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ABSTRACT

THE EFFECT OF TIME AND RATE OF APPLICATION OF NITROGEN, DATE OF
HARVEST AND VARIOUS PRODUCTION PRACTICES ON THE YIELD
AND SUCROSE CONTENT OF SUGAR BEETS

by Charles Stanley Baldwin

In a three-year experiment on Brookston clay loam, the effect of
time and rate of application of nitrogen was studied on the yield and
sucrose content of sugar beets, Maximum yield of sugar was obtained
when nitrogen was applied as a preplant application at 90 or 120 pounds
per acre or as a sidedressing in mid-June at 60 or 90 pounds per acre,

A harvest delay of 28 days resulted in an increase of 1017 pounds
of sugar per acre, representing an average increase of 36 pounds per
acre per day,

The date of harvest was the most important factor affecting the
sucrose content of beets, The order of importance of the variables on

differences in sucrose content was:

Date of harvest >} Time of nitrogen application >

Rate of nitrogen application > Interactions.

The rate of nitrogen application and date of harvest were about
equal in effect and accounted for the majority of the variation in root

yield. The order of importance of the variables on differences in root

yield was:

Rate of nitrogen application £ Date of harvest >)

Time of nitrogen application :> Interactions.



Charles Stanley Baldwin

The date of harvest was the most important factor contributing to
differences in sugar yield. The order of importance of the variables on

the variation in sugar yield was:

Date of harvest >§> Rate of nitrogen application ;}

Time of nitrogen application ;} Interactions.

From a three-year survey of 2618 sugar beet farmers (representing
29457 acres of beets), various production practices were correlated with
the yield and sucrose content. Regression and partial correlation
coefficients were calculated for 11 production practices,

On coarse-textured soils the production practices accounted for
approximately 36 percent of the total variation in yield and sucrose
content of beets., The majority of the variability in sucrose content
was accounted for by date of planting, date of harvest, and rate of
nitrogen application. Variations in root and sugar yield were due
primarily to the date of planting and rate of nitrogen application.

On fine-textured soils the production practices accounted for approx-
imately 25 percent of the total variation in yield and sucrose content of
beets, Variations in sucrose content were associated mainly with date of
planting and date of harvest., The date of planting was the major factor
causing variation in root and sugar yield each year. Nitrogen in 1961,
tile drainage in 1962, and K>0 in 1963 made significant contributions to

root and sugar yield differences,
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INTRODUCTION

A marked increase in the rates of nitrogen applied to sugar beets in
recent years has been accompanied by a decrease in the sucrose content of
the roots. This apparent depression of sucrose content caused by nitrogen
fertilization may be associated with both the rate and time of application,

The general trend of higher yleld accompanied by a lowering of the
sucrose content suggests that yield and sucrose content may be negatively
correlated., When all other production practices are held constant, such
as on one farm, nitrogen may decrease the sucrose content. However, when
production practices are not held constant, such a correlation may not be
evident. Stout (1961) observed that frequently farms having the highest
yields produced sugar beets well above the average in sucrose content.
High ylelds of roots and high sucrose content are evidently not incompati-
Gie, but the factors responsible for their concomitant occurrence may not
be clearly recognized.

The objectives of this study are to evaluate: (1) the effect of time
and rate of application of nitrogen, (2) the date of harvest, and (3) var-
ious field production practices on the yleld and sucrose content of sugar

beets.



EXPERIMENT I

THE EFFECT OF TIME AND RATE OF APPLICATION OF NITROGEN AND OF HARVEST

DATE ON THE YIELD AND SUCROSE CONTENT OF SUGAR BEETS

Field experiments were conducted on a Brookston clay loam soil at the
Western Ontario Agricultural School in 1961, 1962 and 1963. A different lo-
cation was used each year to study the effect of time and rate of applica-
tion of nitrogen and of harvest date on the yield and sucrose content of

sugar beets.

