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Introduction

Throughout the years there has been interest in the influence of
weather on various crops. Early sugarbeet (Beta vulgaris L.) production
tests suggested areas suitable for sugarbeet culture. Correlations of
temperature, rainfall, or both with sugarbeet yield have been studied
in certain areas (6, 7, 9, 11, 18, 27, 34, 35).% Because of the increased
quantity of weather data and the ease of computations by computers,
interest has increased in recent years in correlating weather factors
with crop production. The science of bioclimatology has developed
greatly, and the understanding of photosynthesis and energy re-
quirements has also increased (2, 3, 4, 19, 24, 25). Although some of
these studies show good correlations, results were limited to a single
location and a few years' observation. Also, the weather factors were
averaged over comparatively long periods without consideration for
the distribution of the weather measure within the seasons (6,9, 20, 21,
33, 34).

Shaw and Durost’s weather-index method (28, 29, 30) used an
established trend to determine all unaccountable variation. It appealed
because of the possibility of cvaluating the weather effect without
actual weather measurements. To solve the problem of what variables
to include, they called all unaccounted-for variation “weather effect.”
The accuracy depended on the establishment of a true trend. Thus,
yields under very uniform cultural conditions must be available. Stal-
lings (31) established the trend by using linear regression models on
years. However, this method would make it hard to adjust for years.

Wallace (36) studied the influence of weather on yields of corn and
wheat. He used selected weather measurements averaged over com-
paratively long periods. Fisher (12, 13) thought that the increments of
time should be small to represent the distribution of temperature or
rainfall on a crop. He called attention to the use of orthogonal polyno-
mials (uncorrelated independent variables) of whatever degree

~ "Cooperative investigations of the Agricultural Research Service, U. S. Department of Agri-
culture; the Beet Sugar Development Foundation; and the Utah State Agricultural Experiment
Station. Approved as Journal paper No. 1884, Utah Agricultural Experiment Station, Logan,
Utah, 84322,
*Research Agronomist, Agricultural Research Service, U. 8. Department of Agriculture, Crops
Research Laboratory, Utah State University, Logan, Utah, 84322,
*Numbers in parenthesis refer to literature cited.
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wanted. This method reduces the number of variables Lo a suitable size
for a regression analysis over as long a period as possible. When Fisher
used this method to compare wheat yields with rainfall, results were
good.

Neither the weather-index method nor the use of orthogonal
polynomials has been applied to sugarbeet yields. The purpose of this
paper is to report the results of these methods on sugarbeet-yield data,
to develop predictive procedures, and to establish the relatlonshlp of
yield and sugar percent with weather.

Materials and Methods

A trend was established with a 9-yr moving average of the variety
trial yields. Terminal years were calculated as given by Shaw and
Durost (29). An index was then calculated by division of the yearly
trend into the actual variety trial averages. To determine abnormal
years from this index, values of 85 to 115 were assumed to be a normal
index range. Any yield not in that range was adjusted as described by
Shaw and Durost.

A new scries was formed with actual variety trial yield in normal
years, and the adjusted yields for abnormal years. A final weather
index was calculated with a 5-yr moving average on this adjusted series
as the trend, the terminal years being calculated as before. Divided into
actual variety trial yields, this new trend gave the final weather index.

[t was assumed that variety trial-yield averages, with varieties
similar to the commercial varieties in the area, would have a gradual
effect on yield that might be removed by a trend. Better-than-average
farmers would be uniform in cultural practices. Any changes in soil
moisture and moisture reserves would be likely to have a gradual effect
on yields, one that could be removed by a trend. Other cultural effects
such as fertilizer application, plant population, and soil changes by
rotation could be held constant or assumed to be changed only gradu-
ally by a controlled group of better-than-average farmers.

A pilot study on the weather-index method was made on data
from sugarbeet yields in the West Jordan, Utih, area. It was felt that
this location fit the conditions cited above. Two farms were used
repeatedly for variety testing. The hrst farm had a heavy clay soil,
whereas the second farm had sandy soil. Cultural practices were similar
on both farms.

Variety trials and factory-district average yields for Nampa,
Idaho; Nyssa, Oregon; and West Jordan, Utah, were obtained through
the courtesy of the Amalgamated and Urah- Idaho Sugar Companies,
respectively. The variety trial data for the West Jordan district were
from the Granger-Taylorsville area records of the ARS, USDA, field
station, now located at Logan, Utah.

The effect of weather on sugarbeet yield was studied at three sites,
Ndmpa Nyssa, and West Jordan, becausc factory-district averages dnd
variety yield- trial data were available for at least 20 years at these sites.
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Temperature data at these sites were obtained from published
climatological data for each state (8). The weather station used in Utah
was at the Midvale smelter? and at the other two sites at sugar factories.
When the published data were not complete, unpublished daily max-
imum and minimum temperatures were used from the same weather
stations to complete the series of years.?

The first calculations were made using 40 periods of 5 days each,
starting at the variety trial planting dates for each year. To obtain the
orthogonal polynomial distribution coetficients, Fisher and Yates’ (13)
tabular values were used for each season. A fifth-degree orthogonal
polynomial on time was used. In the regression on models, adjustments
were made for length of season. The second calculations were made
froma starting point ot March 5 of each year, with the time divided into
54 live-day periods. For more adjustments, the linear trend over years
was removed in the regression models. The data were calculated at the
Computer Center, Utah State University Applied Statistical Laborat-
ory, under the direction of Dr. Rex Hurst.?

