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Introduction

Forecasting of crop yields can be useful for optimizing management of
a commodity and for providing a lead time to make necessary adjustments.
Several workers have studied the relationships between sugar beet yields
and various climatic factors. Kel'chevskaya (6)? found that yields of sugar
beets depend primarily on heat and moisture sufficiency during the
vegetative period. Because southern Alberta is semiarid, all sugar beets are
grown under irrigation, and hence moisture insufficiency would not be ex-
pected to be a major factor. Swift and Cleland (10) found that sugar beet
yields were closely related to mean annual temperature but that there was
less association with annual precipitation. Brummer (2) reported that tem-
perature was the most important climatic factor that affected sugar beet
yields. Scott et al. (8) found that beet yields closely correlated with the
amount of solar energy intercepted by the leaf canopy.

Relatively long-term yield and weather data are required to establish
meaningful relationships that could be useful for prediction in a particular
area. A rotational experiment at the Lethbridge Research Station (lat.
49°42'N, long. 112°47'W) has included sugar beets in the cropping se-
quence since 1923 and thus provides half a century of such data. This
paper presents the yield-weather relationships for sugar beets in sputhern
Alberta and establishes predictions that may be useful to the industry.

Materials and Methods

A 10-year rotation, designated as Rotation “U,” was established on
irrigated land at the Lethbridge Research Station in 1910. The details of
the rotational expenment were described by Dubetz (8). Sugar beets, one
of the five crops grown in the rotation, were substituted for potatoes in
1923 and have been grown since. Half of the beet plot receives no fertilizer
and the other half receives 100 Ib/acre ammonium phosphate (11-48-0).
Sugar beet yield data from the unfertilized plots were compiled from 1923
to 1974, and from the fertilized plots from 1933 to 1974,

'Soil Scientists, Research Station, Agriculture Canada, Lethbridge, Alberta, Canada T1] 4B1.
"Numbers in parentheses refer to literature cited.
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Weather data have been recorded at the Station since 1902. The rela-
tionship between yield and various climatic variables was studied to see
which variables constrain yields the most in this region. The independent
variables studied were:

(a)  Time (advancing years);

(b)  Mean daily temperature (monthly and seasonal);

(c)  Total degree days (base 42°F or 6°C) from mean planting date

to mean harvest date;

(d) Mean daily hours of bright sunshine from May 1 to August 31;

(e)  Total precipitation for May and June;

(H Total precipitation 7 days before and 7 days after planting;

(g) Planting date;

(h)  Number of frost-free days;

(1) Number of days with temperatures above 28°F or -2.2°C.

Multiple regression analyses of sugar beet yields between these vari-
ables were performed. The forward selection procedure was used to insert
the independent variables one at a time into the regression equation. A ‘t-
test’ was performed for the variable most recently entered to indicate
whether that variable had accounted for a significant amount of the
variation over that removed by the previous variables in the regression.

To forecast yields several years in advance, additional calculations be-
tween yield and time were performed. First, the time trend was analyzed,
using the linear and curvilinear regression methods, with time as the inde-
pendent variable. After the trend factors were accounted for, a detailed
time-series analysis was performed, using the method of Jenkins and Watts
(5). The homogeneity of the variance with time was tested, by decades,
using Bartlett’s test (9). Then, the serial correlations and variance spec-
trum were computed (5), to establish whether there was any cycling in the
yield data. Finally, a complete statistical forecasting model was assembled
that gave the mean yields and the probabilities associated with a range of
yields.

Results and Discussion

A summary of some of the long-term (1902-1975) weather data for
southern Alberta appears in Table 1.

The multiple stepwise regression analysis of the data showed that tem-
perature and time were the only factors that explained significant amounts
of the variability in yield. The other climatic factors did not account for a
significant amount of the residual variability. However, the number of
hours of bright sunshine and temperature was significantly correlated (r =
0.48).

The regression of annual yields on advancing years (time) is shown in
Figure 1. The regression coefficients and their levels of significance for the
unfertilized and fertilized plots were 0.12 ton/acre/year (P < 0.01) and
0.10 ton/acre/year (P < 0.025), respectively. Because these trends were
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Table 1.—Summary of weather data (1902-1975 mean) for Lethbridge, Alberta.

Mean
Precipitation temperature' Sunshine?

Month (in.) (°F) (hr)
January 0.75 15.5 97.5
February 0.74 19.6 1251
March 0.93 28.0 164.6
April 1.28 41.4 206.5
May 2,15 50.9 259.0
June 3.01 58.5 278.0
July 1.65 64.5 344.0
August 1.49 62.5 301.9
September 1.60 53.4 210.7
October 0.90 44.5 171.0
November 0.74 30.7 112.7
December 0.76 21.5 93.5
Total 16.00 2,362.4
Mean 40.9

"The number of frost-free days and crop days {above 28°F) was 117 and 140.
¥67-year average.

significant, the regression line with time was used as the basis for further
analysis.

