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The moldboard plow is the leading
tillage implement in eastern Canada
for the initial preparation of seedbed
from sod or torn stubble. Attempts
have been made to modify, replace, or
supplement moldboard plowing to in
crease yields in many areas of similar
climatic conditions. The moldboard
plow has not yet been replaced as a
primary tillage implement.

The results of several workers (10,
12, 13) indicate that operations such
as deep plowing were beneficial under
very limited conditions. Comparisons
were made between the moldboard
plow and chiselling (12, 15), discing
(4), and sub-surface tillage (3, 9, 14),
and the results were favorable to
plowing. Increased weed population
in non-plowed plots (15) was found
to contribute to reduced yields. The
interest in subsoiling has been re
generated by the introduction of sub
soil fertilizing and liming (1, 2, 5, 7,
11). Bertrand and Kohnke (1) report
ed that, when subsoil fertilizing and
liming to a depth of twelve to
eighteen inches were carried out, yield
increases of 29, 9, 7 and 0 percentages
were obtained for corn, soybeans, hay
and wheat, respectively. As indicated
also by the other reports, increases in
crop yields due to subsoil fertilizing
and liming usually occurred on pack
ed acid subsoils low in fertility.

Although deep tillage has received
some attention in Canada, there has
been very little actual work reported.
The present tillage studies were con
ducted at Ottawa on a North Gower
clay loam to determine what effect
different tillage treatments have on
crop yield and soil physical condi-
ttions.

MATERIALS AND METHODS

Studies were initiated in the fall of
1954 on a low-yielding brome-alfalfa
sod to compare five tillage treatments
with standard six - inch moldboard
plowing. A four-year rotation of silage
corn, oats, and two years of alfalfa-
brome hay was established. The fall
tillage treatments for corn and oats
consisted of the following: 1) plowing
to a depth of six inches with the mold-
board plow; 2) plowing to a depth of
twelve inches with the moldboard
plow; 3) chisel plowing to a depth of

six inches; the plots were tilled three
to four times with diagonal operations
included; 4) chisel plowing to a depth
of twelve inches; the plots were tilled
six to eight times as required to reach
the desired depth with diagonal opera
tions included; 5) subsoiling to a
depth of eighteen inches at twenty-
four inch spacing prior to plowing
to a depth of six inches with the
moldboard plow; and 6) subsoil ferti
lizing at twenty-four inch spacings and
distribution in a band 6 inches deep
between the twelve and eighteen-inch
depths at a rate of one thousand
pounds per acre of 10-10-10 for corn
and one thousand pounds per acre of
2-12-12 for oats, prior to plowing to a
depth of six inches with the mold-
board plow.

Spring seedbed preparation of all
plots consisted of discing and spike-

tooth harrowing. Two levels of fer
tilizer treatments were superimposed
upon the tillage treatments. The ex
periment was arranged in a split plot
design with the main tillage treat
ments randomized and replicated 3
times. The main plots (100 x 24 feet)
were divided into sub-plots of 50 x 24
feet in size for surface fertilization.
Treatments were as follows: 1) a low
level consisting of applications of five
hundred pounds per acre 10-10-10
before seeding the corn and five hun
dred pounds per acre of 2-12-10 before
seeding the oats; 2) a high level con
sisting of one thousand pounds per
acre of 2-12-10 in the fall and one

thousand pounds per acre of 10-10-10
before seeding the corn, and five
hundred pounds per acre of 2-12-10 in
the fall after the corn harvest and
five hundred pounds per acre of 2-
12-10 before seeding the oats; sixteen

TABLE 1. NUMBER OF CORN PLANTS AND WEEDS AS AFFECTED
BY DIFFERENT TILLAGE TREATMENTS FOR FOUR YEARS.

Tillage
treatments

Corn stand

per sq yd

1955 1956 1957 1958 Average
4 yr.