To obtain information about the best form of measure to express
the temperature, seven arrangements were used:

(a) Degree days, as given by Bager (5), with a base of 86-50°F;
maximum temperature was always entered as 86°F or less and minimum
as 50°F or more. Examples: A cool day of 64°F maximum and 40°F

minimum would be M} = 57 — 50 = 7°F. A warm day with a

maximum of 90°F and a minimum of 64°F would be (86-'-% 50 =
25°F
(b) The same as (a), with a base of 80-45°F.
(¢) The same as (a), with a base of 75-40°F.
(d) Differences of daily maximum and minimum temperature.
(e) Daily average.

(f) Daily maximum.

(g) Daily minimum.

Regression models were built with these temperature arrange-
ments and four dependent (Yk) measurements: yearly average district
yields, yearly average variety trial yields, yearly average district sugar
percentage, and yearly average variety trial sugar percentage.

The regression methods used to study the effect of temperature
distribution on the yield of sugarbeet roots and sugar percentage are
described by Fisher (12). Ilouseman (16) and others (10, 15, 7) applied
and simplified calculations. Briefly, the method consists of first establish-

*Daily temperature records for the Midvale smelter were not published after October 1958.
The daily temperatures from November 1958 10 1960 were obtined from Arlo E. Richardson,
Utah State Climatologist, Logan, Utah.

*Nampa daily temperature records, Sugar Factory Station, were not published after 1960.
Daily wemperatures from 1961 to 1969 were obtained from the factory station through the Amal-
gamated Sugar Companv.

“Professor and Department Head, Applied Statistics and Computer Science, Utah State Uni-
versity, Logan, Uwah.
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ing distribution coefficients for each year. These distribution coeffi-
cicnts can be obtained with the 54 five-day totals for each year as de-
pendent variables (Y) and the orthogonal polynomial table values (1,
12) as the independent variables (X). The regression coefficients ob-
tained from the above multiple regression model are the orthogonal
polynomial distribution coefficients for each year (Table 3). These dis-
tribution coefficients are then used in a multiple-regression model as
Xj variables, with annual yields and sugar percentages as the dependent
Y variables. These regression coefficients (Aj) arc used to obtain delta
values (Aj = effect of one degree rise in temperature measurement
above average on yields or sugar percent) over the 54 periods of time
by the following formula:

Ag Arts Asta Aata Aaty Asts,
+ § =& + +
Zttz 2{22 E'Laz 2{42 2152

where the t’s are the same orthogonal- polynomml table values used
above. These 54 delta values are used over time to plot the delta curves.

Models with a season of seven monthly totals of daily temperature
also were calculated for West Jordan.

Results and Discussion

Weather indices

A trend was established by the method described by Shaw and
Durost (29); indices were calculated as given in Table 1 for the Granger-
Taylorsville area in the West Jordan district. Figure 1 shows the plotted
variety trial and trend yields, adjusted district yields (by division with
the weather-index percentage), and linear regression lines. The linear
regression of these variety trial yields on years was established as Y=
15.06 + 0.1521X tor 1936-1960. The weather indices obtained over-
adjusted district yields in 1942-15 and again especially in 1955-1958.

To test the indices, a regression modcl was calculated using district
yields in tons per acre as the dependent (Y) variables and linear trend
over years and the calculated weather indices as independent (Xj) vari-
ables. This model was significant at the 1% level, with an R? value of
0.46. By itsclf, the weather index term was significant, with a single
degree of frecedom, at the 5% level.

One use of weather index estimates was to obtain an indication of
how much of the yield resulted from technoiogv and how much from
weather. The method used is shown in Table 2. T'he changes due to
technology and weather all seem reasonable except for the last period
of 1956-1960. In this period, the variety trials were a change from one
farm with heavy soil to another with sundy soil. A better overall mea-
sure would probably be the 1936-1956 period, if ene ignores the effects
of a farm change. This period gives an average increase of 0.195 T/yr



Table 1.—Calculated weather index for Granger-Taylorsville area, West Jordan, Utah, district.

Variety
trial yield
Year average

T/IA

1936 23.40
37 24.32
38 26.94
39 26.04
40 27.75
41 27.68
42 25.28
43 24.38
44 24.34
45 30.80
46 29.38
47 94.40
48 25,15
49 31.30
50 28.90
51 29.30
52 25.00
53 34,40
54 3100
55 27.10
56 26.40
57 26,00
58 3045
59 3665
60 36.45

9-yr

moving First

average index'

2

T/IA %
23.20 100.86
253.90 101.75
24.20 111.32
24.90 104.58
25.56 108.56
26.39 104.89
26.96 93.77
27.78 87.76
27.69 87.90
28.08 109.69
28.22 104.15
28.66 120.03
28.73 87.54
29.85 104.86
29.87 96.75
29.62 98,92
28.7% 87.02
28.82 119.56
28.73 107.90
29.59 91.58
30.38 96.90
51.23 83.25
32,06 94.98
32.89 11143
33.72 108.10

