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Millette, J.A. and Broughton, R.S. 1992. The effects of drainage
and cultivation practices on a newlydeveloped organic soil. Can.
Agric. Eng. 34:209-218. A seven-year drainage andcultivation prac
tices study was conducted on a newly developed organic soil near
Farnham, PQ. The cultivation treatments consisted of disking, disk
ingandplowing, androtovating. Eachtreatment wasapplied to three
drainage experiments: 1)drainage I (DI) had subsurface drainsand a
free draining outlet; 2) drainage II (DII) had subsurfacedrains and a
controlled outlet at 600 mm from the soil surface; 3) drainage III
(Dili) had lateral ditches only. A carrot crop was grown for the last
four years after three years of land preparation. Rotovating the
organic soil resulted in higher carrot yields in the three drainage
experiments during the first year. Carrot yields increased steadily
during the four years, but the effects due to cultivation practices
decreased.Organic soil subsidence was greatly dependent on organic
soil thickness. Between 1975 and 1980, the average yearly losses in
elevation were 80, 93, and 104 mm in DI, DII and Dili, respectively.
The averageyearly rates for 1980to 1982 were 13,28 and 38 mm for
DI, DII and Dili, respectively. The Dili area, where the organic soil
thickness was 4.45 m compared to 3.40 and 4.28 m for DI and DII
respectively,had a greater loss in elevation than DI and DII. Water-
tabledepth differences were apparently not sufficient to outweigh the
organic soil thicknessfactor. No subsidence was recorded in a nearby
forested site. Subsurface drains lowered the watertable by 300 to 400
mm during the first year whereas surface ditches were inefficient.
Bulk density increased and drainable porosity decreased during the
seven years.

Key words: carrots, soil physical properties, subsidence, drain
age, cultivation practices, organic soil, Quebec

Une etude de drainage et de methodes culturales a ete entreprise
en 1976 jusqu'en 1982 sur un sol organique en developpement pres
de Farnham, Quebec. Les traitements des methodes culturales com-
prenaient le discage seulement, le labour et le discage, et la beche
rotative. Le dispositif experimental de drainage etait divise en trois
reseaux: 1) drainage I (DI) avait des drains souterrains et un
ecoulement libre; 2) drainage II (DII) avait des drains souterrains et
un ecoulement controle a 600 mm de la surface du sol; 3) drainage
III (Dili) avait des fosses (lateraux) seulement. Apres trois ans de
preparation de terrain, on a cultive de la carotte pendant quatre
annees consecutives. Durant la premiere annee, le rendement de
carottes des trois reseaux de drainage a ete le plus eleve dans le
traitement de la beche rotative. Les rendements ont augmente durant
les trois annees qui ont suivies mais l'effet du aux differentes
methodes culturales a diminue. L'affaissement du sol organique
dependait en grande partie de l'epaisseur du sol organique. Entre
1975 et 1980, l'affaissement annuel moyen etait 80, 93, et 104 mm
dans DI, DII et Dili, respectivement. De 1980 a 1982, l'affaissement
annuel moyen etait 13, 28 et 38 mm pour DI, DII et Dill, respective
ment. La surface du sol dans Dili s'est abaissee plus que celle dans
DI car l'epaisseur du sol etait de 4.45 m comparativement a 3.40 m

dans DI. L'effet de la profondeur de la nappe phreatique sur
l'affaissement n'a pas semble etre present contrairement a l'effet de
l'epaisseur dusolorganique. Aucun affaissement n'a etedetecte dans
le site boise avoisinant. Les drains souterrains ont abaisse la nappe
phreatique de 300 a 400 mmdurant la premiere annee alors que les
fosses ont ete inefficaces. La densite apparente le long du profil a
augmente et la porositedrainablea diminuedurant les sept ans.

