional tillage was employed for production of corn at all sites. The

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

Crop, fertilizer, weed, pest, and  disease managements were carried out according to the

recommendations of the  Ontario Ministry of Agriculture and  Food (1988 a & b).
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Table 5.1. Description and  selected properties of the soils.

Soil# Series name Clay Silt OM pH CaCO3

(Location) (%) (%)

1 Brookston clay 33.8 27.3 3.3 5.77 0.00

(Maidstone)
2 Brookston loam 21.1 42.3 3.1 7.33 0.79

(Chatham)

3 Tuscola silt loam 18.5 56.9 3.9 6.60 0.16
(Kerwood)

4 Conestogo silt loam 18.3 52.0 3.8 7.2  1.50
(Elora)

5 Conestogo silt loam 17.9 53.4 3.4 7.17 2.04
(Elora)

6 Watford loamy sand   6.4 10.4 2.9 6.40 0.00
(Rodney)

7 Fox loamy sand   6.4 15.7 2.2 5.84 0.10

(Ayr)

5.2.3 Stability Measurement

Soil cores (7 cm diameter and  7 cm length) were collected from the  surface 0-7 cm

layer at four randomly selected locations from each replicate at monthly intervals from May

through September in 1990 and 1991, and at irregular intervals in 1989. The soil cores

from each replicate were bulked and  approximately one quarter of the  bulked moist soil

was sieved using a nest of sieves with mesh openings of 10, 2, and  1 mm, respectively,

and  a shaking time of two minutes. Aggregates retained on the 1 mm sieve, i.e., the  1 to

2 mm aggregates, were used for WAS, DC, and theta determinations.

The WAS and DC measurement was carried out using the  procedure described by

Pojasok and  Kay (1990 a). In brief, three 5-g subsamples of the field moist 1 to 2 mm
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aggregates from each replicate were prewetted on a wetting table at 1 cm suction for 90

minutes. Using 40 ml of water, the  prewetted sample was transferred to a 50 ml test tube.

The suspension was shaken in a mechanical shaker for 10 minutes and then transferred

to a 250 ml conical flask using another 80 ml of water. After a 40 minute settling time

(calculated using Stokes Law), DC in the  suspension in the  flask was determined using

a colorimeter which had been calibrated using samples shaken for different lengths of time

for each soil. The DC is expressed as percent of total oven-dry soil mass. The stabilized

clay, SC, for the  purpose of this study is defined as the  difference between the  total clay,

TC, and  DC, i.e., SC = TC - DC, and SCnet is defined as follows:

SCnet  =  [(TC - DCf) - (TC-DCc)] [17]

After the  40 minute of settling time the  suspension was passed through a 0.25 mm

sieve. The oven dry mass of aggregates > 0.25 mm remaining on the  sieve was recorded.

The sand fraction > 0.25 mm in the oven dried aggregates was determined after using

sodium hexametaphosphate as a dispersion agent. WAS was expressed as percent of

total oven-dry soil mass and  calculated as follows:

WAS = (Wa- Ws) / (Wo - Ws) [18]

here Wa, Ws, and Wo are oven dry mass of aggregates > 0.25 mm, mass of sand > 0.25

mm in the aggregates, and the  oven-dry mass of the sample, respectively.

The ? at sampling for the field moist 1 to 2 mm aggregates was determined

gravi-metrically using a second subsample of about 10 g, and  is expressed as g water per

100 g of oven dry soil mass.

The influence of the different forage species used in this study on the  rates of

change in WAS and  SC, quantified by rate constant and  half-life, has been shown to be

similar on a silt loam soil (Perfect et al. 1990). Preliminary results from this study (not

reported here) also support the above study. Thus, the  differences, if any, in the  influence

of different forage species on the WAS of a given soil is ignored.

Soil characteristics at the  sites were determined on samples collected in May 1989.

Particle-size analysis (Gee and  Bauder, 1986), organic matter content (Nelson and

Sommers, 1986), pH (Mc Laen, 1986), and calcium carbonate (Nelson, 1986) content

determinations were  carried out using 1 to 2 mm air-dried aggregates.
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5.3 RESULTS AND DISCUSSION

5.3.1 Influence of cropping treatment (CT), time (t), and soil water content (?) at

sampling on wet aggregate stability (WAS)

A typical variation in WAS with CT, t, and ? at sampling is illustrated in Fig. 5.1 for

soil #1. Similar trends were observed for the other six soils. The significance of the

influence of CT, t, and  ? at sampling on WAS, obtained from the  analysis of variance for

the  seven soils, is illustrated in Table 5.2. The influence of the interaction term, CT x t x

?, was significant at P < 0.05 for six out of the seven soils and  for the  seventh soil (soil

#1) the  significance was observed at P = 0.06. A significant interaction term implies that

the  WAS(?) function is strongly influenced by cropping treatment and the  influence varies

with time. The results confirm that, in formulating models to compute the  rate of change

in WAS subsequent to the introduction of a new cropping treatment on a given soil, the

incorporation of the  influence of ? and the interaction of CT x t x ? are extremely important.

5.3.2 Assessment of the model

When Eq.[13], without the  lag term, i.e., tl, was fitted to the  data obtained for the

3 yr, the function did not converge. When Eq.[13] was fitted only to the 1991 data, the

values for tl were > 0.80 and  < 2.0. The data for 1990 and 1991, therefore appeared to be

more appropriate for fitting Eq.[13]. The R2 for the  best fits ranged from 31 to 72% (Table

5.3). The model for each soil was significant at P < 0.05. The values for k ranged from 0.10

for soil #6 and  #7 to 0.20 for soil #1. The values for lag time, tl, ranged from 0.72 for soil

#6 to 1.05 yr for soil #1. The absolute values for A  and  b, indicate that b f max  (i.e. bc + ?b)

was always greater than bc.
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Figure 5.1 The influence of cropping treatment and water content at sampling on wet
aggregate stability during the growing season.
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Table 5.2. Significance of cropping treatment (CT), time of sampling (t) and water

content  at sampling (?) on the WAS for different soils.

Significance level of the variables

Soil# CT t ? CT.t.?

1 0.0610 0.0034 0.0061 0.0582

2 0.0260 0.0000 0.0000 0.0016
3 0.0582 0.0000 0.0001 0.0052
4 0.0000 0.0000 0.0437 0.0000
5 0.0008 0.0000 0.0965 0.0001
6 0.0500 0.0026 0.4400 0.0328
7 0.0008 0.0016 0.0164 0.0009

Table 5.3. Coefficients for the parameters k, tl, ?a, ?b, and bc in Eq.[13] for the

different soils using 1990 and 1991 data.

Parameters

Soil # k

(r-1)

tl

(yr)

?a ?b bc R2

(%)

t1/2

(yr)
1 0.20 1.05 37.38 0.69 1.94 72 4.52
2 0.18 0.89 26.14 0.61 1.85 72 4.74
3 0.18 1.01 30.65 0.76 0.79 32 4.86

4 0.14 0.86 26.84 0.58 0.84 51 5.81
5 0.14 0.94 14.24 0.62 1.09 52 5.89
6 0.10 0.72 19.22 0.44 0.62 32 7.65

7 0.10 0.82 23.36 0.74 0.93 31 7.75
Mean 0.15 0.90 25.40 0.63 1.15 49 5.89

The units for ?a are g stable aggregates/ 100 g soil and for ?b and bc are g stable

aggregates/g water.
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The results are consistent with that of Caron et al. (1992a) data but not with that of

by Kay and  Dexter (1991). The latter data would suggest that bc was greater than bf max.