Average
weather
years?
4
T.l'::\
23.40
24.32
26.94
26.04
27.75
27.68
25.28
24.38
24.34
30.80

29.39

25.15
31.30
28.90
29.30
25,00
28.00
31.00
27.10

26.40
2842
30.45
36.65
36.45

27.27

5-yr
moving
average
5
TIA
24.77
25.29
25.69
26.55
26,74
26.23%
25.89
26.50
26.84
27.24

27.39
28.78
28.40
28.38
27.93
28.50
28.44
28.08
27.50
28.10

28.67
29.80
31.67
32.05
33.05

Final
index?®
6

%

9447
96.16
104.87
98.08
103.78
105.53
97.64
92.00
890.69
113.07

107.30
119.53

88.56
110.29
103.47
102.81

87.90
122.5]
112,73

96.17

92.08
87.26
96.15
114.35
110.29

District
yield
7

e

13.95
12.38
16.89
12.66
12.44
18.97
13.96
15.86
15.88
14.81

13.68
16.31
11.76
16.97
14.38
16.41
13.69
15.53
16.20
15.84

17.04
16.94
14.33
19.14
17.51

Adjusted
yield?
8
TIA

14.76
12.87
16.11
12.91
11.99
13.24
14.30
17.24
15.30
13.10

12.75
13.65
13.28
15.39
13.90
15.96
15.57
12.68
14.37
16.47

18.51
19.42
14.90
16.74
15.88

'"Items in column 1 divided by items in column 2 are expressed in percentage (column 3).

*Years are considered average if thev are between a first index value of (85-115); if over or under year is adjusted by use of average of year before and year after.

“ltems in column 4 divided by items i column 5 e expressed in percentage.
'District yields ave divided by final index in percentage.
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Figure 1.—Granger-Taylorsville root yield in tons per acre.
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Figure 2.—Average temperature measurements for West Jordan,
Utah, district, for the 54 five-day periods for 25 years (1936-1960).
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Table 2.—Average yield changes caused by technology and weather, calculated by
use of weather-index adjusted yields.

For  Average for
period  one year

Period (1936) (1941

Actual yield 13.95 13.97 0.02 0.004
Changes caused by technology (-adjusted) 14.76 13.24 —1.52 -0.30
Changes caused by weather ~0.81 0.73 1.54 0.31
Period (1941) (1946)

Actual yield 13.97 13.68 -0.29 -0.06
Changes caused by technology (-adjusted) 15.24 12.75 -0.49 =0.10
Changes caused by weather 0.73 0.93 0.20 0.04
Period (1946) (1951)

Actual yield 13.68 16.41 2,73 0.55
Changes caused by technology (-adjusted) 12,75 15.96 3.21 0.64
Changes caused by weather 0.93 0.45 -0.48 -0.10
Period (1951) {1956)

Actual yeld 16.41 17.04 0.63 0.13
Changes caused by technotogy (-adjusted) 15.96 18.51 2.55 0.51
Changes caused by weather 0.45 -1.47 -1.92 -0.38
Perind (1936) (1960)

Actual yield 17.04 17.51 0.47 0.12
Changes caused by technology (- adjusted) 18.51 15.88 -2.63 —0.66
Changes caused by weather 1.47 1.63 3.10 0.77
Period (1936) (1960)

Actual yield 13.95 17.51 3.56 0.14
Changes caused by technology (—adjusted) 14.76 15.88 1.12 0.04
Changes caused by weather -0.81 1.63 2.44 0.10
Periad (1936) (1956)

Actual yield 13.95 17.04 3.09 0.15
Changes caused by technology (—adjusted) 14.67 18.51 3.84 0.20
Changes caused by weather -0.72 —1.47 -0.75 -0.04

for technology, with weather effect averaging near zero. This average
is too low. The weather index obtained must not represent a large
enough sampling, because it was based on only one trend at one site
in the district.

Temperature measurements .

‘The average of the temperature measurements used for each of
the 54 five-day periods for the 25 years is shown in Figure 2 for the West
Jordan district. These curves are similar and vary primarily in the range
of temperatures considered. The most drastic effect was seen in the
daily differences between daily maximum and minimum tempera-
tures. Although these curves are all of the same form, one should not
expect their effect to be the same on yield factors, because they are
averagesand do not reflect yearly differences. These curves were similar
for all three sites.

Nampa's 20-year average for all measurements was lower than
Nyssa's except for the daily difference, which was about 1° larger. West
Jordan's 25-year averages were close to Nyssa's, except for the daily
difference and the maximum, which were higher than Nyssa's.



Table 3.—Orthogonal polynomial distribution coefficients for 54 five-day periods for 25 years, West Jordan, Utah.