INTRODUCTION

The development of new organic soil areas in southwestern
Quebec has become a priority in recent years for many
vegetable growers. Lossof cultivated organic soil area from
subsidence has largely been the cause. For example, at the
Ste. Clotilde Agriculture Canada substation only 13ha of the
original 19 ha of deep organic soil had a soil depth of 1.20m
or more in 1975 (Millette 1976). Subsidence rates measured
were not unique to that farm. Other organic soil areas in
southwestern Quebec were studied and over a period of three
years the mean subsidence rates in cultivated areas varied
from 10 to 70 mm per year (Millette et al. 1982). More
recently, calculations were made (Personal Communication,
S. Barrington, Associate Professor, Department of Agricul
tural Engineering, Macdonald College of McGill University,
Ste. Anne-de-Bellevue, PQ) to find yearly loss of organic soil
between 1936 and 1982 in the two main deposits: Sherring-
ton-Ste-Clotilde and Napierville. The average annual rate of
soil loss since 1972 was greater than 0.70% of the original
surface area and had increased from the average annual rate
of 0.52% calculated for the period between 1936 and 1972
for the same areas. Potential problems associated with the
development of new organic soil areas exist and need to be
addressed so that the usefulness and productivity of these
soils can be maintained for a long time.

Previous research on the effects of drainage and cultiva
tion practices on newly developed organic soils is not
extensive. General results of experiments done in Byelorus
sia by Meerovsky and Hapkina (1976) showed that major
changes occurred after 10 years of peat drainage and cultiva
tion. They reported a decrease in water holding capacity,
lower infiltration rate and greater bulk densities. Jasmin et al.
(1977) stated that opinions and practices on cultivation prac
tices vary widely and that little research on this subject has
been conducted.

Early studies in Quebec conducted by Browne (1951)
outlined cultivation practices to be used on newly broken,
high organic matter soils for several vegetable crops that
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ranged from deepplowing to disking. In recent years, it was
found thatrototilling or plowing a well decomposed organic
soil in Quebec was not necessary for good carrot yields
(Millette et al. 1981). White (1978), in Florida, also deter
mined thatrototilling a well decomposed organic soiloffered
no significant advantage in carrot yields.

The general impact of drainage, cultivation andcrop pro
duction on organic soils under development in Quebec
remains to be determined. For example, lowering the water-
table in anorganic soil is necessary to have suitable growing
conditions forcrops. Watertable measurements in theorganic
soil areas of south-western Quebec suggested that the levels
in cultivated sites were unusually low, exceeding 1.30m in
some years (Millette et al. 1982). In other places these water-
table levels tended to increase subsidence and bulk density
(Jongedyk et al. 1950), and decrease hydraulic conductivity
and drainable porosity (Eggelsmann 1978). But, these trends
have not been tested for organic soils in Quebec.

The objective of this research was to determine the effects
of different drainage systems and cultivation practices on a
newly developed organic soil under a carrot crop in south
western Quebec. The impact of cultivation practices on
carrot production was also investigated.

MATERIALS AND METHODS

Description of the experimental site

The experimental site was part of the Farnham Bog, 3 km
west of Farnham in Iberville County, Quebec. In 1976, fol
lowing a detailed study of the sedge-peat fen (Levesque and
Millette 1977), a 4-ha field (50 m x 800 m) was rented to
initiate drainage and cultivation practices experiments on
this site. The bog stratigraphy was difficult to establish in the
top 1.5 m because of the highly decomposed material
(Levesque and Millette 1977). Yet, it was found that the
carex and sedge material dominated all the profiles that were
sampled. The original vegetation was composed of low
bushes, birch trees and some evergreens. The field was

cleared, surveyed and bench marks were established. Exist
ing shallow ditches on either side ofthe field lacked adequate
outlets. The field was divided into three areas, each in 100 x
50mseparated by50 mbuffer zones (Fig. 1). Theareas were
designated as Drainage I, II and III or DI, DII, DHL The DI
and DII areas were drained with 100 mm diameter plastic
subsurface drains and a lateral ditch on either side. The Dili
area was drained with lateral ditches only. Roadways were
provided next to the lateral ditches.