The inconsistency was probably due to the  differences in the  length of duration of the

forage phase on respective soils. In this study and  that of Caron et al. (1992a) the

maximum length of duration of the  forage phase was about 3 yr compared to 30 yr in the

Kay and  Dexter study (1991). Thus, the  data size, i.e., length of duration of the  forage

phase, appeared to be insufficient to accommodate and  obtain, using this model, results

similar to that obtained by Kay and  Dexter (1991). The half-life, t1/2, computed using

Eq.[14] ranged from 4.52, for the  clay soil# 1, to 7.75 yr, for the  sandy loam #7 (Table

5.3).

5.3.3 Sensitivity of the model

The sensitivity of WAS(net) to changes in the  values for ?a, ?b, k, bc, and  tl was

evaluated. Values for ?f and ?c, used in the  analysis were fixed at their mean values over

seven soils and  the three year period. The values for the  parameters were averaged

across seven soils. The mean values for ?a, ?b, k, tl, bc, ?f, and ?c, were then used to

create a reference curve. The sensitivity of WAS(net) to the parameters in Eq.[13] was

determined by increasing each parameter, one at a time, by 50% (the  increase yielded

values comparable to the  maximum values of the parameters). The resulting curves (Fig.

5.2) showed that WAS (net)  was most sensitive to ?a, ?b, k, bc, and  tl.  WAS(net) increased

with increases in the  values for ?a, k, and bc and decreased with increases in the values

for ?b and tl. The strong dependency of WAS (net) on ?a  and ?b confirmed that in modelling

changes in WAS due to changes in cropping practices, the  influence of cropping practice

on WAS(?) function should be incorporated in the  model.

The possible linear correlations between the parameters presented in Table 5.3 was

explored (Table 5.4). Significant positive linear correlations existed between k and  tl, k and

bc and  tl and  ?b. The correlation involving tl may not be too important because WAS(net)

was not strongly influenced by tl (Fig. 5.2). The positive correlation between k and  bc is of

greater interest. Previous studies (Rasiah and Kay, 1992) suggest that bc is positively

correlated to soils with a higher stability at low water content exhibit the  largest decrease

in stability with increasing ?. Such soils would appear to show the  fastest rate of increase

in stability when forages are introduced.
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Figure 5.2 The sensitivity of WAS (net) to the coefficients of the  parameters in
Eq.[13].



120

Table 5.4. The matrix for linear correlation analyses between  the  parameters in

Table 5.3.

Parameters

k ti ?a ?b bc

k + 0.87,* + 0.28, ns + 0.42, ns + 0.73, *  

tl + 0.20, ns + 0.69, ns + 0.55, ns

A + 0.20, ns + 0.27, ns

A + 0.22, ns

bc

* = significant at P < 0.05. The number following + sign is the  correlation coefficient.

5.3.4 Conclusions regarding modelling

Data collected at monthly intervals during the  three growing seasons indicate that

the introduction of forages changes the WAS(?) function for soils with wide range of

properties. The change in WAS(?) would not be expected to occur as a step function

subsequent to the introduction of forages but rather change progressively with time.

The model that was developed to analyze data from field experiments described the

change in WAS with time subsequent to the introduction of forages in terms of the

difference between the stability of forage and  corn treatments. The use of difference was

designed to minimize seasonal variation due to wetting and  drying cycles, age hardening,

and  freezing and  thawing events. The WAS(?) function for the forage treatment was

allowed to vary temporally. The temporal variation allowed the  inclusion of lag term, during

which there was very little change in stability after the forage was introduced and  this

period was followed by an exponential increase with time towards a maximum value. The

model therefore, allows for the estimation of three parameters: the duration of the delay

before large differences in WAS occur, the maximum change in stability which can be
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achieved on a soil for a given treatment, and the  rate at which stability changes from the

initial to maximum value. The lag time and  rate constants were used to estimate the  time

required after planting the  forage for the  stability to increase halfway from the  initial value

to the  maximum value.

Application of the  model to data for seven soils gave R2 values ranging from 31 to

72%. About one half of the variability in the WAS data is still unaccounted for using this

model. In spite of this limitation, the  model provides parameters which will be particularly

useful for advisory purposes in comparing the effect of different cropping treatments on

different soils and  represents an important approach to determine the  impact of seasonal

climatic variation in calculating the  temporal change in stability due to cropping practices.

5.3.5 Relationship between model parameters and inherent soil properties

In the previous section we showed that WASnet was sensitive to changes in the

values of the parameters, k, tl, ?a, ?b, and bc of this model. It is, however, not known

whether there is any correlation between these parameters and  inherent soil properties.

If such a correlation exists, then the  data available from soil survey can be used to predict

values for these parameters, thereby enabling the prediction of the rate of change in

WASnet for different soils.

The influence of selected soil properties, clay and OM contents, pH, and the

interaction of these variables, on the values of the  parameters, k, tl, ?a, ?b, and bc of

Eq.[13] as determined by partial correlation coefficients is illustrated in Table 5.5.

The rate constant, k, was strongly influenced by variables which included clay

content and  most strongly correlated with clay x pH. The parameters tl, ?b, and  bc were,

on the other hand, most strongly correlated with percent organic matter per unit percent

of clay, i.e., OM/clay. Values of ?a were most strongly correlated with pH.

We used the  interaction term and the variable missing in the interaction term, i.e.,

either pH or OM, to determine the  dependency of k, tl, ?b, ?a, and bc on the above

variables (Table 5.6). Clay and OM contents and pH had significant influence on the

values of k, tl, bc, and ?b but not on ?a at P < 0.05.
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Table 5.5. The relative importance of selected soil properties on the values of k,

tl, ?a, ?b, and bc presented in Table 5.2 as determined by partial

correlation coefficients obtained in the stepwise variable selection

regression procedure.

Independent

variable

Dependent variable

k tl ?a ?b bc

Partial correlation coefficient

Clay 0.90 0.76 0.04 0.31 0.71

OM 0.58 0.54 0.13 0.05 0.05

pH 0.11 0.08 0.54 0.34 0.04

Clay x OM 0.91 0.82 0.06 0.32 0.65

Clay x pH 0.93 0.81 0.19 0.25 0.72

OM/Clay 0.89 0.87 0.26 0.47 0.76
Clay x OM x pH 0.91 0.83 0.12 0.29 0.66

Table 5.6. The results of the multiple regression analysis for the coefficients of k,

tl, bc, and  ?b in Table 5.2 with selected soil properties (Table 5.1).

Dependent

variable

Intercept Independent

OM/Clay

variable

pH R2

Model

P

tl 1.4625 -0.8673 -0.0543 83 0.03

bc 3.2967 -3.5080 -0.1993 62 0.04

?b 1.3036 -0.5273 -0.0824 53 0.05

?a -30.0325 -12.7018    8.7494 31 0.15

Clay x pH         OM                     

k 0.0684 0.0006 0.0026 85 0.02



123

Sensitivity analyses using the models presented in Table 5.6 show that the values

of k increased, at a given pH and  OM content, with increasing clay content (Fig. 5.3). An

increase in OM content, from 2.2 to 3.8%, or pH from 5.77 to 7.3, resulted in higher values

for k at all clay contents. An increase in pH, from 5.77 to 7.3%, however, had greater

impact on the  values of k than the  increase in OM from 2.2 to 3.8% and the impact was

greater at high clay content.