Var. trial District Distribution coefficients (maximum-minimum) = daily difference’
Year yield yield a0 a a: ag as as
T/A

1936 23.40 13.95 78.63 0.24165-01 =0.1707-01 ~0.1290—03 =0.6162-(4 =0.5100-05
1937 24.32 12.38 77.76 0.4479-02 —(.2873-01 ~0.4148—-03 —0.3885—-04 —0.7649-05
1938 26.94 16.89 73.48 0.2508-01 —-0.3227-01 —0.3097-03 0.4929-04 0.1191-04
1939 26.04 12.66 80.46 0.7897-01 - 0.1471- 01 0.4872 03 0.6712- 04 0.5612-05
1940 27.75 12.44 77.39 —0.5380-01 0.3692- 01 09877 -05 0580404 ~0.1107-04
1941 27.68 18.97 70.06 0.1382-02 0.2255- 01 01709 03 0571 —-0.9055—-05
1942 25.28 13.96 75.44 0.6579-01 0315601 0.7819 -03 02673 04 0.9440-05
1943 24.38 15.86 75.42 0.8202-01 - 0.2312 01 -0.5446 -03 0525501 0.2013-04
1944 24.34 13.88 72.59 0.1832+00 - .4086=01 0.1426 -02 04397 ™ 0.1605—04
1945 30.80 14.81 70.19 —0.1285-01 - 0.31T8=01 -0.5158 03 0.1392 14 0.1078-04
1946 29.39 13.68 65.70 -0.8601-01 02126 01 -0.3187 -03 04558 14 0.2094-04
1947 34.40 16.31 61.29 -0.5709-01 02215 01 -0.1106—-02 -0.1130 -02 =0.1365-04
1948 25,15 11.76 66.55 0.52352 -01 0.3002 -01 -0.5179-03 -0.8071 -04 —0.1098-05
1949 31.30 16.97 64.56 0.1131+00 01537 -0l 0.7322- 04 0.7623 -04 0.2529-04
1950 28.90 14.38 66.56 0.8006—-01 02191 -0 -0.9542 -04 0.3510 -04 —0.3867-05
1951 29.30 16.41 72.56 0.5148-01 0.2190 -01 -0.1265—-02 -0.2365-04 0.5595- 05
1952 25.00 13.69 75.30 0.1957-+00 0.3539-01 0.9835-03 -0.2978-03 -0.1751-04
1953 34.40 15.53 76.67 0.2512-01 0.2499 -01 -0.1065-02 0.8311 -0 —0.1544—-04
1954 31.00 16.20 75.85 0.6613-01 0.2215 -01 -0.1795-03 -0.3222 -(4 —~0.1862-04
1955 27.10 15.84 73.49 0.8922-01 -0.2909 -01 -0.6767 03 -0.1127% -03 ~0.2187-05
1956 26.40 17.04 79.62 0.5126-01 -0.2087 -01 -0.1085- 02 0.1879-04 0.1681-04
1957 26.00 16.94 70.30 0.9927-01 -0.3392 -01 0,98834- 03 0.2496-04 0.9626—-05
1958 30.45 14.35 » 78.74 0.1976+ 00 0.4169 -01 0.6313- 03 -0.1623- 03 -0.2637-04
1959 36.65 19.14 78.10 0.1392+400 -0.2013 -01 0.3306-03 01100 -03 -0.1312-04
1960 36.45 17.51 8094 —0.3831-02 -0.4350-01 0.3839- 03 0.6100=04 0.1146—035

‘ay to as given in computer “E” notation: 0.2415-01 = 0.2415 x 10" = 0.02415, etc.

03¢
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Monthly totals at West Jordan

For West Jordan, a stepwise regress.on’ study was made with the
seven monthly totals ot each temperature measurement. Among the
five temperature measurements in Fig. 3, the daily differences were the
only significant models (Table 4). For district yieldsin tons per acre, the
stepwise models on daily differences gave R* values of 0.58 for all 7
months to 0.17 for one month only (May). The most complete model
(all 7 months) gave significance for May and July at the 1% point and
accounted for 57% of the variability. When only May and July data were
in the model, they accounted for 46% of the variability, with both
terms significant at the 1% point. Thus, variation in daily differences
affected district factory yield the most at West Jordan during May and
July. The study with variety trial tons per acre was different. The com-
plete model accounted for 50% of the variability, and the months most
significant with the daily difference measure were July, August, and
September. These three months alone accounted for 38% of the vari-
ability (Table 4).

The results obtained by average district yields and variety trial
yields can be explained only by the difference in the two averages. The
district was over a broad base, and the variety trial average was over a
limited base. The effect of correlations between the X variables also
explain part of the fact that district average yield and variety trial yields
differed.

Temperature distribution delta curves

The resulting delta curves, from variety trial planting data with
40 five-day periods, were not as consistent as the delta curves from the
data with 54 five-day periods. Therefore, the results reported will all
be on the full-season curves, with March 5th as the starting date. The
regression models were corrected for length of season (based on variety
trial planting dates for the districtinvolved) and linear trend over years.

One familiar with the sugarbeet can postulate how a unit increasc
of 1° above avcrage of any temperature measurement affects the yield
of sugarbeet roots or sugar percentage. We know that such factors as
soil fertility, soil texture, and moisture also have considerable influence
on beet yield and sugar percentage. A temperature increase in the
first part of the season would be expected to increase root yield. This
increase in root yield could last at least until periods of highest tempera-
ture. Afterwards, the effect of a temperature increase above average
would decrease the yield until sometime during September. Anincrease
in temperature then would also increase the yield until harvest. For
sugar percentage, such factors as soil texture and fertility and moisture
content have a somewhat greater influence. The influence of tempera-
ture alone on yield factors would be confounded considerably. Suc-

"Statistical Program Package (STATPAC) by Dr. Rex L. Hurst, Utah State University Com-
puter Center, Logan, Utah.
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Table 4.—Stepwise linear regression models with monthly totals of daily
difference between maximum and minimum temperature, West Jordan, Utah.

