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S.h.WAGE EFFLUENT IRRIGATION: I. CHEMICAL COMPOSITION OF INPUTS 

AND ASSOCIATED SALT AND NUTRIENT CHANGES IN ::OIL 

W. Nicholaichuk and V. 0. Biederbeck * 

INTRODUCTION 

In 1973, the Research Station in co-operation with the City of 
Swift Current established a pilot project to examine the suitability 
of using se~age effluent as a source of irrigation water. A 6-ha site 
northeast of the city was selected for the study. It is a high, gently 
sloping, well drained area with clay loams of the Birsay Association, 
Chernozemic Brown great group, underlain by glacial till (Ayers, 1973). 
The Orthic Brown soil, occupying the intermediate slopes is the dominant 
series. The test area, which was seeded in June 1973 to Roamer alfalfa, 
provides for three different treatments. These are irrigation with 
municipal sewage effluent, irrigation with Swift Current creek water, 
and a dryland check strip. 

Before irrigation, the soils were sampled in detail to determine 
initial physical, chemica.l,and microbiological characteristics, and a 
network of instruments was installed (neutron tubes for measuring soil 
moisture, and piezometers for collecting leachates that might move 
through the profile). A 335-m wheel-mounted sprinkler system was used 
to apply the effluent. 

In this project, irrigation is managed so as to maximize crop 
production without causing environmental damage rather than to maximize 
waste-water disposal. Thus, the liquid application rate is mptched 
closely with the water requirements of the alfalfa crop. The leaching 
requirement is derived from snow melt and not from an excessive applica
tion of effluent. Consequently, no nutrients have so far been lost from 
the root zone by leaching during the irrigation season, and no significant 
amounts of leachate have been detected in the piezometers during 1973 
and 1974. 

This paper will summarize the chemical composition of the inputs 
and the associated salt and nutrient changes in the soil after two seasons 
of irrigation. 

RESULTS AND DISCUSSION 

Nitrogen 

The amounts of liquid and N applied during Dhree irrigation 
seasons were low (Table 1) because application is restricted to equal 
net evapotranspiration of the crop and because the effluent from the 
large and shallow aerobic sewage lagoons at Swift Current is relatively 

"clean". NH4 -N accounted for more than ha,lf the total N (51-61%) while 
nitrate levels were insignificant. The bulk of the effluent N is 
considered to be readily available to the irrigated crop since the 
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Swift Current, Sask. 
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Table 1. Liquid and nitrogen loadings applied with 
irrigation at Swift Current 

Effluent Total Forms of nitrogen 
Period added in N Organic-N NH4-N N03-N em kg/ha 

--------- kg/ha ------~----
June 27 -
Aug. 28, 1973 20 25 11 14 0.5 

June 18 -
Sept. 18, 1974 36 38 15 23 0.5 

June 10 -
Sept. 16, 1975 41 51 25 26 0.5 

anunonium can be directly absorbed by the roots and the organic N would be 
rapidly mineralized in the moist surface soil. When alfalfa was irrigated 
with creek water, liquid application rates were identical with effluent 
irrigation but, as expected, the total N added via creek water was less than 
10% of that added with effluent during each of the three irrigation seasons. 
The creek water N also differed in composition--organic N was higher than 
in the effluent. 

Table 2. Nitrogen budget for irrigated alfalfa plots at 
Swift Current (May 1973 - October 1974) 

Sources and sinks 

Available N in soil (0-180 em) 
prior to start of irrigations 

Total N applied with irrigations 

Sum 

Total N removed with two cuts 

1beoretical amount of available 
N remaining in soil 

Available N found in soil (0-180 em) 

Net gain of available soil N by 
symbiotic fixation and mineralization 

Nitrogen (kg/ha) 
Creek water 

irrigat~d site 

200 

5 

205 

193 

12 

132 

120 

Effluent 
irrigated si'lv.e 

233 

63 

296 

222 

74 

172 

98 
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A nitrogen budget covering two seasons was prepared for both 
irrigation treatments on the basis of soil mineral N changes to a depth 
of 180 em (6 feet), N input via irrigations, and N removal via forage 
harvest (Table 2). It shows that N added with creek water (CW) and with 
effluent irrigation was equivalent to only a small fraction (2.6 and 28%, 
respectively of the N removed with two cuts of alfalfa. 