For example, when the pH increased from 5.77 to 7.3 at 6% clay content the

corresponding increase in k was 0.005 yr-1 compared to 0.030 yr-1 at 33% clay content, i.e.,

an order of magnitude difference. On the other hand the response to an increase in OM

content was 0.003 yr-1 and this value did not change with clay content. Soils with higher

OM content and  pH (in the  neutral to alkaline range) are noted for greater stability. The

above analysis suggests that such soils will also have a larger rate constant for the

regeneration of stability.

Values for tl obtained using the models presented in Table 5.6, increased

curvilinearly with increasing clay content, irrespective of the OM content or pH, and

approached limiting values at high clay contents (Fig. 5.4). An increase in OM content from

2.2 to 3.8%, at a pH of 5.7, resulted in smaller values for tl at all clay contents and the

decrease was much higher at low clay contents. An increase in pH from 5.77 to 7.33, at

2.2% OM, resulted in smaller values for tl at all clay contents and the  decrease was much

higher at high clay contents.

Values of ?a, based on the  model presented in Table 5.6, do not vary significantly

with clay or OM contents, or with soil pH. Values for ?b, obtained using the models

presented in Table 5.6, increased curvilinearly with increasing clay content, irrespective of

the  OM content or pH, and  approached limiting values at high clay contents (Fig. 5.5). An

increase in OM content from 2.2 to 3.8%, at a pH of 5.77, resulted in smaller values for ?b

at all clay contents and  the decrease was much higher at low clay contents. An increase

in pH from 5.77 to 7.33, at 2.2% OM, resulted in smaller values for ?b at all clay contents

and the decrease was much higher at low clay contents. The analyses indicate the

absolute values for ?b will decrease as length of duration of the forage phase increase, i.e.

due to increase in OM content, and  may reach a condition in which bf max may be even less

than bc (Kay and  Dexter, 1991). The results support our hypothesis that the length of the

duration of the  forage phase was insufficient for the model to accommodate the trends

observed by Kay and  Dexter (1991).
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Figure 5.3 The effect of changes in clay and organic matter contents and pH on
the values of k.
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Figure 5.4 The effect of changes in clay and organic matter contents and pH on
the values of tl.
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Figure 5.5 The effect of changes in clay and organic matter contents and pH on
the values of ?b.
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Sensitivity analyses using the  models presented in Table 5.6 show that values for

bc increased curvilinearly with increasing clay content, irrespective of the  OM content or

pH, and  approached limiting values at high clay contents (Fig. 5.6). An increase in OM

content, at a pH of 5.77, from 2.2 to 3.8% resulted in smaller values for bc  at all clay

contents and the  decrease was much higher at low clay contents. An increase in pH from

5.77 to 7.33, at 2.2% OM, resulted in smaller values for bc at all clay contents.

Values for the  parameters ?b and  bc which determine the  sensitivity of WAS to

? decreased with increasing OM content and pH at all clay contents. This is consistent with

the  role of OM and pH in enhancing aggregate stabilization, thereby reducing the

sensitivity of WAS to changes in ?. Decreases in the values of tl with increases in OM

content and pH at all clay content suggest that at high levels of OM and pH the

improvement in WAS would occur sooner than where the OM content and  pH are low.

Conversely, any initial destabilization of aggregates subsequent to introduction of forages

such as reported by Caron et al. (1992) would be greater in soils with high clay content, low

OM content, and  low pH (the  clay and OM contents and the pH of the  soil used by Caron

et al. were 35%, 2.88%, and  6.2, respectively). Thus, it appears lower values for tl, ?b, and

bc can be achieved through appropriate management practices which increase OM content

and  pH.

5.3.6 Extrapolation of the results

The sensitivity of WASnet, using Eq.[13], to changes in OM and  pH in three

representative soils with clay content 34, 20, and  6% was investigated. Values for k, tl,  ?b,

and bc, at 2.2 and  3.8% OM contents and at 5.77 and 7.33 pH, for these soils were

computed using the models presented in Table 5.6. Values for ?a for these soils were the

mean of those reported in Table 5.2 for the clay, loam, and  sandy loam, respectively.

Values for ?c and  ?f were the mean of the water content for corn and  forage, respectively,

at all locations. At any point in time, > 1 yr, the WAS net for the  soil with 34% clay > that of

20% clay > that of 6% clay (Fig. 5.7 and  5.8).  If the OM content, at the time of introduction

of forages in the  representative soils was 3.8% instead of 2.2%, the  WASnet at 3.8% OM

content would be greater than that at 2.2% at all times (Fig. 5.7). The differences in WASnet

between the 3.8 and 2.2% OM content increased with time and appeared to be

independent of clay content. 
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Figure 5.6 The effect of changes in clay and organic matter contents and pH on
the values of bc.
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Figure 5.7 The effect of organic matter contents and pH on the rates of change
in wet aggregrate stability.
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Trends, in WASnet, similar to those observed for the  change in OM content from, 2.2

to 3.8%, were observed for a change in pH from 5.77 to 7.33 (Fig. 5.8). However, the

differences in WASnet for the change in pH were dependent on clay content. The largest

difference was observed in the soil with 34% clay followed by that in 20 and  6% clay. The

results indicate that in a given soil, i.e. at a given clay content, the  increase in WASnet due

to forages depend on the  initial OM content and  pH of the  soil.

Combining the  influence of soil properties on the different parameters in Eq.[13] to

predict the  influence of soil properties on WASnet has produced relations (Figs. 5.7 and

5.8) which are compatible with isolated reports in the literature. For, instance Elustondo et

al. (1990) compared seven pairs of soils that were either under meadow or continuous corn

cropping for more than 5 yr and noted that the beneficial effects of water stable

aggregation of meadow over continuous corn increased as the clay content increased.

Results from a laboratory study on structural improvement by forage grasses led Tri (1968)

to similar conclusions.

The rate of structural improvement may be related to initial state. A survey of 22

farms in the U.K. led Low (1955) to conclude the higher the initial water stability of the

aggregates, the more quickly can a better physical state be built up. This observation would

be compatible with the faster rate of improvement in stability in soils with higher OM

contents.

The influence of pH on the stability of neutral to alkaline soils may be largely through

the concentration of Ca2+ in the soil. Martin (1971) showed that some metallic cations may

influence the decomposition of complex organic materials. Addition of Ca2+ during the

decomposition of wheat straw has been shown to result in synergestic stabilization of

aggregates > 1mm and the  stabilization was prolonged in the  presence of Ca2+ (Muneer

and  Oades, 1989; Baldock and  Oades, 1990). This is presumably a consequence of a

'bridging' effect of Ca2+ between polycarboxyl macromolecules and the  mineral fraction.

Such a mechanism would also be consistent with the  clay x pH interaction term which was

found to be positively correlated with the rate constant, k, in this study.