District yields tons per acre

Source of Degrees
variation freedom Mean square’ Reg. coef. F values
Total - 24 34945 12.9040
April 1 44314 0.0132 2.11
May 1 23.4627 —0.0264 11.16%*
June ! 0.0739 0L.0017
July | 20.7476 0.0320 0.87%%
August 1 4.9500 —0.0149
September I 1.6528 ~0.0060
Ovtober | 1.0949 0.0041
Madel T 6.8764 3.27*
Error 17 2.1019
R? 0.5739
Total 24 3145 13.3222
May 1 32.2420 —(1.0259 15.63**
July I 24.0795 0.0257 11.67++
Maodel 2 19.2472 Q.32%*
Error ] 2.0632
R? 0.4588

Variety test tons per acre
Total 24 14,9290 35.9149
April | 1.8552 0.0085
May 1 26.5562 ~0.0280 2.51
June | 7.6265 0.0175
July 1 103.9592 0.0716 0.84 %+
August 1 51.6519 ~0.0482 4.89%
September 1 96.3797 —0.0456 9.13%*
October | 0.0080
Muoclel 7 242
Error 17 259:
R? 04990
Tatal 24 14.9290 A3.4347
July I 1039037 0.0690 9,854+
August 1 63.6:482 —0.0428 B.04%
Seprember 1 76.9127 (10397 7.29%
Model 3 15.6225 4.33%
Errar 21 10.5442
R? 0.382

*  Significant at 5%.

*# Significant at 1%.

' Single degree of freedom mean square is that which would not have been accounted for by re-
gression, if the variable had been omituted.

rose is expected to increase gradually throughout the season if nitro-
gen level decreases towards harvest. However, the optimum air temper-
ature for sugarbeet yields and sugar percentage is questionable. In the
greenhouse studies of root temperature in culture solutions. Radke
and Bauer (23) established that the optimum root temperature of
culture solutions for high sugar percentage was hetween 66 and 90°F,
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whereas the greenhouse air temperature was held at 72 to 75°F. At
other air temperatures, these temperature ranges could change, be-
cause optimum temperatures have not been established under field
conditions (14, 15, 32).

The individual terms of the orthogonal polynomial regression
models can help interpret the resulting curves (Table 5). Ag is the total
temperature for the season. If yield is positively correlated with Ag,
then the highest yields are associated with the highest temperature
within the season. Ai is the linear component and is proportional to
the regression coefficient of a straight line. 1f Ay is positively correlated
to yield, higher yields are related to seasons, with the highest average
temperature per 5-day period. A2 can be fitted to a parabola that
opens upward if positive and downward if negative. The amplitude of
the parabola depends on the value of Az. Positive correlation of Az with
the yield would mean that the highest yield is associated with seasons,
and the lowest temperature is in the middle of the season. Az would
generally be negative. As, the cubic term, can be shown to be associated
with seasons in which the curve reaches a maximum during the first
half of the season and a minimum during the last half, if positively
correlated with yield. The reverse is also true.

At West Jordan, the delta curves for each measurement were simi-
lar for variety test yields (Fig. 3A). The degree-day, daily average, and
maximum curves were essentially the same. The amplitude of the
maximum and minimum points in the daily-difference curve was
larger than that of any other measurements. This is true for all sites.
The daily-minimum curve differed also in the timing of maximum
and minimum points; otherwise it was the same as for the other mea-
surements. Points at the first and last of the season are not dependable,
because they are regulated by the form of the curve fitted. The curve
that most nearly fits our postulation is probably the daily-maximum
measurement. [t showsa smallincrease in yield shortly after the average
planting date until about the second week in July, a decreasing effect
until the first part of September (during the time of rapid top growth
after thinning), and then a rapid increase until harvest. All othcr
measurements follow the same form, but timing of maximum and mini-
mum points differ somewhat.

At Nampa, the curves for each measurement were also close to the
same form, but they did not follow our postulation (Fig. 3B). This
difference must have been caused by soil, fertility, varietal differences,
or all three. This influence was shown by Fisher (12) in his studies on
whear and rainfall. He found that the delta curves could be grouped
according to fertility level in all instances. The only significant curve at
Nampa is for the minimum measurement with an R? value of 0.68.
This significance was caused mostly by the indivdual polynomial term
As. This curve showed a decreasing effect until mid-July for a unitin-
crease above average of minimum temperature and then a rapid in-
crease until the latter part of October. The orthogonal polynomial



Table 5.—Regression analyses, orthogonal polynomial models, with all measurements at Nampa, 1daho, corrected for linear trend and length of
Season.