LITERATURE REVIEW

The role of nitrogen fertilizer is closely associated with the efficient
production of sugar beets. An adequate supply of nitrogen is essential for
optimum yield, but excess may result in an increase in yield of roots with
a lower sucrose content. Headden (1912) showed that beets required large
quantities of nitrogen, but that the sucrose content was depressed when the
avallable supply was excessive. Since then, many reports have shown that
excessive nitrogen lowered the sucrose content of beet roots. (Gardener
and Robertson, 1942; Hac et al., 1954; Ogden, 1958; Finkner et al., 1959;
Schmehl, 1963). Hac et al. (1950) noted a reduction in sucrose content by

applications as high as 240 pounds of nitrogen (N) per acre, but the yield
of sugar per acre was not reduced. This inverse relationship between ni-
trogen and sucrose content was partially explained by Walker and Hac (1952)
on the basis of growth and storage potential, and by Ulrich (1942) on the

2
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basis of environmental factors such as intensity of sunlight, night and
day temperatures and nitrogen supply. Doxtator and Bauserman (1952) sug-
gested that sodium and potassium may also be melassigenic substances that
could serve to modify the sucrose content of sugar beets. Finkner et al.
(1959) reported that excessive phosphate fertilization failed to offset
the reduction in sucrose content of roots caused by excess nitrogen.
Although many production practices affect the quality and quantity of
sugar beets, nitrogen fertilization is particularly critical and every ef-
fort should be made to apply near optimum amounts of nitrogen to the crop.
The "optimum" level of nitrogen as used in this manuscript may be defined
as that level of nitrogen fertilization which produces the maximum yield
per acre., Actual determinations of the optimum nitrogen level prior to
planting is extremely difficult because of the many environmental factors
that affect the availability of both soil and fertilizer nitrogen. Rounds
et _al., (1958) suggested that the nitrogen level could be determined by
cropping and fertilizer histories and soil tests, This view was partially

shared by Tolman and Johnson (1958).
Rate of nitrogen application

A wide range of optimum nitrogen levels for sugar beets is reported in
the literature. Bland (1958) in a three-year experiment, found that the
optimum rate of nitrogen was 90 pounds per acre where cereal straw was
plowed under, and less than 90 pounds per acre when no straw was plowed
under, Manure applications did not affect the optimum nitrogen rate. Ap-
plications of nitrogen greater than 90 pounds per acre increased yield of
beet tops but not of roots and decreased the sucrose content of roots.
Krantz and MacKenzie (1954), in studying the effect of nitrogen on yield

and quality of sugar beets grown at three widely varying soil fertility



levels in a one-year experiment, reported yield increases of roots as high
as 14 tons per acre., The yield of sugar per acre was increased from 1.72
to 3.73 tons per acre. Decoux et al, (1946) found that the sucrose con-
tent was increased by nitrogen rates up to 90 pounds per acre, but it was
decreased when higher rates of nitrogen were applied. Primost (1958) ob-
tained maximum root yields when 140 pounds of nitrogen were applied in
conjunction with ample phosphorus and potassium without lowering the suc-
rose content. Hill and Dubetz (1952) found the optimum levels of side-
dressed nitrogen to be between 40 and 60 pounds per acre., Tolman and
Johnson (1958) found that 80 to 100 pounds of nitrogen per acre was usually
sufficient for sugar beets grown in short-season areas, but in long-season
areas and on new land, up to 200 pounds per acre were needed. Williams
and Ririe (1957) reported optimum rates of nitrogen applications of 160
pounds per acre on fallowed land, 240 pounds per acre after barley, and
80 pounds per acre after a vetch crop. Hill (1952) observed that opti-
mum levels of 40 to 60 pounds of nitrogen per acre had little or no ef-
fect on sucrose content. Carlson and Herring (1954) observed that nitro-
gen tended to reduce the sucrose content at each of five locations. On
one soil the sucrose content of beets that received 60 pounds of nitrogen
per acre was 2 percent lower than the sucrose content of beets grown on
the phosphated check. Rounds et al. (1958) concluded that the effect of
nitrogen fertilization was more pronounced than the effect of the varie-

ties tested.
Time of nitrogen application

Adams (1960) found no yield differences between various sources of
nitrogen, and 60 pounds per acre resulted in maximum sugar yield. Nitro-

gen plowed down was as effective in increasing sugar yield as sidedressing.