The results indicate the values for the  parameters, k, tl, ?b, and bc which

determined the rate at which WASnet, increased subsequent to introduction of forages were

significantly influenced by clay and OM contents and  pH of the  soil. The values for tl, ?b,

and bc increased, at constant OM content and  pH, curvilinearly with an increase in clay

content but k increased linearly.
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Figure 5.8 The effect of pH on the rates of change in wet aggregate stability.
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An increase in OM content, at constant pH, resulted in smaller values for tl, ?b, and bc at all

clay contents and an increase for k. An increase in pH, at constant OM content, resulted in

smaller values for tl, ?b, and bc at all clay content but the  trend was reversed for k. The rate

at which WASnet at a given clay content, increased, due to forages, depend on the  OM content

and pH at the time of introduction of forages. Higher initial pH and OM content were

associated with a larger increase in WAS due to forages.

5.3.7 Influence of cropping treatment (CT), time (t) and ? at sampling on dispersible

clay (DC)

The data presented in Fig. 5.9, for soil #2, illustrates the variation in DC with cropping

treatment (CT), time of sampling (t), and  ? at sampling. Similar trends were observed for the

other six soils (not shown here). Clay dispersion appeared to have increased with increases

in ? at sampling irrespective of the cropping treatment, and  decreased with time in the  forage

treatment. The significance of the influence of CT, t, and ? at sampling on DC obtained from

the analysis of variance for the seven soils is illustrated in Table 5.7. The influence of the

interaction term, CT x t x ?, was significant at P < 0.05 for the  seven soils, implying that the

sensitivity of DC to ? at sampling changed with the  introduction of forages. The results confirm

that in formulating models to predict the rate of change in DC, subsequent to the  introduction

of forages on a given soil, the influence of ? at sampling and the interaction of CT x t x ?

should be accounted in the model.

5.3.8 Assessment of the semi-empirical model to predict SCnet

The function did not converge to solution when tl was included in the model but it

converged without t1 in the  model. From the  model fitting analyses for the  seven soils it

became apparent that there was no lag time for clay stabilization to commence subsequent

to introduction of forages and  that SC was a better fitting parameter than DC in predicting

susceptibility of clay to disperse.
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Figure 5.9 The influence of cropping treatment and water content at sampling
on dispersible clay during the growing season.
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Table 5.7. Significance of cropping treatment (CT), time of sampling (t) and water

content at sampling (?) on DC for different soils obtained using the

analysis of variance procedure.

Soil# Significance level of the  variables
CT t ?  CT. t. ?

1 0.0035 0.0000 0.0042 0.0392

2 0.0400 0.0000 0.0014 0.0000

3 0.0245 0.0000 0.0124 0.0340

4 0.0489 0.0000 0.0247 0.0031

5 0.0468 0.0000 0.0487 0.0031

6 0.0472 0.0000 0.0024 0.0214

7 0.0530 0.0000 0.0264 0.0061

The R2 for the  best fit of Eq.[15] ranged from 0.48 to 0.84 (Table 5.8). The model for

each soil was significant at P < 0.05. Values for the  rate constant, k, ranged from 0.076 for

soil #7 to 0.195 for soil #1. The half-life, t1/2,  computed using Eq. [ 16] ranged from 3.55, for

the clay soil# 1, to 9.12 yr, for the  sandy loam #7 (Table 5.8). About 16 to 52% of the

variability in SC is still unaccounted for by the model. Even with this limitation the  model

provides valuable information on the  rate constants for SC. The information on rate constants

may be useful, particularly to farmers and advisory personnel, in assessing the influence of

management practices on different soils.

5.3.9 Sensitivity analyses

The sensitivity of SCnet to changes in values for ?v, ?q, k, and qc was evaluated. Values

for ?f and  ?c used in the  analysis were fixed at their mean values over seven soils and the

three year period. Values for each parameter was averaged across seven soils. The mean

values for ?v, ?q, k, bc, ?f, and ?c, were used to create a reference curve. The sensitivity of

SCnet to changes in the values for each parameter, one at a time, was determined by

increasing the mean value for each parameter by 50% (the increase yielded values
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comparable to the  maximum values of the parameters). The resulting curves (Fig. 5.10)

showed that SCnet, was most sensitive to ?v, followed by ?q, and k. SCnet increased with

increases in values for all the  parameters. The strong dependency of SCnet on ?v  and ?q

confirmed that in modelling changes in SC due to changes in cropping practices, the  influence

of the  change in cropping practice on the  DC(?) function should be accounted in the  model.

Table 5.8. Coefficients for the parameters k, ?p, ?q, and qc in Eq.[15] for the  different

soils.

Soil # Parameters

k ?v ?q  qc R2 ?SCmax  t1/2

1 0.195 2.651 -0.121 0.206 0.84 4.51 3.55

2 0.186 1.639 -0.088 0.135 0.54 3.05 3.73

3 0.152 0.621 -0.061 0.127 0.51 1.77 4.56

4 0.161 0.813 -0.053 0.099 0.49 1.80 4.31

5 0.161 1.117 -0.065 0.113 0.76 2.35 4.31

6 0.096 0.667 -0.038 0.078 0.48 1.16 7.22

7 0.076 0.358 -0.018 0.041 0.58 0.55 9.12

The units for ?v is g clay stabilized/100 g soil and  that for ?q and qc is g stable clay/g water.

5.3.10 Conclusions regarding modelling of dispersible clay

The model has the  ability to predict only the  influence of only the  forage treatment on

clay stabilization. The model allowed the  estimation of two important parameters, ?  v, the

maximum stabilization that can be achieved on a soil for a given treatment at zero water

content, and the rate constant, k, which quantified the  rate of clay stabilization.

Application of the  model to data for seven soils produced R2 values ranging from 0.48

to 0.84%. About one half of the  variability in the  dispersible clay data is still unaccounted for

using this model. In spite of this limitation, the  model provides information on parameters
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Figure 5.10 The sensitivity of SCnet to the coefficients of the parameters in
Eq.[15].
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which are particularly useful for advisory purposes in comparing the effect of different cropping

treatments on different soils.

5.3.11 Extrapolation to other soils

The influence of selected soil properties; clay and OM contents, pH, and the  interaction

of these variables, on the values of the parameters k, ?v, ?q, and qc  of Eq. [15] as determined

by partial correlation coefficients is illustrated in Table 5.9. The parameters k, ?q, and  ?v were

strongly correlated with clay x pH x OM, whereas qc was correlated with OM per unit clay, i.e.,

OM/Clay, and  pH.

Table 5.9. The relative importance of selected soil properties on  the  values of k, ?v,

?q, and  qc

Independent

variable

Dependent variable

k ?v  ?q qc

Partial correlation coefficient

Clay 0.92 0.73 0.79 0.87
OM 0.66 0.17 0.06 0.59
pH 0.40 0.13 0.21 0.18
Clay x OM 0.90 0.72 0.51 0.89
OM/Clay 0.90 0.76 0.70 0.91
Clay x OM x pH 0.96 0.79 0.84 0.87

We used the  interaction term and the  variable missing in the  interaction term, i.e.,

either pH or OM, to determine the  dependency of k, ?v, ?q, and  qc  on clay and  OM contents

and  pH (Table 5.10). Clay and  OM contents and  pH had significant influence on the  values

of k, qc, ?v, and  ?q at P < 0.05.
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Table 5.10. The results of the  multiple regression analysis for the  coefficients of k,

pc, ?p, and  ?q with soil properties.

