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Corn, soybeans and winter wheat were grown on Brookston clay to establish yield response to subsurface drains
installed at seven spacings, two depths, and by two methods of installation. The closest spacing, at 6.1 m, gave the
highest average yields from 4 yr of corn, 3 yr of soybeans and 1 yr of wheat, averaging 1.73 t/ha more grain corn and
0.24 t/ha more soybeans than the conventional 15.2-m drain spacing. The effect of drain spacing on yield was largely
linear within the range of spacings from 6.1 to 24.4 m for both corn and soybeans. Spacing by year interactions were
statistically significant, but did not affect the yield superiority of the 2closest spacing. No average difference in yield
could be demonstrated between drain depths at 70 cm and those at 95 cm, or between wheel trencher installation and
drainage plow installation. The advantage of close drain spacing was attributed to improved soil condition and tilth in
spring.

INTRODUCTION

The role of soil drainage in crop
production has been reviewed by Luthin
(1957) and Van Schilfgaarde (1974) and
the derivation of suitable spacings
between drain lines was discussed. It was

noted that proper spacings calculated for
one region cannot readily be applied to
another climatic area. Donnan and

Schwab (1974) related drain spacing to
drain depth, hydraulic conductivity of the
soil and to the amount of soil water to be

drained. Since hydraulic conductivity is
dependent, in part, on texture, soil type
becomes an important consideration.

There are more than one million

hectares of Brookston clay and associated
soil types in southwestern Ontario. The
Brookston soil is classified as an Orthic

Humic Gleysol characterized by ex
tremely flat topography and poor natural
drainage with profile characteristics as
detailed by Richards et al. (1949). It has
been learned through field experience that
this soil requires subsurface drainage and
the most common spacing has been
reported (Irwin 1973) to be 15m between
drains at a depth of 70-80 cm.

Within the past several years, corru
gated plastic drainage tubing has been
available commercially. It has been
installed by conventional wheel tren
chers, and more recently, by drainage
plows (Fauss et al. 1972) that prepare the
drain bed and install the tubing in a
once-over operation.

Although it has long been established
that subsurface drainage is essential for
production of the most profitable crops on
Brookston clay soil, the effects of various
drain spacings and depths of installation
on crop yield have not been evaluated.

This paper evaluates the effects of seven
drain spacings ranging from 6 to 24 m
between drains and compares a conven
tional 70-cm with a 95-cm depth of drain
installation on crop yields. In addition,
the conventional installation method,
using a wheel trencher, is compared with
the use of a laser-controlled plow in terms
of yield response.

MATERIALS AND METHODS

A drain depth and spacing experiment
was established on Brookston clay soil at
Oil City in southwestern Ontario in
1970-1971 using 100-mm plastic drain
age tubing. The effects of drain spacing
on corn, soybean and wheat yields were
measured in six experimental main plots,
each established with two drain laterals

spaced parallel to each other and 30 m
apart. A third drain was installed between
the two laterals at the same depth and was
placed diagonally to provide continu
ously variable spacings between drains
that ranged from 6.1 to 24.4 m from one
end of the experiment to the other. Figure
1 shows the plan of an individual
experimental main plot. Since the crops
were planted across the drains the effect
of spacing on yield could be measured.

Three of the main plots just described
had drain installations at the 70-cm depth
while the remaining three had drains
installed 95 cm below the soil surface.

Since the experimental main plots were
all serviced by a single main, it was
necessary to establish the 95-cm units
along the low end of the main with the
70-cm units at the upgrade end.

Of the six units arranged in sequence
along the main, the tubing in one at each
depth was installed by a conventional
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wheel trencher. The remaining four units,
two at each depth, had tubing installed
with a laser-controlled plow that formed
the trench and installed the drain all in a

single operation.
Corn (Zea mays L., "PAG SX 44" and

"SX 126") was grown on the experimen
tal area in 1972, 1973, 1974 and 1976.
Soybeans {Glycine max L., "Harosoy
63" and "Wells") were grown in 1975,
1977 and 1978. Winter wheat (Triticum
aestivum L., "Yorkstar") was planted in
the fall of 1978, and harvested in 1979.

