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INTRODUCTION
A knowledge of amounts and rates

of evapotranspiration is necessary for
the prudent allocation of water re
sources within a region. This informa
tion is used in the design of diversion,
storage, and distributional facilities of
an irrigation system and provides a
sound basis upon which to recommend
efficient water application practices.
Direct determination of evapotrans
piration is laborious and time consum
ing, consequently numerous methods
have been developed to estimate water
requirements for areas in which evapo
transpiration data are not available.
These methods vary widely in their
sophistication but all are based on one
or more than one meteorological vari
able. Several formulas were considered
by Laycock (7) in delineating the
patterns of drought and moisture sur
plus in the Prairie Provinces. Underhill
(12), in reporting to the Prairie Pro
vinces Water Board also considered
formulas and recommended that for
the present the Blaney-Criddle method
(2) be adopted as the basis for cal
culating crop water requirements.

In this paper monthly evapotrans
piration values for alfalfa at Vauxhall,
Alberta, as measured by the gravi
metric method on a plot basis are

correlated with values as estimated by
converting evaporation measurements
and by three of the more common
empirical formulas.

MATERIALS AND METHODS

Second year alfalfa was irrigated
when a moisture budget indicated that
half of the available water within the
5-foot rooting depth had been depleted.
Sufficient water to restore the soil
moisture to field capacity was accurate
ly metered onto the 30-foot square
plots. Soil samples for moisture deter
mination by gravimetric methods were
secured from six locations per plot to
a depth of five feet prior to each
irrigation and also when plant growth
began in the spring and after it ceased
in the fall. This permitted calculation
of consumptive use for about weekly
intervals throughout the summer and
somewhat longer periods in the spring
and fall. Consumptive use was deter
mined by adding irrigation and rain
fall to any change in soil moisture
between soil sampling dates. When
these dates did not coincide with the
calendar months the water use during
the interval of measurement was ap
portioned between months on an equal
use-per-day basis. The alfalfa was
harvested as hay at the 10 per cent

bloom stage three times annually dur
ing the three years the study was
conducted. The plots were replicated
four times.

Meteorological observations made in
a lot adjacent to the plot area included
maximum and minimum temperatures,
precipitation, hours of bright sunshine,
wind mileage, and humidity using a
sling psychrometer. Evaporation from
a United States Weather Bureau class
A pan, an Experimental Farms Service
4-foot buried tank, and duplicate black
Bellani plate atomometers was also re
corded. Bellani plate data were con
verted to inches of potential evapo
transpiration by multiplying by 0.0034
(6). Except for wind and sunshine all
observations were recorded twice
daily.

It is recognized that consumptive
use as measured by the plot technique
is not necessarily equal to potential
evapotranspiration. However, in an
earlier publication (6) on other aspects
of the same study the authors conclu
ded that evapotranspiration was occur
ring at the potential rate. The mainten
ance of soil moisture at levels higher
than those required for potential eva
potranspiration did not produce sig
nificantly greater yields (4) and data

TABLE I. CORRELATION BETWEEN MEASURED AND CALCULATED EVAPOTRANSPIRATION
FOR ALFALFA GROWN IN SOUTHERN ALBERTA

1 2 3 4 5 6 7 8 9

Evapotranspirati ori (inches/month)

Blaney- Blaney-
Measured Modified Criddle Criddle Thorn-

cons.use 4-foot Modified Mandan Stockton Thorn- thwaite Modified

in/mo tank Bellani k k thwaite X 1.5 Penman Penman

May 4.48 3.91 4.18 5.22 4.35 2.82 4.23 3.89 4.37

June 6.01 6.03 5.74 6.51 6.18 4.12 6.18 4.82 6.02

1960 July 8.12 9.58 8.59 7.46 8.00 5.81 8.71 5.92 8.14

Aug 6.81 7.34 6.64 5.14 6.74 4.42 6.63 4.44 6.66

Sept 4.81 4.86 5.19 2.47 4.57 2.71 4.07 2.41 4.47

May 4.65 4.22 4.18 5.54 4.62 3.14 4.71 3.87 4.36

June 7.52 8.39 8.52 7.42 7.05 5.24 7.86 6.36 7.95

1961 July 7.63 8.17 7.94 7.08 7.59 5.17 7.75 5.35 7.36

Aug 7.13 7.14 7.60 5.50 7.21 4.92 7.38 4.54 6.82

Sept 3.83 3.58 3.59 2.20 4.06 1.92 2.88 2.00 3.70

May 4.79 4.27 4.36 5.36 4.46 2.85 4.27 4.03 4.54

June 5.85 6.52 6.64 6.76 6.32 4.38 6.57 4.99 6.24

1962 July 6.96 7.16 7.41 6.71 7.19 4.69 7.03 5.02 6.91

Aug 6.55 7.46 7.81 5.14 6.74 4.35 6.53 4.52 6.78

Sept 3.78 3.70 4.47 2.36 4.37 2.54 3.81 2.14 3.98

Sum 88.92 92.33 92.86 80.87 89.45 59.08 88.61 64.30 88.30

r .982 .960 .787 .980 .980 .980 .878 .986
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from soil samples and piezometers did
not indicate that percolation loss was
occurring.

