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In September, 1974, Ontario Hydro per Dave Cressman entered into a 

research agreement with the Department of Land Resource Science, University of 

Guelph, to investigate the damage and reclamation of land traversed by heavy 

machinery during the installation of power lines.

Objectives of Research

The proposed research is a three-fold operation:

(1) to examine the effect of heavy machinery traffic on soil properties 

and crop yields;

(2) to examine and test under field conditions preventative and restorative 

measures to apply to the soil so as to minimize damage;

(3) to examine the effect, on crop yield, of the application of quantities 

of subsoil* to the soil surface.

Experimental Sites

With the co-operation of Ontario Hydro, research plots were established 

at two sites in Southern Ontario in the spring of 1975. The sites were:

(1) Nanticoke Generating Station, Nanticoke; the soil is a Haldimand clay, 

an imperfectly drained clay soil overlain by 10 to 15 cm of silt loam;

(2) Pond Mills Road,east of London; the soil is a Tavistock silt loam, an 

imperfectly drained silt loam overlain by loam.

Experimental Treatments

A series of six treatments were established to satisfy the objectives set 

forth in this study. The proposed treatments are:

Control (C) - no machinery damage, ordinary tillage practices.

Damage only (D) - machinery damage followed by the tillage practices

employed in (C).

* probably from the C horizon
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Preventative straw (PS) - planted to crop in spring, 1975; straw 

incorporated into the soil in fall, 1975 at a rate of 6.4 tons/ 

acre; machinery damage in spring, 1976 followed by cultivation as 

i n (D+).

Preventative straw plus fertilization (PS+) - as in (PS) with double the 

fertilizer rate during cultivation.

Restorative straw (RS) - after machinery damage in spring 1975, straw 

was applied to the ruts and incorporated into the soil using deep 

tillage; followed by normal tillage practices.

Damage only with deep tillage (D+) - as in (D) only using deep tillage 

prior to normal tillage practices.

These treatments were instituted at each site with a four fold replication 

using a randomized block design for each of two crops, corn and pasture, as shown in 

Figures 1 and 2.

Six additional plots were established in the spring of 1976 to investigate 

the effect of subsoil applications on crop yield. Subsoil of known properties 

and fertilizer were applied to the topsoil in varying quantities then incorporated 

into the soil to establish the six treatments tested below.

Sl-2.5 cm of subsoil (dilution of 25%) and a fertilizer application 

based on the soil test value for the control plots.

S2-5.0 cm of subsoil (50% dilution of the topsoil) and a fertilizer 

appl icat ion as in SI.

S3-7.5 cm of subsoil (75% dilution of the topsoil) and a fertilizer 

application as in SI.

Dl-2.5 cm of subsoil and a double fertilizer application.

D2-5.0 cm of subsoil and a fertilizer application as in DI.

D3-7.5 cm of subsoil and a fertilizer application as in DI.
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Machinery Damage

Plot numbers 3 and 4 (see figures 1 and 2), PS and PS+, had straw 

applied to the soil surface at a rate of 6.4 tons/acre in October, 1975. At 

London, the straw was incorporated into the soil while at Nanticoke it was not. 

Machinery was driven across these plots in April, 1976. The loads of the vehicles 

and the number of trips per vehicle are listed in Table 1. These trips and 

vehicles are a simulation of a passageway servicing six tower installations per 

mile. Following the damage, these plots were chisel plowed and immediately disced 

prior to normal tillage.

Plots damaged in 1975, D, RS and D+, received no further treatment 

other than normal tillage.

Subsoil Application

Subsoil was applied in the required quantities to the soil surface in 

October, 1975 and May, 1976. The subsoil was mixed with the topsoil by discing 

prior to normal tillage. An analysis of the subsoil applied is listed in Table 2.

Tillage and Plant ing

Soil samples taken in 1975 were analyzed and soil test values obtained. 

Using these values, fertilizer recommendations for both sites were obtained. These 

data are listed in Table 3.

Both sites were plowed in October, 1975. A record of the planting 

operations is listed below.

June 7 " London corn plots disced and harrowed once.

June 8 - Recommended fertilizer applied followed by two additional 

discings. A further discing was performed at the same time that 

the herbicides, atrazine (1 1/4lb.) and of sutan (31b.) were sprayed.

June 9 " U.H. 106 seed corn was planted in 30" rows with a 9-101 seed 

spacing. D-L insecticide was mixed with the corn and Dyfonate 

insecticide was applied at a rate of 51b./acre.
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June 14 - Nanticoke corn plots were disced and harrowed 4 times. The 

recommended fertilizer was applied after the first discing and 

1£ lb. atrazine and 3 lb. sutan were applied with the third 

discing.

June 15 ~ U. H. 106 seed corn was planted in 30" rows with a 9-10" seed 

spacing. D-L insecticide was mixed with the corn and Dyfonate was 

applied at planting at a rate of 5 Ib/acre.

The subsoil plots were tilled and planted at the same time as the 

Nanticoke corn plots using the same insecticides and herbicides. The fertilizer 

applied to these plots is listed in Table 4.

Tests

Several tests were used to investigate the effect of compaction

and the applied treatments on soil properties and crop growth. The experiments 

employed were (1) crop yield

(2) nutrient concentration of the plant leaf

(3) bulk dens i ty

(a) soil cores

(b) gamma probe

(4) moisture content

(a) soil cores

(b) neutron probe

(5) porosity

(6) avaliable water

(7) infiltration rate

(8) saturated hydraulic conductivity

(9) oxygen diffusion rate

(10) organic matter content
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(11) nutrient concentration of soil

(12) soil temperature 

(13) particle size analysis 

(14) particle density 

(15) pH

The experimental procedures are given in Appendix 1.

Results and Discussion 

(1) Crop Yield

The 1976 corn yields are given in Table 5. For the London data 

the C plots, as expected, gave the highest yields. This figure of 91.7 bu/ac 

compares favourably with the 1975 county average of 95 bu/ac (Middlesex) 

when one considers the time of planting. It can be seen that the plots 

which were damaged in 1976, PS and PS + , gave the lowest yields. However, 

the effect of doubling the fertilizer rate on these plots has been to 

increase the yield by 15 bu/ac, although the largest of the yields is 

only 56% that for the control plots. The plots damaged in 1975, D, RS and 

D+, all are significantly less than the control, with yields of 64 to 76% 

of the control. It appears that applying straw to the damaged land 

followed by chisel plowing has some effect on increasing the yield in 

the second year after damage while the effect of chisel plowing alone was 

negligible. However, the important thing to notice about the damaged 

plots is that the highest yield is still only 3/4 the value of the control 

plots for the second corn planting after damage.

For the Nanticoke corn plots, the results do not correspond to 

those at London (Table 5). As before, the plots damaged in 1976, PS and PS+, 

gave the lowest yields; but, here there appears to be no effect whatsoever 

of doubling the fertilizer rate. The effect of 1976 damage appears to be 

more severe at Nanticoke than at London. For the plots damaged in 1975,
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D, RS and D+, the effect of the damage seems to be less than for the London 

plots with the plots having no restorative measures applied, D, showing no 

effect from the damage while those having restorative measures applied, 

RS and D+ showed yield decreases of 7 to 20%.

It appears that plowing straw under and chisel plowing has 

decreased the yield from those plots which received only chisel plowing. 

The C plots gave yields of 66.7 bu/ac which compare moderately with the 

1975 Haldimand County average of 81 bu/ac considering the planting date. 

Again, the important thing to notice is that, in contrast to London, the 

Nanticoke plots damaged in 1975, D, RS and D+, have rebounded back to a 

level of at least 80% of their undamaged capacity.

It is interesting to compare the dates when tasseling was first 

detected on the corn plants. At London, the C, RS and D+ plots all 

tasseled at approximately the same time with the D plots being one to two 

weeks later and the PS and PS+ plots being two to three weeks later than 

the C plots. This indicates that the compaction is affecting the maturing 

of the corn which may not be an important factor if the growing season 

is sufficiently long. At Nanticoke, the 1975 damage had no effect on 

tasseling time with the C, D, RS, and D+ plots all tasseling at the same 

time, approximately two weeks prior to the PS and PS+ plots.

The yield data for the subsoil plots are found in Table 4. It can 

be seen that the application of subsoil reduces the yield significantly with 

an increasing reduction for each increasing quantity of subsoil added. The 

effect of doubling the fertilizer rate is to increase the yield from 1.8 

bu/ac when 2.5 cm of subsoil is added to 3 times the yield when 5.0 cm of 

subsoil is added and 5 times the yield when 7.5 cm of subsoil is added. 

However, this effect is not significant considering the magnitude of 

these yields when compared with those for the control plots.
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Data were not obtained for the alfalfa plots at either site 

because of weed problems which were uncontrollable. Any yield data 

obtained on these plots would be misleading and thus these plots will 

be considered to be pasture plots in the rest of this report. 

(2) Nutrient Concentration in Plant Leaves

Data for the corn leaf nutrient concentrations for 1975 and 

1976 are given in Table 6. The data for 1975 are of  l ittle value since 

the leaf samples were not taken at the proper time, at the onset of 

silking. Thus, these data have been included only for completeness and 

the data will not be discussed.

For the Nanticoke site, the N and P levels in the leaf are 

reduced for all of the damaged plots with the effect being most pronounced 

in the plots damaged in 1976. This suggests that the damage has somewhat 

reduced the availability of N and P to the plant. However, this reduced 

availability is not as great one year after damage. K and Mg availability 

has not been afffected as no significant differences occur in the leaves. 

The situation is similar with Ca except for the low value for the RS plots. 

This result is attributed to the addition of organic matter to the soil in 

these plots which will tie up Ca on its exchange sites and thus reduce Ca 

availability.

At London, N and P show reduced availability for the D, PS+ and 

D+ plots. There appears to be no reason for this occurrence. K, as well, 

shows strange behavior, being lowest in the control plots where it would 

be expected to be highest. Ca and Mg are significantly higher for the 

control plots while no significant differences occur between the plots 

damaged in 1975 or 1976 or any of the treatments. This reduced Ca and Mg 

availability must be attributed to the compaction.
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The N, P, Ca and Mg values as slightly higher than published 

values while the K values are slightly lower. However, none of these 

values fall into a toxicity or deficiency range. (Clark, 1970; Clark, 1975; 

Hambridge, 1941).

(3) Bu1k Dens i ty

The bulk density data for London and Nanticoke corn and pasture 

plots are given in Tables 7 to 10.

For the London plots, comparison of the May, 1976 data with 

August 1975 data indicates that the machinery damage in 1976 was much less 

severe than in 1975. It can be seen that in 1976, compaction is present 

down to 30 cm whereas in 1975 it was down to 60 cm. This reduction in 

compaction was attributed to the straw which was plowed under. The 

effect of the straw is to absorb the weight of the vehicles and due to 

its resiliency to expand the soil and reduce compaction. The chisel 

plowing was done to a depth of 60 cm to be consistent with last year.

it can also be seen that there has been a reduction in compaction 

for all treatments for both the pasture and corn plots when one compares 

the data obtained from the soil cores in 1975 and 1976. This is attributed 

to frost action. However, the bulk densities for the D plots are still 

higher than the C plots while those for the RS and D+ plots are slightly 

higher than the C plots. This would indicate that chisel plowing in 1975 

has reduced the effect of the machinery damage. It also appears from the 

August 1976 data that the straw that was blown into the ruts has had 

some effect in lowering the bulk density (comparison of the RS data with 

the D+ data) .

Data for the gamma probe densities have also been included in this 

report to indicate changes which occurred in bulk density during the year.
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It can be seen that the density decreases into the winter as the frost 

action becomes greater. However, with arrival of spring, the density 

increases as the ground thaws and settles. The data obtained from the 

probe were higher than those from the core samples. This may be due to 

compaction of the soil during installation of the gamma probe tubes or 

could be an inherent problem with the probe. Data are available for 

the surface 7.5 cm as the probe requires a cover of 10 cm of soil for 

val id results.

The results obtained at Nanticoke are similar to those obtained 

at London. (Tables 7 to 10). The 1976 damage as before, was less severe, 

being evident only down to 15 cm. In 1975, the damage was significant to 

a depth of 30 cm. This reduction In compaction is attributed to the straw 

which was placed on the soil surface. Here it would act as a mat and thus 

reduce the machinery damage by distributing the load.

Data are not yet available on core samples taken in August 1976. 

The results obtained with the gamma probe show the same trends 

as those found at London, decreasing density in the winter months then 

increasing with the onset of spring.

Figures 3 to 8 show the changes in bulk density which occur with 

depth for the different treatments in August 1975 and August 1976.

(A) Soil Moisture Content

The soil moisture contents for both the London and Nanticoke corn 

and pasture plots are shown in Tables 11 to 14. As was the case with 

bulk density, moisture content was determined two ways, from soil cores 

and using a neutron probe.

There is little use in comparing values obtained using soil cores 

as it was impossible to sample all of the plots on the same day. Thus 

climatic conditions make comparisons impossible. Likewise comparison 
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between dates will also be of little value other than to note changes 

which occur in moisture content throughout the year.

it is interesting to compare values obtained using the neutron 

probe for the same date. Since the speed of measurement makes it possible 

to obtain all of the data at one site in a day, these comparisons are 

valid.

Generally at both sites, the C plots are the wettest while the 

D plots are the driest. This is to be expected as the C plots, not being 

damaged, will readily absorb moisture while the D plots will present the 

greatest resistance to water penetration. However, one would expect the 

RS plots to be as wet or wetter than the C plots since the added straw 

would serve to retain moisture. However, with the exception of the London 

pasture plots, they contain less moisture than both the C and D+ plots. 

It appears that chisel plowing has effectively increased the movement of 

water into the soil.

(5) Porosity

The porosities for the London corn and pasture plots are given 

in Table 15- Since these are calculated values they are dependent on 

the accuracy of the determination of bulk density and particle density.