Weed population
per sq yd

1955 1956 1957 1958 Average

Moldboard

plow 6" 6.5 12.8 20.3 17.5 14.3 18.7 1.1 2.3 4.1 6.6

Moldboard

plow 12" 6.7 12.3 19.4 18.3 14.2 22.1 2.7 6.0 1.7 8.1

Chisel plow 6" 4.5 5.3 8.5 14.5 8.2 32.2 6.6 9.3 3.4 12.9

Chisel

plow 12" 5.6 7.6 13.1 16.1 10.6 28.2 4.0 7.1 2.4 10.4

Subsoiling
Sc moldboard

plow 6" 7.6 5.4 14.7 18.0 11.4 36.4 4.6 5.1 4.3 12.6

Subsoil

fertilizing
& moldboard

plow 6" 6.3 14.3 12.6 18.6 13.0 31.4 1.8 7.6 2.8 10.9

Average 6.2 9.6 14.8 17.2 28.2 3.5 6.2 3.1

2.07

2.86

(5%)
(1%)

LSD's Tillage - 4.03

4.53

Years - 1.70

2.26

(5%)
(1%)

3.32

4.43



tons of manure per acre were also ap
plied on the oats stubbles. The com
mercial fertilizers were applied by
broadcasting. The levels were pur
posely made high in an attempt to
build up a very productive twelve-
inch layer of top soil in specific plots.
The seeding rates per acre employed
for this experiment were 27 pounds for
corn, 214 bushels for oats, 16 pounds
of brome, and 8 pounds of alfalfa for
the brome-alialfa mixture.

The effects of the tillage and fer
tilizer treatments were evaluated on

the basis of corn stand, weed infesta
tion, crop yields, and soil physical
measurements. Plant counts on the

corn plots for corn and weeds were
taken approximately six weeks after
seeding by duplicate square yard
counts. Crop yields for each sub-plot
were obtained by cutting the centre
two rows of corn, by duplicate square
yard sampling for oats, and by cutting
a thirty-six inch swath for hay. On the
completion of a rotation on the plots
seeded first, soil core samples were
taken on all three replicates of this
one set of plots. Brass cylinders two
inches in diameter and three inches

long were driven vertically into the
ground by means of a rubber mallet.
Samples were taken at depths of 0-6,
6-12, and 12-18 inches, and bulk den
sity, total and non-capillary porosities
were determined in the laboratory (8).

RESULTS AND DISCUSSIONS

Corn stands and weed populations
from 1955 to 1958 are given in table 1.
The corn stand varied quite markedly
from year to year. The analysis of
variance showed that the effects of
tillage treatments, years, and the in
teraction of tillage and years on corn
stand were significant at 1% level.

A greater number of weeds was
found in 1955 than in other years and
a small corn stand resulted in 1955.
The variation in weed stand due to
tillage treatments was significant at
5% level, whereas that due to years
was significant at 1% level.

The effect of the tillage treatments
upon corn stand and weed population
were, in effect, an indication of the
seedbeds prepared. On the chiselled
plots, clumps of live sod were left on
the surface and prevented proper
placement of the seed into the soil by
the drill. These same clumps were
quick to establish themselves and were
an immediate competition to corn that
germinated. In a dry seeding season,
these clumps were even more resistant
to the drill. This problem was not
so apparent in the seedbeds prepared
for oat and hay crops.

The crop yields obtained for the
different tillage treatments are re-

TABLE 2. EFFECT OF DIFFERENT TILLAGE TREATMENTS ON

THE YIELDS OF CROPS FROM 1955 TO 1959

Tillage
Treatments

Corn

tons/acre
4 yr av

Oats

bu/acre
4 yr av

First yr Hay Second yr Hay
tons/acre tons/acre
3 yr av 2 yr av

Moldboard plow 6"

Moldboard plow 12"

Chisel plow 6"

Chisel plow 12"