RESULTS AND DISCUSSION

Monthly consumptive use for May
to September inclusive for each of the
three years is presented in the first
column of table I. The remaining
columns contain, for the same periods,
evapotranspiration calculated using
either empirical formulas or evapora
tion conversion techniques. Correla
tion coefficients (r) showing the re
lationship between each of these and
consumptive use are all significant at
the 1 percent level. However, if eva
potranspiration estimates are to be
useful, they must also be numerically
similar to the measured values. It is
possible to obtain a high degree of
correlation for monthly water use
estimates that are much different from
actual plant requirements. Also, a
correct seasonal total may be composed
of monthly totals that individually
over- or under-estimate water require
ments.

Evaporation

The monthly loss from each evapori-
meter exceeded consumptive use but
the correlation coefficients were all
positive and highly significant (pan,
.881; tank, .910; Bellani plate, .874).
The coefficients for the buried tank and
the Bellani atmometer increased to
.982 and .960, respectively when the
data from these instruments was multi
plied by previously determined crop
factors. These factors, developed for
irrigation scheduling in the Lethbridge
area, were 0.70 until the third week in
June and 0.90 from the third week in

August until the end of September. A
similar procedure could be applied to
the Class A pan data. Different factors
would be required because the evapora
tive loss from this pan is approximately
one-third greater than from the buried
tank. The use of evaporation to pre
dict consumptive use has proved
successful on an extension basis in
southern Alberta (5).

Blaney-Criddle Method (2)

This method assumes that actual
evapotranspiration varies with tem
perature and day length and is also
dependent upon crop type and length
of growing season. It permits wide
spread use of the equation because
the necessary climatological compo
nents are available for most areas. The
monthly consumptive use (u) is the
product of mean monthly temperature
in degrees Fahrenheit and monthly per
centage of annual daytime hours modi
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fied by a crop coefficient (k). It can
be calculated for either monthly or
seasonal periods but the monthly (k)
or seasonal (K) coefficients must first
be determined by a field or plot trial.
It is generally assumed that these
coefficients are approximately the same
for areas of similar climate and that
for alfalfa the K values lie between
0.80 and 0.90. The k values vary
more widely both from month to month
and from location to location. The
higher values are associated with the
more arid climates. It is possible to
have a K value that provides a good
seasonal estimate but which is derived
from a series of k values that produce
monthly estimates considerably in
error. This and the fact that published
coefficient values vary widely suggest
that extreme care should be used in
choosing values for areas where they
have not previously been determined.

Two sets of data pertaining to the
Blaney-Criddle method are presented
in table I. The first (column 4) uses k
factors developed at Mandan, North
Dakota, where the climate is quite
similar to that of southern Alberta.
Although the r value relating these
data to the consumptive use data is
significant at the one percent level the
estimated use for seven of the 15
months differs from the measured use
by more than one inch and for two
months by more than two inches. But
when Stockton, California, k values
are used (column 5) the correlation
improves from 0.787 to 0.980 and the
monthly and seasonal use estimates
become almost identical. Pruitt (9)
required a K of 1.08 for Washington
conditions to make the Blaney-Criddle
estimate of evapotranspiration compar
able to measured use for ladino clover.
Underhill (12) recommended that the
Blaney-Criddle formula be used in the
Prairie region but did not specify the
appropriate k values to be used. From
this study k values of 0.83, 0.93, 1.03,
1.04, and 0.93 for the months of May
to September inclusive are suggested
for southern Alberta. This requires a
K of about 0.95. The inclusion of data
for April and October when k values
are low, not reported here because only
a portion of each month is represented,
reduces the seasonal coefficient to
about 0.90.

The Thornthwaite Method (11)

This formula, like the preceding one,
emphasizes monthly temperature and
day length. The basic equation is ex
ponential and includes a regional co
efficient but no crop coefficient. The
temperature and latitude data are avail
able for virtually all areas and although
the equation is somewhat complex it

is easily solved by the use of prepared
tables and nomograms. The constants
may differ for areas dissimilar to that
in which the formula was developed.
The lag of temperature behind radia
tion may also affect its validity. This
formula is like that of Blaney-Criddle
in being more suitable for long than
for short periods of measurement.

