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INTRODUCTION

Extension programs for scheduling
irrigations are in use in a number of
irrigated areas, including those of
southern Alberta. The benefits of
scheduling, as described by Wilcox
and Brownlee (7) for the Okanagan
Valley of British Columbia, derive
primarily from the economics of water
distribution and application. Jensen
(3) and Jensen et al. (4) stress the
proper timing of water application as
a primary advantage.

In southern Alberta a program of
irrigation scheduling has been in op
eration since 1959. Evapotranspira-
tion (Et) or crop water requirement
is estimated from evaporation mea
surements using techniques generally
described earlier (1, 2, 6). Ten years
of research involving Et determina
tion and correlation with concurrently
measured evaporation preceded the
introduction of the scheduling pro
gram. A further evaluation of its long-
term benefits and reliability was be
gun at the Canada Department of
Agriculture Irrigation Research Sub
station, Vauxhall, Alberta in 1961.
This paper records the effects of
scheduling on yield and water re
quirements of crops grown in a 4-
year rotation over an 8-year period.

PROCEDURE

The rotation consisted of sugar
beets, canning corn, barley under-
seeded to sweet clover, and sweet
clover plowed down for green ma
nure. Cultural operations and fertil
izer applications were in accordance
with good farm practice. Surface ir
rigation methods were used and the
amount of water applied was mea
sured with recording meters. Records
of precipitation, evaporation, and
depth to water table throughout the
plot area were maintained.

Soil Moisture Determinations

On each plot at seeding and at
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harvest, soil moisture was determined
gravimetrically to a depth of 120 cm
at six locations and averaged. The
soil moisture inventory thus obtained
provided the starting point in the
spring for the scheduling program
and an end-of-season check on the
effectiveness of the program.

Irrigation Treatments

Treatment 2, the scheduling pro
cedure recommended for extension
use, required that irrigation be ap
plied whenever the available moisture
within the rooting profile had been
depleted by 50%. Additional irriga
tion treatments prescribing a higher
(treatment 3) and a lower (treatment
1) moisture level were included in
the study to provide a comparative
assessment of the irrigation schedul
ing program. Treatment 3, with a
minimum allowable available mois
ture level of 75%, required smaller
amounts of water at each irrigation
but at a greater frequency than usual
in normal farm practice. Treatment 1,
minimum level 25%, required larger
and fewer irrigations and resembled
normal farm practice more closely
than did the other two treatments. A
nonirrigated or "dry" check, treat
ment 0, provided a comparison of
dry-land productivity and water use
with that of irrigated land. The four
treatments were randomized in three
replications for each crop and remain
ed constant on each plot for the dur
ation of the study.

Scheduling Procedure

Research conducted prior to the
initiation of the scheduling program
indicated the following relationship
of evaporation measured with an at-
mometer to potential evapotranspira-
tion (5):

Eb X 0.0086 — Etp

where Eb = evaporation (cc) from
a black Bellani plate
atmometer

Etp — potential evapotrans-
piration (cm).

This relationship is valid only while
crops are fully leafed, growing vigor
ously, and adequately supplied with
moisture (5). During the early and,
sometimes, late stages of plant
growth, moisture use is less than that
represented by Etp. To predict the
actual use at specific growth stages
correction coefficients were applied
to the estimated Etp. For example,
the correction coefficient for corn
was 0.38 throughout May and June,
0.96 during July, and 0.70 during
August. These stepwise changes in
coefficients are a practical simplifica
tion of the changes that take place
continuously during the growing sea
son. The above computation proce
dure is used by irrigation extension
personnel to predict crop water use
for scheduling purposes.

RESULTS AND DISCUSSION

Moisture Control

The percentage of moisture remain
ing in the soil in the fall (Table I)
illustrates the effectiveness of the
scheduling procedure in maintaining
the prescribed soil moisture levels. As
is to be expected treatment 3, with
short irrigation intervals, met the pre
scribed requirements most closely.
The irrigation intervals were much
longer for treatment 1, and the
chances that the designated minimum
level would occur just at sampling
time were correspondingly reduced.
The nonirrigated plots had virtually
no available moisture remaining at
harvest.