The decrease in soil mineral N also accounted for only 35 and 27%, 
respectively, of the total N in the harvested CW and effluent irrigated 
foliage. Consequently, a large and similar net gain in soil mineral N 
had occurred with both irrigation treatments. The actual gain of nitrogen 
in this soil-plant system must be much higher than is indicated in Table 2, 
because these calculations did not take into account the large amount of 
N in the alfalfa roots and crowns, estimated to amount to another 150-
180 kg N/ha for a total gain of 250-300 kg N/ha. 

In comparison to the nitrogen requirements of most agricultural 
crops the N input provided by the effluent per se in this type of spray 
irrigation is clearly unsatisfactory for maximum crop production, 
particularly if nonlegumes are to be grown. 

On the basis of these preliminary findings and in view of its 
high water consumption, extensive root development, potential self
sufficiency for N and its high nutritional quality, alfalfa can be 
recommended as the ideal crop for the most effective utilization of 
wastewater irrigation schemes. 

Phosphorus 

The amount of total phosphorus applied during three irrigation 
seasons ranged from 18 to 40 kg/ha (Table 3) which was a function of the 
amount and quality of the effluent applied. The average NaHco3-P in 
the effluent accounted for 36% of the total phosphorus applied. 

Table 3. Liquid and phosphorus loadings applied 
with irrigation at Swift Current 

Effluent Total P NaHCO~-P 
added in kg/ha kg/ a 

em 

June 27-
Aug. 28, 1973 20 18 8 

June 18-
Sept. 18, 1974 36 25 12 

June 10-
Sept. 16, 1975 41 40 6 
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The total phosphorus content of effluent compared to that of creek 
water was,on an average for three years,about 35 to 1. As a result, there 
may be substantial benefits to be gained in terms of utilizing sewage 
effluent as a source of irrigation vrater. 

An NaHC03-P budget covering two seasons was prepared for both irriga
tion treatments on the basis of soil changes to a depth of 180 em, bicarbonate-P 
input via irrigations, and remvoal via forage harvests (Table 4). The NaHC03-P 
removed by the alfalfa irrigated with effluent was slightly less than that 
added by the application of sewage effluent. 

Table 4. Plant available phosphorus budget for irrigated 
alfalfa plots at Swift Current 

(Hay 1973-0ctober 1974) 

NaHC03-P (kg/ha) 
Sources and sinks 

Available P in soil \0-180 em) 
prior to start of irrigation 

NaHco3-P applied with irrigation 

Sum 

NaHC03-P removed with two cuts 

Theoretical amount remaining in soil 

NaHC03-P found in soil (0-180 om) 

Creek water 
irrigated site 

54 

1 

55 

13 

42 

81 

Net gain of available P by mineralization 39 

Iiiffluent 
irrigated site 

42 

19 

61 

16 

45 

82 

37 

There was a net gain of bicarbonate-P in the soil, probably due to 
mineralization of organic phosphorus. A review of tota~ phosphorus data, 
when it becomes available, may indicate the source of phosphorus that was 
gained by the system. It is conjectured that intermittent wetting and drying 
which. is conducive to active microbial activity contributed significantly 
to this gain. 

In summary, it is evident that the phosphorus demand was easily met 
by effluent applications in the study. In fact, when considering only 
bicarbonate-P, the amount added via effluent was equal to that removed each 
year as harvestable herbage. 
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Potassium (NaHCO~ 

The amount of bicarbonate-K applied using sewage effluent was 
on the average 2.5 times the amount derived from creek water (Table 5). 
Generally, Saskatchewan soils are not deficient in potassium. However, 
there is a definite amount to be gained from the application of effluent. 