Subsoiling &moldboard plow 6" 11.21

Subsoil fertilizing &
moldboard plow 6" 12.85

11.57 70.3 3.18 4.24

13.00 74.3 2.99 3.96

7.97 70.6 3.23 4.39

9.98 70.7 3.29 3.47

11.21 65.3 3.19 4.31

76.0 3.17 4.06

LSD's Tillage 2.90 (5%) N.S. N.S. N.S

3.86 (1%) N.S. N.S. N.S

ported in table 2. The differences in
crop yields due to low and high sur
face fertilization were not significant
and so the results reported for the
tillage treatments are pooled results
of the sub-treatments. This lack of
response to fertilizer was probably due
to the original high fertility status of
the soil. The increase in corn yields
due to subsoil fertilizing was not of
the same magnitude as those obtained
by Bertrand and Kohnke (1). The low

corn yields with the chisel plow re
flected the poor stand and high weed
population. The variation in corn
yield due to tillage treatment was
highly significant. The maximum
yields of oats were obtained with
subsoil fertilizing. However, the dif
ferences in oat yields due to tillage
treatments were not significant. The
variations in first and second-year hay
yields due to tillage treatments also
were not significant.

TABLE 3. EFFECT OF DIFFERENT TILLAGE TREATMENTS AND
OF FERTILIZER ON BULK DENSITY, TOTAL AND NON-

CAPILLARY POROSITIES AT THREE DEPTHS OF SAMPLING IN
THE SOIL

(Average of 12 Samples)

Tillage
treatments

Bulk density
(gms/cm3) Total Poros ity (%)

Non-capillary
porosity (%)

0-6" 6-12" 12-18" 0-6" 6-12" 12-18" 0-6" 6-12" 12-18"

Moldboard

plow 6" 1.35 1.34 1.30 61.1 61.1 66.5 16.2 16.6 21.5

Moldboard

plow 12" 1.31 1.32 1.27 62.7 61.6 65.4 15.4 15.4 18.7

Chisel

plow 6" 1.37 1.34 1.31 61.8 60.8 65.0 16.3 16.6 19.1

Chisel

plow 12" 1.34 1.31 1.27 60.9 62.3 66.1 16.6 19.0 22.0

Subsoiling
8c moldboard 1.31 1.30 1.28 61.6 63.3 64.3 15.8 19.7 20.6

plow 6"

Subsoil

fertilizing
& moldboard

1.34 1.34 1.30 61.1 61.1 64.0 13.9 14.9 15.4

plow 6"

LSD's (5% level) 0.018

(1% level) 0.024

10

1.20

1.63

1.46

1.99

Continued on Page IS



water and forage reserves for drought
periods is not fully appreciated by the
majority of farmers. The problem will
and can be overcome by education.

There is little doubt that suitable
water supplies can be provided, pri
marily by strategically sited ponds to
collect surface runoff water. Inade

quate knowledge on watershed yield
from the hydrologic standpoint is one
of the major technical problems, while
some troublesome soil chemical prob
lems have resulted in dam failures.

Progress is being made on both these
problems, although the scarcity of
human and financial resources is a
major problem there also.

DOMESTIC WATER USE

Water for the homestead is com
monly from roof drainage of rain
water into galvanized iron tanks. Even
in the higher rainfall areas (20 inches
annually) with rather complete use of
roofs as watersheds this provides for
a water consumption in the order of
15 gallons per day per person for the
average size of farm family. This
would seem to be a minimum for
modern standards of sanitation. In
fact de Laine and Vasey (1) found
many farms where the supply was
much lower than the 15 gallons per
day, either due to incomplete use of
roofs as watersheds, or storage tanks
of insufficient capacity.

As a consequence few farms have
been able to avail themselves of septic
disposal systems for household wastes.
Again the same attitude seems to pre
vail as with livestock watering, that
is, that water shortages are an inevit
able result of life in the country areas.

