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INTRODUCTION

It has long been maintained by irriga
tion experts in the United States that
irrigation should be started earlier in the
southwestern United States than in the

northwestern states. Fortier (5) noted in
1923 that where either the elevation or

the latitude was greater, the climate was
usually cooler, the growing season for
tree fruits shorter, and the irrigation
requirement less. The same conclusion
was reached later by Thome and Petersen
(8) with respect to crops in general. In
Canada, Baier and Russelo (2) used a
fixed growing season of 153 days (May 1
to September 30) for use of past meteo
rological records to estimate probable
future irrigation requirements. This
153-day growing season has since been
compared by Sly and Baier (7) with a
growing season limited in spring and fall
by a temperature of 5.0°C. Indications
were that a 153-day growing season
should prove to be reasonably reliable at
most sites in Canada.

Studies made by many workers have
led to the concept that the basic tempera
ture below which growth is minimal
varies from crop to crop. It appears to
have been generally accepted that 5.6°C
is close to this basic temperature for
most perennial, temperate-zone crops. In
Canada, Holmes and Robertson (6) and
Boughner Qand Kendall (3) have used
5.6 C (42 F) as a basis for calculating
growth degree-days. Wilcox and Sly (14)
suggested the use of 5.6°C for deter-
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mining the start and end of the growing
season in irrigation scheduling.

It is the purpose of this paper to
examine the respective merits of a
153-day growing season, a season limited
by a temperature of 5.6°C, and a fixed-
length season longer than any 5.6 C
season encountered, for use in estimation
of irrigation requirements. The irrigation
requirements will be estimated for peren
nial crops (tree fruits, alfalfa) on different
types of soils using climatic data in the
weather-based scheduling procedure
developed by Wilcox and Sly(14).

PROCEDURE

Terms used in this paper can be
defined as follows:

Potential evapotranspiration (PET): the
maximum evapotranspiration that can
occur in a given weather situation with a
crop that covers the ground almost
completely and is not short of water. It is
used here with perennial crops only.
Irrigation requirement (IRJ: the depth of
supplemental water required during the
irrigation season. It does not include any
excess water due to application ineffi
ciency.
Average IR per day: the IR divided by
the number of days in the growing
season.

Available water capacity (AWC): the up
per limit of water retention as suggested
by Wilcox (10, 11), minus the water
content at 15 bars pressure. Five AWC
values were arbitrarily selected for estima
tion of IR at each site: 6.35, 12.70,
19.05, 25.40, and 31.75 cm. The soil
depths and textures represent a range
from 60 cm of loamy sand to 150 cm of
silt loam (4).

Daily records of PET, rain and temper
ature were obtained during the growing
season at 27 sites in British Columbia in

1966 and at 50 sites in 1967. Of the
latter, 16 sites are located in the south
western corner of the province and are
called 'coastal' sites. The remainder of the

sites, considered to constitute another
distribution since they are all inland, are
designated as 'inland' sites. Thirteen of
the inland sites were used both in 1966

and 1967, comprising 26 of the total
of 77 sites. Values of PET were estimated

at all sites from evaporimeter records (13)
using the conversion factor developed by
Wilcox (unpublished). Daily records of
temperature, rain and other weather para
meters for Summerland and Prince

George for the period of 1931 to 1960
were obtained from publications of the
Canada Department of Transport. These
records were used for estimating daily
PET by the method of Baier and Robert
son (1). The daily records of temperature,
PET and rain were then used to estimate
IR, and to determine the limits of the
irrigation season using the scheduling
procedure described by Wilcox and Sly
(12, 14).

Three types of growing season were
studied, as follows:

(1) A season limited in the spring and fall
by a temperature of 5.6°C, called the
"5.6 C season". The start of the growing
season was determined by smoothing
daily mean temperatures on a 5-day basis,
whereby the mean temperatures of 5
consecutive days were multiplied by 1,4,
6, 4, 1, respectively, the products added
and the sum divided by 16, to give the
"average" temperature for the 3rd day.
The first of 5 consecutive days in the
spring that had an average temperature for
each day of 5.6°C or higher was called
the 1st day of the growing season. The
last day of the last such period in the fall
was called the last day of the growing
season (14).

(2) Afixed growing, season starting May 1
and ending September 30, called the
"153-day season."
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(3) A fixed growing season starting March
1 and ending November 30, called the
"275-day season". This season encompas
ses the longest growing season encounter
ed at any of the inland sites.

Analyses of variance were made of IR
as affected by site (or year), AWC value,
and type of growing season. In each
analysis, all interactions were lumped
together as "error." Effects of length of
growing season and AWC on length of
irrigation season and IR were studied by
means of correlations. Probability studies
were also made, to estimate IR and the
start and end of the irrigation season for
stated degrees of risk.