Bartlett’s test (9) indicated no significant differences among the
variances computed by decades; hence, further computations based on a
homogeneous variance were valid. Serial correlation and spectral analysis
indicated that there was some minor cycling in the variance. However,
none of the cycles explained enough of the variance to be useful for fore-
casting. Deviations were not significantly skewed from the trend line.

It was decided from the preceding analyses to base forecasts on a pro-
jection of the regression line and to assign probabilities to a range of yields
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Figure 1.—Regression of sugar beet yields in a 10-year irrigated crop rotation, with
and without fertilizer, on advancing years.
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based on the normal distribution. The equation used for forecasting yields
was:

Y =a+ bxyear + oxe¢

where Y = yield in tons per acre that corresponds to a specific year; a =
intercept; b = slope; year = calendar year; ¢ = standard deviation of the
regression line; and € = a standardized variate with a mean of 0 and a
standard deviation of 1.

The equation was used to predict the yield for 1975 at various prob-
ability levels, and these are shown in Table 2.

The best forecast yields for 1975, using this equation, were 19.67 and
21.84 tons/acre for the unfertilized and fertilized plots in this rotation.
The actual yields were 19.26 and 22.30 tons/acre, respectively, from the
two plots. The above predictions were calculated without adjustment for
any of the weather parameters. The calculated regression coefficients on
temperature after the time trend was removed for the unfertilized and fer-
tilized plots were 0.72 (P < 0.025) and 1.02 (P < 0.005) ton/acre/°F.

Table 2.—The probability that a given yield would not be equaled or exceeded in
1975.

Prob- Yield (tons/acre)
ability
level (9%) Unfertilized Fertilized Expression

90 24,14 26.09 Y (year) + 1.300
75 22.01 24.06 Y (year) + 0.68¢0
50 19.67 21.84 Y (year)
25 17.38 19.62 Y (year) - 0.680
10 15.20 17.59 Y (year) - 1.300

An attempt to predict the mean daily temperature for a growing sea-
son from the mean daily temperatures of previous months (October-De-
cember, October-March, and October-May) proved unsuccessful because
there was no dependence. The earliest that an improved forecast using
temperature data from previous months can be made is after the crop is
planted. The yield equations and standard deviations that were calculated
by months after the crop was planted are shown in Table 3.

Incorporation of May or May plus June temperature data into the
prediction equation after the crop was planted resulted in a significant
reduction in the magnitude of the standard deviation of the forecast. Ad-
dition of July, August, and September temperatures did not improve the
yield forecasts significantly, which suggests that the temperatures during
these months in this area are near optimal for sugar beets. Although it was
not statistically significant, the regression coefficient for the July tempera-
ture variable was negative. This suggests that perhaps the mean July tem-
perature might be slightly high for optimal production.

The significant and positive regression coefficient of 0.1 ton/
acre/year probably resulted from improved soil fertility (3), use of better
adapted varieties, and improved management that occurred with time.



Table 3.—Yield equations and standard deviations (o) calculated for various times.

Yield equation (4

Forecast date Plot (tons/acre) (tons/acre)
Before planting Unfertilized = -211.40 + 0.117 x year 3.44

Fertilized = -173.20 + 0.099 x year 3.27
June 1 Unfertilized = -251.70 + 0.126 x year + 0.448 TMay 3.24

Fertilized = -240.61 + 0.118 x year + 0.597 TMay 2.85
July 1 Unfertilized = -246.30 + 0.114 x year + 0.426 TMay + 0.322 TJune 3.16

Fertilized = -211.60 + 0.091 x year + 0.545 TMay + 0.424 TJune 2.65
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These results agree with those of others (2, 5, 6, 9), who found that
temperature was the most important climatic factor affecting sugar beet
yields. Swift and Cleland (9) used mean temperatures of several months
that preceded the planting date in their forecast of yields. However, we
found no discernible dependence of growing season temperatures on tem-
peratures of months that preceded the month of planting. After the crop
was planted, incorporation of May or May plus June temperatures into the
prediction equation reduced the size of the standard deviation of the fore-
cast. The standard deviation would probably be further reduced if an
average yield for several sites is to be predicted (6).

Because rainfall was not significantly related with yield, irrigation as
practiced in this rotation apparently provided adequate moisture for sugar
beets. Yields were also unaffected by the amount of precipitation that oc-
curred immediately before and after planting. This may be explained in
part by the fact that fall irrigation was usually practiced, the soil has a
relatively fine texture, and the rate of seeding was usually sufficiently high
to ensure a good stand.

The average planting date of sugar beets on this rotation was April 29
+ 11 days, and yields were not significantly affected by this variable. An-
derson et al. (1) reported that sugar beet yields at Lethbridge were not sig-
nificantly affected when the crop was planted between April 20 and May
10.

Summary

An equation for predicting sugar beet yields based on regression
analysis of 50 years of yield data from one site in southern Alberta is pre-
sented. Under irrigation, temperature was found to be the only climatic
variable that significantly affected sugar beet yields. Temperatures during
a growing season were not dependent on those of previous months. Incor-
poration of May and June temperatures of the current year into the equa-
tion reduced the size of the standard deviation of the forecast. The
precision of the prediction would probably be further improved if data
from additional sites were incorporated.
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