Among treatments, the differences
in soil moisture at the end of the
growing season were highly signifi
cant. There were, however, no sig
nificant differences among crops, and
the crop x treatment interaction was
not significant, reflecting appreciable
year-to-year fluctuation in precipita
tion. Where no irrigation was applied,
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fall soil moisture had a coefficient of
variation of nearly 14%. The magni
tude of this variation decreased with
increasing level of irrigation until, at
treatment 3, the soil moisture at har
vest varied by only 2.4%.

Crop Yield

The selection of treatment 2 for the
extension program in irrigation sched
uling is supported by the yields ob
tained in this study. Yields from
treatment 2 were invariably at a max
imum and were equal to those ob
tained from treatment 3 (Table II).
They exceeded the yields from treat
ment 1 seven times out of eight for
corn, five times for sugar beets and
three times for barley. Maximum
clover yields usually occurred at
treatment 1 also, probably because
spring moisture plus one irrigation
was sufficient to bring this crop to
early harvest before the imposed ir
rigation treatments influenced pro
duction. A similar trend existed for
barley although total production ap
peared to be lessened at treatment 1.

Yield variations among years,
greatest for treatment 0, were primar
ily attributable to weather. May-to-
August precipitation varied from 11.4
cm in 1961 to 26.9 cm in 1966. In
1965, a year of above-average mois
ture, sugar beet yields were reduced
by hail. Some of the corn yield vari
ation between years resulted from
yields being reported on a husked
rather than an unhusked basis.

Water Use

Evapotranspiration was influenced
by year and by irrigation treatment
(Table III). Treatment 3 often had
the highest Et. This was probably due
to increased evaporation and lower
irrigation efficiency associated with
more frequent irrigations (Table IV).
But, as pointed out previously, the
increased Et was not reflected in in
creased yield.

The influence of variations among
years on irrigation requirements is
most vividly illustrated by the num
ber of irrigations applied (Table IV).
For example, sugar beets under treat
ment 2 received an average of four
irrigations; but as many as six and
as few as three were necessary during
the growing season to provide the
water required. The range is wider
for the other crops, particularly
where a shorter growing season is in
volved.
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About 5, 8, and 10 cm of water
were applied at each irrigation to
treatments 3, 2, and 1, respectively.
Theoretically the depth of water ap
plied at each irrigation should not
have differed among crops. There
was, however, a distinct trend toward
smaller irrigations for sugar beets and
corn and larger irrigations for clover.
This was because during the early
part of the season both the effective

rooting depth and the Et of the row
crops were limited and smaller irriga
tions were sufficient to replenish the
soil moisture used.

Scheduling Benefits

Yields and Et for all crops and all
treatments have been depicted as a
percentage of treatment 2 (Figure
1). Although the largest yield increase
was obtained with treatment 1, the

TABLE I. FALL SOIL MOISTURE AVERAGED FOR FOUR CROPS
OVER EIGHT YEARS

Prescribed

lower limit

available

moisture

(*>

Fall inoisture as a percentage of

Treat Available

moisture

Field capacity

ment Average C.V.

0 4 47.0 13.8

1 25 34 63.0 7.9

2 50 53 76.6 6.0

3 75 72 83.5 2.4

TABLE II. YIELDS OF FOUR CROPS AT FOUR IRRIGATION TREATMENTS

Treatment

Year 0 1 2 3 0 1 2 3

Sugar beets Corn

(metric tons/acre ) (metric tons/acre )

1961 1.52a1 7.67b 10.66c 11.06c 0.00a 1.83b 2.68c 2.76c

1962 4.01a 8.30b 8.65b 9.68b 0.13a 2.68b 3.43c 3.70c

1963 5.53a 9.23b 10.79b 11.02b 1.38a 1.96a 2.68b 2.85b

1964 3.57a 7.34b 9.81c 10.08c 0.18a 2.85b 4.01c 3.57c

1965 3.08a 4.55a 7.00b 7.05b 1.16a 2.lib 3.92c 3.30c

1966 6.60a 9.41b 10.48c 10.48c 1.69a 1.96a 2.01a 2.14a

1967 5.08a 8.33a 9.86a 8.07a 1.02a 1.74b 2.50c 2.63c

1968 6.15a 7.45b 10.12c 9.99c 1.29a 2.45a 4.46b 4.73b

Average 4.46 7.76 9.68 9.68 0.85 2.18 3.21 3.21

Barley
(kg/ha)