Before setting up the experiment, the soil profile was
characterized in detail in 1975. Bulk densities and unrubbed
fibre contents (sum of the particles greater than 0.15 mm as
determined by Dinel and Levesque 1976) were measured
down to a depth of 1.63 m in each drainage area (Fig. 2).
Simultaneously hydraulic conductivity and organic soil
depth were measured to further characterize the organic soil
profile.

The subsurface drainage systems were designed using a
mean hydraulic conductivity value of 20 mm/d, an average
drain depth of 1.50 m, a drainable porosity of 0.07, and a
drainage coefficient of 15 mm/d which is equivalent to a
lowering of the watertable by 200 to 250 mm from the soil
surface during the first 24 hours, as suggested for horticul
tural crops and an equivalent depth of 1.0 m (Conseil des
productions vegetales du Quebec 1984). Substituting these
parameters in either Hooghoudt's or Guyon's equation (Con
seil des productions vegetales du Quebec 1984), which are
used extensively in Quebec, resulted in a drain spacing of
less that 7.00 m. However, a spacing of 15 m was chosen to
limit the capital cost of the drainage system and to ensure that
the system would be within the range of drain spacings
already installed on the same type of organic soil in the area.
If the drain spacingproved to be unsatisfactory, the spacing
could be reduced to 7.50 m by placing additional drains
between the existing ones. This new spacing would then be
closer to the calculated drain spacing.

In late March 1977, the subsurface drains were originally
installed at depths ranging from 1.40 m to 1.60 m because
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Fig. 1. Schematic diagram of the drainage experiments.
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organic soil subsidence can be up to 30 percent of drain depth
(Conseil des productions vegetales du Quebec 1984). The
drains were installed using a laser plane and trenchless drain
age plow, without covering them with any filter material.
The drains were installed when the soil surface was still

frozen to permit heavy equipment mobility and stability.
Drainage pumping stations were installed for DI and DII. A
small pond was dug next to DII to store water for subirriga-
tion requirements and a pump was placed in the pond to
maintain the water level in DII whenever necessary. The
drainage system was operative that summer but crops were
not grown. In July of the following year the drainage areas
were limed at the rate of 18 t/ha as suggested for carrots. In
August, the whole area was plowed with a breaker plow to a
depth of 350 to 400 mm and subsequently disked and lev
elled. An oat crop was then seeded to protect and stabilize the
soil.

In each drainage experiment, the statistical design for
evaluating cultivation practices was a randomized complete
block with four blocks and three treatments. These treat

ments were: 1) disking the soil, 2) spring plowing followed
by disking, and 3) rotovating in two directions perpendicular
to each other. The plots were perpendicular to the subsurface
drains and had dimensions of 10.0 x 15.0 m, of which 3.6 x
15.0 m was used to seed the carrots. This was necessary to
keep the volume of carrot production at a manageable level.
However, the entire plot area was prepared according to the
treatment every year for four years. The results from each
drainage experiment were analyzed separately for each year.

The experiment designated as DI had a free draining outlet
allowing the watertable to drop to drain depth whenever
possible. The experiment designated as DII had a controlled
outlet at 600 mm from the soil surface. The experiment
designated as Dili drained the area with lateral open ditches

only that were 1.0 to 1.2 m deep. A forested site, next to DI,
was selected and instrumented for reference and comparison
purposes.

Carrot crop

The carrot crop experiment continued for four years (1979-
1982). "Gold Pak" carrots were seeded between June 10 and
25 each year using a Planet Junior seeder set to provide 60 to
70 seeds/m in eight rows 450 mm apart. Harvesting was done
by hand in late September or early October on the four centre
rows of each plot. The harvested carrots were weighed and a
random sample of 10% of the total weight was graded. Mar
ketable carrots were roots 85 mm and longer with a diameter
greater than 18 mm, free of disease and insect damage, with
good colour. Undersized, deformed, and broken carrots were
graded as non-marketable.