RESULTS

Extreme Values of IR, Growing and
Irrigation Seasons

With a 5.6 C growing season, the
greatest extremes in IR were obtained by
use of an AWC value of 6.35 cm (Table
I). The same held true for the limits of
the growing and irrigation seasons. The
differences between maximum and mini

mum values were caused in part by a
wide range in climates, and in part by
variations in weather from year to year.
At greater AWC values the IR values were
less, the start-of-irrigation dates were
later, and the end-of-irrigation dates were
earlier. At the 16 coastal sites the growing
seasons were much longer and the climate
was wetter than at any of the inland sites.
In 1967 the time of end of irrigation was
almost the same at all coastal sites

because of the occurrence of heavy rains
at that time.

Effects of Type of Growing Season on IR

At the 61 inland sites (in 1966-67) the
differences between the IR values obtain

ed by the use of the 5.6°C and 153-day
growing seasons, respectively, depended
in large measure on the climate. At
relatively hot and dry sites such as
Lytton, Kamloops and Summerland
(Table II) the differences were usually
quite marked, whereas at cool and moist
sites (Kersley and Natal) the differences
were much less. At only four sites (e.g.
Vanderhoof) was the IR value greater
when the 153-day season was used. The
year 1967 was warmer and drier in British
Columbia than was 1966, as indicated by
the Kersley data (Table II); hence the
irrigation seasons were longer in 1967 and
the IR values were greater. Data for
Agassiz and Saanichton are representative
of the coastal sites in 1967.

Analyses of variance of IR were
carried out for the 11 sites in 1966-67,

TABLE I EXTREMES OF IR, AND OF START AND END OF IRRIGATION SEASONS
OBTAINED FROM USE OF A 5.6°C GROWING SEASON AND AN AWC OF
6.35 CM

Growing seasonT Irrigation season1.

Range
IR

(cm)
Start

(day)
End

(day)
Start

(day)
End

(day)

61 inland sites, 1966-67
Minimum

Maximum

11.6
93.1

77

134

267

312

89

143

231

292

16 coastal sites, 1967
Minimum

Maximum

27.1

45.8

74

101

303

335

102

135

263

268

30 yr at Summerland
Minimum

Maximum

32.8

54.5

55

103

284

315

95

120

241

281

30 yr at Prince George
Minimum

Maximum

6.0

33.9

88

136

262

314

106

146

220

271

Days are numbered from January 1; thus the earliest day is listed as the minimum, and the
latest day as the maximum.

TABLE II SOME EXAMPLES OF THE EFFECTS OF SITE1 AND TYPE OF GROWING SEA
SON ON IR

Site

Lytton
Kamloops
Summerland

Kersley
Kersley
Natal

Vanderhoof

Agassiz
Saanichton

IR (cm)

5.6°C 153-day
Year season season

1967 86.1 59.0

1967 49.1 41.7

1967 75.8 55.0

1966 5.0 4.1

1967 31.2 29.6

1967 32.3 32.8

1966 8.7 13.1

1967 14.6 12.8

1967 23.8 23.8

Selected from the 77 sites in 1966-67. Each entry of IR is the average of estimates obtained
from use of five AWC values.

and for the 30-yr periods at Summerland
and Prince George (Table III). The type
of growing season had less effect on IR
than other factors; however, the type of
growing season did have a highly signifi
cant effect on IR in each of the three
groups of site-year combinations. The
mean IR values were less using the
153-day season than when using the
5.6° C season in all three site-year combin
ations {see bottom of Table HI).

One of the ways in which the type of
growing season influenced the IR was
found to be its effect on the length of the
growing season. The correlation between
the length of the 5.6°C growing season
and IR at the 61 inland sites was 0.71.
The question arises as to whether this cor
relation might have been produced in
directly by the type of weather occurring
during the irrigation season. Accordingly,
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the average IR per day during the growing
season was correlated with IR, giving r =
0.58. This is lower than that above,
though both were statistically highly
significant. Similar results were obtained
using the 30-yr data at Summerland and
at Prince George. Indications were, then,
that both the length of the growing
season and the weather during this season
had highly significant effects on the IR.
These results were not obtained at the 16
coastal sites in 1967, where heavy rains
upset the usual effects of length of grow
ing season.