Table 5. Liquid and bicarbonate-potassium loadings 
applied with irrigation at Swift Current 

Period 
Irrigation NaHC03-K (kg/ha) 
application 

lcm) Creek water Sewage effluent 

June 27-August 28, 1973 20 11 58 

June 18-Sept. 18, 1974 36 26 80 

June 10-Sept. 16, 1975 41 47 95 

In a budget for bicarbonate-K (Table 6) removed from the soil, 
the amount removed from the soil differs by only 57 kg/ha for the two 
treatments. Net loss to the plant system was 122 kg/ha for the effluent 
treated compared to the 179 kg/ha forthe creek water irrigated soils. 

Table 6. Potassium balance of creek water and 
effluent irrigated Birsay soil 

Creek water Effluent 
Sources and sinks irrigated site irrigated site 

kg/ha kg/ha 

Prior to irrigation (June 1973) 
NaHC03-K to 180 em 

NaHCOJ-K added with irrigations in 
1973 and 1974 

Total 

NaHC03-K present in the soil after 
two seasons (Oct. 15, 1974) or 
irrigation to 180 em depth 

Difference 

2607 2772 

37 138 

2644 2910 

2465 2789 

179 122 
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Salt Effects 

Over three years the average total salt load applied by the effluent 
was about four times that found in the creek water (Table 7). Based on 
electrical conductivity standards for irrigation water, sewage effluent would 
be considered acceptable as a source of irrigation water provided it was well 
managed. Based on u.s.D.A. standards (Richards 1954), the sewage effluent 
with an SAR ranging from 2. 7 to 3. 5 is considered to be 11 low-sodium" water 
that can be used for irrigation on almost all soils with little danger of 
harmful levels of exchangeable sodium. 

Table 7. Total salt loadings and SAR of applied sewage effluent and 
creek water irrigations at Swift Current 

Creek water Sewage effluent 
Irriga- Total Total Period tion E. C. E. c. 
amount (nunhos/cm) salts SAR (mmhos/cm) salts SAR 

(kg/ha) (kg/ha) 

June 27-
Aug. 28/73 20 0.8 662 1.8 2.8 33.38 2.7 

June 18-
Sept. 18/74 36 0.6 1754 1.8 2.0 6349 .3.0 

June 10-
Sept. 16/75 41 o.6 1434 1.4 2.1 5506 3.5 

A salt budget (Table 8) for the orthic Birsay soils irrigated with 
sewage effluent and creek water indicated a decrease in total salts in the 
creek water irrigated site and an increase in the effluent irrigated area. 
The increase in total salts in the effluent irrigated area might be attri• 
buted to an upward movement in salts from below the 180 em depth, since 
the theoretical amount expected is much less than the measured salts present. 
Consequently, one might suggest that there has been insufficient amount of 
effluent applied to meet the leaching requirement for the soil. 

A further review in detail of the average change in the salts within 
the profile (Table 9) indicates that on creek water irrigated soils, there 
has been a substantial reduction in salt concentration at the lower depths. 
In contrast, there has been a net accumulation of salts in the upper levels 
of the soils irrigated with sewage effluent. However, the variability within 
treatment is so large that apparent differences between treatments cannot be 
regarded seriously at this time. 