Dependent

variable

Independent variable
Model 

PIntercept OM/Clay pH R2

qc 0.3461 -0.3581 -0.0222 83 0.03

Clay x OM x pH                           
?q 0.0092 0.00014 - 71 0.05
?v 0.0584 0.00272 - 62 0.05
k 0.0663 0.00021 - 93 0.00

Sensitivity analyses using the  models presented in Table 5.10 show that the  values

of k increased linearly, at a given pH and  OM content, with increasing clay content (Fig. 5.11).

An increases in OM content, from 2.2 to 3.8%, resulted larger values for k at all clay contents

and  this increase was greater at high clay content than at low clay. Similar trends were

observed for an increase in pH, from 5.77 to 7.3. Increases in OM and  pH, > 7.0, are usually

associated with increase in structural stability. Increases in the  values of k with increases in

OM and  pH suggest that clay stabilization occurred more rapidly in soils with high OM content

and  pH, at the time of introduction of forages, than those with low OM content and  pH.

Values for ?q increased linearly, at constant pH and OM content, with increasing clay

content (Fig. 5.12). An increase in OM content from 2.2 to 3.8%, at 5.77 pH, resulted in larger

values for ?q at all clay contents, suggesting that the sensitivity of SC to ? at sampling

decreased subsequent to introduction of forages, i.e., the susceptibility of clay to disperse from

moist soil decreased with increasing OM content. The increase in ?q with increasing OM

content was larger at high clay contents that at low clay contents, suggesting that more clay

got stabilized per unit weight of OM in high clay soils than in low clay. An increase in pH

showed trends similar to that observed for OM.

Values for (qc, at constant OM content and  pH, increased curvilinearly with increasing

clay content and  approached limiting values at high clay content (Fig. 5.13). An increase in

OM content from 2.2 to 3.8%, at a pH of 5.77, resulted in smaller values for qc at all clay

contents and  the decrease was much larger at low clay contents. An increase in pH, from 5.77
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Figure 5.11 The effect of changes in clay and organic matter contents and pH on
the values of k.



140

Figure 5.12 The effects of changes in clay and organic matter contents and pH
on the values of ?q.
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Figure 5.13 The effect of changes in clay and organic matter contents and pH on
the values of qc.
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to 7.33, resulted in smaller values for qc at all clay contents and the  decrease was larger at

high clay contents. It appears the  role played by OM and  polyvalent cations, i.e. at pH > 7.0,

in clay stabilization varied with clay content of the soil. In soils with high clay content,

polyvalent cations appeared to be more effective in clay stabilization than OM and the  trend

got reversed in soils with low clay contents.

Values for ?v, obtained using the  models presented in Table 5.10, increased linearly,

at constant pH and  OM content, with increasing clay content (Fig. 5.14). Increases in pH, from

5.77 to 7.33, and OM content, from 2.2 to 3.8%, resulted in larger values for ?v at all clay

contents, and the increase was high at high clay content than at low clay. Increases in the

values of ?v with increase in OM and  pH suggest that clay stabilization under dry conditions

increased rapidly with increases in OM content and pH, thereby reducing the  susceptibility of

clay for dispersion under moist conditions. The results also suggest that polyvalent cations,

i.e., at pH > 7.0, were more effective in reducing clay dispersion than OM.

The sensitivity of SCnet using Eq.[15], to changes in OM and pH in three representative

soils with clay contents 34, 20, and  6%, was investigated. Values for k, ?p, ?q, and qc, at 2.2

and 3.8% OM content and 5.77 and  7.33 pH, for these soils were computed using the models

presented in Table 5.10. Clay stabilization subsequent to introduction of forages increased

with time (Fig. 5.15a & b). The greatest increase in clay stabilization in 3 yr would occur in the

soil with 34% clay content, irrespective of the  OM content or pH, followed by soils with 20 and

6% clay content. If the OM content was 3.8% instead of 2.2%, at the time of introduction of

forages, the  SCnet would be 60% more in the  soil with 34% clay content. The corresponding

increase in the  soils with 20 and  6% clay content would be 45 and  30%, respectively. Trends

similar to those observed for the increase in OM content were observed for an increase in pH

from 5.77 to 7.3, but the rate of increase was much smaller compared to that of OM.

5.4 CONCLUSIONS

The results indicate the  values for the  parameters, k, ?v, ?q, and qc, which determined

the rate at which clay stabilization occurred, i.e., SCnet, subsequent to the introduction of

forages were significantly influenced by selected soil properties, i.e., clay and  OM contents

and  pH.
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Figure 5.14 The effect of clay and organic matter contents and pH on the values
of ?v.
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Figure 5.15 (a) The effect of the changes in clay and organic matter
contents, at constant pH, on the amount of net stabilized
clay, SC net.
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Figure 5.15 (b) The effect of changes in clay and pH, at constant pH, on SC net
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Values for all these four parameters increased with increase in clay content, indicating that

clay stabilization increased with increasing clay content. Increases in OM content and  pH, at

constant clay content, resulted in increases in the  values for k; the  rate constant, ?v; the

maximum increase in stabilized clay at zero water content, and ?q; the maximum decrease

in the sensitivity of stabilized clay to ?. The results indicate that the  susceptibility of clay to

disperse with increasing ? decreased with increases in OM content and pH. Values for the

parameter qc, the  sensitivity of stabilized clay to ? at sampling decreased with increases in

OM and pH. This indicated the susceptibility of clay to disperse decreased with increases in

OM and  pH. The role of OM and  pH in reducing the susceptibility of clay to disperse varied

with clay content of soil.
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6. APPENDIX
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Table A.1: Chronology of Cultural Treatments Used in Generating Data on the
Sandy Loam Soil at Ayr.

Date

Year Month Day Treatment

1988 Sept. 19 Applied 2 L Roundup/ha to a stand of 40% alfalfa, 15 % grass, 30
% dandelions and other weeds and 15 % bare ground.

Sept. 30 Plowed experimental area to depth of 15 -18 cm.

Oct. 03 Cultivated winter wheat blocks with S-tyne cultivator and planted
Hams wheat at 60 kg seed/ha with 200 kg 0-20-20/ha.

1989 Apr. 13 Broadcast 112 kg N/ha as ammonium nitrate on winter wheat.
Broadcast red clover on winter wheat at 15 kg seed/ha.

May 08 Broadcast 200 kg 0-20-20/ha on all areas not receiving corn.
Cultivated area with two passes of S-tyned cultivator. Planted
Leger barley at 40 kg seed/ha band seeded with red clover at 15
kg seed/ha on continuous red clover block.

May 16 Applied 5 L Eradicane/ha, followed by one cultivation with S-tyne
cultivator equipped with crumblers on all corn blocks.

May 18 Planted Pioneer 3949 corn at 59,000 seeds /ha with 210 kg
0-20-20/ha banded.

May 27 Planted Baron soybeans at 600,000 seeds/ha in 17.5 cm row
spacing after spraying 2 L Rival/ha incorporated with two passes
of the S-tyne cultivator.

May 31 Broadcast 70 kg N/ha on the corn and 30 kg N/ha on the barley
using ammonium nitrate.