District sugar o Variety trial sugar ]
Degrees Mean Regression F Mean Regression F
freedom square' coefficient value square’ ~ coefficient value
8045 o
Toral 19 0.2694 25,1637 1.2424 24,9995
Aa | 0.1508 0.0399 2.19 2.9G22 -0.1768 9.07*
Ay I 049 x 107 0.0269 .0671 0.9973
Ag 1 0.8063 25,7520 1], 72%+ 01047 9.4983
Aa | 1.0314 726.7796 14.99*= 44805 1,514.8050 18.72%%
Aa | [ERITE -582.5451 0.0022 109.7838
A i 04108 13,304.0000 5.97+% 0.2485 10,347.3300
Years | 01244 —N.0194 1.81 4.005% 01100 12.23%#
No. days | 0.2235 0.0082 3.25 | .BB56 0.0238 577"
Model 8 01.5451 702 25015 7.65%*
Error I 1.06RS R? = (.85 0.3267 R* = 0.85
Difference
Total 19 1.26094 22,6136 1.2424 18.8589
Aa I n.1901 0010 1.64 1.0748 ~0.1044 1.45
Ay I 0.u242 0A799 01224 1LOTRT
Az I 1.BGAT 61.5828 15,99+~ 1.5799 56.GBG0 2.13
Aa | N.0045 39.1116 13562 346.5165
Ay i 11338 2,5%0.0840 9.74° 1.6137 4,015.8266 217
As I n.o1yy 2,588.3160 1.9769 25.770.1600 2.66
Years 1 0.0395 -0.0102 8.6916 -0.1508 11.70%*
No. days 1 0.0348 ~-0.0106 2.90 2.0908 0.0314 4.03
Model 8 0.4795 4.11% 1.9295 2.60*
Error 11 01166 R* 0.5 0.7427 R*  0.65
Average
Total 19 02681 27.1391 1.2424 30.9950
Ao 1 02284 L2499 228 1.1668 ~0.0675 241
Al I 0000135 0.3607 0.1141 —~0.0656
A? 1 0.0605 45716 0.1404 (L6967
As I 10669 416.0558 10.66%= 2.6373 6541514 FEES
A 1 0.0770 - 302.9301 0.0074 —493.6459
As 1 0.3851 7.710.4650 3.84 0.0670 3.006.5130

(Continued next page)
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Table 5.—Continued.

Degrees
Years
No. days
Madcl
Error |

—_— 0 -

Maxnmum
Toual

Ao

Ay

Az

As

A

As

Years
No. days
Maosdlel
Error

S e RS e i

Wiramum

Toral |
Ao

Ay

Az

Az

A

As

Years

No. davs

Maoedel

Evror 1

— e e e e = = e i

~freedom

Mean

__sguare.

0.2017
02126
0.5022
01001

0,249
0.1378
00125
0.410%
(.6151
01254
0.1267
0.1452
0.1156
04566
0.1332

0.2694
0.0978
0.0123
(.0125
1.2589
(1.1583
06180
0.3244
0.1520
05380
0.0740

District sugar

Regression F
coefficient value
0.0243 2.02
~0.0079 2.12
3.02% -
R = (.78
25.3475
-0.01649 1.03
0.2181
8.6510 3.08
283.2390 4.84*
-629.6449 3.19
= 3,0498.5630
=0.0200 1.08
= 0.0057
342+
R* = 0.71

20.7465

=0.0194 1.42
0.2451
—-2.9749
N7 4677 17.01""
477.9237 2.14
14,499.6500 B.35%
—0.0344 4.39
~0.0068 2.05
797w
KE = 0.84

Variety trial sugar

Mean Regression
square!  coefficient
5.8759 =0.1314
1.9837 0.0242
22848
(14843
1.2424 40.2541]
0010 n.0791
00411 W05
00037 nsITH
3.8147 BRN.THTR
0.120) = 3346344
11736 Q4406010
5.1502 01191
24087 N.026G1
24217
0SEAT
1.2424 164377
02375 00502
(.0RR2 0575}
00175
15230
.8t42 1114 88060
2.53649 - 29.378.1600
7.0824 —0.1632
2.0978 0.0251
2.2333
0.5217

F
value
12.15++

1.09
4,72+
R* = 0.7

7 820

9,92+

3.06
13.39%
6.26%
6.30%
R* = (.82

2.93
1.66
4.86%
LA AT
4.02
4.28*
R* = 0.76

"Signiﬁc‘anl at 5%.
**Signihcant at 1%,

'single degree of freedom mean square is that which would not have heen accounted for by regression

. if the variable had been omined.
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distribution cocfficients added to the significance of the models for
prediction, but not to the temperature distribution effects on yields
(Table 5).