Effect of Type of Growing Season on
Time of Start of Irrigation Season

By the scheduling procedure used, the
time of start of irrigation was influenced
both by the time of start of the growing
season and by the weather following.
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Thus in any 1 yr at any one site, the
earlier the start of the growing season, the
earlier was the start of the irrigation
season (Table IV). The smaller the AWC
value, also, the earlier was irrigation
required. The start of irrigation was
usually about the same for the 275-day
season as for the 5.6 C season except in
occasional cases where hot dry days accom
panied by cool nights kept the mean
temperatures below 5.6°C early in the
year (see Table IV, Prince George 1955).
At semiarid sites (e.g. Summerland) the
start of irrigation was substantially later
with a 153-day season than with a 5.6 C
season. At semihumid sites, however (e.g.
Prince George), the differences in time of
start were of little importance except in
dry seasons. At the 16 coastal sites in
1967 (e.g. Agassiz and Saanichton) the
time of start of irrigation for each AWC
value was established primarily by the
time of heavy rains. The time of end of
the irrigation season was likewise found
to be influenced by the time of end of
the growing season, though this effect
was not as marked as with the start of

irrigation. The earlier the growing season
ended and the greater the AWC, the
earlier did the irrigation season end.

The time of start of irrigation, as
determined for 30 yr at Summerland and
Prince George by use of a 5.6°C growing
season, was used to calculate the time of
start for each of four degrees of risk and
three AWC values (Table V). Normal
distributions were assumed. The day of
start at Summerland for a 25% risk and

an AWC of 19.05 cm was day 120, April
30. This means that if the 30-yr period
was representative of the variations in
weather occurring at Summerland, a
grower who started to irrigate a soil with
19-cm AWC on that day every year would
be starting in good time in 75% of the
years but would be a bit late in 25% of
the years. It means, further, that the first
irrigation at the last setting would be
started at 60% AWC or higher in 75% of
the years and at less than 60% AWC in
25% of the years.

By use of the 5.6° C method the first
irrigation ended when the soil moisture
content was at about 60% AWC. By any
other method the moisture content
would be greater or less than this
depending on whether irrigation started
earlier or later. An estimate of the
moisture content at the start of irrigation
was made for a 153-day season on the
assumption that evapotranspiration con
tinued to occur at the potential rate even
when the moisture content of the soil
dropped below 40% AWC. The results are
shown in Table IV. At all semiarid sites
the soil moisture content thus estimated
for the start of irrigation was below 60%
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TABLE III ANALYSIS OF VARIANCE OF IR FOR THREE GROUPS OF RECORDS

F values

Degrees
Source of of Mean Required for
variation freedom square Obtained P = 0.01

77sites in 1966-67

Sites 76 496 439 1.45

AWC values 4 900 796 3.35

Growing seasons 1 117 103 6.68

Error 689 1.13

30 yr at Summerland
Years 29 190 257 1.74

AWC values 4 942 1272 3.36

Growing seasons 2 259 350 4.66

Error 415 0.74

30 yr at Prince George
Years 29 317 214 1.74

AWC values 4 1967 1330 3.36

Growing seasons 2 24.2 16.4 4.66

Error 415 1.48

Type of growing season1" Required
difference

275-day 5.6°C 153-day fori* = 0.01

77 sites in 1966-67 35.2 33.3 0.12

30 yr at Summerland 102.4 101.2 89.0 0.11

30 yr at Prince George 33.0 31.0 28.5 0.17

The entries in this part of the table are the mean values of IR for the three types of growing
season for three site-year combinations. In 1966-67, insufficient records were obtained for use
of the 275-day growing season.

TABLE IV SOME EFFECTS OF TYPE OF GROWING SEASON ON TIME OF START OF
IRRIGATION SEASON1

Type of
growing
season

Start of

growing
season

Start of irrigation season

Site

and year

AWC AWC

6.35 19.05

cm cm

AWC

31.75

cm

Summerland

1954
5.6°C

153-day
275-day

59

121

60

97 115

135 153
99 115

141

169

141

Summerland

1960
5.6°C

153-day
275-day

80
121

60

95 137

136 149

97 136

144

157

142

Prince George
1955

5.6°C
153-day
275-day

136

121

60

156 196

129 153
118 131

196

181

177

Prince George
1960

5.6°C
153-day
275-day

113

121

60

121 188

178 189
115 188

199

201

199

Agassiz
1967

5.6°C
153-day
275-day

85

121

60

123 185
123 185
122 184

211

211

210

Saanichton

1967
5.6°C

153-day
275-day

78

121

60

136 152
136 153

136 153

166

167

166

Entries in the table are in days starting from January 1.

AWC; and in many cases excessive drying
had already occurred. At semihumid sites
(e.g. Prince George) excessive drying was
not usually apparent except in unusually
early, dry springs. At Bridesville in 1966
and at Saanichton in 1967, the times of
start of irrigation were practically the

same for both the 5.6°C season and the
153-day season. At Agassiz in 1967 the
normal trend of increasing moisture
content with increasing AWC was upset
by heavy rains. M \.he coastal sites (e.g.
Agassiz and Saanichton) the moisture
content was quite high on May 1, 1967.
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DISCUSSION AND CONCLUSIONS

The start and end of the growing
season were determined by three
methods: first by limiting them by use of
a mean temperature of 5.6°C, second by
fixing them at May 1 and September 30,
and third by fixing them at March 1 and
November 30. These three types of grow
ing season were called the 5.6°C season,
153-day season and 275-day season
respectively.