No reduction in sugar yield resulted from late applications of nitrogen if
some had been applied as a preplant or at planting time. Davis et al.
(1946) noted that one sidedressing of nitrogen approximately seven weeks
after the beets were planted increased yields of roots to a greater extent
than where the same amount of nitrogen was applied in two applications.
Alexander and Cormany (1950), reporting on one-year data, found no signi-
ficant yield increases in Colorado and Wyoming where rates of nitrogen
were increased from 0 to 120 and 0 to 80 pounds of nitrogen per acre,
respectively. Where the 120-pound rate was applied, the sucrose content
of the roots was'depressed slightly. In Montana, increases in yield of
roots were obtained when increments of 40,60 and 80 pounds of nitrogen per
acre were applied. High rates of nitrogen applied on or after August 10
resulted in low sugar yields and low sucrose content. In addition, these
workers reported no increase in yield resulting from applying the same
amount of nitrogen in 2 or 3 sidedress applications as compared to a sin-
gle early application. Wauthy (1953) found that broadcasting nitrogen in
the spring and discing-in was preferable to autumn plowdown in increasing
sugar beet yields, Joret and Hiroux (1951) concluded that the root yield
was affected 1little, if any, by variations in time of application of nitro-
gen. Hill (1952) in Alberta reported that 100 pounds of nitrogen per acre
applied on June 28 did not affect the sucrose content but did increase the
yield of roots. The same amount of nitrogen applied on August 2 did not
affect root yield but did lower the sucrose content. Haddock (1949)

noted no difference in yield of roots due to sidedressing nitrogen in mid-
season as compared to sidedressing in early season. Beet root yields were
not increased by applying the same amount of nitrogen in two applications

rather than applying it in a one sidedressing application., Leavitt and



Stier (1954) working with anhydrous ammonia found that the optimum rate was
125 pounds of nitrogen per acre. When the rate was increased to 615 pounds
of nitrogen sidedressed at thinning time no further reduction in sucrose
content occurred, and no plant injury was noted. Applications of nitro-
gen sidedressed later than thinning time had been previously shown to be

less effective in increasing yields than earlier applications.
Date of harvest

Hillset al., (1954) reported that root and sugar yields were in-

creased 4,7 and 0.84 tons per acre, respectively, when harvest was de-
layed 34 days. The sucrose content was increased by 0.8 percent. Wolley
and Bennett (1962) noted average daily gains of 0.12 tons of roots and
52 pounds of sugar per acre when harvest was delayed 34 days. Cook et al.
(1962) found over a three-year period, that the date of harvest did not

affect the yield of sugar beet roots.
Nitrate nitrogen content of petioles

Ulrich (1954) noted that beet plants that were continually supplied
with all required nutrients faiied to "sugar-up" or "ripen" in the green-
house, Depriving the plants of nitrogen increased the sucrose content of
roots to 12,1 percent while that of non-deficient beets fell to 7.1 per-
cent, In 1950 Ulrich reported that the critical nitrate level of recently
matured petioles was about 2,000 ppm in greenhouse experiments; The cri-
tical level was that level of nitrate in the petioles tﬁat resulted in a
satisfactory growth and yield of sugar beets. In the field, recently
matured petioles appeared to have a critical nitrate level of about 1,000

ppm, In both pot and field experiments, plants with a high nitrogen



content were lower in sucrose content than "low-nitrogen" plants.

Afanasiev et al. (1954) concluded that the nitrate nitrogen content of
beest petioles should be about 1,000 ppm in August for Montana conditions.
The sucrose content before mid-August was negatively correlated with final
yield. Ulrich in 1956 showed that the increase in sucrose content during
ripening of sugar beets in the greenhouse was induced by low night tem-
peratures (4°C to 17°C) and a deficiency of nitrogen. Krantz and MacKenzie
(1954) reported the nitrate content of petioles should be maintained above
the critical levels until 11 or 12 weeks before harvest. Haddock (1949)
stated that establishing a critical nitrogen level in the plant was of

doubtful value unless the season of the year was also specified,



EXPERIMENTAL PROCEDURE

Three similar experiments were conducted in 1961, 1962 and 1963.
Each year, sugar beets were grown on a location that had been cropped
without fertilizer for at least three years. Corn was grown for two
years immediately preceding the experimental year, and soybeans preceded