Subsidence measurements

A bench mark was established in 1975 near the end of the

field on a concrete bridge under a railway where the founda
tion of the bridge was on the mineral soil. Two more bench
marks were installed in 1977 near DI using 50-mm steel pipe
driven down to the mineral soil. The boundaries of the field

were measured and the elevation of the ground at every 50 m
down the centre was determined. In 1976, 1978, and 1979,
the whole area was surveyed and ground elevations were
taken every 50 m along the two lateral ditches and down the
centre of the three drainage experiments. In 1979, an addi
tional survey was conducted to measure the ground elevation
of each plot for future determination of subsidence in the
three drainage experiments.

From 1980 through 1982, each plot in each drainage ex
periment was surveyed at same location and at approximately
the same time of the year, usually mid-August. The bench
marks installed down to the mineral soil in the organic soil
area near DI area were also checked every year. All eleva
tions were measured with an engineers level that had an
accuracy of 2.5 mm.

Drainage and physical properties

In 1976,1977, and 1978, water level recorders were installed
in DI and in the adjacent forest site. Additional small diame
ter observation wells were inserted at every 50 m down the
centre line of the drainage experiments and at two cross-sec
tions within each drainage experiment. A recording rain
gauge was installed every year between May and September
for the duration of the experiment. A summary of the precip
itation records between 1976 and 1982 is shown in Table I.

From 1977 to 1982, additional observation wells were
inserted between the drains in each drainage experiment, and
in 1981 and 1982, piezometers were placed in the drain pipes
to measure the water level in the drains. Watertable levels in
the small diameter wells are determined with a blow tube or

an electric sensor (Campbell et al. 1980). From 1979 through
1982, water level recorders were installed as well in DI, DII,
Dili areas at drain mid-spacing and in the forested site.

Additional data were collected during the seven year pe
riod and included hydraulic conductivity at two depths (Ki at
0.6-0.9 m and K2 at 1.5-2.0 m) as measured by the single
auger hole method, bulk density using core samples, un-
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Table I. Monthly total rainfall and maximum one-day rainfall at Farnham, Quebec from 1976 to 1982. Normal and
maximum 24 h values obtained from Environment Canada (1982).

1976*

1977

1978

1979**

1980

1981

1982***

Normal

Max 24 h

Precipitation (mm)

May June July August September Maximum one

day rain

40 164 139 81 53 76 (June 25)

- 129 94 - - -

- 168 103 71 46 56 (June 19-20)

87 54 86 135 143 54(Sep.6)
58 46 141 58 143 35 (Sep. 14)
73 99 78 196 115 69 (Aug.4-5)
16 98 31 152 52 71(Aug. 25)
79 99 108 105 92

51 77 86 91 61

* started May 14 - finished September 9

** started May 13 - finished September 30
*** started May 9 - finished September 30

not available

rubbed fibre content using the method developed by Dinel
and Levesque (1976) and drainable porosity from watertable
fluctuations. These data are summarized in Table II.

RESULTS AND DISCUSSION

Carrot crop

A consistent feature in all drainage experiments found during
the first year of carrot production was the significant positive
effect of rotovating organic soil on carrot yield (Fig. 3).
During the following years, the effect became less noticeable
in DII and Dili but was still significant in DI in 1980. In 1981
and 1982, the treatment effect was significant in DI and Dili
but a definite conclusion could not be drawn. The disking
treatment in all drainage experiments during the four years
was not encouraging and often produced the lowest yield.

