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INTRODUCTION

Reclamation of waterlogged, salt-
affected soil requires removal of excess
water and salt from the root zone. In arid
and semiarid climates, it has been general
ly agreed that the water table should be
lowered to a depth of 150 cm or greater
(6, 8, 9). This depth is greater than that
of the normal root zone but has been

considered necessary to prevent resalin-
ization of the reclaimed soil through
capillary movement. To lower the water
table to this depth, usually the drains
must be placed deeper still (6).

Costs and problems of installing drains
increase with depth of installation. Thus
it is advantageous to install the drains as
shallow as practicable. It is recognized
that groundwater flow toward drains is
radial where the soil is isotropic and the
impermeable layer is deep (2, 4, 7, 9),
that is, the flow lines extend below the
depth of the drains. The depth of radial
flow is a function of drain spacing, depth
to the impermeable layer, soil permeabil
ity, and soil isotropy (9). Therefore, it
might be feasible, with shallow drains, to
lower the water table sufficiently to
permit normal root activity, to flush out
excess salts to depths somewhat lower
than the drain, and, by careful manage
ment, to prevent resalinization. This
proposition was tested on a field scale in
a semiarid continental climatic zone (3)
at Vauxhall, Alberta.

PROCEDURE

Eight subsurface drains 125 m long
were installed 1.25 m deep and 25 m
apart across a field 125 X 200 m. The soil
in the plot area was a Shallow Chin loam
(1) overlying loamy sand, except in the
lower midsection, between drains 3 and
6, where the texture of the subsoil was a
fine sandy loam. Across the bottom of
the plot area, the texture of the subsoil
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changed abruptly to a clay loam, creating
a subsoil drainage barrier, which caused
the water table to build up above the
critical depth of 150 cm and the soil to
become salinized. Depth to the imperme
able layer in the plot area exceeded 4.5
m. In 1968, when the drains were instal
led, the field was levelled to 0.000 trans
verse and 0.006 downfield grade, planed,
seeded to oats, and irrigated three times
in the fall with about 7 cm of water each
time to settle the soil and to flush the

drains. In 1969, the field was resurveyed,
levelled again where necessary, planed,
border-diked at 12.5-m intervals (with the
dikes being over and midway between the
drains), and seeded to a salt-tolerant grass
mixture (Agropyron elongatum (Host)
Beauv. and Festuca arundinacea Schreb.)
Also in 1969, observation wells of 19-mm
i.d. perforated iron pipe were installed 2
m deep midway down the field at
distances of 0.8, 1.5, 3.1, 6.2, and 12.5 m
from each drain.

Intensive leaching was carried out with
five, six, and two irrigations in 1969,
1970, and 1971, respectively, in addition
to natural precipitation. Irrigations were
applied at 2- or 3-wk intervals during the
growing season, except when there was
excess precipitation. In 1972 and 1973,
the field was irrigated to meet the mois
ture requirements of the crop ("normal"
irrigation), and the rate of resalinization
was observed. There was no runoff and

essentially no drain discharge under
normal irrigation.

To leach the field, it was irrigated
sufficiently on 2 consecutive days to raise
the water table to the soil surface.

Usually, 6-7 h were required the 1st day
and 4-5 h the 2nd day, applying a total of
15-20 cm of water. The amounts of water

applied and lost in runoff were measured,
and the amount of water infiltrating into
the soil was determined. Drain discharge
was measured at variable intervals, using a
calibrated container and a stop watch, to
follow changes in discharge.

Irrigation, runoff, and drain waters
were sampled at each irrigation in 1969,

1970, and 1971 and were analyzed for
salinity. Also, groundwater was sampled
from the observation wells in the fall of

1971, 1972, and 1973, and these samples
were analyzed for salinity.

Water table fluctuations were deter

mined by measuring, at variable time
intervals, depth to water in the observa
tion wells. The time intervals varied from
6 to 8 h for the 1st 24 h after irrigation
to every 24 h thereafter until the water
table stabilized.

Soil samples were collected each
autumn to a depth of 300 cm and were
analyzed for salinity. Two sets of
samples, 152 cm from and at one-quarter
and three-quarters of the distance along
the drain, were collected from each drain
area.

RESULTS

That drainage in the subsoil was rapid
is indicated by the rate of water table
recession and the rate at which the water
table levelled off between the drains
(Figure 1). The general groundwater
'mound' between drains 3 and 6 is attrib

uted to the finer textured subsoil in this
region, which drained more slowly than
the soil of the rest of the field.