CONCLUSIONS

The problems associated with farm
water resources in the South-East are
in the main concerned with stabiliza
tion of a pastoral economy, including
the production of beef cattle, the ex
ports of which have been increasing in
the past few years. These are displac
ing sheep in the northeast and to a
lesser degree in the southeast. Inten
sive cultivation of irrigated crops for
export in the opinion of many is im
practical because the geological his
tory has resulted in senile soils with
poor drainage. This may be a some
what pessimistic approach which fails
to take account of the possibilities of
technological advances. However,
probably the biggest deterrent will be
a small domestic market (10 million
people and not likely to increase dra
matically), and intense foreign com
petition for the products most adap
table to production in Australia.
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Table 3 shows the results of bulk
density, total and non-capillary poro
sities of soil samples taken at three
different depths on three replicates
after one complete cycle of the crops
rotation. The tillage treatments did
not produce any significant difference
in bulk density and total perosity. The
trends in bulk density which tended
to decrease with increasing depth of
sampling, and in total porosity which
tended to increase were highly sig
nificant. This appears to be the result
of soil variation because it occurred on
all plots. The variation of non-capil
lary porosity with tillage treatments
was significant statistically. There
was also a significant increase in non-
capillary porosity as sampling depth
increased. The effect of sampling
depth on the physical properties of
the soil was always highly significant.
This points out the importance of
soil variation with depth on any soil-
crop studies in the field.

SUMMARY

The data indicate that the various
tillage treatments employed on this
soil did not substantially improve
crop yields over standard moldboard
plowing. Corn yield increases were
realized by the subsoil fertilizing and
twelve-inch moldboard plowing. Chi
selling operations resulted in a sig
nificant drop in corn yields but were
equal to other operations in the pro
duction of oats or hay. These results
would seem to indicate some choice in

seed-bed preparation for corn, oats,
and hay on this soil.

For seedbed preparation for corn,
the standard six-inch plowing would
be the economical choice. A less severe

and costlier operation than plowing
could be employed for the preparation
of seedbeds from corn stubble for
oats and hay crops.

Subsoil fertilization was the only
tillage treatment that resulted in a
significant change in soil physical
properties, this being a decrease in
non-capillary porosity at all depths.
In this experiment, the crop yields did
not appear to be affected by this de
creased non-capillary porosity.

ACKNOWLEDGEMENTS

The authors wish to acknowledge
the technical assistance of B. K. Dow
and K. Mitchell in carrying out the
experiment, and of D. N. Bryant for
the statistical analyses.

13

REFERENCES

1. Bertrand, A. R., and H. Kohnke.
Strong Root - profitable Crops.
Mimeo. H.Y. 121: Purdue Uni
versity. 1954.

2. Bertrand, A. R., and H. Kohnke.
Subsoil Conditions and Their
Effect on Oxygen Supply and the
Growth of Corn Roots. Soil Sci.
Soc. Amer. Proc. 21:135-140. 1957.

3. Bolton, E. F., and J. W. Ayles-
worth. A Comparison of Some
Tillage Methods for Corn on
Brookton Clay Soil. Can. Jr. Soil
Sci. 37: 113-119. 1957.

4. Byers, G. S., and L. R. Webber.
The Effect of Tillage Methods on
Crop Yields and Soil Structure.
Mimeo. Ontario Agricultural Col
lege, Guelph, Ontario. Aug. 1955.

5. Engelbert, L. E., and E. Truog.
Crop Response to Deep Tillage
with Lime and Fertilizer. Soil

Sci. Soc. Amer. Proc. 20:50-54.
1956.

6. Jamison, V. C, I. F. Reed, C. M.
Stokes, and T. E. Corley. Effect
of Tillage Depth on Soil Con
ditions and Cotton Plant Growth

for Two Alabama Soils. Soil Sci.

73:203-210. 1952.

7. Kohnke, H., and A. R. Bertrand.
Fertilizing the Subsoil for Better
Water Utilization. Soil Sci. Soc.

Amer. Proc. 20:581-586. 1956.

8. Leamer, R. W. and B. Shaw. A
Simple Apparatus for Measuring
Non-capillary Porosity on an Ex
tensive Scale. Jr. Amer. Soc.
Agron. 33:1003-1008. 1941.

9. Norton, R. A., E. V. Collins, and
G. M. Browning. Present Status
of the Plow as a Tillage Imple
ment. Agric. Eng. 25:6-10. 1944.

10. Ripley, P. O., Progress Report.
Division of Field Husbandry,
Soils and Agricultural Engineer
ing. Canada Department of Ag
riculture, Ottawa, Ontario. 1936-
1948.