By pooling the yields of the four years and analyzing as a
split-plot in time, it was possible to test the level of signifi
cance of the effect of cultivation practices during the four
years for each drainage experiment separately. As expected,
the 'year' effect was significant for all drainage experiments,
mostly because of the great increase in yield between 1979
and 1980. All treatments resulted in significant increases in
yield from 1979 to 1980 and that meant that soil condition
was a very important factor in 1979. During the remaining
three years of the experiment, the yields tended to level off.
One can conclude that obtaining good soil tilth near the soil
surface as rendered by rototilling could be crucial in the early
stages of development for consistent maximum crop produc
tion.

Campbell et al. (1981) measured oxygen flux in 1979 in the
same drainage plots and found that the effect of cultivation
practicescan be detected down to a depth of 800 mm. They also
reported that the highest oxygen flux was in the rototilled
treatment. The conclusion was that the carrot crop yield was
highly correlated with cultivation practices and soil oxygen.

Unlike mineral soils, the fibrous material in organic soils
has to decompose to a certain degree before the surface layer
becomessuitable for horticultural crop production. This pro
cess can take a few years depending on the nature of the
material and soilmanagement practices(eg.drainage,tillage,
fertilizers). Here, the change in soil decomposition was esti
mated using bulk density measurementsmade in the top 200
mm during the experiment in DI (Fig. 4). Using Boelter's
(1969) classification as a guideline, the soil surface layer in
DI progressed from mesic to humic between 1975 and 1981,
which meant that the fibre size decreased significantly and
the bulk density increased from 0.130 Mg«m 3 to 0.223
MgTn" (Fig. 4). The resulting finer textured and firmer soil
near the surface provided an improved seedbed for the car
rots.

Subsidence measurements

Figure 5 shows the observed annual subsidence and the mean
summer (usually June, July, August) watertable depth with
time. All three subsidencecurves appeared to convergewith
time and have a visible change in rate after 1980. Different
stages of development of the organic soil are also shown on
this figure. The average yearly losses of elevation between
1975 and 1980 were 80, 93, and 104 mm for DI, DII, and
Dili, respectively. Nesterenko (1976) reviewed long term
observations of subsidence in the USSR and found that the
maximum yearly subsidence occurred within the first 2-5
years following drainage (up to 70-150 mm), whereas the
yearly rate decreased to 10-20 mm subsequently. The mea
sured subsidence values in the Farnham bog compare well
with the Russian data for the first five years of the experi
ment.

The average yearly losses of elevation between 1980 and
1982 were 13, 28, and 38 mm for DI, DII, and Dill, respec
tively. These values are comparable to values reported above
from USSR and to values estimated (33 mm/yr) by Mirza and
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Table II. Summary of selected soil physical properties measured between 1975 and 1981. Ki and K2 values obtained
for depths ranging from 0.60 to0.90 mand from 1.50-2.00 m respectively.

Location and physical property

DI

DII

Dili

FS

Bulk density (Mg»m~ )

Hydraulicconductivity (m-d" ) Ki
K2

Drainable porosity (%)

Bulk density (Mg-rrT)

Hydraulic conductivity (nrd~ ) Ki
K2

Drainable porosity (%)

Bulk density (Mg-m3)

Hydraulic conductivity (nvd" ) Ki
K2

Drainable porosity (%)

Bulk density (Mg»m~ )

0-200 mm

200-350 mm

350-500 mm

500-600 mm

600-700 mm

1975

0.130

0.130

0.120

0.020

10.8

0-200 mm 0.110

200-350 mm 0.140

350-500 mm 0.100

500-600 mm -

600-700 mm -

0.021

0-200 mm 0.150

200-350 mm 0.120

350-500 mm 0.120

500-600 mm -

600-700 mm -

0.016

Hydraulic conductivity (m»d~ ) Ki

K2

Drainable porosity (%)

* Forested site

- Indicates no value available

0-200 mm 0.150

200-350 mm 0.170

350-500 mm 0.140

500-600 mm -

600-700 mm -

0.047

16.0

1978 1979

8.9 11.3

0.166

9.9

0.192

9.4

15.2

1981

0.223

0.139

0.127

0.124

0.122

0.031

1.034

7.6

0.150

0.124

0.118

0.110

0.009

0.294

6.4

0.135

0.110

0.109

0.103

0.007

0.468

6.3

0.062

0.314

15.7

Irwin (1964) that correspond to the period of higher subsi
dence rate (Irwin 1977). According to Irwin (1977), it would
take another ten years or so of cultivation before a long-term
subsidence rate can be established.