Noting the SAR's of the effluent irrigated soils (Table 9) it is 
evident that the SAR of the sewage effluent applied is compatible with that 
of the soil. According to Ciaccio (1971) it is most desirable to attain a 
steady-state condition in which the SAR value of the soil approximates the 
SAR of the applied irrigation water. 
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Table 8. Salt balance of creek water and effluent 
irrigated orthic Birsay soils 

Sources and sinks Creek water 
irrigated site 

Prior to irrigation (June 6, 1973) 32,351 !11,284 
total salts to depth of 180 em (6 1 ) 

Salts added with irrigation in 2,416 
1973 and 1974 

Theoretical salt accumulation in 34,767 
the soil 

Total salts as measured in the soil 21,156 !4,543 
after two seasons of irrigation 
(Oc. 15, 1974) to 180 em 

Effluent 
irrigated s:tte 

25,070 !20,592 

9,687 

34,757 

40,928.:!:. 19,432 

Table 9. Average SAR for the orthic Birsa.v soils irrigated 
with sewage effluent and creek water for two seasons 

Depth 
(em) 

0- 15 
15- 30 
30- 60 
60- 90 
90-120 

120-150 
150-180 

Creek water - irrigated site 

SAR Salt change 
(kg/ha) 

1.4 +1386 
1.4 +208 
1.0 +150 
2.2 +391 
4.6 -2598 

17.0 -3906 
13.2 -4516 

Effluent - irrigated site 

SAR Salt change 
(kg/ha) 

3.1 +2344 
3.6 +1328 
0.6 +3711 
0.9 +5177 
1.2 +249l 
1.7 +3880 
2.7 +682 

Note: + indicates an increase in salt concentrations over two seasons 
- indicates a decrease in salt concentrations over the two seasons. 

In a review of the salt contents of the three other effluent 
irrigated soil types (data not shown), namely, the calcareous, orthic 
regosol and cumulic orthic Birsay soils, it is evident that there is a 
gradual increase in salt levels within the profiles. The greatest 
increase was found to be within the calcareous soils and the least 
within the cumulic orthic. 
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In summary, the management of the irrigation waters to control salt 
levels cannot be understressed. In this study, it is evident that there 
might have been a modest increase in total salts. Improved water manage
ment is essential to keep the salts in check without deteriorating the soil •. 

other Constituents of Irrigation Water 

Table 10 is a sample of some of'the ninety elements th~t have been 
· considered in a detailed analysis of the suitability of the sewage effluent 
for irrigation. The table incudes such items as heavy metals, pesticides, 
herbicides, and major salt ions. All vaiues of constituents were compared 
to those observed in the creek water which served as a base for comparison. 
It is evident that apart from the salt levels, and perhaps boron, none of 
the other elements were considered to be in the toxic range. 

Table 10. Selected constituents in a detailed analysis of 
sewage effluent and creek water used for irrigation 

Creek water (mgjl) Sewage effluent (mg/1) 
Constituent Low High Low High 

Lead 0.04 0.09 0.04 0.36 
Boron 0.004 0.008 0.004 0.018 
DDT 0.03 0.25 0.08 0.43 
Iron 0.04 0.22 0.10 0.33 
Zinc 0.001 0.036 0.008 0.210 
Lindane 0.004 0.004 0.005 0.005 
Heptachlor 0.0007 0.0007 0.0007 6.0007 
Aluminum 0.07 0.75 0.13 0.24 
Selenium o.o o.o 0.004 0.008 
Arsenic 0.003 0.010 0.003 0.009 
Dieldrin 0.002 0.002 0.002 0.002 
Copper o.o 0.02 0.02 0.17 
Inorganic carbon 16.0 40.0 11.0 68.0 
Organic carbon 7.0 18.0 25.0 98.0 
Chlorides 3 4 129 230 
Magnesium 32 35 57 162 
Sodium 39 56 186 418 
Calcium 11 84 23 184 
Mercury 0.00004 0.00009 0.00004 0.00036 

CONCLUSIONS 

Alfalfa appears to be a suitable crop to be used for irrigation with 
sewage effluent since it can grow under low levels of nitrogen and does 
use the phosphorus present. The use of sewage effluent as a source of 
irrigation water has to be treated with the same respect as any other 
irrigation water. It is essential to manage the water for salt control 
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within the soils. 

Other potentially hazardous constituents found in the sewage 
effluent which was derived from a non-industrialized domestic source 
appeared only in trace amounts. 
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