June 14 Band-seeded red clover at 15 kg seed/ha into the appropriate
corn blocks.

Aug. 16 Combine wheat and removed the straw.

Oct. 04 Combined soybeans and worked the soil twice with the S-tyne
cultivator.

Oct. 05 Planted Harus winter wheat at 60 kg seed/ha on soybean blocks. 

Oct. 22 Combined corn leaving residue on the surface.

1990 Apr. 25 Replaced winter wheat which had winter killed with barley seeded
at 40 kg seed/ha band. seeded with red clover at 10 kg seed/ha
and 200 kg 0-20-20/ha.

May 01 Broadcast 104 kg N/ha on barley plots. Applied 250 kg
0-20-20/ha to all blocks not seeded to barley. Applied 140 kg N to
all blocks to be planted to corn.
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May 02 Plowed blocks to be seeded to corn; cultivated once with die
S-tyne cultivator. Sprayed corn blocks with 5 L Bradicane/ha on a
dry

May 03 Planted Pioneer 3049 corn at 65,000 plants/ha with 200 kg
0-20-20/ha

May 25 Sprayed underseeded barley with MCPA-Na salt at 1.5 L/ha.

June 01 Sprayed corn with 1.0 L Pardner/ha for broad leaf weed control.

June 06 Band seeded red clover in corn blocks at 15 kg seed/ha and 100
kg 0-46-0/ha.

June 12 Harvested red clover hay from 1989 wheat blocks.
July 06 Sprayed corn blocks with 2.5 L Tropotox Plus/ha using drop

nozzles.
Aug. 16 Combined barley and moved straw.

Nov. 07 Combined corn

Nov. 21 & 22 Fall plowed appropriate treatments.

1991 Apr. 16 & 17 Spring plowed appropriate treatments and cultivated once with
S-tyne cultivator.

April 23 Sprayed chemical burn down blocks with 1.0 L Roundup/ha.
Broadcast 250 kg 0-20-20 on entire experimental area.

April 25 Sprayed entire experimental area with 4 L Bladex and 2 L
Dual/ha.
Sprayed chemical bum down areas with 2,4-D at 2.5 L product/ha
plus 2 L Coop surfactant.

April 26 Cultivated spring plowed blocks a second time and fall plowed
blocks once to incorporate Bladex and Dual.

May 02 Planted Pioneer 3902 corn using double rate on yield rows for
later thinning to 60,000 plants/ha. Planted between old rows on
chemical burn down (zero till) blocks.

May 02 & 03 Obtained soil nitrate samples from each block; taking 10 cores to
a depth of 30 cm from each block.

May 28 Sprayed entire experimental area with 4 L trazine/ha and 0.6 L
Banvel/ha.

May 29 Broadcast appropriate nitrogen treatments using ammonium
nitrate.

June 4-7 Thinned the yield rows.

Sept. 23 & 24 Harvested all plots.
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Table A.2: Chronology of Cultural Treatments Used in Generating Data on the Silt
Loam Soil at the Elora Research Station.

Date

Year Month Day Treatment

1988 Sept. 27 Plowed experimental area and disced once to break up extremely
large clods resulting from several years of continuous silage corn
production.

Sept. 29 Cultivated winter wheat blocks twice with S-tyne cultivator and
planted to Hares winter wheat at 60 kg seed/ha with 325 kg 0-20-20
drilled with the seed.

1989 April 26 Broadcast 15 kg red clover/ha on winter wheat blocks. Broadcast
112 kg N/ha as ammonium nitrate on winter wheat.

May 08 Worked entire cultivated area once with a heavy duty cultivator.

May 09 Worked the continuous red clover block twice with the S-tyne
cultivator and band seeded red clover at 10 kg seed/ha with Micmac
barley seeded at 40 kg seed/ha.

May 16 Sprayed corn blocks with 5 L Bradicane/ha and incorporated the
herbicide with one pass of the S-tyne cultivator.

May 19 Planted Pioneer 3949 corn at 60,000 plants/ha with 200 kg
0-20-20/ha side banded. Broadcast 108 kg N/ha on all corn blocks.

May 23 Broadcast 70 kg N/ha on the barley - continuous red clover block.

May 29 Sprayed future winter wheat blocks with 2 L Rival/ha and planted to
Baron soybeans at 600,000 seeds/ha in 17.5 cm drills.

June 13 Underseeded appropriate corn blocks with 15 kg red clover seed/ha,
band seeded with 200 kg 0-20-20/ha.

July 11 Sprayed corn blocks with 3 L Tropotox Plus/ha.

Aug. 01 Combined wheat and removed the straw.

Sept. 25 Combined soybean blocks.

Sept. 26 Double cultivated soybean blocks with a heavy duty cultivator
equipped with crumblers. Planted blocks to Hares winter wheat at 60
kg seed/ha and 130 kg 0-20-20/ha placed with the seed.

Oct. 28 Combined the corn blocks.

Nov. 06 Fall plowed appropriate blocks.

1990 April 26 Broadcast 15 kg red clover/ha on the winter wheat blocks.

April 27 Chopped the corn stover on the blocks of corn underseeded to red
clover. Applied 80 kg N/ha to the winter wheat blocks.
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April 30 Performed initial tillage by one pass of the S-tyned cultivator over all
plowed blacks. Broadcast 100 kg 0-46-0/ha and 200 kg 0-0-60/ha
over the entire experimental area.

May 08 Sprayed corn blocks with 5 L Bradicane/ha followed by two passes
with the S-tyned cultivator to incorporate the herbicide.

May 11 Planted Pioneer 3949 corn at 64,000 plants/ha with 200 kg 0-20-20
side banded.

June 01 Broadcast 140 kg N/ha to corn areas as ammonium nitrate.

June 12 Sprayed corn blocks with 1.0 L Pardner/ha.

June 15 Underseeded appropriate corn blocks with 15 kg red clover/ha which
was band seeded with 100 kg 0-46-0/ha.

June 28 Cultivated continuous corn block with inter-row cultivator.

July 11 Sprayed all corn blocks with 4 L Tropotox Plus/ha using drop
nozzles.

August 09 Combined winter wheat and removed straw.

Nov. 09 Combined corn blocks.

Nov. 14 Chopped stalks on corn blocks to be fall plowed.

Nov. 15- 16 Fall plowed appropriate treatments.

1991 May 07 &
08

Spring plowed appropriate treatments.

May 09 Sprayed chemical burn down blocks with 1.0 L Roundup/ha, 2.5 L
2,4-D and 2.0 L Coop Surfactant/ha. Cultivate fall and spring plowed
blocks with heavy duty cultivator.

May 15 &
16

Sprayed the entire experimental area with 4 L Bladex/ha plus 2 L
Dual/ha. Incorporated the herbicide with two passes of the S-typed
cultivator.

May 23 Planted Pioneer 3902 corn using a double rate on the yield rows for
later thinning to 60,000 plants/ha. Side banded 200 kg 0-20-20 with
the planter.

May 24 Obtained soil nitrate samples from each block; taking 10 cores to a
depth of 30 cm.

June 07 Broadcast respective nitrogen treatments on Reps. 1 & 2 using
ammonium nitrate.

June 10 Completed broadcasting nitrogen treatments on Reps 3 & 4.