The effect of 1° rise above average temperature on district yields
was close to the expected, except for the West Jordan site (Fig. 1A, B, C,
D). At West Jordan, the delta curve was almost opposite to the Nampa
and Nyssa delta curves, except for the minimum temperature mea-
surement (Fig. 4D). This measure has R* values of 0.34 for West
Jordan, 0.61 for Nampa, and 0.61 for Nyssa, the latter two being signi-
ficant at the 1% level. At Nampa, the significance of the A4 term in the
model is hard to interpret, whereas at Nyssa, two terms of the model
(Ao, the total temperature, and A4) were significant. They tended to
show that total temperatures throughout the season were the important
factors on yield, whereas the distribution of temperature was not very

significant.
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Figure 4.—District yield at all sites and four temperature measurements.
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The delta curves for district sugar percentage gave the most signi-
ficant R? values and were very consistent between sites, regardless of
measure used (Fig. 5\, B, C, D). The Nampa delta curves were signi-
ficant at the 1% point with the degree-day (80-45) and daily-minimum
measurement and at the 5% point with the daily difference and daily
maximum. R? values ranged from 0.85 to 0.71 (Table 5). The indivi-
dual terms that were also highly significant were Az, As, and As for
the degree-day (80-45) measure and for the daily-difference measure.
As and .\s were significant for the daily-minimum temperature
(Table 5). At West Jordan, it was at the 5% point for degree-day (80-45)
and daily-difference measurements. The statistical significance was
not as high at the other two sites.
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Figure 5.—District sugar percent at all locations and at four tempera-
ture measurements. Scale = percent X 102.
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The district sugar percentage delta curves showed an increase of
sugar percentage at the first of the season until mid-June for 1° in-
crease in the average temperature measurement. They showed a de-
crease until the latter part of August and then an increase at the end of
the season. These curves may not fit our postulation, but the significance
of the models shows that fertility and soil condition were at the right
level for a unit increase in the average fall temperature to increase
sugar. The effect of a 1° rise in the temperature measurements is
probably confounded by the curvilinear relationships and multicol-
linearity of the independent terms in the models (22, 23, 26).

Summary and Conclusions

In spite of some over-adjustment of district yield at West Jordan,
the weather-index method would help separate yield trends caused by
technology and weather. Several test sites within the districts are needed
to obtain more critical indices.

The degree-days, daily-maximum, and daily-average measure-
ments gave essentially the same results. The daily-minimum tempera-
ture had more effect on either yield of beet roots or sugar percentage
than any of the other measurements.

The daily-difference measure, a function of daily maximum and
minimum temperatures, needs some form of transformation, in order
to obtain a better fit to actual yield curves. Results show that this mea-
surement does have promise as a temperature measure on field crops.

Orthogonal polynomial distribution coefficients of 54 five-day
periods for each year were used for 20 and 25 years to determine the
effect of a unit increase in temperature-above-average on sugarbeet
root yields and sugar percentage. Results showed that sugar percentage
depended more significantly on temperature distribution than on
root yield. Both methods need study of longer times and sites with and
without irrigation for critical results.

Literature Cited

(1) A~xperson, R. L. and E. E. Houseman. 1942, Tables of orthogonal
polynomial values extended to N = 104. lowa St. Coll. Agr. and Mech.
Arts, Stat. Sec., Agr. Exp. Sta. Res. Bull. 297,

(2)  Asncrorr, Gavieen L., E. ArLo RicHarpsoN, and Lois M. Cox. 1967.
Bioclimatology—a practical science. Utah Sci., Agr. Exp. Sta., Utah
St. Univ. 28: 35-38.

(3) Asucrorr, GavLen L., E. ArLo RicHarDpsoN, and Lois M. Cox. 1968.
The fugue expands—bioclimatology—a practical science. Utah Sci,,
Agr. Exp. Sta., Utah St. Univ 29: 7-13.

(4) Austin, R. B. 1964. A study of the growth and yield of redbeet from
a long-term manurial experiment. Annals of Bot. 28: 637-646.

(5) Bacer, G. L. 1969. Total growing degree days. Weekly Weather and
Crop Bull. 56.

(6) Barocka, K. H. von, A, Haurg, W. OLtymany, and E. E. WeBer. 1966,
Die Beziehungen zwischen Witterungsfactoren and Werteigens-



330

(7

(8)

(9
(10)

(18)

(19)

(20)

(21)

(23)

JournaL oF THEA. S. S. B. T.

chaften der Zuckerribe unter besonderer Beriicksichtigung des
Rube-Kraut-Veriltnisses und der loslichen Asche. [The relationship
between weather factors and qualities of ﬁuF'u beets under parti-
cular consideration of the beet-aboveground plant ratio and of soluble
ash.] Zeitschrift fuir die Zuckerindustrie, Oct., 1966, 583-588.

Braxpes, E. W., and G. H. Coons. 1941. Pages 421-438 in Climatic
relations of sugarcane and sugarbeet. Climate and Man, Yearbook of
Agr.

Cruivartorocicar Dara. 1936-1958, Utah, volumes 38 to 60; 1950-1960,
Idaho, volumes 53 to 63; 1950-1969, Oregon, volumes 56-75. U.S.
Department of Commerce, Weather Bureau.

CrosmarTy, W. A, 1959, An econometric model for United States agri-
culture. J. Am. Statis. Assn. 54: 556-574.

Davis, Froyp E. and ]. E. Porreson. 1940. Effect of the amount and
distribution of rainfall and evaporation during the growing season
on yields of corn and spring wheat. J. Agric. Res. 60: 1-23.

Dueerz, S, and G. C. Russerr. 1964. Soil temperature and nitrogen
effects on yield and phosphorus uptake by sugarbeets. J. Am. Soc.
Sugar Beet Technol. 13: 238-243.

