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1981. Soil salinity: Effluent irrigation vs. creek water

In 1973, a study was initiated attheSwift Current Research Station todetermine thesuitability of using sewage effluent
asa source of irrigation water. Non-chlorinated effluent from theaerobic secondary lagoon of thecitysewage system was
applied toa 4-ha field of alfalfa with a side-wheel-roll sprinkler irrigation system. A nearby 6 m x 6 mcheck plot was
irrigated with thesame depth of water from the Swift Current Creek each time the 4-ha plot was irrigated with effluent.
Because of thehigh content ofsaltintheeffluent (EC = 2.5mmhos/cm), soil salinity was a major concern .Resultsfrom 5
yrofeffluent irrigation with leaching fractions ranging from 0.1 to0.16 indicate that the salt content inthe upper layers of
the root zone increased from a low level to a level close to that of the irrigation water, while salt contents in the lower layers
of the soildecreased substantially. Based on the mass balance concept, a predictive model wasdeveloped to estimatethe
long-term steady-state salinity profile. The data obtained from thefield agree reasonably well with themodel prediction.
From this study, it is also shown that alfalfa will grow well under irrigation with the Swift Current sewage effluent if
10-15% of the applied water is allowed to leach through the root zone. Oneffluent-irrigated soil, yields were markedly
higher than on soil irrigated with creek water.

INTRODUCTION

The disposal of sewage effluent by irri
gation is receiving increased interest
among farmers as well as civic authorities
in the Canadian Prairie Provinces. In addi

tion to agricultural benefits from the use of
sewage effluent as a source of water and
nutrients, effluent irrigation as an alterna
tive to tertiary treatment may be the most
economical disposal for treated sewage
effluent from a municipality (McKim et al.
1979; Oldham 1979).

In 1973, a pilot project was initiated at
the Swift Current Research Station in

cooperation with the City of Swift Current
to examine the suitability of using sewage
effluent as a source of irrigation water.
The relatively high content of salt in the
Swift Current sewage effluent was a major
concern.

This paper reports 5 yr of field research
in changes of salt content in the soil, as
well as alfalfa yield under effluent and
creek water irrigation. A predictive model
for estimating the long-term steady-state
salinity profile in the soil is also presented
and discussed The results from the model

were evaluated with the data obtained

from the field.

THEORY. PREDICTION OF

SOIL SALINITY UNDER

IRRIGATION

To prevent the buildup of salt in the soil,
irrigation must provide sufficient water
not only for crop growth, but also for
leaching excess salts out of the root zone
(Israelsen and Hansen 1962). The fraction
of water applied to the field that percolates
through the soil profile and drains below

the root zone is commonly referred to as
the leaching fraction (LF).

Generally, in a well-drained soil under
proper management practices, a steady-
state salinity profile will develop in the soil
after several years of irrigation (Jame and
Nicholaichuk 1979). It is this steady-state
equilibrium condition which is of most
concern to a successful, permanent irriga
tion project as it determines yield decreas
es that result from salinity.

The long-term salinity profile is control
led by the salinity of the irrigation water
and increases with depth with the highest
value near the bottom of the root zone

where the magnitude of the profile is det
ermined primarily by the degree of
leaching (Schilfgaarde et al. 1973). Thus,
salinity profiles in the soil may be rather
uniform and change relatively little with
depth when high leaching fractions are
used. With low leaching fractions, the re
sultant salinity profile will vary drastically
with salt concentrations approaching those
of irrigation water near the soil surface to
manyfold increases in concentrations near
the bottom of the root zone.

Raats (1974, 1977) discussed steady
flows of water and salt in soil profiles. A
simplified form of Raats' model was used
in this study. The equation relating the
long-term steady-state salinity profile in
the soil to the salinity of the irrigation
water and the leaching fraction was de
rived according to the following proce
dures:

At a steady-state water flow condition,
the mass balance for water can be given as

— = - \(x)
dx

(1)
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where V is the flux of water, x is the depth
in the profile with the origin at the soil
surface and positive in the downward posi
tion, and X. is the rate of water uptake by
the plant at different depths.

Integration of Eq. 1 gives
V = V(l- f„* Mx)dx (2)

where V0 is the water flux at the soil
surface.

The water flux at the bottom layer of the
root zone (Vd), i.e., x = L, is given by

Vd = V(, - i,t Ux)dx. (3)
Note that

JV- Mx)dx = T (4)
where T is the total rate of transpiration by
the plant.