Halkias (3) noted that the Thorn
thwaite formula underestimated water
use in California by as much as 32
percent during July and concluded that
the type of climate was responsible for
variations in estimates. Pruitt (9) sug
gested that for use in Washington the
formula should be modified by a factor
of 1.72.

When applied to the Vauxhall data
the Thornthwaite formula provides a
high degree of correlation (r=0.980).
It seriously underestimates the amount
of evapotranspiration, however. If the
regional coefficient in the equation is
increased by 50 percent (as in column
7) the predicted evapotranspiration
becomes numerically similar to the
measured evapotranspiration.

The Penman Method (8)

A complex set of energy balance
equations is used to calculate evapora
tion from a free water surface. A crop
factor is then applied to convert the
evaporation to evapotranspiration. This
facor is not necessarily applicable to
areas different from that in which the
formula was developed. The procedure
is complicated and some of the meteor
ological data required are not widely
available. The equation like the two
preceding ones does not take into
account adverted heat, which in the
more arid areas may make a sizeable
contribution to the energy budget.
Abdel-Aziz et al (1) attributed the
underestimate of evaporation in Utah
by the Penman formula to this
omission.

The equation provided a compara
tively low (.878) correlation with local
data and a seriously low estimation of
evapotranspiration when using Pen
man's crop factors of 0.7 for September
and 0.8 for the other months. There
was no indication that the crop factor
should be reduced in September — in
fact, the reverse was true. Pruitt (9)
and Taylor (10) reached a similar con
clusion. If the evaporation calculated
by the Penman method is modified by
a crop factor which increases uni
formly from 0.90 in May to 1.30 in
September a very close estimate of
both monthly and seasonal evapotrans
piration results. On a seasonal basis a
mean factor of 1.10 would be re
quired. This is higher than the 0.97
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factor suggested by Pruitt, but it does
support the need for high crop factors
to avoid serious underestimation of
crop water use in this area.

CONCLUSIONS

The generally high degree of corre
lation between the measured and cal
culated evapotranspiration of this study
supports the use of climatic variables
in equations used for estimating month
ly or seasonal evapotranspiration. For
local application the usefulness of the
Blaney - Criddle, Thornthwaite, and
Penman formulas was considerably en
hanced by the incorporation of coef
ficients developed under the conditions
specific to this area. They then pro
vided equally good estimates of eva
potranspiration and a choice between
them would largely be influenced by
availability of data or ease of compu
tation. For the shorter periods involved
in irrigation scheduling the evaporation
conversion techniques appear prefer
able because they inherently integrate
short-term weather fluctuations.
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NOTE ON A TRUCK-MOUNTED PLOT SPRAYER*

Experimental work with agricultural
chemicals frequently requires compact
spray units which may be readily trans
ported from one test area to another.
The small truck-mounted sprayer using
commercially available sprayer com
ponents was developed to meet this
need (figure 1).

Figure I. Top View: Sprayer ready for operation.
Bottom view: Close-up of main components.

by
J. L. Thompson

Member C.S.A.E.

Canada Department of Agriculture,
Experimental Farm, Swift Current, Saskatchewan

A 50-gallon fiber glass tank, a 1Vi
ta 3-hp air cooled engine and a 1-inch,
10-gallon per minute nylon roller pump
were mounted on a light plank and skid
frame. The tank, filter, pump and
boom were connected with a 1-inch
hose. The chemical solution taken from
the tank bottom is filtered through a
high capacity filter before entering the
pump. The boom pressure is adjusted
by a bypass regulator and is indicated
by a small gauge. The solution returned
to the tank from the bypass acts as an
agitator. A twenty-one-foot boom in
three sections is equipped with 13
nozzles spaced at 20-inch intervals.
The nozzles are connected to each
other with one-half-inch plastic hose.
The boom is adjustable vertically from
12 to 30 inches. The two outside sec
tions of the boom can be turned in and

forward giving a travelling width of ap
proximately seven feet. The boom can
be regulated to spray widths of 7, 14,
or 21 feet.

Spraying with this machine resulted
in satisfactory weed control on the
treated areas. The boom can easily
deliver from two to 100 gallons of
solution per acre using standard
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nozzles. Operational speeds of two to
4!/2 mph are easily maintained by
using low gear and the regular truck
speedometer. The equipment can be
maneuvered readily and is easily trans
ported between test locations. It is
quickly mounted or detached from the
truck. This sprayer is useful for large
or small plot work and is particularly
versatile for screening trials with agri
cultural chemicals on farmers' fields.
Wettable powders can also be applied
satisfactorily. Local farmers are also
interested in a sprayer of this type
because of the possible higher opera
tional speeds and the decreased crop
area damaged by the wheels.

The estimated cost of materials is

$325.00 and 16 hours of labour are
required for construction.

Plans are available from the Re

search Branch, Experimental Farm.
Swift Current, Saskatchewan.
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