June 17 Sprayed experimental area with 1.0 L Banvel/ha and 0.25 L
Pardner/ha.

June 19-21 Thinned yield rows.

Oct. 15-17 Harvested all plots.
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Table A.3 Statistical data for the interpretation of Table 3.2.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 90.14 5.99
Clover Management (B) 1 78.15 5.99
AB 1 77.42 5.99
Error A 6 297,939

Tillage System (C) 2 4.04 3.55
AC 2 4.67 3.55
BC 2 2.31 3.55
ABC 2 2.57 3.55
Check vs. Main Treatments 1 59.58 4.41
Error B 18 364.017

          

Table A.4 Statistical data for the interpretation of Table 3.5.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 0.74 5.99
Clover Management (B) 1 6.20 5.99
AB 1 0.00 5.99
Error A 6 294,926

Tillage System (C) 2 17.28 3.55
AC 2 3.98 3.55
BC 2 0.33 3.55
ABC 2 1.75 3.55
Check vs. Main Treatments 1 0.00 4.41
Error B 18 221.253
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Table A.5 Statistical data for the interpretation of Table 3.7.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 43.61 5.99
Clover Management (B) 1 193.61 5.99
AB 1 71.47 5.99
Error A 6 385.46
Tillage System (C) 2 3.66 3.55
AC 2 1.37 3.55
BC 2 2.37 3.55
ABC 2 0.55 3.55
Check vs. Main Treatments 1 37.78 4.41
Error B 18 1125.98

Table A.6 Statistical data for the interpretation of Table 3.9.

Source of Variation d.f. Error m.s. F F.05
Establishment Crop (A) 1 61.94 5.12
Clover Management (B) 1 45.50 5.12
AB 1 40.43 5.12
Error A 6 348,388
Tillage System (C) 2 2.30 3.35
AC 2 0.26 3.35
BC 2 1.11 3.35
ABC 2 2.15 3.35
Check vs. Main Treatments 1 59.58 4.21
Error B 18 362.705
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Table A.7 Statistical data for the interpretation of Table 3.11.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 2.06 5.12
Clover Management (B) 1 0.58 5.12
AB 1 4.51 5.12
Error A 6 294,926
Tillage System (C) 2 0.31 3.35
AC 2 0.42 3.35
BC 2 0.78 3.35
ABC 2 0.48 3.35
Check vs. Main Treatments 1 1.16 4.21
Error B 18 221.253

Table A.8 Statistical data for the interpretation of Table 3.12.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 49.21 5.12
Clover Management (B) 1 38.22 5.12
AB 1 61.91 5.12
Error A 6 768.73
Tillage System (C) 2 1.79 3.35
AC 2 0.65 3.35
BC 2 0.77 3.35

ABC 2 2.04 3.35
Check vs. Main Treatments 1 40.01 4.21
Error B 18 785.73
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Table A.9 Statistical data for the interpretation of Table 3.14.

Source of Variation d.f. Error m.s. F F.05
Establishment Crop (A) 1 31.18 5.99
Clover Management (B) 1 107.76  5.99
AB 1 24.23 5.99
Error A 6 13.1377
Tillage System (C) 2 43.52 3.55
AC 2 4.14 3.55
BC 2 0.90 3.55
ABC 2 0.42 3.55
Check vs. Main Treatments 1 25.18 4.41
Error B 18 21.4763

Table A.10 Statistical data for the interpretation of Table 3.17.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 11.87 5.99
Clover Management (B) 1 58.38 5.99
AB 1 25.23 5.99
Error A 6 677.8934
Tillage System (C) 2 0.27 3.55
AC 2 0.56 3.55
BC 2 2.90 3.55
ABC 2 0.30 3.55
Check vs. Main Treatments 1 20.52 4.41
Error B 18 21.4763
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Table A.11 Statistical data for the interpretation of Table 3.19.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 10.33 5.12
Clover Management (B) 1 15.19 5.12
AB 1 14.80 5.12
Error A 6 347.1506
Tillage System (C) 2 74.69 3.35
AC 2 6.69 3.35
BC 2 2.15 3.35
ABC 2 6.03 3.35
Check vs. Main Treatments 1 14.37 4.41
Error B 18 232.3566

       

Table A.12 Statistical data for the interpretation of Table 3.20.

Source of Variation d.f. Error m.s. F F.05
Companion Crop (A) 1 12.43 5.12
Clover Management (B) 1 4.89 5.12
AB 1 17.55 5.12
Error A 6 730.0415
Tillage System (C) 2 26.58 3.35
AC 2 0.99 3.35
BC 2 0.75 3.35
ABC 2 8.90 3.35
Check vs. Main Treatments 1 7.46 4.41
Error B 18 1021.8326
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Appendix Table A.13: The calculated regression coefficients and selected statistical parameters for the
grain yield data obtained at the Ayr site.

Treatment Description

Rep.

Regression Coefficients

F2,5 R2

S.E.
of

Est.
Comp.
Crop Mng't. Tillage bo b1 b2

(kg/ha)

Corn  Hay Fall 1 8489 -12.042723 0.090732 1.01 40.29 492.64
"          “ Spring 1 8918 - 0.663266 -0.029455 1.21 44.69 446.70
"          “ CBD* 1 9283 5.752295 -0.026310 0.39 20.74 286.71
Corn P. Dn.+ Fall 1 6529 39.967699 -0.133355 17.02 91.90 431.51
"          “ Spring 1 6863 33.680194 -0.107987 3.27 68.55 870.22
"          “ CBD 1 7039 25.747035 -0.053869 4.53 75.16 859.75
Wheat  Hay Fall 1 9738 -15.412683 0.066244 0.58 27.83 673.82
"             “ Spring 1 9238 1.780645 0.000942 0.05   3.50 716.37
"             “ CBD 1 9431 21.863849 -0.174892 3.89 72.19 513.72
Wheat P. Dn. Fall 1 9546 -12.177747 0.074952 0.77 33.99 954.75
"          “ Spring 1 8690 1.894551 0.000098 0.23 13.67 499.78
"          “ CBD 1 9939 7.323581 -0.008199 7.70 83.70 254.49
Cont. Corn Spring 1 5053 46.566334 -0.118378 127.34   98.84 247.50
Corn Hay Fall 3 7746 4.471665 -0.016814 0.09 5.93 554.77
"          “ Spring 3 9843 -24.130044 0.131278 1.85 55.25 496.45
"          “ CBD 3 10481 1.804937 0.008341 0.23 13.24 576.78
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Corn P. Dn. Fall 3 6355 28.908042 -0.083402 4.54 75.18 717.16
“ ” Spring 3 7143 39.214483 -0.141654 8.71 85.32 540.98
“ ” CBD 3 5432 44.173099 -0.122371 30.17 95.26 444.67
Wheat Hay Fall 3 8193 12.490304 -0.076818 0.73 19.93 604.25
“ ” Spring 3 8979 -6.786156 0.030779 0.10   6.46 663.95
“ ” CBD 3 10147 -2.287294 -0.003958 0.63 29.71 318.91
Wheat P. Dn. Fall 3 9365 8.055506 -0.030352 0.28 15.80 594.31
“ ” Spring 3 8814 16.448147 -0.067298 0.58 27.67 812.71
“ ” CBD 3 10135 8.641814 -0.031238 2.53 62.82 220.90
Cont. Corn Spring 3 6397 26.289414 -0.056127 2.92 66.06 1107.57 
Corn Hay Fall 4 8951 -4.489060 -0.006418 0.57 27.45 635.90
“ ” Spring 4 9702 -23.628980 0.142712 1.43 48.86 573.79
“ ” CBD 4 9822 2.081829 0.017993 4.19 73.66 215.38
Corn P. Dn. Fall 4 5417 61.437135 -0.207674 26.63 94.67 522.15
“ ” Spring 4 6938 31.516963 -0.069053 51.11 97.15 302.88
“ ” CBD 4 4496 69.480346 -0.211821 36.32 96.03 572.02
Wheat Hay Fall 4 8821 1.491706 -0.016449 0.13   7.96 358.43
“ ” Spring 4 8769 4.726866 -0.031406 0.19 11.10 356.84
" CBD 4 10022 8.854297 -0.066691 0.37 20.17 590.40
Wheat P. Dn. Fall 4 8746 -1.480665 0.014184 0.19 11.62 540.43
“ ” Spring 4 10063 -3.669262 0.027757 0.51 25.46 542.45
“ ” CBD 4 9730 11.478698 -0.013971 19.66 92.91 242.81
Cont. Corn Spring 4 6397 32.222097 -0.075100 8.91 85.59 712.18