Both corn and soybeans were planted
as early as soil conditions permitted on
the slowest drying treatment each spring,
a factor that prevented taking advantage
of earlier planting date for better drained
treatments (Reeve and Fausey 1974).
Planting dates ranged from early May
until early June and in 1972 replanting
was necessitated by a killing frost which
occurred in mid-June.

Fertilizer treatments and other cultural

practices for all plots were in accordance
with recommendations provided by On
tario Ministry of Agriculture and Food
publication 296 (Field crop recommenda
tions, Publication 296, Ontario Ministry
of Agriculture and Food, Queen's Park,
Toronto, Ont.). Crop yields were ob
tained by harvesting two corn rows, four
soybean rows and a 3-m wide strip of
wheat for plots trimmed to the designated
length for each spacing within each
experiment. The duplicate plots on each
side of the diagonal drain in each main
plot served as two replicates (Fig. 1).

RESULTS

The effect of drain spacing on the yield
of corn is shown in Table I. In each of the
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TABLE I. GRAIN YIELD OF CORN AT SEVEN DRAIN SPACINGS

ON BROOKSTON CLAY SOIL

Drain

spacing
(m)

Grain yield of corn (t/ha, 15.5% mb)

1972t 1973 1974 1976 4 yr avg

6.1 7.23a 6.84a 6.02a 5.29a 6.48 a

9.1 5.69* 6.35 a* 5.44 abc 4.79a 5.57*

12.2 5.30 fee 6.26 a* 5.63 a* 4.22* 5.35*

15.2 3.63 c/ 5.83* 5.51a* 3.96 fee 4.75c

18.2 4.28 cd 5.82* 5.22 bed 3.68 bed 4.73c

21.3 4.23 cd 5.73* 4.75 cd 3.46 cd 4.54 c

24.4 4.80 foe 5.54* 4.53d 3.25 a1 4.53c

tSpacing means for individual years based on 12 plots.
a-d Means in the same column followed by the same letter are not significantly different from each other
according to Duncan's multiple range test at P = 0.05.

4 yr, the highest yield was obtained at the
6.1-m spacing. This spacing averaged
6.48 t/ha over the 4 yr, 1.73 t/ha more
than the 15.2-m spacing, which is the
most commonly used drain spacing on
Brookston clay.

Soybean yields (Table II) showed a
similar, but not quite so marked, response
to drain spacing. In 1975, a year with
abundant summer rainfall (435 mm, 1
May-31 Aug.) the 6.1-m
duced the highest yields,
years, variability was higher. Over the 3
yr, the 6.1-m spacing produced the
highest average yields, 0.24 t/ha more
than the conventional 15.2-m spacing.

Winter wheat yields (Table II) in 1979
gave results similar to those obtained with
corn and soybeans. The 6.1-m spacing
had the highest yields. Variation in snow
cover may have affected these yields,
which represent only one year's results
with this crop.

305m

spacing pro-

but in other

Statistical analysis of the yield data for
the individual crop years showed the
effect of spacing to be significant (P =£
0.05) in every year, for corn, soybeans
and wheat. The yield data in Tables I and
II are the mean yields recorded for
spacings, and Duncan's multiple range
test is used to separate the means for each
individual year and for the 4-yr averages
in corn and 3-yr averages in soybeans.

In individual years, the effects of depth
and method of drain installation were

variable, and not significant when tested
with the error term appropriate to the
large experimental units. Interaction
variances, tested with the same precision
as spacing, spacing x depth and spacing
X installation method, were not statisti
cally significant. Seasonal weather condi
tions appeared to be a factor influencing
the magnitude of the variances associated
with depth, installation method, and their
interactions with spacing.

The results of the statistical analysis for
the combined 4 yr of corn yields and the 3
yr of soybean yields are presented in
Table III. As expected, the effect of
seasons or crop years accounted for much
of the total variation. Spacing effects
were significant, and while the year X
spacing interaction was significant for
both crops, this appeared to be more a

matter of variation in the ranking and
magnitude of the yields at intermediate
spacings, with the closest and widest
spacings producing very consistent re
sults.

Since the spacings represent a linear
progression, the spacing variance in these
combined analyses was separated into its
polynomial regression components. In
the case of corn, 86% of the total spacing
variance was attributable to the linear

term; in the case of soybeans, 89%. For
corn, fitting the quadratic component
accounted for an additional 12% of the

spacing variance, but in the case of
soybeans, this component was not
significant. The presence of both linear
and quadratic regression effects in the
spacing variance in corn suggests that the
response to closer drain spacing increased
more rapidly than indicated by a linear
function in the interval between 15.2 and

6.1 m.