If the rate of uptake, X, is given as
IT

Hx) (L-x) (5)

it would satisfy Eq. 4 and also it indicates
that 43.75% of crop water is taken from
the upper quarter of the root zone, 31.25 %
from the second quarter, 18.75% from the
third quarter and 6.25% from the lower
quarter of the root zone. This is somewhat
similar to the generally observed water
extraction pattern for irrigated crops (Pair
et al. 1975).

The balance of mass for salt at the

steady-state condition can be written as

dCV
0 (6)

dx

where C is the salt concentration of the soil

solution.

Integrating Eq. 6 gives

CV = C(,V0 (7)

where C0V0 is the flux of salt at the soil
surface.
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Introducing Eqs. 7 and 5 into Eq. 2
gives

that is

Co
(i - -) v„

c

r IT
jcjrfr (8)

(1-^)V„ 27,

LF = Va = v„-r
Vo V„

therefore

7"=(1-LF)V„ (11)

Introducing Eq. 11 into Eq. 9 gives

C = c°

(Lx - V2X2)
C L2

By definition, the leaching fraction, LF,
can be expressed as

I-(l-LF)-(2--)
L L

(9)

(10)

(12)

Equation 12 relates the salt concentra
tion of soil solution in the profile to the salt
concentration at the soil surf>~ and the

degree of leaching. Assuming a linear re
lationship between the salt concentration
and electrical conductivity of the soil solu
tion (ECSW), the equation relating the
steady-state salinity profile to the salinity
of irrigation water (ECiw) and the leaching
fraction (LF) is given as

£C,„.
EC„

i-d-uof(2-|;
(13)

It should be noted that because of direct

evaportation of water from the soil
surface, the salt concentration at the soil
surface is not the same as the concentration

of the irrigation water. Therefore, when
using Eq. 12 to predict concentrations of
the soil solution, the concentration of the
irrigation water should be adjusted by con
sidering the rate of evaporation from the
soil.

Although Eq. 12 is based on steady-
state flow conditions, it is believed that the
equation is also applicable for the approxi
mate prediction under the long-term aver
age or quasi-steady-state conditions.

MATERIALS AND METHODS
Field Test

A 4-ha site, located northeast of the City
of Swift Current, was selected for this
study. The area is situated on a height of
land north of the sewage lagoon. Non-
chlorinated effluent from the aerobic sec

ondary lagoon of the city sewage system
was sprayed onto the field with a 335-m
side-wheel-roll sprinkler system.

Alfalfa (Medicago media 'Roamer')
was seeded on the test area in the spring of
1973. Thirteen light irrigations for a total
of 19 cm of water were applied to assure
good stand establishment. Irrigation
scheduling was adopted, starting in 1974,
by using the balance sheet technique
(Korven and Wilcox 1965). Effluent was
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applied whenever the total available water
in the top 120 cm of soil was reduced to
50%.

The area was previously in a 2-yr wheat-
fallow rotation. Most o"the soils in the test
plots belong to the well-drained Orthic
Brown soil, a Birsay association of the
Chernozemic Brown great group. The
surface soil was a loam to fine sandy loam
surface texture, and it was underlain by
glacial till (Ayers 1973, Unpubl. data).
The topography of the area is gently slop
ing (2-5% slopes). This orthic soil with a
well-developed soil profile is regarded as
one of the most desirable types of soil for
general agricultural use in this region.

A nearby check plot, 6 m x 6 m, with
the same type of Orthic Brown soil was
irrigated with the same depth of water
from the Swift Current Creek each time the
4-ha plot was irrigated with effluent.

Soil salinity was determined by measur
ing the electrical conductivity of the
saturation extract as specified in the U.S.
Dep. Agric. Handbook No. 60 (U.S.
Salinity Laboratory Staff 1954). Soil sam
ples for analysis were collected from two
locations in the creek-water-irrigated plot
and from five locations in the effluent-

-ater-irrigated area. They were taken
from depths of 0-15. 15-30, 30-60, 60-90,
90-120, 120-150, and 150-180 cm twice
every year in early spring and late fall.