The corn plots show the expected decrease in porosity with 

depth. The undamaged areas (C plots) show the highest porosities while 

those which were damaged but which had no remedial measures applied 

(D plots) are lowest and those with remedial measures applied (D+ and RS 

plots) are approximately equal and in between. However, by August the 

porosities for all plots damaged in 1975 and the control were approximately 

equal. Comparison of the May 1975 data to the May 1976 data shows that 

damage was less severe in 1975. This has already been attributed to the 

presence of the straw.
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Similar results are noted for the pasture plots except that the 

most severely damaged plots appear to be the D+ plots.

Data for the porosities at Nanticoke are given in Table 16. 

Similar results to the London data are noted. However, the damage in 

1975 does not appear to have been as severe as at London as the porosities 

of the different treatments are almost at the same level as the C plots. 

(6) Available Water

The 1/3 bar moisture data for the London and Nanticoke plots are 

given in Tables 17 and 18 respectively. The value of the 1975 data is 

questionable as technical problems with the pressure cookers resulted in 

drying of the samples. These problems were corrected in 1976. The 1976 

Nanticoke data are not complete at this time.

By studying Table 17, it can be seen that, for both the corn 

and pasture plots, the C and RS samples retained more water than the other 

treatments. The high moisture contents for the RS plots are attributed 

to the presence of straw which serves to retain moisture at low tensions. 

It can also be seen that the plots damaged in 1976 (PS and PS+) and those 

which had no remedial measures applied (D plots) have the lowest moisture 

contents. At low tensions, these two results are expected as the more 

compacted soils will not have the same pore space available to absorb 

and retain water as the undamaged plots (see Porosity).

Data for the samples at 15 bar tensions are not available and 

hence available water contents are not available because of faulty equipment. 

However, these problems have been corrected and testing is currently in 

progress.

(7) Infiltration Rate

As was the case in 1975, infiltration rates were determined 

during the course of the summer using a double ring infiltrometer.
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It is expected that after 30 minutes the surface will have attained 

saturated conditions and the infiltration rates at this time will be a 

function of compaction-related properties. The data for the infiltration 

rates are given in Table 19.

Examination of the data indicates that the damaged plots generally 

have lower infiltration rates than do the control plots. This Is due to 

the compaction. It is most pronounced, for the Nanticoke plots, in the 

D, PS and PS+ treatments where incomplete bulk density data indicate that 

the most severe compaction exists. The D+ and RS treatments also show 

reduced infiltration due to compaction. The values which are higher than 

the C plots are attributed to the water escaping through cracks caused 

either by soil drying or chisel plowing.

Differences between different treatments at London do not 

appear to be as great. There are no severe restrictions on water 

infiltrating into the soil as seen in Nanticoke. However, the PS and 

PS+ treatments have several high infiltration rates which result from the 

chisel plowing.

Since both high and low infiltration rates will limit moisture 

retention in the soil, it appears that the plots damaged at London in 

1975 have returned to conditions such that their infiltration rates are 

almost identical to those for the undamaged plots. However, at Nanticoke 

the restrictions to infiltration are still evident. The effect of the 

1976 damage is evident for both sites.

Comparison with the 1975 data indicates that the presence of 

the preventative straw has reduced the effect of compaction on the 

infiltration of water into the soil at London. This is consistent with 

the bulk density data. At Nanticoke the straw appears to have had little 

effect.
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(8) Saturated Hydraulic Conductivity

The data for 1975 and 1976 for both sites are given in Table 20. 

Statistical analysis of these data show no significant differences existed 

between any of the treatments for a particular site and crop. The data 

generally do not show an expected increase in hydraulic conductivity from 

1975 to 1976 for the D, RS and D+ treatments nor the expected decrease 

for the PS and PS+ treatments. This anticipated behavior is exemplified 

by the Nanticoke pasture plots. 

(9) Oxygen Diffusion Rate

The data for this experiment are incomplete at this time and 

not included in this report. 

(10) Organic Matter Content

The data for the London plots are included in Table 21. As 

can be seen there are no significant differences between treatments for 

either crop at the 0 to 7.5 cm depth nor at the 45 to 60 cm depth for 

the corn plots, the 15 to 30 depth and the 30 to 45 cm depth for the 

pasture plots.

For the corn plots, the RS plots are generally highest in 

organic matter and are found to be significantly different from the 

PS+ plots. The high levels in the RS plots may be attributed to the 

addition of straw to the soil in 1975. It is possible that the low levels 

in the PS+ plots may be due to the additional fertilizer which was added 

resulting in increased biological activity that reduces the amount of 

organic matter present.

In the pasture plots, the RS treatment was again found to have 

the greatest amounts of organic matter and these were found to be 

significant from the D plots at the 7.5 to 15 cm and 45 to 60 cm depths. 

The reason for the low levels in the D plots is not known although it must 

be related to the compaction. Variation of organic matter content with
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depth for the corn plots are shown in Figure 9.

The data for the Nanticoke site are unavailable at this time.

(11) Nutrient Concentration of the Soil

These data are given in Table 22. These analyses were done at 

The Ontario Soil Testing Laboratory, Ontario Ministry of Agriculture and 

Food, University of Guelph. No significant differences occur between 

treatments for the potassium and calcium levels in the soil. For 

magnesium, the C plots are significantly lower than all of the other 

treatments except the RS treatment. The phosphorus concentrations in 

the soil also show differences between treatments. The variation of 

Mg concentration with depth for all treatments in the corn is shown 

in Figure 10.

The Nanticoke data are not presently complete and have not 

been included in this report.

(12) Soil Temperature

The data for this experiment are shown in Tables 23 and 24 

for London and Tables 25 and 26 for Nanticoke.

For both crops at London, there appears to be no relationship 

between any of the treatments and soil temperature. This is true both 

in summer and winter. This also appears to be true at Nanticoke for 

both crops.

(13) Particle Size Analysis

These data were completed in 1975 and have previously been 

reported. The particle size analyses for two samples from the subsoil 

applied to the Nanticoke subsoil plots are given in Table 2. 

(14) Particle Density

Data for the particle densities of the plots damaged in 1976 

are given in Table 27. These data are to be used in the calculation of 

porosity and will themselves not be altered by machinery damage.
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(15) pH

These data were reported in 1975. However, the subsoil pH's

are given in Table 2, both in water and CaCl2.
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Summary

LONDON

Bulk density, a useful tool in demonstrating the effect of 

machinery damage, shows that compaction still exists one year after damage 

although some reduction has occurred. Chisel plowing also has reduced 

the compaction. The effect of pretreating the soil by plowing straw under 

has been to reduce the depth of compaction by one half. The bulk 

density findings are reflected in the corn yields where the damaged 

plots are still lower than the controls with the 1976-damaged plots 

having a smaller yield than the 1975-damaged plots.

Moisture contents demonstrated that the control plots were 

wettest while the non-chisel plowed plots were driest. At 1/3 bar 

tension, the controls were again wettest along with the plots which 

had straw plowed under in 1975. These findings are substantiated by 

the porosity data which show the highest porosities for the soils from 

these plots. infiltration rates have returned to near normal values 

for the 1975-damaged plots while the 1976-damaged plots show compaction 

effects. Hydraulic conductivity shows no relationship to treatment.

Nutrient analyses show that in the corn leaves, no deficiencies 

exist although the damaged plots show reduced levels for nitrogen, 

phosphorus and calcium. In the soil, few differences exist for the 

nutrients tested. Organic matter levels were found to be highest in 

the control plots and those plots which had straw added in 1975.

No relationship was found between temperature and any of the 

compaction treatments.

NANTICOKE

Bulk density showed similar trends as at London only the effect 

of frost action was more pronounced. The crop yields on the 1975"damaged 
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plots have reached a level almost equal to that exhibited by the control 

plots, but the 1976-damaged plots showed a greater reduction in yield 

than at London. It has also been seen that when subsoil is incorporated 

with the topsoil sharp decreases in corn yield occur even if additional 

fertilizer is added.

Similar results to those for London were noted for moisture 

content, 1/3 bar moisture content, infiltration rate and hydraulic con

ductivity.

The corn leaf nutrient analyses revealed no deficiencies but 

slight differences were noted between treatments for calcium, nitrogen 

and phosphorus.

No differences were observed for soil temperatures.
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Table 1: Weights and number of trips for vehicles damaging the soil.

Vehicle Total Weight Trips Per Plot

Truck 3 tons 112

Flatbed trailer 14 tons 76

Concrete truck (loaded) 35 tons 24

Auger 35 tons 2

Gravel truck 25 tons 12

Flatbed trailer 39 tons 8

18 ton crane 23 tons 2

80 ton crane 65 tons 2

Truck 8 tons 3
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Tabi e 2 : Analysis of subsoil added to subsoil plots at Nanticoke,

Sample No. Particle Size Analysis % Organic _____ pH
% Clay % Silt % Sand Matter water CaCl2

Samp 1  71.14 28.14 .72 .88 8.1 8.0

Sample 2  60.97 37.49 1.53 -59 8.3 8.0
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Table 3: Soil test results and fertilizer recommendations, 1976.

Site Crop Soil Test Value Recommended Fertilizer
Application (Ib/acre)

P K Mg** pH* N P2O5 K2O

London Corn 15 156 200 7.2 130 20 0

Nanticoke Corn 9 188 200 5.9 70 70 0

London Alfalfa 35 192 200 6.6 0 0 0

Nanticoke Alfalfa 9 272 200 6.6 0 40 0

* A pH of 5.5 or less for corn and 6.0 or less for forages require the 
addition of limestone at a rate of 2 tons/acre.

* * A value of 100 or less indicates an addition of dolomitic limestone 
is required.
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Table 4: Corn yields for subsoil plots at Nanticoke, 1976.

Amount of Subsoil Added 
(cm)

Fertilizer Added (Ib/acre) Yield

N P2O5 K2O bu/ac kg/ha

0 70 70 0 66. 7 4200

2.5 70 70 0 28.2 1750

2.5 140 140 0 30.0 1900

5.0 70 70 0 11.1 700

5.0 140 140 0 34.8 2200

7.5 70 70 0 3.7 250

7.5 140 140 0 15.9 1000
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Table 5: Corn yields, at 15% moisture at London and Nanticoke; 1976.

S i te Treatment

C D PS PS+ RS D+

London bu/acre 91.7 60.5 36.3 51.7 69.6 59.1
kg/ha 5750 3800 2300 3250 4400 3700

Nanticoke bu/acre 66.7 67.7 21.0 19.9 52.8 62.1

kg/ha 4200 4250 1300 1250 3300 3900
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Table 6; Nutrient analyses of corn leaves, 1975 and 1976.

Site Year Nutrient Treatment

C D PS PS+ RS D+

Nanticoke

Nanticoke

1975

1976

N 
P
K 
Ca 
Mg

N

1.64
.14

1 .60
.91
.54

3.40 a**

Concentration (%)

2.24 1.80*  1.94*
.23 .18 .19

2.05 1.50 1.73
.79 .85 .94
.30 .45 .44

3.03 ab 2.69 b 2.80 b

2.03
.22

2.03
.64
.26

3.01 ab

2.03
.19

2.08
.61
.31

3.08 ab

London

London

1975

1976

P 
K 
Ca 
Mg

N 
P 
K 
Ca
Mg

N

.33 a 
2.40 a 
1.33 ab
.40 a

.76

.12
1 .40
.75
.20

3.60 a

.30 ab .28 b
2.53 a 2.46 a
1.25 ab 1.25 ab

.37 a .43 a

1.15 1.17*
.16 .16

1.77 1.55
.87 .75
.27 .25

3.30 ab 3.60 a

.28 b 
2.36 a 
1 .40 a

.49 a

1 .25*  
.17

1.55 
.87 
.25

3.40 ab

.32 ab 
2.66a 
1.18b

.33 a

1.14
.20

1 .70 
.81 
.18

3.60 a

.31 ab 
2.41 a 
1 .23 ab

. 38 a

1 .26 
.17

1 .70
.92
.26

3.10 b
P 
K
Ca 
Mg

.38 a b 
1 .78 a 
1.31a

.50 a

•33 c .39 a 
1.95 abc 2.26 b 
1.17b 1.15b

.42 ab .37 b

. 36 be
2.16 be
1.16b 

. 36 b

.39 a
2.26 b
1.15b

.37 b

.33 c
1 .89 ac
1.12b

.39 b

* Data obtained prior to machinery damage.

** Numbers in the same row followed by the same number are not significantly 
different at the 5% level of probability.
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Table 7: Soil bulk densities for the London corn plots, 1975-1976.

Date Depth (cm) Treatment

C D PS PS+ RS D+

Bulk density (g/cm^)

Aug. 1975** 0-7.5 1.19 1.27 1.27* 1.27* 1.30 1.42
7.5-15 1.40 1.55 1.35 1.44 1.49 1.43

15-30 1.48 1.65 1.49 1.55 1.50 1.48
30-45 1.55 1.62 1.57 1.64 1.60 1.76
45-60 1.50 1.58 1.55 1.53 1.60 1.65

Dec. 1975*** 0-7.5 - - - - - -
7.5-15 1.47 1.65 - - 1.50 1.52

15-30 1.51 1.73 - - 1.63 1.63
30-45 1.64 1.79 - - 1.71 1.71
45-60 1.73 1.84 - - 1.71 1.79

Feb. 1976*** 0-7.5 - - - - - -
7.5-15 1.36 1.54 - - 1.41 1.51

15-30 1.48 1.62 - 1.64 1.64
30-45 1.61 1.76 - 1.71 1.76
45-60 1.73 1.77 - - 1.73 1.81

Mar. 1976*** 0-7.5 - - - - - -
7.5-15 1.38 1.56 - - 1.46 1.49

15-30 1.49 1.62 - - 1.61 1.63
30-45 1.60 1.75 - - 1.69 1.73
45-60 1.70 1.79 - - 1.72 1.81

April 1976*** 0-7.5 - - - - - -
7.5-15 1.44 1.58 - - 1.52 1.54

15-30 1.42 1.58 - - 1.61 1.60
30-45 1.56 1.70 - - 1.66 1.68
45-60 1.64 1.73 - - 1.64 1.75

May 1976** 0-7.5 - - 1.61 1.55 - -
(After 7.5-15 - - 1.58 1.46 - -
damage) 15-30 - - 1.72 1.46 - -

30-45 - - 1.62 1.45 - -
45-60 - - 1.54 1.42 - -

July 1976*** 0-7.5 - - - - - -
7.5-15 1.42 1.66 - - 1.53 1.62

15-30 1.43 1.65 - - 1.64 1.64
30-45 1.61 1.74 - - 1.68 1.72
45-60 1.74 1.77 - - 1.67 1.77
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Table 7: Conti nued

Date Depth (cm) Treatment

C D PS PS+ RS D+

Bulk Density (g/cm3)

Aug. 1976*** 0-7.5 - - - - - -
7.5-15 1.41 1.62 - - 1.53 1.59

15-30 1.41 1.62 - - 1.63 1.59
30-43 1.63 1.72 - - 1.66 1.68
45-60 1.73 1.76 - - 1.69 1.74

Aug. 1976** 0-7.5 1.22 1.27 1.36 1.48 1.18 1.22
7.5-15 1.27 1.55 1.48 1.38 1.27 1.32

15-30 1.37 1.56 1.44 1.55 1.43 1.48
30-45 1.55 1.52 1.69 1.60 1.58 1.57
45-60 1.38 1.69 1.66 1.50 1.49 1.54

* Measurements taken prior to machinery damage.