The linear equations for the regression
of yield on drain spacing are:
Corn (t/ha) = 6.66 - 0.010X («2=0.86)
Soybeans (t/ha) = 3.27 - 0.270X («2=0.89)

whereX = drain spacing in meters. When
the quadratic is used for corn, the
equation becomes:
Corn (t/ha) = 5.97 - 1.30X

+ 0.00867X2 («2=0.98)

The improvement in fit is very small, and
partially at the expense of the data point
for the closest spacing. For the 1979
wheat crop, the yield equation is:
Wheat (t/ha) = 8.86 - 0.200X («2=0.56)

a value that more years of data could
modify considerably.

The response curves of yield to drain
spacing based on these equations are
plotted in Fig. 2. Because of the
significance of the regression (P s£ 0.01),
there is no need to resort to multiple
comparisons in making inferences; all
spacings are significantly different in
their effects (Chew 1976). The regression
lines plotted in Fig. 2 suggest that the
limit of yield response may not have been
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TABLE D. GRAIN YIELD OF SOYBEANS AND WHEAT AT SEVEN DRAIN SPACINGS

ON BROOKSTON CLAY SOIL

Figure 1.
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Field plan of a single experimen
tal drainage plot unit with 14
subplots.

Drain

spacing
(m)

6.1

9.1

12.2

15.2

18.2

21.3

24.4

1975t

3.85a

3.55*

3.01 c

3.02c

2.86 cd

2.81a'

2.89 cd

Grain yield of soybeans (t/ha)

1977

3.74a*

3.90a

3.73 a*

3.89a

3.55 be

3.63 be

3.46 c

1978

1.76a*

1.78a*

1.86a

1.73 a*

1.78 a*

1.64*

1.64*

3 yr avg

3.12a

3.08a

2.87*

2.88*

2.73 c

2.69c

2.66 c

Wheat yield
(t/ha)
1979

9.49a

5.62*

5.13*

5.75*

5.48*

5.48*

3.79c

tSpacing means for individual years based on 12 plots.
a-d Means in the same column by the same letter are not significantly different from each other according to
Duncan's multiple range test at P = 0.05.
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TABLE III. SIGNIFICANCE OF F VALUES

FOR SOURCES OF VARIATION IN YIELD OF

CORN AND SOYBEANS IN DRAIN

EXPERIMENT, OIL CITY, 1972-1978

Significance of
variance ratio

Corn Soybeans
Source (4yr) (3yr)

Years **+ **

Main plot effects:
Depth of installation - -

Method of installation - -

Depths x method - -

Depth x years - -

Method x years - -

Method x depth x years - -

Split plot effects:
Spacing ** **

Linear component ** **

Quadratic component **
-

Residual - -

Spacing x depth - -

Spacing x method of
installation - -

Spacing x years ** **

Triple and higher
interactions - -

Error degrees of freedom 212 159

t*, "denote F value significant atP = 0.05 andP =
0.01 respectively; - denotes no statistical signifi
cance.

reached at 6.1-m spacing, or that some
other biological factors may be involved.
The actual yield response for the 6.1-m
spacing exceeded those shown by the
fitted line for all three crops tested.

<

- 3

Q

CORN-4 YEARS (QUAD) V,

--•5°]2*4jVs-3"C?J^2

0 3.0 6.1 9.1 12.2 15.2 18.3 21.3 24.4

DRAIN SPACING (METERS)

Figure 2. Response of crop yields to drain
spacing at Oil City, 1972-1979.
Yield (tonnes/ha) =Y; spacing
(m) = X,; soybeans: Y = 3.27 —
0.027X; corn (linear) Y = 6.60 -
0.010X; corn (quadratic) Y =
5.97 - 0.13X + 0.0087X2.

The effects of depth of drain over years
in terms of average yield of corn or
soybeans appeared to be minimal (Table
IV). Likewise, no difference in average
yields could be associated with method of
drain installation (Table IV). The drain
age plow seemed as effective an
installation method as the wheel trencher.