11. Robertson, W. K., J. G. A. Fiskell,
C. E. Hutton, L. G. Thompson,
R. W. Lipscomb, and H. W.
Lundy. Results from Subsoiling
and Deep Fertilization of Corn
for Two Years. Soil Sci. Amer.
Proc. 21:340-346. 1957.

12. Russel, E. W., and B. A. Keen.
Studies in Soil Cultivation. The
Effects of Cultivation on Crop
Yield. Jr. Agric. Sci. 27:212-223.
1937.

Continued on Page 16



sided valleys. Thus in some zoning
plans it may be desirable in addition
to a flood-plain zone to include a
valley-land zone in which construction
is to be discouraged.

A method which by-passes the de
termination of design discharges for
establishing floodlines for unguaged
rivers has been devised by the U.S.
Geological Survey (9). Empirical re
lationships between flood heights and
river valley geometry are developed
for gauged rivers in the surrounding
region, and applied to the unguaged
rivers. Field measurements are made

using a hand level and a rule for ele
vations and pacing for horizontal dis
tances. This method is "not intended
to supplant the basic hydraulic and
hydrologic studies" (9). Its principle
merit is in its simplicity. It has value
lor producing temporary maps for
preliminary planning.

When a Flood Occurs

When a severe flood occurs people
in the affected locality may be busy
trying to save lives, stock, and equip
ment, and little thought may be given
to recording flood levels. Several
years later, when intensive develop
ment is promoted, it is very difficult
to get a complete picture of the limits
reached by the flood.

If a good map of the extent of a
flood is to be obtained it is essential
that survey parties be dispatched to
record discharge measurements and
high water marks while the river is in
flood. If the stream has not carried
large quantities of debris, the high-
water marks may become uncertain
in a few hours—especially if the flood
occurs in the spring as growth is com
mencing. Debris is deposited as flood
waters recede. The more prominent
debris lines may be at a lower eleva
tion than the peak reached by flood-
waters. A series of inexpensive float
gauges might be installed along a river
to obtain peak levels. The float rises
on a guide wire with the rise of the
flood but is restrained from falling as
the flood recedes.

When a builder challenges the vul
nerability of land to flooding the
case is arbitrated more readily by
reference to maps which show the
floodlines of a severe flood of record
than to maps which have floodlines
derived from transposed storms and
backwater calculations. When a flood

occurs in a valley that has been map
ped it is still valuable to dispatch
survey parties to obtain accurate flow
and stage data. This data may be used
to refine methods and update exist
ing maps.

Even though a flood may occur on
open or forested land the mapping of
its limits may still be valuable. Such
an event might be recorded on aerial
photographs, without going to the ex
pense of topographic mapping at that
time. If high-water marks can be pin
pointed on aerial photographs at rea
sonable intervals (14 of a mile to a
mile apart on flat gradient streams)
it may be possible to complete the
floodline stereoscopically and signifi
cantly reduce the field work. This was
done to produce an outline of the 1960
flood in the Whitson Valley (2), a
portion of which is reproduced in
figure 5. The area between the flood-
lines on the mosaic was ghosted with
an air brush. Approximate positions
of the floodlines on the ground can be
obtained by scaling the distances from
roads and fences which can be iden

tified in the photograph. The discon
tinuities in the floodlines at conflu

ences with tributary valleys indicate a
lack of mapping information for this
area rather than freedom from flood-

ig-

SUMMARY

1. Maps which show the lands inun
dated by floods of record, or those
which can reasonably be expected
to be flooded in the future, are
valuable tools for land use plan
ning, for the enforcement of zoning
regulations, for the assessing of
benefits and costs of flood-control
schemes, and for focusing public
awareness of flood problems.

2. The type of map made will depend
on the extent of data available and
the type of development in the
area.

3. Careful observations of flood sta
ges and flood discharge rates are
needed even after an area has been
mapped in order to refine methods
and to update existing maps.

4. In steep-sidd valleys which are
subject to severe erosion in flood
periods it is advisable to establish
a valley zone as well as a flood zone
in which dwellings should not be
built.

5. When flood records are insufficient

to allow the production of accurate
large scale maps, it is still worth
while to produce tentative small
scale maps to guide land use plan
ning.
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