Sweet clover

(metric tons/acre dry matter)

1961 355a 3446b 4333b 4424b
1962 446a 3059b 4398 c 4699c 0.27a 1.07b 1.20b 1.12b

1963 1280a 946a 4140b 3914b 0.27a 0.89b 0.94b 1.02b

1964 1392a 2855b 3543b 3548b 0.13a 0.94b 1.02b 1.16b

1965 1382a 3731b 4301b 4080b 0.36a 1.20b 1.34b 1.29b

1966 1736a 3075b 3016b 3419b 0.04a 0.45b 0.49b 0.54b

1967 2199a 2833 a 3871a 3817a 0.09a 0.49b 1.07c 0.98c

1968 1860a 2215a 3446b 3865b 0.36a 0.89b 0.98b 1.02b

Average 1333 2892 3882 3973 0.22 0.85 1.02 1.02

Ti/ithin years, means followed by the same letter are not significantly
different at P = 0.05.
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low irrigation level, appreciable addi
tional yield was gained from irriga
tion at treatment 2. Little or no addi
tional yield was obtained beyond this
point. The average yields per ha
under treatment 2 for the 8 years
were about 9.7 metric tons of sugar
beets, 3.2 metric tons of corn, 1 metric
ton of clover hay, and 3881 kg of
barley. These crop yields are above
average for the district but are real
istic targets for long-term farm pro
duction since they were achieved at
an operationally practical irrigation
level.

Unlike yield, evapotranspiration
continued to increase fairly uniformly
under the influence of successively
higher irrigation levels, primarily be
cause the evaporation portion of Et
is a function of the number of irriga
tions applied.

Although water table monitoring
indicated little loss through percola
tion some loss inevitably occurred.
Under the procedures followed any
percolation loss was included in the
Et measurement. It was not possible
to determine how much loss may have
occurred from each treatment but the
greatest amount undoubtedly came
from treatment 3.

The benefits of irrigating at var
ious treatment levels may be calcu
lated from the average yields (Table
II) and the average number and
depth of irrigations (Table IV).
Sugar beets grown under a regime
similar to treatment 2 required two
more irrigations, totaling 16 cm (6
inches) of water, than those grown
under treatment 1 but their yield was
1.9 metric tons/ha (4.3 tons/acre)
greater. If an irrigation costs 80 cents
per cm depth of water applied the
additional 1.9 metric tons of beets
would cost about $12.80 to produce.
This represents a profit of about
$100.00/ha ($45.00/acre). Similar
cost benefit analysis could be per
formed for each crop by applying the
appropriate operating and return sta
tistics.

The capital cost of providing the
facilities for irrigation is practically
the same whether too little or ade
quate water is used. After the first
irrigation the cost of succeeding irri
gations consists mainly of the labor
and supplies involved. A scheduling