The combined analyses of variance
indicated some interaction variance for
depth and installation method with years
for the corn crop. In part, this was
associated with a reversal of depth effect
in 1973 and 1974 as compared to 1972,
similar to that reported by Bolton and
Hore (1976). Part of this was associated
with the location of the individual main
plots, and the nature of the drainage
pattern.

The spacing x depth and spacing X
installation method interactions were of

relatively minor importance for either
corn or soybeans (Table III). The test for
these interactions was relatively precise,
and suggests that drain spacing effects
were equally consistent at either depth, or
either method of installation. Energy
requirements for installation would favor
the shallower depth.

Growth of corn and soybeans appeared
slower and more limited as the distance

from the drain increased. To evaluate

this, plant height data were taken for the
1976 corn crop, the 1977 and 1978
soybean crops and the 1979 wheat crop.
Analysis of the corn results showed a
significant effect, with corn being shorter
and less mature at the widest spacing.
Depth of drain affected soybean height in
both 1977 and 1978 (P < 0.05); the beans
were taller on shallower drains in both

years. Comparison of the height with the
yield results of those years would suggest

TABLE IV. EFFECT OF DEPTH AND

METHOD OF INSTALLATION OF DRAINS

ON YIELD OF CORN AND SOYBEANS ON

BROOKSTON CLAY

Yie d (t/ha)

Corn

Soybeans
(4 yr avg) (3 yr avg)

Depth ofdraint
Shallow (70 cm) 5.06 2.90

Deep (95 cm) 5.17 2.83

Method of drain installation^
Wheel trencher 5.17 2.89

Drainage plow 5.09 2.85

tDifferences in yield associated with depth or method
of installing drain tubing were not statistically
significant for either crop.
tDepth of drain means based on 42 plots per year.
IMethod of installation means: wheel trencher, 28
plots/year; laser plow pull-in, 56 plots/year.
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that by harvest time, the early advantage
of the shallower drain had been largely
lost, but that effective drainage is
associated with rapid early growth and
plant vigor in corn and soybeans, and
winter survival and spring vigor in wheat.

DISCUSSION

The crop yields reported here reflect a
range of seasonal and pre-seasonal
weather conditions. Seasonal precipita
tion varied from 38% above to 42% below

the expected normal of 315 mm (1
May-31 Aug.) for the area during these
years. According to Sanderson (1976) a
standard deviation of 36% can be

expected for this period. Pre-season
precipitation ranged from 24% above to
23% below the expected normal of 503
mm. From the standpoint of climatic
conditions, the test years have included
all but the most extreme conditions.

Inferences drawn from the results of this

experiment should be reliable under a
wide range of conditions.

The results indicate that on Brookston

clay, the yields of corn, soybeans and
wheat increase as the spacing between
drains is reduced. In the years of this
experiment, corn on 6.1-m drain spacing
yielded 36% more than corn on the
conventional 15.2-m spacing. In the case
of soybeans, the yield increase for the
same comparison was 8%. Soybeans are
normally planted later than corn, and is
one major advantage of closer drain
spacing is the achievement of better soil
conditions and an earlier planting date in
spring (Reeve and Fausey 1974; Wendte
et al. 1978), soybeans would not likely
show the same response as corn.

In the case of corn, it is likely that the
full advantage of close drain spacing was
not realized. Planting date was the time
when the entire field could be worked,
and was thus dependent on the moisture
condition of the 24.4-m spacing. With
closer drain spacing earlier planting
might permit a longer growing season and
the use of a slightly later-maturing hybrid
with a corresponding yield increase.

The limitations of the design of this
experiment did not permit testing drain
depth and installation method with the
same precision as spacing. There was no
indication of consistent differences for

these effects, their interaction with each
other, and with drain spacing. The choice
of drain depth and method of installation
would be primarily based on economic
considerations.

The degree of crop yield response
varied with the season as well as the crop.
Pre-season moisture, May rainfall and
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growing season precipitation could and
did affect the degree to which closer drain
spacing was associated with higher yield
in individual years. However, the varia
tion in response was largely a matter of
the distribution of yields among the
intermediate spacings. The strong linear
response of both corn and soybeans to
closer drain spacing raises the question of
whether the yield at the 6.1-m spacing
represents the biologic maximum, apart
from economic considerations. These, of
course, may necessitate a compromise
between the spacing most favorable for
crop production and economic feasibility
in terms of crop return.
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