Rate of drain discharge increased
annually, indicating better drain perform
ance and improved water transmission in
the soil with time. The mean peak of
drain discharge increased from 379
ml/min/m in 1969 to 824 ml/min/m in
1971. The time required for the water
table to recede a given amount in 1971
was notably less than that in 1969. Soil
moisture at time of irrigation affected the
amounts of water infiltrated into the soil
and discharged through the drains: the
drier the soil, the more water that was
required before the drains began to flow.

In 1969 and 1970, when the soil was
saturated much of the time, about half of
the water that infiltrated into the soil was
recovered through the drains (Table I).
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1. Section through middle of field, showing drain positions and groundwater depth before
and at various times after irrigation.

TABLE I AMOUNTS OF WATER APPLIED AND RECOVERED

Water applied1"
(cm)

Surface runoff

water

(cm )

Infiltrated

water

(cm)

Total drain

discharge water
(cm)

111 34

1969

77 39

121 25

1970

96 43

39 2

1971

37 14

* Total as irrigation + precipitation.

TABLE II AMOUNTS OF SALT APPLIED AND REMOVED IN IRRIGATION AND
DRAINAGE WATER

Salt applied with
irrigation water

(kg/ha)

Salt in

runoff

(kg/ha)

Salt in

drain water

(kg/ha)

Net salt removed

from soil

(kg/ha)

2,081 204

1969

7,230 5,353

2,540 146

1970

7,307 4,913

957 11

1971

1,962 1,016

Assuming an evapotranspiration of 60-65
cm annually, as it was for grass 3 km
away (5), it is evident that essentially all
of the excess water in the soil was

recovered through the drains. Thus,
almost all the salts leached from the soil

were discharged through the drains.

Salt discharge through the drains
(Table II) was greatest in 1969, the
greatest amount occurring at the first
irrigation before any crop was established
and when evapotranspiration was low.
However, the average salt content of the
drain water was nearly constant through
out 1969 and 1970 (mean EC6 = 3,656
and 3,450 for 1969 and 1970); discharge
of salt averaged 68 kg/ha/day while the
drains were flowing. But the number of
days on which the drains flowed
decreased with leaching operations. Thus
the greater amount of salt discharged in
1969 was due to longer periods of drain
flow, presumably because subsoil permea
bility was lower and because a greater
proportion of the infiltrated water was
transmitted through the soil since evapo
transpiration requirements were low.

Reductions in the soluble salt content

(EC3) of the soil was evident to a depth
of 240 cm (Table III), even though the
drains were only 125 cm deep. The
greatest reductions occurred in the sur
face 30 cm between August 1968 and
October 1969. Thereafter, the changes to
1972 were small. In 1973, after 2 yr of
normal irrigation, small increases in EC3
were found in the 30- to 240-cm zone.
Salt removal from the surface 120 cm of
soil occurred only in the 1st yr but salts
continued to be leached annually through
1972 from the 120- to 240-cm zone.

Similarly, the greatest reduction in
sodium adsorption ratio (SAR) was in the
1st yr (Table IV), and it occurred in the
surface 30 cm of soil. In 1972, the 1st yr
of normal irrigation, the SAR tended to
increase at depths below 30 cm, 1 yr
before the similar increase in soluble salt
content (Table III). Sodium, being the
more mobile, responded more quickly to

TABLE III MEAN1" ELECTRICAL CONDUCTIVITY (EC) OF THE SOIL

Avg for

Soil depth (cm) soil depth (

0-120

:m)

Sampling
date 0-15 15-30 30-60 60-90 90-120 120-180 180-240 240-300 120-240

Aug. 1968 8.78 7.97 4.71 3.77 3.37 3.23 3.09 2.90 5.69 3.17

Oct. 1969 3.12 3.67 3.77 3.22 3.17 3.09 3.04 3.22 3.39 3.07

Oct. 1970 3.06 4.15 4.14 3.66 3.29 3.14 2.91 2.88 3.66 3.02

Sept. 1971 3.32 5.69 4.18 3.30 2.52 2.23 2.44 2.91 3.80 2.34

Sept. 1972 3.19 4.88 3.77 2.78 2.51 2.28 2.29 3.12 3.44 2.29

Sept. 1973 2.65 4.27 4.62 3.00 2.56 2.42 2.80 3.01 3.41 2.61

f Values are means of 18 measurements.
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normal irrigation than did calcium and
magnesium.