** Measurements obtained using core technique.

*** Measurements obtained using NEA gamma probe.
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Table 8: Soil bulk densities for the London pasture plots, 1975-1976.

Date Depth (cm) Treatment

C D PS PS+ RS D+

Bulk density (g/cm3)

Aug. 1975** 0-7.5 .89 1.25 1.13* 1.13* 1.19 1.32
7.5-15 1.20 1.39 1.34 1.29 1.34 1.48

15-30 1.28 1.61 1.44 1.47 1.45 1.62
30-45 1.35 1.57 1.56 1.50 1.61 1.70
45-60 1.42 1.62 1.62 1.41 1.47 1.62

Dec. 1975*** 0-7.5 - - - - - -
7.5-15 1.45 1.66 - - 1.56 1.68

15-30 1.41 1.66 - - 1.56 1.71
30-45 1.59 1.66 - - 1.67 1.73
45-60 1.66 1.71 - - 1.69 1.73

Feb. 1976*** 0-7.5 - - - - - -
7.5-15 1.31 1.43 - - 1.33 1.57

15-30 1.35 1.58 - - 1.47 1.61
30-45 1.49 1.62 - - 1.63 1.65
45-60 1.59 1.66 - - 1.64 1.64

Mar. 1976*** 0-7.5 - - - - - -
7.5-15 1.31 1.50 - - 1.38 1.45

15-30 1.41 1.63 - - 1.47 1.67
30-45 1.51 1.61 - - 1.65 1.70
45-60 1.63 1.65 - - 1.65 1.68

Apr. 1976*** 0-7.5 - - - - - -
7.5-15 1.42 1.62 - - 1.48 1.63

15-30 1.42 1.63 - - 1.52 1.69
30-45 1.52 1.61 - 1.60 1.69
45-60 1.62 1.69 - - 1.65 1.69

May 1976** 0-7.5 - - 1.41 1.42 - -
(After 7.5-15 - - 1.40 1.43 - -
damage) 15-30 - - 1.50 1.49 - -

30-45 - - 1.48 1.43 - -
45-60 - - 1.45 1.55 - -

July 1976** 0-7.5 - - - - - -
7.5-15 1.44 1.54 - - 1.37 1.51

15-30 1.44 1.60 - - 1.51 1.63
30-45 1.58 1.63 - - 1.63 1.62
45-60 1.61 1.68 - - 1.62 1.64
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Table 8 : Continued

Date Depth (cm) Treatment

C D PS PS+ RS D+

Bulk density (g/cm3)

Aug. 1976** 0-7.5 - - - - - -
7.5-15 1.47 1.57 - - 1.45 1.63

15-30 1.52 1.62 - - 1.58 1.68
30-45 1.60 1.65 - - 1.65 1.64
45-60 1.66 1.70 - - 1.66 1.65

Aug. 1976* 0-7.5 1.07 1.24 1.29 1.13 1.15 1.26
7.5-15 1.28 1.36 1.25 1.16 1.27 1.35

15-30 1.37 1.50 1.48 1.44 1.37 1.33
30-45 1.54 1.62 1.53 1.52 1.61 1.53
45-60 1.39 1.40 1.64 1.53 1.51 1.62

* Measurements taken prior to machinery damage.
** Measurements obtained using core technique.
*** Measurements obtained using NEA gamma probe.
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Table 9: Soil bulk densities for the Nanticoke corn plots, 1975-1976.

Date Depth (cm) Treatment

C D PS PS+ RS D+

Bulk density (g/cm3)

Aug. 1975** 0-7.5 1.30 1.31* 1.29* 1.29 1.18 1.42
7.5-15 1.32 1.46 1.19 1.26 1.41 1.44

15-30 1.40 1.38 1.36 1.43 1.38 1.51
30-45 1.41 1.49 1.36 1.39 1.44 1.48
45-60 1.45 1.45 1.48 1.43 1.48 1.46

Dec. 1975*** 0-7.5 - - - - - -
7.5-15 1.40 1.55 - - 1.51 1.48

15-30 1.55 1.53 - - 1.58 1.53
30-45 1.53 1.56 - - 1.54 1.56
45-60 1.51 1.52 - - 1.56 1.57

Jan. 1976*** 0-7.5 - - - - - -
7.5-15 1.10 1.31 - - 1.27 1.24

15-30 1.33 1.54 - - 1.45 1.47
30-45 1.56 1.63 - - 1.64 1.58
45-60 1.62 1.60 - - 1.60 1.61

Feb. 1976*** 0-7.5 - - - - - -
7.5-15 1.12 1.43 - - 1.37 1.31

15-30 1.38 1.45 - - 1.55 1.45
30-45 1.53 1.53 - - 1.54 1.55
45-60 1.55 1.49 - - 1.59 1.56

Apr. 1976*** 0-7.5 - - - - - -
7.5-15 1.48 1.44 - - 1.52 1.43

15-30 1.44 1.42 - - 1.51 1.40
30-45 1.45 1.49 - - 1.50 1.49
45-60 1.42 1.45 - - 1.52 1.54

May 1976*’' 0-7.5 - - 1.35 1.41 - -
(After 7.5-15 - - 1.36 1.41 - -
damage) 15-30 - - 1.45 1.42 - -

30-45 - - 1.37 1.40 - -
45-60 - - 1.40 1.39 - -

July 1976*** 0-7.5 - - - - - -

7.5-15 1.57 1.61 - - 1.59 1.56
15-30 1.53 1.53 - - 1.55 1.53
30-45 1.60 1.57 - - 1.55 1.55
45-60 1.62 1.53 - - 1.53 1.60
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Table 9: Continued

Date Depth (cm) ____________________  Treatment_______________________ _

C D PS PS+ RS D+

Bulk density (g/cm3)

Aug. I976***  0-7.5 - - - - - -

7.5-15 1.51 1.54 - -— 1.52 1.55
15-30 1.52 1.54 - - 1.53 1.55
30-45 1.54 1.57 - - 1.54 1.58
45-60 1.54 1.56 - - 1.59 1.61

* Measurements made prior to machinery damage.
** Values obtained using core technique
*** Values obtained using NEA gamma probe.
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Table 10: Soil bulk densities for the Nanticoke pasture plots, 1975“1976.

Date Depth (cm) Treatment

C D PS PS+ RS D+

Aug. 1975** 0-7.5 1.24 1.35

Bulk densi ty

1.20*

(g/cm3)

1.15* 1.30 1.28
7.5-15 1.38 1.42 1.32 1.26 1.42 1.42

15-30 1.39 1.39 1.41 1.44 1.41 1.42
30-45 1.41 1.47 1.39 1.43 1.45 1.46
45-60 1.46 1.48 1.46 1.40 1.45 1.51

Dec. 1975*** 0-7.5
- - - - - -

7.5-15 1.38 - - - - 1.54
15-30 1.50 - - - - 1.53
30-45 1.51 - - - - 1.56
45-60 1.59 - - - - 1.59

Jan. 1976*** 0-7.5 - - - - - -
7.5-15 1.29 1.28 - - 1.32 1.35

15-30 1.47 1.41 - - 1.39 1.34
30-45 1.65 1.54 - - 1.58 1.55
45-60 1.65 1.58 - - 1.60 1.58

Feb. 1976*** 0-7.5 - - - - - -
7.5-15 1.30 1.35 - - 1.37 1.35

15-30 1.39 1.48 - - 1.43 1.43
30-45 1.48 1.50 - - 1.49 1.51
45-60 1.57 1.53 - - 1.57 1.58

Apr. 1976*** 0-7.5 - - - - - -
7.5-15 1.41 1.46 - - 1.49 1.41

15-30 1.44 1.47 - - 1.45 1.39
30-45 1.49 1.46 - - 1.51 1.46
45-60 1.58 1.53 - - 1.55 1.56

May 1976** 0-7.5 - - 1.31 1.34 - -
(After 7.5-15 - - 1.41 1.39 - -
damage) 15-30 - - 1.40 1.35 - -

30-45 - - 1.44 1.37 - -
45-60 - - 1.43 1.36 - -

July 1976*** 0-7.5 - - - - - -
7.5-15 1.44 - - 1.47 1.37

15-30 1.47 1.47 - - 1.44 1.42
30-45 1.50 1.52 - - 1.54 1.49
45-60 1.60 1.54 - - 1.56 1.59
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Table 10: Conti nued

Date Depth (cm) Treatment

C D PS PS+ RS D+

Bulk density (g/cm3 )

Aug. 1976* ** 0-7.5
7.5-15 

15-30 
30-45 
45-60

1.52
1.48
1.55
1.60

1.45 
1.47 
1.53
1.53

1.45
1.46
1.55
1.60

1.40
1.40
1.50
1.54

* Measurements made prior to machinery damage.
** Values obtained using core techniques.
*** Values obtained using NEA gamma probe.
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Table 11: Soil Moisture contents for the London corn plots, 1975“76.

Date Depth (cm) Treatment

C D PS PS+ RS D+

% h2o

Aug. 1975** 0-7.5 24.34 17.36 23.76* 24.13* 21 .94 23.39
7.5-15 24.46 18.99 24.40 24.68 24.20 27-73

15-30 22.38 19.48 22.93 22.87 24.91 25.05
30-45 20.05 22.15 18.80 17.08 23.92 16.62
45-60 21.62 21.10 18.66 21 .90 21 .83 18.57

Dec. 1975*** 0-7.5 -------- — — ------- —
7.5-15 20.93 14.81 — — 18.73 20.90

15-30 23.70 17.41 — 19.79 20.33
30-45 19.11 15.57 —— — 17.06 17.53
45-60 16.81 13.81 -------- — 17.49 15.71

Feb. 197^*** 0-7.5 -------- — — — —
7.5-15 28.92 22.13 — 27.23 23.97

15-30 25.26 20.17 — 20.00 20.28
30-45 20.49 16.46 — — 17.20 16.40
45-60 16.62 14.99 — 16.97 15.26

Mar. 1976*** 0-7.5 -------- — — — —
7.5-15 24.18 18.86 — 20.05 23.39

15-30 24.13 20.41 —— 20.38 19.58
30-45 21.06 16.67 — 17.88 16.47
45-60 17-13 14.28 -------- 17.14 15.19

Apr. 1976*** 0-7.5 -------- -------- — — —
7.5-15 16-99 16.31 —— 16.38 18.09

15-30 26.67 21 .00 — — 19.22 19.72
30-45 21.16 17.79 — — 18.01 17.30
45-60 18.71 15-16 — 18.53 15.43

May 1976** 0-7.5 -------- ---- — 18.41 18.73 — —
(After 7.5-15 -------- —---- 18.72 21.77 — —
damage) 15-30 -------- 14.39 24.59 —

30-45 -------- — 16.21 25.08 — —
45-60 -------- “ - — — — 17.72 23.85

July 1976'"“" 0-7 • 5
7.5-15 15.02 11.70 " “ « ” — 14.74 16.01

15-30 24.45 17.51 - - - — 17.92 19.28
30-45 19.54 15.99 — - 17.07 16.89
45-60 16.08 14.28 — H — 17.40 16.10
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Date Depth (cm) Trea tment

C D PS PS+ RS D+

% h2o

Aug. 1976*** 0-7.5 
7.5-15

15-30 
30-45 
45-60

21.60
26.04
19.28
16.72

15.55
19.27
16.10
14.45

—---- _____ 15.35
18.52
17.75
16.96

17.13
20.62
17.70
16.69

Aug. 1976** 0-7.5 18.94 18.08 18.60 13.05 16.60 19-41
7.5-15 22.33 19.84 20.59 18.08 21 .98 22.27

15-30 21 .60 20.43 23.17 21.16 25.77 21.79
30-45 20.85 19.86 18.48 18.78 23.62 20.80
45-60 20.43 18.78 17.09 17.85 23.16 19.06

J* Data obta i ned prior to machinery damage

Da ta obta i ned from soil cores

Data obta1ned using NEA neutron probe
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Date Depth (cm)  Treatment

Table 12: Soil moisture contents for the London pasture plots, 1975-1976.

c D PS PS+ RS D+

% H2O

Aug. 1975** 0-7.5
7.5-15

15-30 
30-45
45-60

24.45
25.01
23.51
22.82
21.58

18.53
21.14
22.14
21.74
19.32

22.72*
23.14
22.46
16.47
16.49

21.28*
23.52
21.95
19.45
16.51

27.14
30.88
27.76
22.62
21.75

22.32
22.16
20.99
18.98
19.68

Dec. 1975*** 0-7.5 
7.5-15

15-30 
30-45
45-60

26.21
28.26
21.63
18.04

18.64
19.31
18.67
18.03

-
-
-
-
-

-
-
-
-
-

22.57
24.87
18.53
18.01

18.73
17.95
17.06
17.14

Feb. 1976*** 0-7.5
7.5-15

15-30 
30-45 
45-60

33.03
31.00
24.80
20.86

28.33
21.91
20.02
19.02

- - - - - - - - - -
32.57
27.25
19.55
18.92

22.23
20.34
18.52
19.10

March 1976*** 0-7.5
7.5-15

15-30 
30-45 
45-60

30.61
28.46
24.61
19.07

23.96
20.46
20.63
19.77

- - - - - - - - - -
30.15 
27.08 
19.16 
18.77

27.18
18.61
17.50
18.60

Apr. 1976*** 0-7.5
7.5-15

15-30 
30-45 
45-60

23. 10
27.17
23.28
19.01

15.59
19.12
20.01
17.64

- - - - - - - - - -
20.32
24.88
19.90
18.41

16.14
16.91
17.64
17.76

May 1975**  
(after 
damage)