* CBD = Chemical Burn Down
+ P. Dn. = Plow Down
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Appendix Table A. 14: The calculated regression coefficients and selected statistical parameters for the grain
yield data obtained at the Elora site.

Treatment Description

Rep.

Regression Coefficients

F2,5 R2

S.E.
of

Est.
Comp.
Crop Mng't. Tillage bo b1 b2

(kg/ha)
Corn Hay Fall 1 9779 -3.600380 0.011408  2.39 61.46 103.83

“ ” Spring 1 110211  -2. 153676 -0.054888 32.08 95.53 175.23
“ ” CBD* 1 9763 3.389148 -0.013143  0.23 13.55 258.60

P. Dn. + Fall 1 7713 35.151374 -0.123076 128.49  98.85 130.61

“ ” Spring 1 8263 22.341815 -0.064983 18.63 92.55 271.21
“ ” CBD 1 6683 36.891634 -0.119113 10.98 87.98 515.84

Wheat Hay Fall 1 10020 -1.596542 -0.003120 0.78 36.96 194.49

“ ” Spring 1 10229 -8.568949 0.058270 0.60 28.66 374.40
“ ” CBD 1 9892 10.822551 -0.084068  1.41 48.40 398.45

Wheat P. Dn. Fall 1 9685 -2.600912 0.030635  3.92 72.32 295.56

“ ” Spring 1 9868 2.061572 -0.004626  0.42 21.80 214.88
“ ” CBD 1 9837 -0.180411 0.010687  1.29 46.24 255.07

Cont. Corn Fall 1 8186 27.277909 -0.080788 11.42 88.39 405.74

Corn Hay Fall 2 9444 12.255462 -0.086426  4.97 76.82 198.77

“ ” Spring 2 9257 5.695282 -0.014482  0.32 17.60 524.82
“ ” CBD 2 10047 -8.652981 0.023298  6.27 80.71 173.72

Corn P. Dn. Fall 2 8294 21.860588 -0.063981  2.40 61.55 733.86

“ ” Spring 2 6098 48.134906 -0.138985 89.52 98.35 268.77

“ ” CBD 2 5529 64.697749 -0.222605 52.61 97.23 383.25
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Wheat Hay Fall 2 9956 -6.058844 0.014633 0.37 19.73 536.42
“ ” Spring 2 9826 6.234548 0.067513 31.20 95.41   93.50
“ ” CDB 2 8885 10.706227 -0.013679 4.69 75.77 339.83

Wheat P. Dn. Fall 2 10445 -6.915712 0.019912 6.53 81.32 143.42

“ ” Spring 2 10180 -10.520119 0.050345 3.80 71.70 223.74
“ ” CBD 2 9942 1.887218 -0.012680 0.16 9.62 393.10

Cont. Corn Fall 2 8461 15.626628 -0.047658 3.79 71.67 390.88

Corn Hay Fall 3 9480 4.870238 -0.0195415 0.43 22.19 266.02

“ ” Spring 3 9904 -13.213107 0.044678 4.08 73.15 275.76
“ ” CBD 3 9165 11.799007 -0.089179 0.49 24.74 694.58

Corn P. Dn. Fall 3 7703 31.342227 -0.115129 3.84 71.90 640.77

“ ” Spring 3 7822 30.624002 -0.102899 8.84 85.50 454.87
“ ” CBD 3 7689 20.847042 -0.031006 13.79 90.19 375.60

Wheat Hay Fall 3 10012 -5.544497 0.038663 0.83 35.65 215.51

“ ” Spring 3 10132 -4.444404 0.025749 1.84 55.04   92.81
“ ” CBD 3 10128 -12.556974 0.093478 1.02 40.40 499.39

Wheat P. Dn. Fall 3 9508 0.440135 0.007463 0.79 34.54 305.27

“ ” Spring 3 9773 0.821619 -0.008117 0.31 17.08 252.26
“ ” CBD 3 9459 6.387507 -0.031631 0.27 15.52 592.72

Cont. Corn Fall 3 6386 34.626440 -0.090320 14.00 90.32 538.82

Corn Hay Fall 4 9925 -6.792918 0.022060 1.25 45.49 265.26

“ ” Spring 4 9008 17.744043 -0.062017 1.70 53.10 421.53
“ ” CBD 4 9982 -1.280198 -0.016058 7.74 83.77 123.94
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Corn P. Dn. Fall 4 8525 17.123328 -0.072239 1.92 56.18 461.62
“ ” Spring 4 7971 29.947954 -0.101839 18.09  92.35 306.64
“ ” CBD 4 7635 27.355338 -0.099965 9.35 86.18 360.08

Wheat Hay Fall 4 10180 -13.908825 0.064744 4.21 73.71 208.32

“ ” Spring 4 9997 -10.381880 0.036193 2.74 64.63 257.30
“ ” CBD 4 9803 -3.006616 -0.007562 0.54 26.65 498.25

Wheat P. Dn. Fall 4 9652 -3.520343 0.008806 0.43 22.30 327.10

“ ” Spring 4 9229 8.661853 -0.038844 0.44 22.82 500.43
“ ” CBD 4 10001 -0.183385 -0.015861 3.45 69.73 260.80

Cont. Corn Fall 4 7554 21.962507 -0.061161 154.40 99.04 95.32

* CBD = Chemical Burn Down 
+ P. Dn. = Plow Down
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Appendix A.15. Influence of previous crop on wet aggregate stability (Pojasok
method) measured late in the first year of the experiment cycle at
Elora and Ayr.

Previous
crop+

Elora Ayr

Oct. 90 Oct. 90
--------------------------- % --------------------------

Corn   14.6 a++ 30.0 a

Winter wheat 18.5 a 25.0 a

W.W., R.C. 14.7 a 27.6 a

Red clover 13.6 a 27.9 a

+ W.W. = winter wheat, R.C. = underseeded red clover.
++ Within each column, data followed by the same letter are not statistically different at p< 0.05.
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