the first corn crop.
Soil description

The plot areas were located on Brookston clay loam, tiled at 40-foot
intervals., This soil is similar in type and texture to the soils upon
which the greater percentage of the commercial beets are grown in On-
tario., These experiments were located on the Experimental Farm at Ridge-
town, in the 11th and 12th Lots in the 9th Concession of Howard Township
in the County of Kent, Province of Ontario. The surface soil contained
30 to 35 percent clay and 35 to 40 percent sand. Soil test results from
samples obtained from 0-8 inches prior to treatment each year are given
in Table 1. Phosphorus was determined by the modified PAZ test of Smith
and Sheard (1957). Potash was extracted by a solution 0.1 N with respect
to ammonium acetate and 0.05 N with respect to sulfuric acid, as described
by Heeg.l The pH determinations were made on a soil paste. Magnesium was
determined by a revision of the Spurway and Lawton (1949) test.

1Hoeg, T. J. Unpublished methods used by the Department of Soil
Science. Ontario Agricultural College, Guelph, Ontario Canada.



TABLE 1,--Soil tests results from the experimental locations

Year pH P205 K>0 Mg

Pounds per acre

1961 7.0 187 127 156
1962 7.6 110 92 130
1963 7.4 195 117 69

Statistical design and treatments

The plots were laid out in a randomized split-plot design with three
replications, Each plot contained four rows of beets and was 8 feet wide
by 17 feet 9 inches long. The experimental area each year was 160 by 250
feet, The main plot treatments consisted of three dates of harvest
(Table 5) and the sub-plot treatments were a 6x4 factorial arrangement of
6 rates of nitrogen (0,30,60,90,120 and 150 pounds of N per acre) and 4
times of applications (Table 2).

TABLE 2,--The time of preplant and sidedressed nitrogen applications

Time of nitrogen application

Year
Preplant Mid-June Mid-July Mid-Aug.
Sidedressing
1961 April 19 June 14 July 14 Aug. 15
1962 April 20 June 18 July 16 Aug. 15

1963 April 22 June 21 July 17 Aug. 15
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Preplant applications of nitrogen were broadcast by hand and disced
into the surface soil., Sidedressed nitrogen was placed in bands to one
side of the beet row and approximately 2% to 3 inches below the soil sur-
face. The nitrogen was applied as ammonium nitrate. The sidedressings

were applied at approximately one-month intervals.
Cultural practices

The experimental areas were fall-plowed at a depth of approximately
10 inches., Each year, an application of 800 pounds of 0-20-20 fertilizer
per acre was drilled to a depth of 3 to 4 inches on all plots prior to
planting.

Monogerm seed was spaced 2 or 2% inches apart in 24-inch rows, and
were thinned to one be;t per 12 inches in mid-June. The beets were
planted on May 5, May 18 and May 3 in 1961, 1962 and 1963, respectively.

The monthly rainfall from April to the date of the last harvest was
quite variable (Table 3).

TABLE 3,--The monthly rainfall during the growing season

Month
Year Total
Apr, May June July Aug. Sept. Oct. Nov.?

Inches per month
1961  6.43 2.04 3,75 2,47 3.93 3.3% 1,06 0.29 23.3
1962 1.75 1,12 4,06 3.61 5.65 2.97 0.91 0.94 21,0
1963 4.10 3.4 2,11 2,79 1,53 1,31 0.37 0.14 15,8

8Rainfall from November 1 to date of last harvest only.
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Beets planted on April 21 in 1962 were replanted on May 18 because
of the formation of a crust on the surface of the soil which resulted in

a poor emergence of the plants,
Sampling and harvesting

Each year, petiole samples for nitrate analyses were taken at about
2-week intervals from mid-July to mid-September (Table 4 About 12
petioles were taken from plants in the center two rows of each plot.
Nitrate was determined by the diphenylamine test described by Ulrich

et al, (1959) .

TABLE 4,--Date of petiole samplings

Sampling number

Year 1 ) 3 N p
Date of sampliné

1961 July 14 July 28 Aug, 14 Sept. 1-2 Sept. 15

1962 July 13 July 31 Aug. 14 Sept. 29 Sept. 14

1963 July 17 July 31 Aug. 14 Sept. 29 Sept. 13

When a petlole sampling date coincided with a nitrogen application date,
petiole samplings were taken before sidedressing with nitrogen.