An abnormal situation occurred in 1981 when the sur

rounding area was flooded from April to September causing
the watertable to be near the surface in the adjacent fields that
were neither cultivated nor drained. The DI experiment was
the most affected by the problem because the mean elevation
of the area was approximately 200 mm lower than the mean
elevations of both DII and Dili. Consequently, draining DI
was more difficult and the mean watertable depth was 420
mm in DI compared to 500 mm in Dili (Fig. 5). When the

subsidence measurements were taken in mid-August that
year, the watertable was higher in DI than during the previous
years. The elevation of DI and DII was slightly higher in
1981 than in 1980.

A common agreement among studies conducted on or
ganic soil subsidence is that the lower the watertable the
greater the subsidence. Still, other factors can affect the loss
in elevation as well, such as organic soil thickness and bulk
density (Nesterenko 1976). Equations to predict subsidence
that incorporate soil thickness have been formulated and used
(Prus-Chacinski 1962; Nesterenko 1976). According to these
equations, it would be expected that the area having the
greatest thickness of organic soil would subside more. The
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soil thicknesses measured in 1975 in DI,
DII, and Dili were 3.40,4.28, and 4.45 m,
respectively, and the corresponding total
losses in elevation between 1975 and 1982
were 429, 523, and 593 mm, respectively,
in absolute values. But in relation to the
original soil thickness, the losses in eleva
tion were 12.6, 12.2, and 13.3% of the
original soil thickness for DI, DII, and
Dili, respectively. Watertable depths dif
ferences among treatments (Fig. 5) were
probably not sufficient to outweigh the
thickness factor that seems to have caused
a greater subsidence in Dill than in DI.
Therefore, when developing new organic
soil areas and designing drainage systems
for these areas, predicting subsidence rates
based on organic soil thickness and other
factors (drainage, erosion etc.) becomes
equally important.

Drainage

Drainage performance and efficiency dur
ing the seven-year period were based on
watertable fluctuations, watertable pro
files between drains, and changes in
physical properties, namely bulk density,
drainable porosity, and hydraulic conduc
tivity.

Fluctuations in watertable depths
(WTD) and rainfall data observed between
1976 and 1982 are shown in Fig. 6. The
WTD values corresponded to the mean
measured at mid-way between drains or
ditches. The general trend between 1976

and 1982 was a gradual lowering of the watertable from 1976
to 1978 followed by a period (1978-1982) of quasi stability
when using average depth.

During 1976, the WTD in the three drainage experiments
and the forested site was similar, fluctuating between approx
imately 100 and 450 mm for the period of June, July, and
August (Fig. 6). In 1977, following the installation of the
subsurface drains in the DI and DII experiments, the WTD
during May through to July was lower in the DI experiment
than in the other areas.

In 1978, WTD measurements started late because of the

land preparation that included the initial soil plowing and
liming. The months of August and September were unusually
dry causing the WTD to drop to 1.00 m in the DI experiment.
The WTD in the forested site during September went down
to 570 mm.

Profiles of WTD between drains and ditches were selected

from different periods to describe the shape of the watertable
and possibly learn about the performance of the subsurface
and surface drainage systems in this organic soil. In 1981 and
1982, accurate values of watertable levels were obtained
within the drain pipe and very close to the drain and midway
between drains. The event described (Fig. 7) was during the
draining phase after a heavy rainfall on August 15-16, 1981.
Similar events occurred during other years, but this one was
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Fig. 6. Watertable depths and rainfall from 1976to 1982 for the drainage experiments and the forested site.

selected as a typical example for this soil. The greatest WTD
was recorded that year in early August. The watertable level
next to the drain was still above the drain suggesting poor
water movement into the drain.