0-7.5
7.5-15

15-30 
30-45
45-60

- - - - - - - - - - 23.21
26.35
22.54
20.47
18.77

23.80
25.45
24. 17
23.91
19.91

- - - - - - - - - -

July 1976*** 0-7.5
7.5-15

15-30 
30-45 
45-60

22.17
23.28
18. 15
16.52

15.11
17.35
16.83
16.55

- - - - - - - - - -
18.28
19.04
16.56
15.86

15.80
16.03
16.92
16.19
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Table 12: Continued

Date Depth (cm) T reatment

C D PS PS+ RS D+

% h2o

Aug. 1976*** 0-7.5 - - - - - -
7.5-15 22.30 17.05 - - 21.42 16.25

15-30 21.67 17.56 - - 19.60 15.58
30-45 17.98 16.54 - - 16.02 16.59
45-60 15.36 14.99 - - 15.12 16.51

Aug. 1976** 0-7.5 32.55 20.95 22.81 24.47 24.50 21.70
7.5-15 30.16 19.98 26.87 27.35 24.56 21.75

15-30 27.26 19.25 25.92 25.48 22.28 20.36
30-45 22.32 19.71 23.46 23.10 21.04 19.50
45-60 22.58 18.98 20.91 20.91 20.24 17.64

* Data obtained prior to machinery damage.
* * Data obtained from soil core.
* ** Data obtained using NEA neutron probe.
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Table 13: Soil moisture contents for the Nanticoke corn plots, 1975-76.

Date Depth (cm) Treatment

C D PS PS+ PS D+

.% H2o

Aug. 1975** 0-7.5
7.5-15

15-30
30-45
45-60

30.28
27.77
27.80
30.99
28.26

24.43*
26.67
28.58
27.35
26.56

31.10*
39.17
30.48
30.90
26.05

29.48
32.01
30.44
32.30
27.65

32.61
30.64
32.31
29.66
26.46

23.09
24.38
25.56
28.53
27.20

Dec. 1975*- 0-7.5
7.5-15 

15-30
30-45 
45-60

23.44
23.28
22.96
23.94

21 .44 
23.59 
21 .94 
24.16

-

-
21 .37
22.12
23.61
22.01

25.82
23.76
22.32
21 .73

Jan. 1976*** 0-7.5
7.5-15

15-30 
30-45 
45-60

44.07
34.18
22.75
20.92

35.82
26.03
21 .49
21 .02

-
-

36.27 
28.60 
19.64 
21 .46

39.14
28.17 
21.68
20.35

Feb. 1976*** 0-7.5
7.5-15

15-30
30-45
45-60

40.17
29.30
23.41
22.51

28.81
28.66
23.93
25.85

- -

30.57 
23.41 
22.23 
21 .45

33.14
27.52
22.28
21 .96

Apr. 1976*** 0-7-5
7.5-15 

15-30 
30-45 
45-60

20.08
27.94
26.34
28.90

25.34
29.04
25.17
27.10 -

-
22.53
24.46
24.03
24.10

25.76
30.04
25.97
23.38

May 1976** 
(After 
damage)

0-7.5 
7.5-15

15-30 
30-45 
45-60

- - 31.15
32.04
29.63
30.51
28.75

30.76
29.73
30.44
31 .39
29.85

-
-

July 1976*** 0-7.5
7.5-15

15-30 
30-45 
45-60

12.31
20.68
22.64
22.51

15.28
21 .88
22.00
22.90

- -

17.16
22.12
22.63
22.05

15.48
22.97
22.35
21.44
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Date Depth (cm) Treatment

C D PS PS+ RS D+

Aug. 1976*** 0-7.5
7-5-15

15-30
30-45
45-60

% h2o

20.65 18.52 - - 20.34 18.79
22.07 21 .39 - - 22.53 22.44
23.14 21 .35 - - 22.71 22.00
23.11 21 .82 - - 21 .54 21.20

* Data obtained prior to machinery damage

* * Data obtained from soil cores

* ** Data obtained using NEA neutron probe
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Table 14: Soil moisture contents for the Nanticoke pasture plots, 1975-1976.

Date Depth (cm) Treatment

C D PS PS+ RS D+

% H20

Aug. 1975**f 0-7.5 30.53 24.51* 27.40** 33.57 27.66 24.79
7.5-15 27.36 28.82 29.77 31.47 29.38 28.65

15-30 28.67 30.08 29.94 27.90 30.65 30.65
30-45 29.34 28.55 30.24 27.92 28.35 27.58
45-60 26.14 26.31 25.15 26.60 25.81 23.86

Dec, iy/5^ 0-7.5
- - - - - -

7.5-15 33.63 - - - - 22.48
15-30 24.48 - - - - 23.41
30-45 24.58 - - - - 22.74
45-60 22.06 - - - - 22.27

Jan. ly/b** 0-7.5
- - - - - -

7.5-15 35.47 34.83 - - 33.30 31.33
15-30 27.88 30.40 - - 30.08 32.31
30-45 19.84 22.98 - - 21.57 22.78
45-60 19.48 22.22 - - 21.52 22.05

Feb. 1976** * 0-7.5
- - - - - -

7.5-15 33.49 33.84 - - 31.88 33.87
15-30 31.14 26.23 - - 28.59 30.67
30-45 26.39 24.75 - - 25.61 23.66
45-60 21.46 23.91 - - 21.96 22.21

Apr. 1976**■* 0-7.5
- - - - - -

7.5-15 28.68 25.88 - - 24.43 28.39
15-30 27.53 26.05 - - 27.32 30.93
30-45 25.76 26.51 - - 24.33 26.57
45-60 21.38 23.88 - - 22.27 22.21

May 1976** 0-7.5
- - 30.84 31.69 - -

(Af te r 7.5-15 - - 31.49 32.45 - -
damage) 15-30 - - 30.93 32.02 - -

30-45 - - 29.36 28.57 - -
45-60 - - 26.26 24.44 - -

July 1976** * 0-7.5
- - - - - -

7.5-15 19.10 17.24 - - 18.84 20.88
15-30 22.22 21.99 - - 23.87 23.79
30-45 21.92 22.50 - - 22.02 23.32
45-60 19.44 23.09 - - 21.94 20.88
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Table 14: Continued

Date Depth (cm) Treatment

C D PS PS+ RS D+

Aug. 1976* *** 0-7.5

% H20

7.5-15 17.95 19.51 - - 20.37 21.53
15-30 22.49 22.56 - - 22.96 24.98
30-45 20.94 22.13 - - 21.19 22.43
45-60 19.81 22.57 - - 20.81 22.08

* Data obtained prior to machinery damage.
** Data obtained from soil cores.
*** Data obtained using NEA neutron probe.
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Table 15: Porosity of soil with depth for London corn (c) and pasture (P) 
plots, 1975-76.

Date Depth (cm) Treatment

C D PS PS+ RS D+

Porosity

C P C P C P C P C P C P
May 1975 0-7.5 - - .35 .43 - - - - .36 .38 .41 .40
(After 7.5-15 - - .36 .39 - - - - .38 .46 .42 .42
damage) 15-30 - - .39 .39 - - - - .42 .41 .42 .38

30-45 - - .35 .40 - - - - .38 .40 .38 .37
45-60 - - .40 .35 - - - - .43 .44 .40 .42

Aug. 1975 0-7.5 .54 .65 .51 .51 .51 .55 .52 .55 .49 .52 .45 .48
7.5-15 .45 .49 .41 .46 .48 .47 .45 .50 .40 .46 .45 .42

15-30 .41 .49 .37 .38 .43 .43 .41 .41 .38 .44 .41 .37
30-45 .41 .49 .39 .40 .40 .41 .37 .41 .39 .38 .34 .36
45-60 .43 .45 .40 .36 .39 .36 .42 .46 .40 .44 .39 .39

Dec. 1975 0-7.5
7.5-15 .43 .4o .37 .37 - - - - .40 .37 .41 .34

15-30 .40 .43 .34 .39 - - - - .32 .38 .34 .33
30-45 .38 .38 .32 .38 - - - - .35 .37 .35 .34
45-60 .34 .34 .30 .35 - - - - .36 .36 .33 .35

Feb. 1976 0-7-5
7.5-15 .47 .47 .41 .45 - - - - .44 .46 .41 .39

15-30 .41 .45 .38 .41 - - - - .32 .41 .34 .37
30-45 .39 .42 .33 .40 - - - - .35 .38 .34 .37
45-60 .34 .37 .32 .37 - - - - .35 .38 .33 .38

Mar. 1976 0-7.5
7.5-15 .46 .46 .40 .43 - - - - .41 .44 .42 .43

15-30 .41 .43 .38 .40 - - - - .33 .41 .34 .35
30-45 .39 .41 .34 .40 - - - - .36 .37 .35 .35
45-60 .35 .35 .32 .37 - - - - .35 .37 .33 .37

Apr. 1976 0-7.5
7.5-15 .43 .43 .40 .36 - - - - .39 .40 .40 .37

15-30 .43 .43 .39 .38 - - - - .33 .41 .36 .34
30-45 .41 .43 .36 .39 - - - - .37 .38 .37 .36
45-60 .38 .37 .34 .34 - - - - .38 .37 .35 .36

May 1976 0-7.5 - - - - .37 .44 .40 .43 - - - -
(After 7.5-15 - - - - .38 .44 .44 .43 - - - -
damage) 15-30 - - - - .34 .41 .44 .41 - - - -

30-45 - - - - .38 .40 .42 .41 - - - -
45-60 - - - - .35 .41 .41 .35 - - - -



Table 15: Cont i nued - 42 -

Date Depth (cm) Treatment
D+C D PS PS+ RS

PorosIty

C P C P C P C P C P C  P

July 1976 0-7.5
7.5-15 .45 .42 .36 .40 - - - - .39 .45 .38 .41

15-30 .44 .42 .37 .39 - - - - .32 .41 .38 .36
30-45 .40 .40 .38 - - - - .36 .38 .36 .38
45-60 .34 .38 .33 .34 - - - .37 .37 .34 .38

Aug. 1976 0-7.5
7.5-15 .47 .41 .38 .38 - - - - .39 .42 .39 .36

15-30 .43 .39 .38 .38 - - - - .33 .39 .40 .34
30-45 .38 .39 .36 .38 - - - - .37 .37 .38 .37
45-60 .33 .36 .33 .33 - - - - .36 .37 .34 .36

Aug. 1976 0-7.5 .52 .56 .52 .52 .47 .49 .42 .55 .54 .54 .53 .51
7.5-15 .51 .48 .41 .47 .42 .51 .46 .54 .49 .49 .49 .47

15-30 .45 .45 .40 .42 .45 .42 .41 .43 .41 .44 .40 .45
30-45 .41 .41 .44 .36 .35 .41 .39 .38 .40 .38 .41 .42
45-60 .40 .46 .34 .33 .36 .32 .41 .34 .44 .43 .43 .40
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Table 16; Porosity of soil with depth for Nanticoke corn (0) and pasture (P) 
plots, 1975-76.

Date Depth (cm) Treatment

C D PS PS+  RS D+

Porosity

C P C P C P C P C P C P
May 1975 0-7.5 - - .36 .34 - - - - .41 .44 .38 .39
(After 7.5-15 - - .41 .37 - - - - .37 .43 .38 .39
damage) 15-30 - - .39 .44 - - - - .38 .47 .44 .43

30-45 - - .43 .44 - - - - .40 .42 .39 .41
45-60 - - .46 .43 - - - - .45 .47 .42 .44

Aug. 1975 0-7.5 .45 .51 .49 .47 .46 .53 .47 .53 .54 .49 .45 .50
7.5-15 .47 .46 .44 .45 .55 .49 .51 .49 .46 .43 .45 .44

15-30 .46 .43 .48 .46 .47 .45 .45 .43 .48 .46 .42 .46
30-45 .44 .44 .41 .42 .46 .46 .44 .44 .43 .42 .42 .42
45-60 .44 .42 .45 .40 .42 .44 .45 .46 .42 .44 .42 .41

Dec. 1975 0-7.5
7-5-15 .44 .45 .41 - - - - - .41 - .43 .39

15-30 .40 .39 .42 - - - - - .43 - .42 .41
30-45 .39 .39 .38 - - - - - .39 - .38 .39
45-60 .42 .38 .42 - - - - - .38 - .37 .38

Jan. 1976 0-7.5
7.5-15 . 56 .49 .50 .50 - - - .51 .46 .52 .47

15-30 .48 .41 .42 .45 - - - - .46 .47 .44 .49
30-45 .38 .36 .36 .39 - - - - .33 .37 .37 .38
45-60 .38 .35 .40 .38 - - - - .38 .38 .37 .37

Feb. 1976 0-7.5
- - - - - - - -

7.5-15 .55 .48 .45 .49 - - - - .47 .45 .49 .46
15-30 .47 .42 .45 .45 - - - - .41 .44 .45 .47
30-45 .40 .40 .39 .41 - - - - .39 .41 .38 .37
45-60 .40 .38 .43 .37 - - - - .37 .41 .38 .38

Apr. 1976 0-7.5
7.5-15 .41 .45 .45 .44 - - - - .41 .41 .45 .44

15-30 .42 .41 .46 .44 - - - - .43 .45 .47 .47
30-45 .42 .40 .41 .43 - - - - .40 .40 .40 .42
45-60 .45 .38 .45 .38 - - - - .40 .40 .39 .39

July 1976 0-7.5
7.5-15 .37 .43 .39 .42 - - - - .38 .41 .40 .45

15-30 .41 .40 .42 .43 - - - - .42 .45 .41 .46
30-45 .36 .41 .38 .40 - - - - .39 .39 .38 .40
45-60 .38 .36 .42 .38 - - - - .39 .40 .36 .37



Table 16: Continued - 44 -

Date Depth (cm) Treatment

C D PS PS+ RS D+

Porosity

C P C P C P C P C P C P
Aug. 1976 0-7.5

7.5-15 .40 .39 .41 .44 - - - - .41 .42 .40 .45
15-30 .41 .40 .41 .43 - - - - .43 .44 .41.47
30-45 .39 .39 .38 .40 - - - - .38 .38 .37 .40
45-60 .41 .36 .41 .38 - - - - .37 .39 .36 .39
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Table 17: Soil moisture contents after equilibration for 5 days at 1/3 bar 
tension for the London plots, 1975-76.