Before the early harvest each year a visual cercospora blight rating
was made on each plot according to the Kleinwanzlebener rating chart.l

1xloinwanzlebenor Cercospora-Tafel, Verlag Dr. Buhrbanck and Co., K.G.
Berlin und Holzminden.
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At the same time, a visual nitrogen rating was made., A rating of 1 to 5
was assigned depending on the decreasing intensity of the green color of
the beet leaves,
The beets were hand harvested and hand topped. The dates of harvest

ard given in Table 5,

TABLE 5.~-Dates of sugar beet harvest

Date of harvest

Year

Early Medium Late
1961 Oct. 10 Oct. 24 Nov. 7
1962 Oct. 9 Oct. 23 Nov., 6
1963 Oct., 8 Oct., 22 Nov, 5

Root and top weights were taken from 15 feet of each of the two center
rows, From each plot, two lots of 5 beets each were scrubbed free of
soil for sucrose determination. Within twenty-four hours of harvest the
sucrose content of the fresh beet roots was determined at the Canada and
Dominion Sugar Company Limited laboratories, Chatham Ontario, by the
polgrimetric procedure of Bates and associates (1942). The yield of sugar
per acre was calculated from the sucrose content and the yleld of roots

per acre.



RESULTS AND DISCUSSION

The effect of date of harvest, and time and rate of application of

nitrogen on the sucrose content of sugar beets

The sucrose content of beets generally increased as the date of har-
vest was delayed (Table 6). In 1962 and 1963, the sucrose content of
beets harvested at the medium and late dates was higher than that of
early-harvested beets, Delaying the harvest for 28 days (early to late
harvest) increased the average sucrose content of beets harvested in 1961,
1962 and 1963 by 1.1 percent., The average sucrose content of beets har-
vested at the medium and late dates did not differ (Table 7). The sta-
tistical values (Table 8) indicate that date of harvest was the most
important factor affecting sucrose content., This factor accounted for
43, 65 and 72 percent of the total variation in sucrose content in
1961, 1962 and 1963, respectively.

Beets to which nitrogen was applied as a preplant application or as
a mid-June sidedressing had a higher sucrose content than beets to which
nitrogen was applied as a mid-August sidedressing (Table 6), Beets to
which nitrogen was sidedressed in mid-July tended to have a higher suc-
rose content than beets to which nitrogen was sidedressed in mid-August.
In general, the lowest sucrose content was obtained in beets to which
nitrogen was applied late and which were harvested early. The time of
nitrogen application did not affect the average sucrose content of beets,
except for a slight reduction where the nitrogen was applied in mid-
August (Table 7)., The statistical values (Table 8) indicate that the

13
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TABLE 7.--The effect of time and rate of application of nitrogen and of
harvest date on the three-year average of yield and sucrose content of
sugar beets

Percent Tons Pounds Tons
Treatment sucrose roots sugar tops
per acre per acre per acre
Harvest date
Early 17.0 17.2 5719 11.4
Medium 18.1 17.9 6357 10.3
Late 18.1 18.9 6736 8.7
Time of application
of nitrogen
Preplant 17.8 18,4 6424 9.2
Mid-June 17.9 18.5 6506 10.6
Mid-July 17.8 17.7 6214 10.7
Mid-August 17.4 17.3 5921 10.0
Rate of nitrogen
application
(1bs. N per acre)
0 17.7 16.2 5655 6.8
30 17.9 17.5 6062 8.4
60 17.8 18.3 6433 10.0
90 17.7 19.0 6594 11.3
120 17,6 18.5 6429 11.7
150 17.6 18.5 6359 12.5
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time of nitrogen application accounted for 12, 9 and 9 percent of the
total variation in sucrose content in 1961, 1962, and 1963, respectively,
The interaction of harvest date and time of nitrogen application accounted
for 1, 1 and 0 percent of the variation in sucrose content in 1961, 1962
and 1963, respectively.