Irrigation was managed so as to maxi
mize crop production rather than to maxi
mize effluent disposal. Initially, the ap
plication rate was matched closely with the
water requirements of the alfalfa crop. The
leaching requirement for the removal of
accumulated salts in the root zone was to

be satisfied by snowmelt water but not by
excessive application of effluent. Howev
er, results from the first 2 yr of study
indicated that there had been insufficient

snowmelt to meet the leaching require
ment. As a result, the salt content in
creased more than expected in the upper
layers of the soil. In order to control soil
salinity, the effluent application rate was
then increased to allow a certain amount of

the water to pass through the root zone.
The average electrical conductivity of

the irrigation water (ECiw) and total
amount of water applied from 1974 to
1977 are listed (Table I).

ECiw of the irrigation waters were ad
justed by considering the dilution effect of
precipitation (Table I). These adjusted
conductivities were obtained by taking the
weighted average of the conductivities of
the rainwater and the irrigation water less
15% of the total applied water which was
assumed to evaporate direct from the soil
surface. The electrical conductivity of

rainwater was assumed to be 0.1 mmhos/
cm. The average adjusted EC of the
effluent and creek water were close to 2.0
and 0.6 mmhos/cm, respectively.

RESULTS AND DISCUSSION
The model was tested by comparing the

experimental results obtained by Bower et
al. (1969) and Rhoades et al. (data
obtained from Schilfgaarde et al. 1973) to
the model prediction. Figures 1 and 2
show the calculated long-term steady-state
salinity profiles (expressed as the electric
al conductivity of the soil saturation ex
tract ECe) agree well with the measured
values. Converting the salt concentration
of the soil solution to the electrical con
ductivity of the soil saturation extract is
based on the assumptions: (1) soil mois
ture contents in irrigated soils were at the
field capacity (FC) with the exception of
the upper quarter of the root zone where
moisture contents changed linearly from
saturation to FC; (2) the electrical conduc
tivity of soil water at FC is double that of
ECe; and (3) 15% of the irrigation water
evaporated directly from the soil surface.

The annual water requirement of alfalfa
in the Swift Current area varies from a
minimum of 46 cm to a maximum of 68

cm. Depending upon evaporative demand,
it normally falls between 57 and 61 cm
(McElgunn and Heinrichs 1975; Pohjakas
et al. 1967). The average total water ap
plication (rain and irrigation water) over
the 4 yr of this study was about 68 cm/yr.
Hence, the estimated leaching fraction
was in the range of 0.1-0.16, which is
lower than the leacing requirement of 0.25
suggested in earlier U.S. guidelines (U.S.
Salinity Laboratory Staff 1954; Bernstein
1964; Bower et al. 1969).

The changes in salinity profiles from
1973, before irrigation, to the fall of 1977
after five growing seasons under effluent
irrigation are given in Fig. 3. The salt
content in the upper layers of the root zone
increased from a low level in 1973 to a

level close to that of the irrigation water in
1976, while salt contents in the lower
layers of the soil decreased substantially.
By 1977, the salinity profile stabilized as
evidenced by minor changes in salt con
tents in the whole profile. Also shown in
Fig. 3 are long-term steady-state salinity
profiles for leaching fractions ranging
from 0.1 and 0.25. The projected salinity
profiles, expressed in terms of ECe, were
obtained from Eq. 12 assuming a 200-cm
root zone.

After 5 yr of effluent irrigation, the
measured ECe values in the upper layer of
soil, except at the soil surface, appear to be
in good agreement with the calculated
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TABLE I. RAINFALL , IRRIGATION WATER APPLICATION AND QUALITY

ECj„ (mmhos/cm)

SF+ CW?

Irrigation
application Total water applied (cm)

Adj. EC of
water (mm

SF

appliedS
los/cm)

Year (times) I "rigation Rainfall Total CW

1974

1975

1976

1977

2.72

2.08

2.00

3.07

0.76

0.65

0.60

0.75

5

6

6

6

36

40

44

50

31 67

23 63

24 68

23 73

1.73

1.56

1.53

2.45

0.53

0.51

0.49

0.63

+SF. sewage effluent.
tCW, creek water.
SAdj. EC. adjusted by considering dilution effect of precipitation.
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Figure 2. Calculated salinity profile ascompared to measured values obtained byRhoadeset al

(data obtained from Schilfgaarde et al. 1973).
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long-term salinity profiles. In lower layers
of soil, the measured salt contents were
slightly lower than those of the expected
values for leaching fractions of 0.1-0.16.
The small differences are probably due to:
(1) leaching from the snowmelt water in
the spring; and (2) overestimation of the
consumptive use of water by alfalfa.