Crop

Year

Corn Pasture

1975 1976 1975 1976

T r ea tmen t Depth (cm) % H20

C 0-7.5 14.51 23.83 19.98 31.16
7.5-15 16.53 23.47 24.65 29.46

15-30 13.39 22.86 23.08 26.99
30-45 14.27 21 .03 20.28 23.65
45-60 14.09 22.20 18.23 25.06

D 0-7.5 13.83 21 .94 17.95 23.58
7.5-15 12.91 22.05 18.00 22.57

15-30 14.39 21 .65 20.88 21 .72
30-45 15.16 22.48 19.34 22.70
45-60 13.20 19.47 16.74 22.33

PS 0-7.5 17.15* 22.62 17.25* 25.16
7.5-15 14.48 21 .64 21 .49 26.63

15-30 17.40 24.81 21 .48 25.50
30-45 15.28 19.24 12.49 23.63
45-60 13.63 17.62 12.16 21 .88

PS+ 0-7.5 20.08* 18.58 16.94* 23.78
7.5’15 16.96 19.42 22.65 26.60

15-30 16.10 21 .13 20.87 25.45
30-45 14.25 19.51 18.62 23.87
45-60 18.25 17.63 18.86 22.32

RS 0-7.5 19.33 22.70 24.86 27.13
7.5-15 21.11 24.84 27.52 26.87

15’30 17.13 25.04 23.80 25.67
30-45 19.49 24.00 21.53 26.33
45-60 17.64 24.26 19.97 24.72

D+ 0-7.5 11.66 24.25 18.06 24.28
7.5-15 21.82 24.19 18.53 23.90

15-30 19.28 22.92 18.95 23.66
30-45 11.88 20.68 16.20 25.10
45-60 12.72 19.42 17.04 22.82

Data obtained prior to machinery damage.
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Table 18: Soil moisture contents after equilibration for 5 days at 1/3 bar 
tension for Nanticoke plots, 1975.

C rop Depth (cm) Treatment

C D PS* PS+* RS D+

% H20

Corn 0-7.5 21.63 19.42 25.88 26.12 25.47 20.86
7.5-15 23.64 25.22 32.99 27.74 27.63 18.86

15-30 23.86 32.81 25.86 29.51 29.77 24.80
30-45 29.35 25.04 28.42 30.52 27.82 28.04
45-60 25.57 25.65 23.13 23.62 26.86 24.43

Pasture 0-7.5 24.23 22.89 26.22 30.28 26.49 25.67
7.5-15 24.85 29.48 28.50 29.41 28.64 27.63

15-30 28.57 29.86 30.47 28.76 28.55 28.51
30-45 25.92 25.21 29.75 28.03 27.72 25.60
45-60 25.86 25.19 24.41 25.63 24.99 24.56

* Treatments not instituted until April 1976.
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Table 19: Infiltration rates after 30 minutes for London and Nanticoke sites, 
1976-

Site Crop Treatment
C D PS PS+ RS D+

Infilltration Rate x
 

10-3 (cm/sec)

Nanticoke Corn 1.47 2.34 .21 .33 1 .20 2.00
4.74 2.61 3.42 3.97 2.12 .71
3.45 5.39 .22 .06 2.63 1 .27
3.44 .42 15.55 13.39 4.22 6.60

Nanticoke Pasture 9.03 .62 12.26 1 .30 3.34 .72
6.76 .41 13.65 .05 5.23 17.63

12.59 .74 3.71 2.77 5.95
1.14 .34 8.07

London Corn 2.38 8.43 7.42 7.79 4.03 7.47
11.68 4.21 4.36 8.91 4.19 9.49
5.51 5.13 12.78 8.03 1 .22 2.33
1 .24 1 .45 2.78 7.23 3.82 10.83

London Pasture 4.45 2.50 9.10 12.25 10.43 6.13
5.58 8.03 16.39 12.22 4.54 1.56
1.95 7.98 7.11 4.60 2.48 2.70
3.16 3.89 10.06 12.89 6.55 3.45
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Table 20; Saturated hydraulic conductivities after 90 minute experiment 
for soils from London and Nanticoke, 1975 and 1976.

S i te Crop Year Treatment

C D PS PS+ RS D+

Hydraulic Conductivity x 10-3 (cm/sec)

London Corn 1975 2.60 .57 1.06* 1.20* 6.19 1.86
1976 1.55 1.24 1.63 .43 1.32 .82

London Pasture 1975 - - - - - -
1976 1.25 1.74 .92 1.46 1.20 1.51

Nant icoke Corn 1975 .53 2.25 .78* 1.42* 3.95 .08
1976 1.17 1.14 2.58 .68 1.79 .78

Nant i coke Pasture 1975 .77 .40 .91" 2.07* .13 .64
1976 .79 1.06 1.11 .08 .56 .91

* Values obtained prior to machinery damage.
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Table 21: Organic matter content of soil, London, 1976.

Crop Depth (cm) _________________ Treatment __________

C D PS PS+ RS D+

% O.M.

Corn 0-7.5 4.00a* 2.80a 3.65a 2.65a 3.92a 3.28a
7.5- 15 3.99a 2.94ab 3.41ab 2.40b 3.98a 3.06ab

15“ 30 2.46ab 1.85ab 2.03ab 1.16b 3.40a 2.13ab
30- 45 . 98a b . 67ab . 95ab .51b 1.40a . 88a b
45- 60 • 55a .50a .68a . 40a .77a . 61 a

Pasture 0-7.5 5.67a 4.34a 4.80a 4.60a 5.77a 4.57a
7.5- 15 5.66a 4.02b 4.62ab 4.31ab 5.69a 4.27ab

15- 30 3.40a 2.91a 3.55a 3.37a 3.98a 2.68a
30- 45 1.69a 1.03a 1.78a 1.36a 1.97a 1.19a
45- 60 1.04ab .80b .89b .81b 1.47a 1.07ab

* Numbers in the same row followed by the same letter are not significantly 
different at the 5% level of probability.
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Table 22: Soil nutrient analyses, London corn, 1976.

T reatment Depth (cm) Concentration (ppm)

P K Ca Mg

C 0-7.5 15 a* 129 a 266 a 2840 a
7.5- 15 13 a 140 a 288 a 2900 a

15- 30 4 a 101 a 327 a 3300 a
30- 45 2 95 337 4300
45- 60 2 107 355 4850

D 0-7.5 14 ab 141 a 289 a 4080 b
7.5- 15 12 a 151 a 327 a 4000 b

15- 30 7 be 110 a 349 a 4180 ab
30- 45 2 99 383 4080
45- 60 1 110 374 4600

PS 0-7.5 16 a 149 a 289 a 3740 b
7.5- 15 11 a 150 a 311 a 3750 ab

15- 30 5 ab 117 a 339 a 4700 b
30- 45 2 107 365 4850
45- 60 2 109 347 4650

PS+ 0-7.5 16 a 142 a 267 a 3940 b
7.5- 15 10 a 140 a 281 a 4230 b

15- 30 4 a 109 a 335 a 4900 b
30- 45 2 92 342 4550
45- 60 3 93 336 4280

RS 0-7.5 14 ab 153 a 353 a 3300 ab
7.5- 15 15 a 169 a 339 a 3410 ab

15- 30 8 c 120 a 342 a 3830 ab
30- 45 3 112 368 3950
45- 60 2 115 363 3550

0+ 0-7.5 12 b 137 a 307 a 4000 b
7.5- 15 12 a 149 a 345 a 4130 b

15- 30 5 ab 118a 384 a 4280 ab
30- 45 2 102 391 3930
45- 60 2 111 407 4500

* Numbers in the same column at the same depth followed by the same letter 
are not significantly different at the 5% level of probability.
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Table 23: Effect of soil compaction on soil temperature at London for the 
corn plots.

Date Depth (cm) _____________________ Treatment

C D PS PS+ RS D+

Temperature (°C)

Dec. 11 0-7.5 -3.9 -3.9 -3.3* -3.4* -3.8 -3.0
7.5-15 -4.2 -4.0 -3.0 -3.8 -4.2 -3.3

15-30 -3.2 -3.9 -1.9 -2.7 -3.3 -2.7
30-45 -2.4 -2.8 0 .1 -1 .0 -2.0
45-60 -1 .1 -1 .2 .9 .7 - .7 -1 .3

F eb. 23 0-7.5 .2 -2.5 - .2* .7* .7 .3
7-5-15 - .3 -2.0 -1 .0 .8 .5 - .2

15-30 - .1 -1.8 -1 .0 .5 - .3 - .1
30-45 -1 .1 -2.4 -1 .2 - .1 .8 - .9
45-60 -1.6 -2.8 -1.2 - .7 .8 - .9

Mar. 18 0-7.5 -1.1 -1.8 -1.7* - .5* - .9 - . 6
7-5-15 - .2 -1.4 -1.8 - .1 - .8 - .4

15-30 .1 -1.6 -1.6 - .2 -1.5 -1.1
30-45 .1 -1.2 - .9 -2.2 -1.3 - .3
45-60 0 - .4 .3 -1.8 -1.3 .3

July 6 0-7-5 28.8 28.7 25.3 25.6 27.5 28.8
7.5-15 22.6 24.9 20.2 21.3 20.9 22.3

15-30 20.3 19.6 17.9 19.0 18.5 20.0
30-45 19.9 18.3 17.4 18.4 17.7 18.5
45-60 19.0 17.5 16.4 17.9 17.1 18.0

Aug. 2 0-7-5 25.6 29.4 23-5 22.9 30.4 28.8
7.5-15 21 .4 22.1 18.1 18.0 18.6 18.2

15-30 17.5 18.7 16.7 15.7 18.0 16.9
30-45 17.8 18.2 16.8 16.0 17.4 16.9
45-60 17.3 17.7 17.0 15.5 17.1 16.3

Oct. 18 0-7.5 12.2 12.6 10.8 12.8 12.3 12.4
7.5-15 10.8 10.3 9.0 11.2 10.0 10.3

15-30 9.6 9.4 9.8 10.6 10.0 10.2
30-45 9.5 9.3 9.5 10.5 9.9 10.0
45-60 10.5 9.6 9.2 10.2 9.5 9.7

Values obtained prior to machinery damage.
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Date Depth (cm) ____________________ Treatment

Table 24: Effect of soil compaction on soil temperature at London for the 
pasture plots.

C D PS PS+ RS D+

Temperature (°C)

Dec. 1 1 0-7.5 -4.2 -1 .3 -5.1* -2.9* -2.5 -3.0
7.5-15 -3.6 -1.8 -4.4 -2.0 -3.0 -3.2

15-30 -2.7 -1.8 -3.7 -1.6 -2.6 -3.4
30-45 -1 .2 -1.6 .3 - .1 -1.2 -1.4
45-60 - .4 - .7 1.0 .9 - .6 -1.3

Jan. 28 0-7.5 -4.2 -4.3 -4.7* -5.0* -5-7 -5.2
7.5-15 -4.6 -4.2 -4.8 -4.9 -5.4 -5.1

15-30 -4.4 -3.8 -5.0 -4.9 -5-5 -5.3
30-45 -5.4 -4.6 -5.1 -5.5 -6.0 -5.6
45-60 -5.7 -5.2 -6.0 -5.4 -6.5 -5.9

Feb. 23 0-7.5 -2.6 -1.2 1 .2* .1* -1.6 - .5
7.5-15 -1.8 - .9 .8 .5 -1.6 - .3

15-30 -1.3 - .7 .2 .4 -1.6 - .3
30-45 -1.2 - .7 0 .3 -1 .2 - .6
45-60 -1.2 - .7 - -5 .3 -1 .4 - .7

Mar. 18 0-7-5 -2.1 -4.5 -4.4* -3.4* -2.4 -3.3
7-5-15 -2.3 -4.7 -4.7 -4.2 -2.6 -3.6

15-30 -2.8 -4.3 -4.6 -4.1 -2.3 -2.9
30-45 -1.8 -3.5 -4.1 -3.2 -2.3 -2.2
45-60 -1.4 -3.8 -3.8 -3.0 -2.0 -1 .7

July 6 0-7.5 18.8 21 .0 21 .3 20.5 19.6 20.8
7-5-15 17.8 17.4 18.4 17-5 17.5 17.1

15-30 17.4 17.0 17.6 .17.0 17.5 16.5
30-45 17.1 16.3 16.6 16.3 16.8 15.7
45-60 16.0 15.7 15.6 15.0 16.0 15.0

Aug. 2 0-7-5 17.8 14.5 14.8 20.1 17.7 17.7
7-5-15 17.0 13.2 15.2 19.2 16.1 14.7

15-30 17.4 14.3 14.5 19.7 16.5 15.0
30-45 17.6 15.0 16.5 20.4 16.7 15.3
45-60 17.2 14.9 16.2 19.9 16.5 14.7

Oct. 18 0-7-5 3.2 2.8 2.5 2.7 2.6 3.3
7.5-15 3.5 3.4 3.8 3.9 3.4 3.4

15-30 5.2 4.2 5.3 5.3 4.3 4.8
30-45 6.0 5.6 6.2 6.0 5.9 6.5
45-60 7.4 6.8 6.9 7.3 6.5 6.1

Values obtained prior to machinery damage.
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Table 25: Effect of soil compaction on soil temperature at Nanticoke for the 
corn plots.