The tendency for the soil to become
resalinized when normal irrigation was
resumed was also indicated in the ground
water (Figure 2). After intensive leaching
was stopped, the salt concentration in the
groundwater tended to increase each
year. The concentration peaks tended to
be at the drains and midway between
them, which was also where the border
dikes were located.

DISCUSSION

The use of shallow drains for reclaim

ing this soil was shown to be possible.
The subsoil was somewhat isotropic, and
depth to the impermeable layer and drain
spacing were sufficient for radial flow of
groundwater toward the drains to be an
effective mechanism for removal of salts
below drain depth. Even though the
surface 120 cm was reclaimed in the 1st

yr, successive leaching continued to re
move salts from the soil to depths of 240
cm, creating a 'salt sink' to be flushed out
should it become resalinized; the larger
the sink, the more salt that can be
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accommodated before leaching is re
quired.

From the small increases in salt in the

soil and groundwater in 1973, it appears
that the soil will become resalinized

slowly under normal irrigation practice.
The sources of salts comprise the irriga
tion waters, laterally flowing ground
water, and weakly soluble salts previously
precipitated in the soil. Under normal
irrigation, less than 1,000 kg salt/ha will
be added annually through the irrigation
water. If this were the only source of salt
and there were no loss through drainage,
then it would take about 11 yr to replace
the amount of salt flushed from the soil.
From the slow rate of resalinization, it
appears that movement of salts into the
sink from outside and resolution of
weakly soluble salts already in the soil are
not large contributors to salinization.
Undoubtedly, the grass cover has an
important bearing on retarding resaliniza
tion since it reduces migration of salts to
the surface.

There is some indication that the soil

may eventually become sodic after a few
reclamation cycles. The SAR showed an
upward trend in the 120- to 300-cm depth
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Figure 2. Electrical conductivity (EC6) of the groundwater, through the middle section of the
field, sampled in September of 1971, 1972, and 1973.

1 yr earlier than did the EC3. Fortun
ately, the SAR of the irrigation water
(1.1-2.4) is considerably less than that of
the soil, which should retard or even
prevent the soil becoming sodic. If the
soil does become sodic, then it is foresee
able that calcium amendments will be

needed occasionally to displace the
sodium.

Although shallow drains have been
used successfully to reclaim this soil, they
may not be as successful in some other
soils. If soil conditions are not conducive

to radial flow of groundwater toward the
drains, removal of salt below the drains
will be limited.

SUMMARY

A saline soil was reclaimed, using
shallow drains (1.25 meters deep). The
water table was lowered sufficiently to
allow normal root activity, and then,
through the mechanism of radial flow of
groundwater toward the drains, salts were
leached from the soil to depths greater
than that of the drains. In the surface 120

centimeters of soil, most of the salts were
flushed in the first year but salts contin
ued to be flushed from depths to 240
centimeters in the second and third years
of leaching.

Slow resalinization was indicated after

normal irrigation was resumed, and re
clamation procedures may be required
again after some years. It is possible that
the soil will eventually become sodic after
a few reclamation cycles, in which event
calcium amendments will be required.

ACKNOWLEDGMENT

The study was initiated in 1968 by E.
Rapp, now at the Department of Agricul
tural Engineering, University of Alberta,
Edmonton, Alberta.

TABLE IV MEAN1" SODIUM ADSPORTION RATIO OF THE SOIL

Avg for

Sampling
Soil depth (cm) soil depth (<:m)

date 0-15 15-30 30-60 60-90 90-120 120-180 180-240 240-300 0-120 120-240

Aug. 1968 13.00 13.04 8.93 6.71 6.37 6.06 6.57 7.39 9.61 6.32
Oct. 1969 3.76 4.38 5.62 6.04 5.86 6.19 6.36 6.79 5.13 6.28
Oct. 1970 2.89 5.49 6.77 6.84 6.17 6.43 6.64 6.79 5.63 6.54
Sept. 1971 3.66 6.77 6.92 6.33 5.00 4.93 5.81 6.44 5.74 5.37
Sept. 1972 3.85 6.76 7.41 7.60 7.42 6.19 5.90 7.10 6.60 6.05
Sept. 1973 2.57 5.41 7.09 6.40 6.08 6.01 6.66 7.16 5.51 6.34

Values are means of 18 measurements.
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