Near the soil surface, the salt content

was found to be higher than predicted.
Generally, the salt content of the effluent
is higher in the late fall. In addition, the
soil samples for analysis were taken a
month after the last irrigation. During this
interval, a certain amount of water moved
to the surface and salts were deposited
when the water evaporated. During the
irrigation season, the salt content of the
surface layer would be lower than indi
cated in the figure.

In the plot irrigated with creek water.
soil salinity in the upper layer of the soil
remained virtually unchanged, while a
substantial decrease in salt occurred in the

lower layers (Fig. 4). The measured ECe
values in the profile agree well with the
calculated long-term salinity profile. Only
small differences were observed at the

lower layer of the soil as a result of a
slightly higher degree of leaching than ex
pected. The measured ECe values were
slightly lower than those of calculated
values.

A comparison of salinity profiles as the
result of effluent irrigation and creek water
irrigation is presented in Fig. 5. After 5 yr
of irrigation, the salt content in the
effluent-irrigated soil was more than triple
that in the creek water-irrigated plot.

Yields of alfalfa were found to be higher
for soils irrigated with effluent as com
pared to creek water (Fig. 6). The salinity
profiles (Fig. 5) suggest that some yield
reduction might be expected in the
effluent-irrigated soils compared to that of
creek water irrigation. Maas and Hoffman
(1977) found that a 7.3% yield reduction
of alfalfa for each 1.0 mmhos/cm increase

in ECe above the threshold value of 2
mmhos/cm. However, the higher N and P
nutrient loading of the effluent irrigation
water (Bole and Biederbeck 1979) has un
doubtedly masked the yield reduction that
might be expected from salinity.

Several researchers (Bernstein and

Francois 1973; Schilfgaarde et al. 1974;
Rhoades 1974) have pointed out that with
low LF, a steady-state salinity profile
tends to develop in the soil. The concentra
tion increases gradually from a level near
the surface, controlled by the salinity of
the irrigation water, to a level near the
bottom of the root zone, determined

primarily by the size of LF. Since the crop

33



Or /
1 /

a,' m
Range Of Expected Salinity
Profile Between LF = 0.1

And 0.25

5/6 /73

6/I0/75

— •— 12/ 10/77

/

;%50

E
o

X 100
r-

0.
UJ
Q

150

• \. M
m

H
mm

m ::^S.

m
200

2 4 6 8 1

ECe , mmhos/cm
Figure 3. Salinity profiles under effluent irrigation.

E
v

a.

UJ
Q

50-

100

150-

' w Range Of Expected Salinity

i k-U'(0, Profile Between LF= 0.1
p. "•'•'"'" And 0.2

1\ 5/6/73

• \\ 6/10/75

12/10/77

\
f

\
1 1 1 1 I

0 r

50

e
o

f 100
o.

V

a

150

200

° 12000-

X

O 10000

UJ

>-

8000

12

g 6000

<

Before Irrigation - 5/6/73

Effluent Irrigation -
12/10/77

Creek Water Irrigation -

12/10/77

_l_

4 6

ECe, mmhos/cm

Figure 5. Comparison of salinity profiles between effluent irrigation
and creek water irrigation.

_L

8

_l_

10

x—x Effluent Irrigation

o-—o Creek Water Irrigation
/

o

j_ _u
200

2 4 6 8 IC

ECe, mmhos /cm

Figure 4. Salinity profiles under creek water irrigation.

74 75 76

YEAR

77 78

extracts most of its water supply from the
upper layers of the soil where the salt con
centration is lowest, a lower leaching frac
tion can be used without fear of significant
yield reduction.

The long-term steady-state salinity pro
files obtained from the model discussed in

this paper support the findings of other
researchers. After 5 yr of field studies, it
has been demonstrated that the model can

reasonably predict the steady-state salinity
profile in the soil under irrigation.

Results from this study indicate that alf
alfa will grow well under irrigation with
the Swift Current sewage effluent if
10-15% of the applied water is allowed to
leach through the root zone. Although the
salt accumulation was greater in the soils
irrigated with effluent water, the yields
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Figure 6. Alfalfa yield under effluent irrigation and creek water
irrigation.

were higher due to the higher nutrient
loading in the sewage water.
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