Date Depth (cm) _____________________ Treatment

C D PS PS+ RS D+

Temperature (°C)

Dec. 15 0-7.5 4.0 3.7 4.2* 3.9* 3.9 3.9
7.5-15 4.0 3.3 3.7 3.4 3.6 3.2

15-30 2.5 2.6 2.0 2.3 2.5 1.9
30-45 1 .2 1.6 1.2 1 .8 2.0 1.2
45-60 .6 1.2 1.2 2.0 2.4 .9

Feb. 24 0-7.5 2.3 1 .8 .5* 1.4* 1 .9 1.9
7.5-15 2.3 2.1 .9 1.6 2.0 2.0

15-30 2.5 1.7 .8 1.1 2.2 1.3
30-45 2.5 1 .2 .3 . 6 1 .3 1.2
45-60 2.3 .7 -.4 -.1 1 .2 .5

July 9 0-7.5 17.1 18.7 17.3 15.6 18.5 17.2
7.5-15 14.7 16.4 14.8 13.7 14.8 14.5

15-30 14.4 17.1 15.5 14.1 14.8 15.0
30-45 14.2 17.1 15.2 14.4 15.3 14.8
45-60 13.9 16.1 15.1 13.9 13.9 14.1

Aug. 2 0-7-5 19.3 20.1 19.3 20.5 20.3 20.6
7.5-15 16.8 17.3 17.0 17.4 16.6 17.3

15-30 16.5 17.5 17.0 18.2 17.3 17.8
30-45 16.4 17.7 17.1 17.6 17.2 17.6
45-60 16.2 16.7 16.9 16.9 16.7 16.6

Oct. 26 0-7.5 .6 .4 -1-3 2.5 .6 -2.5
7-5-15 3.1 2.9 1.4 4.3 3.0 2.7

15-30 5.3 3.2 3.5 3.7 5.0 4.7
30-45 6.1 5.0 3.3 5.5 5.6 4.9
45-60 6.6 6.4 5.2 6.3 5.8 6.7

Values obtained prior to machinery damage. Layer of straw placed over
surface of plot.
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Date Depth (cm) ___________________ Treatment

Table 26: Effect of soil compaction on soil temperature at Nanticoke for the 
pasture plots,

c D PS PS+ RS D+

Temperature (°C)

Dec. 15 0-7-5 4.4 4.1 3.7* 3.7* 4.0 3.6
7-5-15 4.2 3.8 3.4 3.1 4.0 3.3

15-30 2.9 2.5 2.4 2.3 2.8 2.2
30-45 2.2 1.7 1 .9 1.7 2.4 1.6
45-60 2.0 1.5 1 .9 1 .8 2.3 1.4

Feb. 24 0-7-5 3.0 2.1 1 .8* 1.6* 1.3 2.2
7-5-15 3.1 2.3 1.8 2.0 1.4 2.5

15-30 3.1 2.3 1 .6 1.7 1.5 2.5
30-45 2.7 1.8 1 .2 1.2 1.0 2.3
45-60 2.3 1.5 .7 .7 .7 1-7

July 9 0-7.5 22.2 21.6 19.0 20.8 19.6 19.2
7-5-15 18.1 18.7 15.8 17.2 16.5 15.6

15-30 16.9 18.8 15.5 16.5 16.0 15.2
30-45 15.5 18.4 15.3 16.7 15.8 14.6
45-60 14.0 17.4 14.8 15-3 15.5 13.6

Aug. 2 0-7.5 18.5 20.8 21.3 20.2 19.6 21.4
7-5-15 16.3 17.6 17.4 17.7 17.4 17.9

15-30 16.0 16.0 17.1 17.5 16.3 16.8
30-45 15.9 15.4 16.5 17.4 16.2 16.5
45-60 15.1 14.8 16.0 16.9 15.3 16.5

Oct. 26 0-7-5 4.1 1.8 .3 -.7 1.8 .9
7.5-15 4.7 4.3 2.8 2.2 4.8 3-3

15-30 4.8 5.5 4.5 2.7 6.2 4.6
30-45 6.6 5.1 7.0 4.8 6.8 5.8
45-60 7.0 8.0 7.3 6.7 8.7 6.7

* Values obtained prior to machinery damage, 
of ground.

Layer of straw placed over top
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Table27: Particle density of soil at London 
after damage 1976.

Crop Depth (cm) Treatment

PS PS+

Particle Density (g/cm3)

Corn 0-7.5 2.56 2.57
7.5-15 2.54 2.58

15-30 2.60 2.63
30-45 2.62 2.63

5" 60 2.59 2.65

Pasture 0-7.5 2.52 2.50
7.5-15 2.47 2.48

15-30 2.53 2.54
30-45 2.57 2.54
45-60 2.57 2.53



Figure 3: Variation of bulk density with depth for four treatments 
after damage at London corn plots, August, 1975.



Figure 4: Variation of bulk density with depth for four treatments 
after damage at London pasture plots, August, 1975.



Figure 5: Variation of bulk density with depth for four treatments 
after damage at the Nanticoke corn plots, August, 1975.



Figure 6: Variation of bulk density with depth for four treatments 
after damage at the Nanticoke pasture plots, August, 1975.



Figure 7- Variation of bulk density with depth for all treatments 
after damage for London corn plots, August, 1976.



Figure 8: Variation of bulk density with depth for all treatments 
after damage for London pasture plots, August, 1976.



Figure 9: Variation of organic matter content with depth for 
all treatments for London corn plots, 197&-



Figure 10: Variation of Mg concentration with depth for all 
treatments for the London corn plots, 1976.



APPENDIX 1

Experimental Procedures

Soil Analyses - Bulk Density and Moisture Content

Field Sampling - Force cores into soil; no twisting or oblique angles 

If you hit a stone, pull out and start anew. Dig out the filled core with 

spade. Leave about 1-2 cm of soil on both ends of the core. Pack core 

in plastic bag.

Laboratory Preparation - Trim off both ends of the soil core with a 

sharp knife such that the soil is flush with end of the ring. Determine 
the weight (W1). Place in an oven at 105°C for 1 to 2 days. Remove and 

place in a dessicator to cool. Reweigh the sample (W2). Clean the 

metal cylinder and record its weight (W3) and volume (V1) using calipers. 

Calculate bulk density from:

ρb = W2 - W3 / V1 (g/cm3)

 

and the moisture content from:

% H2O = W1 - W2 
/ W2 - W3 
x 100

Samples are to be taken at depths of 0-3", 3-6", 6-12", 12-18", 18-24", 

from the soil surface.

Ref. Blake, G.R., 1965. Bulk density, in Methods of Soil Analysis. 

Part 1. Agronomy No. 9: 374-390.

Particle Dens i ty

Clean, dry, and weigh the pycnometer (W1). Place about 1.5 teaspoons 

full of soil in the bottle. Weigh bottle with contents and record (W2). 

Fill bottle about half-full with distilled water and shake well. Heat 
bottle in water bath to 50-60°C for about 10 minutes. Boil in vacuum 

for 10-15 minutes. Exercise care in boiling in vacuum so that the sus

pension does not boil over. Cool under water tap. Equilibrate in pan of 

water of known temperature. Add distilled water to fill pycnometer to 

the top and replace the stopper. Wipe bottle dry. Weigh the bottle and 



its contents (W3). Empty and clean the bottle. Fill the bottle with 

water at the previous temperature. Weigh the water-filled bottle (W4).

Particle density is determined from:

where ρω = density of water at equilibration temperature.

Ref: Blake, G.R., 1965. Particle Density, i n Methods of Soil Analysis. 

Part 1. Agronomy No. 9: 371"373-

Porosity

Using the values obtained for particle density and bulk density one can 

calculate the following parameters using the appropriate equation.

1. Porosity: f = 1 - ρb / ρs 

2. Void ratio: e = f / 1 - f

3. Degree of saturation: θs = ρbθg / f

where θg = gravimetric moisture content

4. Air-filled porosity: 

fa = f (1 - θs)

Ref: Hillel, D., 1972. Soil and Water. Academic Press, New York.

Available Water

1/3 bar Tension

A. Field Sampling

Use procedure employed for bulk density only using 1" x 2" metal 

rings.

B. Laboratory Preparation
Obtain an 8 x 8 cm piece of "fibre-glass" cloth. Trim the soil from

one end of core until level with edge of core. Cover levelled end of

ρs = ρω (W2 - W1)/ W4+W2 -W1 
- 

W3 (g/cm3)



core with the cloth; hold in place with elastic band. Trim the other 

end of the core. Saturate the core in saturating pan overnight.

C. Start-up Procedure

Put saturated cores on ceramic plate (plate should have also been 

saturated overnight). Add water to a height of about 1/2 cm on the 

ceramic plate, making sure that the rubber backing and overflow tube 

are filled with water. The overflow tube should be open to the 

atmosphere. Put 1 id on to the pressure plate apparatus and close up. 

Open main air valve on bench. Carefully adjust fine regulator until 

the predetermined pressure is achieved by a reading on the manometer. 

Let equilibrate until no water loss can be detected in the collection 

flask. (about 5 days).

D. Shut-down Procedure

Clamp off overflow tube from pressure cooker. Shut off main air valve. 

Carefully reduce pressure on fine pressure valve until the Hg column 

in the manometer comes to zero. Open lid on pressure apparatus. Take 

out samples and weigh. (W1) Oven dry the sample and weigh (W2). 

Correct this value for weight of core, cloth and elastic band (W3).

15 bar Tens ion

Repeat the procedure outlined for 1/3 bar tension with the exception 

of:

- use 3/8" x 2" plastic rings. These cores are filled with a soil

water slurry. Do not use cloth. Air is supplied from tank at side 

of bench. Adjust pressure by regulator on bench. The moisture 

retained may be calculated from:

M.R. =W1-W2/W2-W3 
x 100

The available water is calculated from:

A.W. = M.R. (1/3) - M.R. (15)

Ref: Peters, D.B., 1965. Water Availability, in Methods of Soil 

Analysis. Part 1. Agronomy No. 9: 279-285*

Oxygen Diffusion Rate

Use the samples used to determine 1/3 bar moisture keeping them 

at field capacity. Place the sample in the diffusion chamber insuring 

that the chamber is sealed. Use a platinum microelectrode connected to 



an oxygen meter to determine the oxygen content in the chamber. Fill 

up the chamber with oxygen from a tank until the 0^ content is 

approximately 100% then shut off 02 flow. Record the change in 02 

concentration in the chamber with time and calculate the 0^ diffusion 

rate.

Ref: McIntyre, D., 1970. A platinum microelectrode method for soil 

aeration measurement. Adv. in Agron. 22: 235-283.

Infiltration Rate

Select a piece of approximately level ground. Insert the rings approx

imately 3 inches into the soil. Do this by placing the rings on the 

surface then apply a constant pressure across the surface. Do not 

twist. This will prevent disturbance of the soil. Fill up the rings 

with water. Start recording the time. Record the volume of water lost 

from the rings at various times. Stop the testing when sufficient water 

has infiltrated. Measure the cross-sectional area of the rings and 

record. Calculate the infiltration as a function of time using:

I = Q/A = βth

and i = n βtn-1

where I = cumulative infiltration

Q = volume of water infiltrating soil

A = cross-sectional area of ring

n = constant

β = constant

i = infiltration rate

Plot log I vs log t; the y intercept will give log β and the slope 

will be n. Use these values to determine i as a function of t.

Ref: Parr, J.F. and A.R. Bertrand, I960. Water infiltration into 

soils. Advances in Agronomy 12: 311“363.

Saturated Hydraulic Conductivity

Collect samples in the field using the required sampler and cores. 

Saturate trimmed cores from the bottom up prior to testing. After 

saturation check the apparatus to ensure no leakage then place the soil 

cores in the appropriate places putting a piece of filter paper between 

the soil and funnel. Fill up the water basin such that the head applied 

is constant. After allowing to equilibrate for a period of time, start 

collecting the percolate in a graduated cylinder. After a fixed period 

of time measure the amount of percolate. Repeat this procedure several



times. Remove the core after testing and determine the bulk density 

and moisture content. The hydraulic conductivity may be calculated 

from k = Q/t 
x L/Ah

where Q = volume of percolate (cm3) 

t = fixed time period for testing (sec) 

L = length of soil cylinder (cm) 
2 

A = cross-sectional area of soil sample (<area of cylinder)(cm ) 

h = head applied (cm)

Ref: Klute, A., 19&5- Laboratory measurement of hydraulic conductivity 

of saturated soil, in Methods of Soil Analysis. Part 1. Agronomy No. 

9: 210-221.

Pipette Mechan i ca1 Ana lysis

For Particle Size Determination

Field sample must be dried, then broken down and put through a 2 mm 

sieve. The gravel which remains in the 2 mm sieve is weighed, as well 

as the soil which goes through the sieve. From this, percentage gravel 

can be determined from total weight of sample. From the soil fraction 

12 gms can be taken and placed in an oven over night. Place in 

dessicator to cool. Weigh out 10 gm samples to the third decimal for 

analysis. Place sample in 400 ml beaker. Add sufficient water to 

completely immerse sample. Add 30% H2O2 (hydrogen peroxide) until 

slight bubbling occurs, do not let sample get hot and emit white fumes 

- this could destroy some of the soil particles. Allow to stand for 

24 hours; some samples might require additional H2O2 after 12 hours. 

Boil for approximately 10-15 minutes to remove excess H2O2 being 

careful not to allow samples to go dry - just add more water. A 

sample high in organic matter tends to boil over rapidly when heat 

is applied. Cool sample then add dispersing agent*  (10 ml), wash into 

mechanical mixing cup - make up to about two-thirds full. Mix for 10 

minutes on Hamilton Beach mixer. Pour into cylinder. If sand is to be 

* Dispersing Agent: 93 gms calgon and 7 gms sodium carbonate in one 
litre deionized water. Pipette three 10 ml samples of this solution 
into small beakers dry at 105⁰C. Cool and weigh by taking an average 
and dividing by 40 will determine the amount of dispersing agent in 
each 25 ml pipetted soil suspension.



removed, put through 300 mesh sieve into cylinder - make up to 1000 ml. 