In the DI experiment the watertable reached the surface on
the far side of the field and dropped from 180 to 300 mm from
the soil surface during the draining phase (line A and C, DI
Fig. 7). The watertable dropped approximately 200 mm be
tween August 17 and 19. Assuming a drainable porosity of
0.07, the drainage coefficient would be 7 mired" . In the
controlled drainage experiment (DII), the WTD was close to
600 mm from the soil surface during the same drainage
period (Fig. 7). Prior to the hydrological event on August 16,
the WTD at the drainage outlet was controlled at 600 mm
from the soil surface. The values measured on August 4 in the

drain pipe corresponded to this expected WTD (line D in DII,
Fig 6). Following the rainfall on August 15 and 16, the
watertable rose to the surface and dropped to 200 mm from
the soil surface in two days giving a drainage coefficient
similar to DI. This problem was often encountered in the DII
experiment because of the WTD that was set at 600 mm from
the soil surface. In the Dili experiment, the shape of the
watertable profile was flat and near 600 mm from the soil
surface on August 4, 1981 (line D, Dili, Fig. 7). Following
successive rainfalls on August 15 and 16, the watertable rose
to the surface and remained at less than 200 mm from the soil

surface for a few days. The lowering of the watertable was
much slower than in the other two drainage experiments and
only noticeable close to the ditches. The drainage coefficient
7.5 m from the ditch was similar to the ones found in DI and
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II, but near the centre of the field, the drainage coefficient
was less than 4 ram-d" . For this organic soil, drainage pro
vided by the 50 m spacing ditches was barely adequate for
carrot production and would cause machine trafficability
problems.

Physical properties

The dynamic nature oforganic soil physical properties, espe
cially during the development stages, causes drainage design
problems. Drainable porosity, bulk density, and hydraulic
conductivity are among the most important properties for
designing drainage systems and were examined between
1975 and 1981 (Table II).

Bulk density values for each drainage experiment and the
forested site are reported in Table II. The soil bulk density
values in 1975 were quite uniform down to about 500 mm in
all drainage experiments. Six years later in 1981, the soil
profiles were again sampled (Table II). Within eachdrainage
experiment six sites were chosen and themeans of each layer
werecomparedbetweenany two drainage experiments using
the paired t-test. Bulk density values were expected to differ
because of the drainage systems. The bulk density values
down the profile in the Dili experiment were significantly
lowerthan the values in the DI and the DII experiment at the
1% level. This increase in bulk density down the profile was
the result of the loss in buoyant force that Irwin (1977)
mentioned and the effect of the subsurface drains installed in
the DI and DII experiments. The increases ranged from 3.3
to 16.2% of the Dili experiment bulk density profile, the
greatest increase being located between 400 and 900 mm
from the soil surface.

The effect of cultivation practices on the increase in bulk
density values of the top 200 mm was also evaluated within
DI experiment in 1980 and 1981 (data not shown). No
significant differences in bulk density were found among
cultivation practices in 1980. Following a more detailed
study in 1981, the highest bulk densities were found in the
disking treatment. The impact of cultivation practices on
bulk density during 1981 meant that possibly during the early
stages of development, soil preparation is critical and a deter
mining factor of crop production. Although measurements
were made in the DI experiments only, under similar condi
tions, the effect of cultivation practice on bulk density in the
DII and Dill experiments was expected to be similar.