The results indicate that for the

average of all sites or all years, the
effects of type of season on IR were
relatively small compared to the effects
of other factors. At semiarid sites, how
ever, and in some years at semihumid
sites, the differences in IR were not only
statistically significant but often quite
substantial. In such cases the 153-day
season gave IR values well below those of
the 5.6 C and 275-day seasons. Results of
similar significance were also obtained
when considering the length of the irriga
tion season.

The question still remains as to which
type of growing season should be used as
a basis of comparison. It seems logical to
assume that the most reliable type of
growing season to use as a standard is one
limited by temperature. Many authors
have shown that active crop growth
ceases when the temperature is reduced
below a critical point which varies accord
ing to type of crop and stage of growth
(6). In British Columbia the 5.6°C grow
ing season produced dates for the start
and end of irrigation that were more
realistic than those obtained with the
153-day season. At most southern inland
sites, for example, irrigation was often
well under way in the spring before the
ground at the more northerly sites had
thawed. At Summerland, the timing of
irrigation by use of the 5.6°C season and
a 25% risk (Table V) was close to that
recommended for tree fruits (9). For
these reasons the 5.6°C season is suggest
ed as a standard with which to compare
other types of growing season.

On this basis, the 153-day season
produced satisfactory results only when it
was aslongas the 5.6°Cseason. When the
153-day season was much the shorter, as
was usual at semiarid sites, the start of
irrigation was too late, resulting in exces
sive soil drying prior to irrigation. By
comparison, the 275-day growing season
produced an irrigation season averaging
slightly longer than that of the 5.6 C
season.

Although the temperature-based grow
ing season has been suggested as the most
logical type to use, the S.6°C season is

TABLE V DATES OF START OF IRRIGATION SEASON AT TWO SITES FOR THREE AWC
VALUES AND FOUR DEGREES OF RISK*

AWC

(cm)

Summerland

6.35

19.05

31.75

Prince George
6.35

19.05

31.75

95

110

121

108

122

140

Percentage risk

10

98

114

125

112

129

149

25

102

120

133

120

141

163

50

107

127

141

129

155

179

* Each entry is the day of the year starting with January 1. The 5.6°C growing seasons were
used in determining the times of start of irrigation.

TABLE VI ESTIMATES OF % AWC VALUES PRIOR TO FIRST IRRIGATION AT LAST

SETTING, BY USE OF A 153-DAY GROWING SEASON

AWC (cm)1*

Site and year 6.35 19.05 31.75

Summerland 1939 -39 23 39

Summerland 1959 -12 26 46

Cawston 1967 -13 36 47

Kamloops 1967 6 42 50

Lytton 1967 -2 39 47

Prince George 1941 2 39 47

Prince George 1955 26 55 95

Bridesville 1966 59 61 59

Agassiz 1967 74 57 55

Saanichton 1967 52 58 59

f Each entry is the % AWC remaining in the soil at first irrigation of last setting. Since evapo
transpiration was assumed to occur at the PET rate no matter how dry the soil, negativevalues
shown are purely hypothetical. They indicate excessive soil drying before completion of the
first irrigation.

obviously not applicable to all crops and
conditions. It is unlikely that any single
temperature base can prove satisfactory
for all perennial crops grown in the
temperate zone. Even when the temper
ature base is suitable, the full rate of PET
does not become applicable at the same
time with different crops. Kentucky blue
grass, commonly used as an orchard cover
crop, provides a good cover of green
foliage well before alfalfa does. In other
words, some modifications of procedure
would be needed to suit different crop
ping practices.

SUMMARY

The purpose of this study was to
determine which of three types of
growing season was best for estimation of
future irrigation requirements and times
of irrigation by use of past records. The
past records used were potential evapo
transpiration (PET), temperature and rain
at 77 sites in British Columbia in 1966-67
and at two of these sites for 30-year
periods (1931-60). Irrigation season and

irrigation requirement (IR) were deter
mined by a previously developed
weather-based scheduling procedure.
Three types of growing season were used:
(1) one limited in spring and fall by a
mean temperature of 5.6 degrees Celsius;
(2) a fixed period of 153 days from May
1 to September 30; and (3) a fixed period
of 275 days from March 1 to November
30. The 153-day season IR was close to
those of the 5.6 degrees Celsius and
275-day seasons at most semihumid sites,
but was substantially lower at most semi-
arid sites. In addition, the 153-day season
allowed the soil to dry out too much at
semiarid sites prior to the start of irriga
tion. The 275-day season give IR values
averaging slightly greater than those of
the 5.6 degrees Celsius season. It is
concluded that the most logical approach
is to use a temperature-based season.
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