In 1961 beets that had received 30 pounds of nitrogen per acre were
higher in sucrose content than those that received 150 pounds of nitro-
gen. This was particularly evident when the nitrogen was applied in
mid-July or mid-August to beets that were harvested early. The variabil-
ity in sucrose content in 1962 and 1963 was largely accounted for by
nitrogen rates applied in mid-August to beets that were harvested at the
early or medium dates, In general, most of the significant variation in
sucrose content attributed to rates of nitrogen resulted from differences
between the sucrose content of beets that received 120 or more or 30 or
less pounds per acre, Nitrogen rates greater than 30 pounds per acre re-
duced the sucrose content slightly (Table 7).

The interaction of rate of nitrogen application and date of har-
vest accounted for 4, 1 and 1 percent of the total variation in sucrose
content in 1961, 1962 and 1963, respectively. The interaction of rate
of nitrogen with time of application accounted for 4, 4 and 2 percent
of the total variation in sucrose content in 1961, 1962 and 1963, re-
spectively. The interaction of rate of nitrogen, time of application,
and date of harvest, on the sucrose content was not significant,

The effect of date of harvest, and time and rate of
application of nitrogen on root yield

In 1961 and 1962 the date of harvest did not affect root yield
(Table 9). The root yield variation in 1963 was significant, possibly
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due to the dry season. Precipitation after the medium harvest date in-
creased the yield in the last harvest. Delaying harvest for 28 days in-
creased the average root yield in 1961, 1962 and 1963 by 1.7 tons per
acre (Table 7). The statistical values presented in Table 10 indicate
that date of harvest accounted for 13, 6 and 58 percent of the total
variation in root yield in 1961, 1962 and 1963, respectively.

Time of application of nitrogen affected the yield of roots in 1961,
Beets that received nitrogen as a preplant or as a mid-June sidedressing
in 1962 and 1963, had a higher root yield than beets that received nitro-
gen in mid-August (Table 9). There was a gradual decrease in root yield
as nitrogen was applied later than the date of the mid-June sidedressing.
The average root yield was the same when nitrogen was applied as a pre-
plant or as a mid-June sidedressing, The statistical values (Table 10)
indicate that time of nitrogen application accounted for 9, 4 and 3 per-
cent of the total variation in root yield in 1961, 1962 and 1963, respec-
tively. The interaction of harvest date with time of nitrogen applica-
tion accounted for 1, 0 and 1 percent of the variation in root yield in
1961, 1962 and 1963, respectively.,

In 1961 and 1962 higher yields of roots were obtained where nitrogen
was applied at 60 or 90 pounds per acre to beets in mid-June than where
30 or less pounds per acre was used, When nitrogen was applied as a
preplant, beets that received 90 or more pounds per acre had a higher
root yield than beets that received nitrogen at 60 or less pounds per
acre., Nitrogen applied in mid-July or in mid-August had 1little affect
on root yield, In 1963 beets that received nitrogen at 30 or more pounds
per acre as a preplant had a higher root yield than beets that did not

receive nitrogen, especially when the beets were harvested at the medium
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date. When nitrogen was applied in mid-June or in mid-July, beets that
received nitrogen at 30 or more pounds per acre had higher root yields
than beets that received no nitrogen, particularly when the beets were
harvested late. On the average, root yield gradually increased as the
rate of nitrogen increased from 0 to 90 pounds per acre. When beets re-
ceived nitrogen at rates higher than 90 pounds per acre root yield de-
creased (Table 7). The statistical values given in Table 10 indicate
that the total variation due to rate of nitrogen was 14, 40 and 19 per-
cent; the interaction of rate of nitrogen with date of harvest 1, 1 and
0 percent; and the interaction of rate of nitrogen with time of appiica-
tion 3, 3 and 0 percent in root yield for 1961, 1962 and 1963, respsc-
tively. The interaction of rate of nitrogen, time of application, and
date of harvest on root yield was not significant,
The effect of date of harvest, and time and rate of
application of nitrogen on sugar yield

The sugar yield was calculated from the sucrose content and the tons
of roots per acre.