Drainable porosity values were calculated using the rela
tionship between rainfall events and a corresponding
watertable rise measured by the automatic water level re
corder. The estimates in Table II coincide with the soil

profile above the watertable which corresponded to a soil
depth of 250 to 750 mm below the surface. The values ranged
from 6.3 to 11.3% between 1975 and 1981 for the three
drainage experiments (Table II). The values decreased in
1981 and 1982 (values not shown) with a range of 6.3 to
8.7%. In the forested site, the mean values remained above
15% for most of the seven-year period. The decrease in
drainable porosity corresponded to an increase in bulk den
sity down the profile as explained above and shown in Table
II. Boelter (1969) reported a similar relationship between the
water yield coefficient (which is the basically the same as the
drainable porosity) and bulk density.
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Few hydraulic conductivity (HC) measurements were
made in 1975 and 1977, but in 1979 and 1980, at least three
test holes were made per drainage experiment. The mean HC
values for 1975 and 1981, are summarized in Table II. In
1981, a more detailed study of the area was undertaken to
measure the variability of HC values within the drained areas
with the forested area nearby. The coefficient of variability
was greater than 100% for Ki values and ranged from 50 to
110% for K2 values. Theorderof magnitude for Ki values in
the drainage experiments was DI > DII > DHL The Ki values
in the forested site were significantly greater than those in
DII and DHL

The hydraulic conductivity between 600-900 mm was
very low and highly variable for all drainage experiments
which explains the poor drainage conditions and the diffi
culty incontrolling thewatertable depth. Similar results were
reported ina nearby site using drain outflow tocalculate HC
(Millette and Broughton 1982). Levesque and Millette
(1977) found that the stratigraphy of the top 1.50 m was
difficult to establish because of the well decomposed nature
of the peat material. The HC values obtained from this well
decomposed layers were comparable to those reported by
Boelter (1965, 1969) which were less than 10 mnvd" for
humic material found in Minnesota. The layer between 1.50
and 2.50 m was composed mainly of sphagnum and hypna-
ceous mosses with unrubbed fibre content (> 0.15 mm)
ranging from 20 to 40% (Levesque and Millette 1977). The
HC values of this lower layer were also comparable to those
reported for humic material by Boelter (1969).

CONCLUSIONS

It was found that during the early stages of development,
rotovating the organic soil resulted in higher carrot yields in
three different drainage experiments. All treatments resulted
in significant increases in yields between 1979 and 1980
which meant that surface soil condition was probably the
single most important physical factor limiting carrot yield.

Average yearly losses in elevation for the drainage exper
iments between 1975 and 1980 ranged from 80 to 104 mm,
and between 1980 and 1982, the values ranged from 13 to 38
mm for DI and Dili, respectively. Soil subsidence was
greatly dependent on the thickness of soil. In Dill where the
soil thickness was 1.0 m more than in DI, the total loss in
elevation was 593 mm compared to 429 mm for DI. A visible
change in subsidence rate occurred in 1980, that is, a year
after the soil had been in cultivation. No subsidence was

recorded in the forested site.

Subsurface drains lowered the watertable by 300 to 400
mm the first year when compared to DII and DHL Further
cultivation and cropping in 1979 increased the drying rate of
the soil. In three out of four years, the deepest watertable was
found in DI where the subsurface drains flowed freely. At
tempting to maintain the WTD at 600 mm below the soil
surface resulted in the watertable rising near the surface
following heavy rainfall. Surface ditches were inefficient and
lowered the watertable near the ditches only.

Bulk density values increased and drainable porosity de
creased with time as expected. The bulk density profiles
observed in 1975 showed no significant differences among
the drainage experiments. Six years later, bulk density values

in DI and DII increased significantly down the profile when
compared to values found in DHL Hydraulic conductivity
values were very low and highly variable which partially
explained the poor drainage situation and difficult watertable
control.

Drainage and development of this organic soil has
changed its physical characteristics and increased its agricul
tural potential considerably. Subsidence of the organic soil
will have a great effect on the future development of this
area. When any new area isdeveloped and requires immedi
ate subsurface drainage, special attention should be paid to
the interrelationships between soil depth, drainage and subsi
dence. To avoid uneven settlement of fields, one should first
consider installing subsurface drains in the shallower areas
during the initial years of development.
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