Sand is removed from sieve and placed in a 50 ml beaker for oven drying 
at 105°C. Cylinder is placed in table with insulating jacket (use a one 

inch fiber glass bat wrapped around cylinder tightly). Read temperature 

determine setting times, check pipette for general condition, turn on 

pipette suction apparatus, adjust filling time for a 25 ml pipette to 

12-15 seconds.

Calculation of %

A-B-C-D/G x 100% 
=

Ref: Kilmer and Alexander, 1949. Soil Sci . 68: l$-24.

Soi1 Temperature

insert thermocouples into the undisturbed soil at depths of 0-3“>

3-6", 6-12", 12-18", 18-24". Repeat this procedure for each plot in one 

replicate. After equilibration, record the temperature on a micro

voltmeter using an ice-water mixture in a thermos as a reference.

Record the temperature for each depth every 2 weeks at the same time 

of day during the summer and fall. Repeat this procedure during the 

winter on a monthly basis.

A = wt of beaker and soil

B = wt of beaker

C = wt of dispersing agent

D = 40 represents aliquot of 25 ml out of 1000 ml

E = represents instantaneous pipetting which is taken after stirring 

and contain total silt and clay

F = represents total sand

G = i s the total Organic Free Material of the original 10 gm sample; 

this is obtained by the sum of E + F.

Ref: Taylor, S.A., and R.D. Jackson, 1965. Temperature, in Methods of 

Soil Analysis. Part 1. Agronomy No. 9: 331-344.



Organic Matter

Weigh 0.5 g of 1/2 mm material, place in a 750 ml beaker and add 

10 ml IN K2Cr2O7 solution. Then, holding beaker within fume hood add 

rapidly 20 ml concentrated H2SO4 directing stream into solution. 

Immediately swirl vigorously by hand for 1 minute and let beaker stand 

on a sheet of asbestos for 30 minutes.

Add 500 ml water and 8 drops of Ortho-phenanthroline solution.

Use a magnetic stirer. From a burette, add .5 N FeSO4 solution rapidly 

until liquid in beaker is green-blue or grey, then more slowly until 

color flashes to red. If end point is passed, add a small volume 

(0.5 ml) of IN K2Cr2O7 solution and complete titration. If more than 8 

of the available 10 ml of K2Cr2O7 solution is reduced repeat determination 

with less soil.

% organic matter in soil sample is calculated from the equation 

% O.M. = (ml 1N K2Cr207 reduced) X 0.69 / 

weight of sample (g)

where K2Cr2O7 consumed (reduced) = mls of K2Cr2O7-(mls of FeSO4 x normality)

Ref: Grewling, T., and M. Peech, I960. Chemical soil tests. Cornell 

Univ. Agr. Exp. Sta. Bull. 960: 34-36.

pH Determinations

Weigh 10 g of 2 mm material into a 50 ml beaker or waxed paper cup. 

Add 10 ml water and stir. Stir again after 5 min., and again after 10 

min. and remove stirring rod. At end of 15 min. from time water is 

added, introduce glass electrode and take reading after 1 min.

pH in CaCl2

Follow the same procedure as above only add 10 ml of 0.01 M 

CaCl2 instead of 10 ml water.

Ref: Peech, M., 1965. Hydrogen ion activity, in Methods of Soil 

Analysis. Part II. Agronomy No. 9: 914-926.



Crop Analyses - Crop Yield

(a) Corn

Collect corn ears from middle 12 ft. by 20 ft. area of the 20 ft. 

by 30 ft. plot. Record the total husked weight of these ears. 

Select 10 cobs and record their wet weight. Dry the cobs in an 

oven, remove the kernels and record the shelled weight.

Calculate the yield in bushels/acre from:

YieId= weight of corn/118.6 x shelled weight/
10 cob weight

(b) Alfalfa

Use a mower and make a pass down the middle of the plot eliminating 

the last five feet at the end of each plot. Record the total 

weight of the yield. Select a moisture sample and record its 

weight. Dry the sample and record its weight. Calculate the 

acreage yield.

Plant Analysis for Nutrients 

Drying and Gr i nd I ng

Dry plant samples in paper bags In a forced draft oven at 65° - 70°C for 

24 hours or to constant weight. Grind the samples immediately In a 

Wiley Mill fitted with stainless steel knives and screen (20-mesh). Place 

in plastic vials fitted with snap-on caps. Further drying of the ground 

sample may be necessary before weighing out aliquots for analysis.

Wet Digestion (for N, P, K, Ca, Mg, and Na)

Place a folded 5.5 cm filter paper in a 10-ml porcelain crucible and tare 

its weight on the balance. Carefully weigh into the filter paper 0.250 gm

of ovendry plant material. Fold the filter paper carefully over the plant

material and place into a 250-ml phosphoric acid flask without loss of 

material. Add 5 ml of cone. H2SO4. Place flask on hotplate in a fume 

hood at HIGH temperature and leave for one hour. Remove flask from the 

hot plate and place on an asbestos pad in a fume hood. Allow to cool 

slightly. Add 4 drops of 30% H202 to the flask and replace on the hotplate 

for 4-5 minutes. Repeat steps 6 and 7 until the solution in the flask 

becomes colourless and remains so (usually 5 or 6 times — more for hard- 

to-ash materials), then repeat once more. Digest on hotplate for 15 minutes 



after last addition of peroxide. Cool flask to room temperature and fill 

to the 250-ml mark with distilled water. Stopper flask, mix thoroughly 

by inversion and shaking, and then pour out and discard about 100 ml to 

facilitate later pouring (next step). After silica has settled out 

(2 or 3 hours standing or preferably overnight pour into a plastic vial 

and cap tightly). Analyze for N, P, K, Ca and Mg using atomic absorption 

spectroscopy.

Ref. Lindner, R.C. and C.P. Harley. 1942. A rapid method for the 

determination of nitrogen in plant tissue. Science 96: 565-566.



THE USE OF THE FUNGICIDE "TILT" AND NITROGEN IN THE 

PRODUCTION OF OATS 

R.W. Sheard and B. Zebarth

Dept. Land Resource Science, O.A.C.

SUMMARY

The influence of nitrogen fertilizer and the use of the fungicide 

"Tilt" was investigated in two experiments on two oat cultivars, a hulled 

variety - Donald, and a hulless variety - Tibor.

In both experiments the hulled varietv consistently out yielded the

hulless variety by 

rust in both cult 

the grain yield o: 

oats. The maximum

:ively controlled crown 

,n a 77.1% increase in 

in the yield of Tibor 

ha of Donald oats was

achieved at an application rate of 61 kg N/ha whereas the maximum economic 

yield of Tibor of 3.231 tonne/ha was achieved with 57 kg N/ha.

"Tilt" applications increased the test weight of Tibor oats by 3.2 

kg/hL and the test weight of Donald by 9.4 kg/hL. Likewise the 1000 kernel 

weight of Tibor was increased by 2..6 g/1000 kernels and the 1000 kernel 

weight of Donald was increased by 6.5 g/1000 kernels because of the 

application of "Tilt".

At high nitrogen fertilization Tibor oats contained as much as 10 

percentage points more crude protein then Donald. The application of "Tilt" 

enhanced the protein level by an average of 2.2 percentage points. A linear 

relationship was developed between the rate of application of nitrogen and 

the protein level in the oats. On a nitrogen responsive site an application 

of 10 kg N/ha was estimated to increase the protein level in Tibor oats by 

0.53 percentage points whereas the level in Donald oats would be increased 

by 0.38 percentage points.
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INTRODUCTION

The production of oats is increasing in popularity among Ontario 

farmers due to a demand for oat bran cereals, and bread and an increase in 

the pleasure horse population. In recent years the restrictions on rail car 

movement of oats from Western Canada has resulted in the millers accepting 

Ontario oats for their use.

In the cereal industry the oat hull is a by-product which is removed 

and largely disposed of as waste. Over the past decade an increased 

emphasis has been placed by genetic engineers on the development of hulless 

oats; the cultivar Tibor being one of the hulless types currently available.

The objective of this study was to evaluate the effect of the 

fungicide "Tilt" and nitrogen on the production of two oat cultivars Donald, 

a recommended hulled cultivar, and Tibor, the hulless cultivar currently 

recommended for production in Ontario.

EXPERIMENTAL PROCEDURE

Experiment One - Fungicide Effect:

The experiment was planted on a silt loam soil which had been ploughed 

from a grass-legume sod the previous year. A basal application of 250 kg/ha 

of 0-20-20 was made to the plot area prior to seed bed preparation. 

Planting was performed on May 4, 1989, with a special hoe drill using 10 cm 

row spacing. The Tibor and Donald oats were both planted at 250 seeds/m2. 

Nitrogen rates of 0,40,80, and 120 kg N/ha were applied as 34-0-0 with a 

precision granular applicator to the respective 2m by 6m plots on May 15, 

1989.

The experimental treatments were assigned to three replications in a 

split-plot arrangement. The main plots were blocks of Donald or Tibor, with 

or without fungicide. These blocks in turn were split into the four N 

treatments. A probability level of 0.05 was chosen as the level of 

statistical significance.

Tilt applications were made on June 19, 1989, and on July 4, 1989. The 

application rate was 0.5 L product/ha in 375 L H20 at a pressure of 200 kpa 
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using a shroud-covered spray boom to prevent drift.

On July 28, 1989, 10 flag leaves were removed from the 80 kg N/ha rate 

of both cultivars and rated for the incidence of crown rust. No significant 

occurrence of other diseases were observed on the oats prior to this 

sampling. Lodging ratings were made on all treatments.

Yield of grain and straw was obtained by cutting a 60 cm wide swath 

with a sickle-bar mower through each plot after a 0.5 m border was removed 

from each end. The cut material was placed in jute bags and dried at 40 C 

for four days before threshing. The grain was cleaned, dried at 80 C and 

weighed. The yields were calculated at 14% moisture. The test weight 

[bushel weight] was measured using the standard Ohaus test weight equipment. 

The 1000 kernel weight was measured by counting the number of seeds in an 

approximately 20 g sample using a Seedburo seed counter.

Protein was measured by wet ashing a 0.2 g sample of the ground grain 

and measuring the nitrogen content by AutoAnalyzer procedures and 

multiplying that value by 6.25. A colour rating was made, courtesy Dinsmore 

Farms, of the Donald oats. The rating was on a scale of 1.0 to 10 with 

bright white oats receiving a rating of 10 and sooty, yellow oats with 

black tips grading toward 1.0.

Experiment Two - Nitrogen Response.

The procedures for conducting this experiment were similar to those 

outlined above except the use of the fungicide "Tilt" was not a variable. 

Seeding dates and treatment application dates were the same. The nitrogen 

rates were 0, 20, 40, 60, 80, 100, and 120 kg N/ha as 34-0-0.

The statistical design was randomized complete block with four 

replicates. The data was also subjected to multiple linear regression 

analysis to permit the calculation of the maximum economic yield level and 

the nitrogen rate required to achieve that level of production.
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RESULTS

Experiment One:

The necessary statistical data for the interpretation of the 

statistical significance of all variables for each parameter is recorded in 

Table 1.

Table 1: The statistical data required for the interpretation of the data obtained in Experiment One.

Measured F Ratio For

Parameter Cultivar(C) Fungicide(F) Nitrogen(N) CXF CXN FXN CXFXN

^Tabulated F ratios for all variables.

Grain Yield 30.28 26.79 2.43 9.04 0.29 0.68 1.17
Straw Yield 65.74 1.58 0.94 0.15 0.91 1.24 1.24
Harvest Index 125.36 56.64 2.25 14.52 1.50 0.34 1.52
Lodging 49.83 0.33 2.61 5.48 0.25 0.48 2.58
Crown Rust 20.16 135.73 - 20.78 - - -
Hectoliter Weight 726.78 149.04 6.60 36.72 1.44 0.73 2.64
1000 Kernel Weight 672.74 311.66 6.74 59.55 5.65 1.26 1.97
Crude Protein 676.36 27.39 2.08 0.42 2.08 1.92 3.25
Colar - 4.69 2.47 1.65 - - -

*Tabulated F Ratio A) ** 5.99 5.99 3.01 5.99 3.01 3.01 3.01
B) 4.60 4.60 3.34 3.34

Tabulated F ratios for colour and crown rust evaluation

The two applications of "Tilt" significantly increased the grain yield 

of the two cultivars [Table 2). There was, however, an interaction between

Table 2: The effect of fungicide, cultivar selection and nitrogen on the 
grain yield of oats.

Variety
N
Rate

_____ Fungicide__________
No Yes

(kg N/ha) (tonne grain @ 14.0% H20)
Tibor 0 2.061 2.684

40 2.038 2.393
80 2.083 2.596

120 1.748 2.371
Ave 1.983 2.511

Donald 0 2.914 4.838
40 2.514 4.581
80 2.316 4.811

120 2.595 4.080
Ave 2.585 4.578
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the selection of cultivar and the use of fungicide. The interaction

resulted from the 77.1% increase in yield of Donald oats in contrast to the 

26.6% in yield of Tibor oats from the use of "Tilt”. Although N didn't have 

a statistical effect on yield there was a general tendency for increasing 

rates of N to depress yield.

Examination of the data from the crown rust disease ratings reveal the 

cause of the yield increase from the "Tilt" application [Table 3]. Where

"Tilt" was applied 2,0% of the leaf surface of both cultivars was showing 

the black phase of the rust. Where the fungicide protection was not used 

there was 22.9% coverage with Tibor and 49.3% coverage with Donald oats. 

The relative infection of crown rust between the two cultivars corresponds 

to the relative yield increases obtained from "Tilt".

Although only the selection of cultivar influenced the straw yield, 

Tibor producing 26.2% more straw than Donald [Table 4], and as a result the

Table 4: The influence of fungicide, cultivar selection and nitrogen on the 
straw yield of oats.