Fister, R. AL 1923, The influence of rainfall on yield of wheat at Rotham-
sted. Trans. Phil. Soc. London, Series B 213: 89-142,

Fisner, R. A, and F. Yares. 1938. Page 58 in Statistical tables for bio-
logical agricultural and medical research. Oliver and Boyd,
Edinburg.

HorMmes, J. C.and S. N. Apams. 1966. The effect of sowing date, harvest
date and fertilizer rate on sugar beet. Exp. Husbandry 14:64-74.
Hoover, R. M. and J. R. Goobix. 1966. High temperature studies of

sugarbeet germination. J. Am. Soc. Sugar Beet Technol. 14: 61-66.

Housemax, E. E. 1942, Methods of computing a regression of yield on
weather. Agr. Exp. Sta. Res. Bull. 302. Iowa State Coll. of Agr. &
Mech. Arts.

Housemax, E. E. and F. E. Davis. 1942, Influence ol distribution of
rainfall and temperature on corn yields in Western lowa. J. Agric.
Res. 65: 533-545.

Hucr, Roand D, J. Wens. 1970. The effect of sowing date and harvesting
date on the yield of sugarbeet. J. Agric. Sci. Camb. 75: 223-229.
Ker'cuevskaya, L. S. 1965. Weather effects on sugarbeet distribution
in western Siberia [in Russian). Vest Sel'skokhoz. Nauk. (Moscow)

9: 40-49,

Kuwanara, Takeski. 1969. Some statistical data on sugarbeets in Hok-
kaido, chiefly on correlation of vield to weather factors. Bull. Sugar-
beet Res. Vol. 5 Japan Sugarbeet Improvement Found.

Maca, E. and J. Durek. 1966. A contribution to the problem of partial
and multiple correlation between the growth season, the time re-
quirement for thinning, and the per-hectare yields of sugar beet, in
ficld conditions. (Cz) Brno. Vysoka Sk. Zemedel. Sh. Rada D, Spisy
Iak. Provozne Fkon. [: 13-18. English Summary.

Mirorp, G. F. and D. J. Warsox. 1971. Effect of temperature and
light at different stages on the growth of sugarbeet. Pages 1-5 in
Physiology of Growth of the Sugarbeet Crop. Report for Year Ended March
31, 1967. Rothamsted Fxp. Sta.

Rapke, |. K. and R. E. Baver. 1969, Growth ot sugarbeet as atfected by



VoL.

(28)

(29

(30)

(31)

(32)

(33)

(34)

(35)

(36)

18, No. 4, OctoBer 1975 331

root temperature. Part 1: Greenhouse studies. Agron. J. 61: 860-
863.

Ricnarpsoxn, E. Arto, Lois M. Cox, and Gaviex L. AsHcrorr, 1967,
The original go power—bioclimatology—the practical science. Utah
Sci., Agr. Exp. Sta., Utah State University 28(3): 88-93.

RicHarpson, E. Ario, Lois M. Cox, and Gayeen L. AsHcrorr. 1968,
Man—nature’s recalcitrant anomaly-—bioclimatology-—practical
science. Utah Sci. Agr. Exp. Sta., Utah St. Univ. 29(2): 49-54,

Ryser, GEORGE K. 1966. A regression study on tare samples of sugar-
beets in relation o factors influencing productivity and quality. J. Am.
Soc. Sugar Beet Technol. 13: 727-747.

Saxperson, Frev H. 1954, Methods of crop forecasting. Harvard Eco-
nemic Studies. Vol. XCIL. Harvard University Press, Cambridge,
Massachusetts.

SHaw, Lawrence H. 1964, The effect of weather on agricultural
output—a look at methodology. J. Farm Econ. 46: 218-230.

Suaw, Lawrence H. and Doxarp D. Durost. 1962, Measuring the
effects of weather on agricultural output. U.S. Dep. Agr. ERS, 62,
Oct.

Suaw, Lawrence H. and Doxarp D. Durost. 1965. The effect of
weather and technology on corn yields in the corn belt, 1929-1962.
Agr. Econ. Report 80. U.S. Dep. Agr.

SratLines, James Larxin. 1958, Indexes of influence of weather on
agricultural output. Ph.D. Thesis, Michigan State Univ. of Agr.
and App. Sci.

Storer, K. R., W. R. Scument, and R. J. Hecker. 1970. Quantitative
growth studies with sugarbeet, Beta vulgaris. J. Am. Soc. Sugar Beet
Technol. 15: 709-725.

Stumeed, J. 1967/70. Verslag over proefvelden met wekelikse rooiingen
in Het Noorden en Zuiden Von Nederland 1958-1964. No. 3. Institut
Voor Rationele Sukerproductie Bergen op Zoom Nederland 37-41.

Swirt, Ebwarp L., and Fraxk A, CLecanp. 1946. The effect of climate
on sugarbeet yields in Western Montana. Pages 135-40 in Proc. Am.
Soc. Sugar Beet Technol.

TuorxTHWAITE, C. W. 1958, An approach toward a rational classifi-
cation of climate. Georg. Rev. 38: 55-94.

Wartace, Ho A, 1920. Mathematical inquiry into the effect of weather
on corn yield in the eight corn belt states. Monthly Weather Rev.
48: 439-446.