continued on page 32

TABLE III. SEASONAL EVAPOTRANSPIRATION (CM) FOR FOUR CROPS
AT FOUR IRRIGATION TREATMENTS

Treatment

Year 0 1 2 3 0 1 2 3

Sugar beets Corn

1961 20.6a1 56.9b 72.4c 83.6d 12.7a 35.0b 48.8c 48.8c

1962 24.6a 50.8b 62.7c 75.4d 16.5a 33.5b 42.9c 48.3d

1963 29.5a 47.0b 53.8b 67.3c 20.1a 34.3b 45.0c 54.4d

1964 25.6a 46.5b 51.6c 64.5d 13.7a 36.6b 45.0c 51.8c

1965 30.2a 39.9b 48.5c 56.4d 26.7a 31.5b 37.8c 43.4d

1966 42.7a 42.4a 53.6b 58.4c 32.0a 31.2a 37.6b 45.0c

1967 30.0a 47.2b 61.0c 69.8d 22.9a 34.8b 41.9c 50.8d

1968 35.8a 39.1a 54.4b 61.7c 23.1a 31.8b 40.4c 48.Od

Barley Sweet clover

1961 U.7a 44.4b 55.9bc 61.5c
1962 18.3a 36.1b 45.0c 49.0c 14.7a 36.1b 37.8b 42.2b

1963 22.1a 4-1-4 b 47.8c 50.8c 17.3a 33.3b 41.4c 40.6c

1964 21.3a 35.8b 42.7c 44.4c 22.9a 32.8b 39.4c 44.2c

1965 24.9a 38.9b 40.4b 42.4b 15.5a 23.4b 22.9b 25.6b

1966 26.7a 33.5b 38.6b 40.6b 9.4a 17.3b 21.1c 22.9c

1967 19.8a 28.4b 40.1c 45.2d 17.3a 16.8a 21.6b 23.4b

1968 26.7a 30.5a 38.1b 40.1b 17.5a 29.0b 29.7b 32.2b

Within years, means followed by the same letter are not significantly
different at P = 0.05.

TABLE IV. AVERAGE NUMBER AND DEPTH OF IRRIGATIONS
FOR THREE IRRIGATION TREATMENTS

Treatment

1 2 3

Crop No. Range
Depth

(cm) No. Range
Depth

(cm) No.

Depth
Range (cm)

Sugar beets 2.0 1-* 10.1 4.2 3-6 7.9 9.3 6-12 4.6

Canning corn 1.4 0-3 9.4 3.1 1-5 7.4 6.9 4-10 4-3

Barley 1.5 1-3 10.7 3.1 2-6 7.9 5.9 3-8 5.1

Sweet clover • 1.1 0-2 11.0 2.1 1-4 8.9 3.7 2-7 5.8
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Figure 1. Crop yield and water use expressed as a percentage of treatment 2.
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balances until it was reduced below
0.90 x peak ET. Reducing it to 0.90 x
peak ET lessened by 10% the depth
of water per application, the peak
flow per acre and the average length
of the irrigation interval. On the other
hand, it increased the number of ir
rigations and the time spent in irri
gating. There were only minor effects
on the seasonal net ET, hence on the
seasonal irrigation requirement. It is
concluded that use of a credit depth
of 0.90 x peak ET shows good pro
mise for practical use, especially if
the peak ET of the hottest year re
corded is applied to all years.
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then, is why should the safe interval
not be increased at semi-humid sites?
If this could be done the grower
could take longer to irrigate and he
would use fewer sprinklers and a
lower peak flow. In a peak year, how
ever, there might not be enough water
applied to maintain the moisture con
tent of the soil within the optimim
range. In any case, retaining the same
peak ET produces the same irriga
tion intervals and the same seasonal
net ET irrespective of whether or not
the safe interval is lengthened. There
does not seem to be much point in
making such a change.

It can be assumed for practical pur
poses that a specified soil texture has
the same available moisture capacity
for a specified crop irrespective of the
location, and that the same holds true
with the credit depth. This poses a
difficulty in relating credit depth to
peak ET and safe interval in different
years. At Summerland, for example,
the peak ET recorded for a 10-day
interval was 2.41 inches in 1967 and
1.71 inches in 1964; hence the avail
able moisture capacity would appear
to be greater in 1967 than in 1964. It
is obvious that data from the peak
year should be used for determining
relationships among available mois
ture capacity, credit depth, peak ET
and safe interval.

This paper has not dealt with the
deliberate incorporation of a calcu
lated risk into the design of an irriga
tion system, that is, the risk of exces
sive soil drying in very hot years.
Adopting such a procedure would not
be justified unless the risk involved
was more than offset by reductions in
cost of equipment, water and labor.
There should be no added risk if the
highest known peak ET is reduced by
10% to obtain the credit depth. An
irrigation system could well be de
signed by incorporating into it both
a credit depth of 0.90 x peak ET and
a cost-risk factor.

SUMMARY

Evapotranspiration (ET) and rain
fall records were obtained at sites in
British Columbia representing a wide
range of summer climates, and were
used in simulated irrigation studies
by means of a scheduling technique.
Credit for irrigation on the balance
sheets was based on the peak ET foi
the interval concerned. Reducing this
credit had little effect on the lowest
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program is a practical method of
achieving optimum benefits from ir
rigation.

CONCLUSION

Evidence is presented that the ir
rigation scheduling program operated
on an extension basis in southern Al
berta will produce maximum crop
yields at an operationally practical ir
rigation level. A base is presented by
which the economic benefits of irri
gation of four representative crops
may be calculated.
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