Variety
N
Rate

______ Fungicide________
No Yes

(kg N/ha) (tonne/ha @ 14% H20)
Tibor 0 6.73 6.55

40 6.75 6.16
80 6.06 6.35

120 6.18 6,16
Ave 6.43 6.29

Donald 0 4.90 4.99
40 5.27 5.10
80 5.07 5.04

120 5,45 4.48
Ave 5.17 4.90

Table 3: The reduction in crown rust on oat cultivars through the 
application of a fungicide.

Variety
______ Fungicide________
No Yes

(% leaf area)

Tibor 22.9 2.2
Donald 49.3 2.0
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harvest index was altered by the use of the fungicide [Table 5]. The

Table 5: The influence of fungicide, cultivar selection and nitrogen on the 
harvest index of oats.

N Fungicide
Variety Rate No Yes

(kg N/ha) (ratio grain/total biomass)
Tibor 0 .23 .29

40 .23 .28
80 .25 .29

120 .22 .28
Ave .23 .28

Donald 0 .37 .49
40 .32 .47
80 .31 .49
120 .32 .47
Ave .33 .48

fungicide resulted in a small increase of 5 percentage points in the 

proportion of the above ground biomass which was harvested as grain with 

Tibor in contrast to 15 percentage points more of the biomass as grain with 

Donald oats. The protection from rust during the grain filling process 

allowed a greater efficiency in the production of grain.

Although the fungicide was not shown to have any effect on straw yield 

the quality of the straw for sale is worthy of consideration. When used as 

bedding, for horses in particular, freedom from dust and spores is of prime 

consideration. Whereas direct measurements of this variable were not made it 

was obvious during the threshing procedure that the fungicide treated straw 

was less dusty.

As the site had a high natural level of N in the soil due to previous 

management, severe lodging occurred with the Donald oats [Table 6]. Although 

not statistically significant there was a trend for less lodging with Donald 

oats where ’'Tilt" was applied. A similar observation had been observed with 

barley in previous years. As the ratings were made at the harvest date some 

of the lodging may be stalk breakage which is associated with senescence of 

the plant at maturity. It is proposed that the “Tilt" effect is not an 

increase in straw strength, but a reduction in the rate of tissue breakdown 

through suppression of cell wall degrading organisms.
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Table 6: The effect of fungicide, cultivar selection and nitrogen 
fertilization on the lodging of oats.

Variety
N
Rate

Fungicide______
No Yes

(kg N/ha) (rating)
Tibor 0 0.0* 0.0

40 0.2 1.7
80 0.0 1.9

120 0.0 0.0
Ave 0.0 0.9

Donald 0 3.6 2.7
40 5.7 2.3
80 5.8 3.9

120 3.2 3.7
Ave 4.6 3.2

*Zero - no lodging, 10 - 100% flat.

All factors in the study influenced the test weight of the oats [Table 

7]. Again the use of the fungicide and cultivar selection interacted.

Table 7: The effect of fungicide, cultivar selection and nitrogen 
fertilization on the test weight of oats.

Variety
N
Rate

Fungicide_____
No Yes

(kg N/ha) (kg/hL)

Tibor 0 54.7 58.8
40 54.4 57.2
80 53.9 56.4

120 53.9 57.0
Ave 54.2 57.4

Donald 0 40.9 47.4
40 36.0 45.4
80 35.8 46.9

120 36.5 46.9
Ave 37.3 46.7

Whilst "Tilt" enhanced the test weight of Tibor by 3.2 kg/hL, the test 

weight of Donald was increased by 9.4 kg/hL, a 25.2% increase. Nitrogen 

fertilization, in this case in excess of that required for yield, resulted 

in a decrease in the test weight.
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All factors in the study had a significant effect on the 1000 kernel 

weight of the oats [Table 8] and an interaction occurred between cultivars

Table 8: The effect of fungicide, cultivar selection and nitrogen 
fertilization on the 1000 kernel wt of oats,

Variety
N

Rate
_____ Fungicide_______
No. Yes

(kg N/ha) (gm/1000 kernels @ 14% H20)

Tibor 0 20.7 23.7
40 20.6 23.4
80 21.0 23.1

120 20.9 23.4
Ave 20.8 23.4

Donald 0 27.9 33.7
40 24.2 31.6
80 24.7 32.7

120 25.3 30.3
Ave 25.5 32.0

and the use of "Tilt” and between the cultivars and the use of nitrogen. 

Through the use of fungicide the 1000 kernel weight of Tibor was increased 

by 2.6 g/1000 kernels whereas increase of 6.5 g/1000 kernels was measured 

with the Donald oats, the cultivar which was most affected by the crown 

rust. Nitrogen tended to depress the 1000 kernel weight of Donald oats but 

had no effect on Tibor.

Both cultivar selection and the use of fungicide had a positive 

effect on the protein concentration in the oats (Table 9], Tibor, the 

hulless oat, had an average of 10 percentage points more protein than 

Donald. In addition the protein level was raised an average of 2.2 

percentage points in Tibor and 1.7 percentage points in Donald by the 

application of "Tilt" to control the rust. Due to the high inherent nitrogen 

level in the soil at this site no direct effect of fertilizer nitrogen use 

was measured.
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Table 9: The effect of fungicide, cultivar selection and nitrogen 
fertilization on the protein concentration in oats.

N _____ Fungicide_______
Variety Rate No. Yes

(kg N/ha) (% CP @ 14% H20)

Tibor 0
40
80

120
Ave

25.0 26.2
22.3 26.5
24.1 26.9
25.4 25.9
24,2 26.4

Donald 0
40
80

120
Ave

13,3 16.5
14.7 16.7
15.5 15.5
15.9 17.4.
14,8 16.5

The rating of the colar of Donald oats suggested a slight enhancement

of the colar by the application of "Tilt" [Table 10].Applying nitrogen 

tended to reduce the colar rating.

Table 10: The effect of fungicide and nitrogen on the colar assessment of 
Donald oats.

Nitrogen ______  Fungicide_____________________
Rate No Yes

kg N/ha (Rating: 1 = poor, 10 = Excellent)

0
40
80

120 
Ave

7.0 6.3
4.3 6.3
4.3 6.0
4.7 5.7
5.1 6.1

Experiment Two:

The statistical data for the interpretation of the analysis of variance 

associated with this experiment are presented in Table 11.
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Table 11: The statistical data required for the interpretation of the data 
obtained in Experiment Two.

Measured F Ratio For
Parameter Cultivar Nitrogen Cultivar x Nitrogen

Grain Yield 451.01 7.25 1.12
Straw Yield 104.14 12.14 1.64
Harvest Index 929.74 2.85 0.95
Lodging 55.02 13.24 13.24
Hectoliter Weight 390.25 6.70 1.79
1000 Kernel Weight 2940.96 6.94 1.67
Crude Protein 1627.05 122.78 4.02

Tabulated F Ratio 4.08 2.34 2.34

As expected the average grain yield of the hulled cultivar, Donald, was 

58% greater than the hulless variety, Tibor [Table 12], The nitrogen

Table 12: The effect of nitrogen rate on the grain yield of two oat 
cultivars.

Nitrogen Cultivar
Rate Tibor Donald

(kg N/ha) (tonne/ha @ 14% H20)
0 2.568 4.229

20 3.066 4.643
40 3.213 5.091
60 3.181 5.201
80 3.085 5.119

100 3.304 5.227
120 3.145 4.567

response of both cultivars was similar, i.e., there was no interaction.

Regression analysis of the response to nitrogen of the two cultivars 

was performed using a quadratic regression model [Table 13], Using the 

constraints of nitrogen valued at $0.75/kg N and Donald and Tibor oats at 

$0.14/kg and $O.22/kg, respectively, the maximum economic yield and 

nitrogen requirement for that yield level were computed [Table 13]. Although 

the maximum yield of Donald was 61% greater than Tibor the nitrogen 

requirement was essentially the same for both cultivars. The similar 

requirement for a lower yield of Tibor was due to the higher sale value 

placed on the Tibor oats which made it economically feasible to apply a
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higher nitrogen rate.

Table 13: Regression analysis coefficients and predicted maximum economic 
yield (M.E.Y.) and nitrogen rate M.E.R-N. for grain yield of two 
oat cultivars.

Cultivar
Regression Coefficients
a0 a1 a2 F2'4 R2 M.E.Y.* M.E.R-N*

Tibor
Donald

2678 14.2650 -.09137 6.82 77.33 3231 61
4188 30.5678 -.22184 25.27 92.67 5208 57

Computed for N @ 75₵/kg, Tibor oats @ 22₵/kg and Donald oats @ 14₵ /kg.

Oat straw often receives a premium as bedding in the horse industry and 

therefore is an addition revenue source in the production of oats. Tibor 

oats were found to produce an average of 26.8% more straw than Donald [Table 

14]. Nitrogen also had a significant effect on the production of straw.

Table 14: The effect 
cultivars.

of nitrogen rate on the straw yield of two oat

Nitrogen 
Rate

________________Cultivar_____________________
Tibor Donald

(kg N/ha) 
0

20
40
60
80

100
120

(tonne/ha @ 14% H20) 
4.517 3.849
5.423 4.366
6.045 5.051
6.093 5.048
6.591 5.070
6.416 4.692
6.341 4.584

Economic analysis of the response of straw yield to nitrogen, using a value 

of $0.025/kg straw, showed a maximum economic yield of 5.567 tonne straw/ 

ha from Tibor oats and 4.190 tonne straw/ha from Donald [Table 15], In 

addition it may be computed that 27 kg N/ha was necessary for the production 

of Tibor straw in contrast to 10 kg N/ha for Donald oats. The estimate of 

the straw yield that would be obtained at the maximum economic rate of 

nitrogen for grain yield [Table 13] was 6.313 tonne/ha and 5.048 tonne/ha 

for Tibor and Donald, respectively.
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Table 15: Regression analysis coefficients and predicted maximum economic 
yield (M.E.Y.) and nitrogen rate (M.E.R.-N) for the straw yield 
of two oat cultivars.

Cultivar
Regression Coefficients
a0 a1 a2 F2 ,4 R2 M.E.Y.* M.E.R-N*

Tibor
Donald

4585 42.8286 -.23780 70.52 97.24 5567 27
38858 35.1000 -.24970 25.51 92.73 4190 10

* Computed for N @ 75₵ /kg and straw @ 2.5₵ /kg.

The harvest index was significantly higher for the hulled cultivar 

[Table 16] and slightly higher than that recorded for the previous

Table 16: Influence of 
cultivars.

nitrogen rate on the harvest index of two oat

Nitrogen 
Rate

_______________Cultivar______________________
Tibor Donald

(kg N/ha) (Ratio grain:total biomass)

0
20
40
60
80

100
120

.36 .52

.36 .51

.35 .50

.34 .51

.32 .50

.34 .53

.33 .50

experiment. In general 1/3 of the Tibor above ground biomass was grain 

whereas 1/2 of the Donald biomass was grain. Nitrogen tended to reduce the 

harvest index as it favored straw production. This tendency may account for 

the lower harvest index of the previous experiment which was grown under 

conditions of nitrogen excess.

Lodging was found to not occur with Tibor oats regardless of the rate 

of nitrogen application [Table 17]. On the other hand significant lodging of 

Donald oats was measured at rates of nitrogen beyond 80 kg N/ha.
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Table 17: Influence 
cultivars.

of nitrogen rate on the lodging index of two oat

Nitrogen 
Rate

_______________Cultivar_______ _______________
Tibor Donald

(kg N/ha) (Index; 0 - no lodging, 10 = flat)

0
20
40
60
80

100
120

0.0 0.0
0.0 0.0
0.0 0.1
0.0 0.7
0.0 1.0
0.0 2.8
0.0 4.0

The hectoliter weight of Tibor oats averaged 7.8 kg/hL more than 

Donald oats [Table 18]. Nitrogen fertilization resulted in a slight decrease 

of an average of 3.0 kg/hL in test weight.

Table 18: Influence of nitrogen rate on the hectoliter weight of two oat 
cultivars.

Nitrogen 
Rate

Cultivar
Tibor Donald

(kg N/ha) (kg/HL)

0 59.5 52,3
20 58.1 52.6
40 58.0 50,1
60 57.4 48.4
80 57.5 49.4

120 57.1 47.4

The hulless cultivar, Tibor, had a 1000 kernel weight which was 2/3 

less than that of Donald [Table 19]. Nitrogen tended to reduce the 1000 

kernel weight, the reduction being more significant with the Donald oats. 

The reductions in test weight and 1000 kernel weights, however, only 

occurred at nitrogen application rates in excess of those shown to be 

economically feasible to use.
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Table 19: The influence of the rate of nitrogen application on the 1000 
kernel weight of two oat cultivars.

Nitrogen 
Rate

Cultivar
Tibor Donald

(kg N/ha) (g/1000 kernels @ 14% H20)

0 24.7 36.5
20 24.9 36.2
40 24.2 36.1
60 24.5 35.2
80 24,5 34.9

100 24.5 35.0
120 23.4 33.6

The most important criteria for quality in oats is the protein 

concentration in the grain. Tibor oats had a protein level which averaged 

5.4 percentage points more than that found in Donald [Table 20], Essentially 

a linear relationship occurred between the rate of nitrogen application and 

the protein content of the grain [Fig. 1]. An interaction between nitrogen 

rate and cultivar selection occurred because nitrogen fertilization

Table 20: The influence of the rate of nitrogen application on the protein 
concentration in two oat cultivars.

Nitrogen 
Rate

______________Cultivar_______________________
Tibor Donald

(kg N/ha) (% CP at 14% H20)

0
20
40
60
80

100
120

15.5 10.8
15.9 11.2
17.5 12.0
18.1 12.8
19.5 14.1
20.2 13.7
21.8 15.5

increased the protein in Tibor by 0.53 percentage points for each 10 kg N/ha 

increment in contrast to only 0.38 percentage points for Donald oats.



Figure 1: The relationship between the concentration of crude protein and 

the rate of nitrogen application in two oat cultivars.
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	% H2O = W1 - W2 / W2 - W3 x 100