Most of the differences in yield of sugar (1961 and 1962) due to
the date of harvest were due to a higher yield in beets that were har-
vested at the medium or late dates over beets that were harvested early.
In 1961 and 1962 (Table 11) sugar yields from beets harvested at the
medium or late dates were not different. In 1963 sugar yields from
beets harvested late were higher than those that were harvested at the
early or medium dates., Delaying harvest for 28 days (Table 7) 1hcroaaod
the average sugar yield in 1961, 1962 and 1963, 1017 pounds per acre,
This represents an increase of 36 pounds of sugar per acre per day of

delayed harvest beyond the early harvest date. The initial 14 days of
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harvest delay resulted in an increase of 638 pounds of sugar, or a daily
increase of 46 pounds per acre as compared to an increase of 379 pounds of
sugar, or a daily increase of 27 pounds per acre for the last 14 days de-
lay. The statistical values indicate that the date of harvest accounted
for 24, 26 and 61 percent of the total variation in sugar yield in 1961,
1962 and 1963 respectively (Table 12).

In 1961 and 1962, beets that received nitrogen as a preplant or as a
mid-June sidedressing had a higher sugar yield than beets that received
nitrogen in mid-July or mid-August. Beets that were sidedressed with ni-
trogen in mid-July had a slightly higher yield of sugar than beets that
were sidedressed in mid-August. The time of nitrogen application did not
affect the yield of sugar in 1963. On the average, beets to which nitro-
gen was applied in mid-June had the highest yield of sugar (Table 7). A
gradual reduction in sugar yield occurred when nitrogen was sidedressed to
beets later than mid-June. Beets that received nitrogen as a preplant had
a sugar yleld slightly lower than beets that received nitrogen in mid-June.
The statistical values indicate that the time of nitrogen application
accounted for 11, 6 and 5 percent; and, the interaction of time of nitro-
gen application with date of harvest 1, 0 and 1 percent of the total var-
iation in sugar yield in 1961, 1962 and 1963, respectively.

In 1961 and 1962, beets that received nitrogen at 90 or more pounds
per acre as a preplant had a higher yield of sugar than beets that re-
ceived 30 or less pounds per acre (Table 11). When nitrogen was applied
as a mid-June sidedressing at 60 or 90 pounds per acre, beets had a higher
sugar yleld than those that received 30 or less pounds per acre, In 1962,
beets that received 60 or 90 pounds of nitrogen per acre in mid-July had a

greater yield of sugar than beets to which no nitrogen was applied, par-
ticularly when the beets were harvested at the medium date. Nitrogen
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applied in mid-August did not affect the yield of sugar. In 1963, beets
that received nitrogen as a preplant application at 120 or 150 pounds per
acre had a higher yield of sugar than beets that received 30 or less pounds
per acre, particularly when the beets were harvested early. Beets that re-
ceived nitrogen at 60 or 90 pounds per acre in mid-June had a higher yield
of sugar than beets that received 30 or less pounds per acre. Beets to
which nitrogen was applied at 90 and 120 pounds per acre in mid-July had
a higher sugar yield than those that received no nitrogen. Maximum yield
of sugar was produced from beets that received 90 pounds of nitrogen per
acre (Table 7). A gradual reduction in sugar yield resulted when beets
received more, or less than 90 pounds of nitrogen per acre., The statisti-
cal values presented in Table 12 show that the rate of nitrogen application
accounted for 8, 23 and 17 percent; the interaction of rate of nitrogen
application with date of harvest 2, 0 and 1 percent; and the interaction
of rate of nitrogen with time of application 5, 5 and 1 percent of the to-
tal variation in sugar yield in 1961, 1962 and 1963, respectively. In 1963
the interaction of rate of nitrogen, time of application, and date of har-
vest had a significant effect on the yield of sugar.
The effect of date of harvest, and time and rate of
application of nitrogen on beet top yield

The yield of beet tops in 1963 was lower than in the previous two years
possibly due to the shortage of rainfall during the 1963 season (Table 13).
On the average, the yield of tops gradually decreased as the harvest date
was delayed (Table 7). Early harvested beets yielded 11.4 tons of tops per
acre compared to 8.7 tons from beets harvested late. Top yields were high-
est where nitrogen was sidedressed in mid-June or mid-July and lowest T

where applied as a preplant. There was a gradual increase in top yield as
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TABLE 13.--The effect of time and rate of application of nitrogen and of harvest date on the tons of be
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the rate of nitrogen increased from 0 to 150 pounds per acre. Beets that
did not receive nitrogen had a top yield of 6.8 tons per acre, whereas
beats that received 150 pounds per acre had a yield of 12.5 tons per acre,
The effect of time and rate of application of nitrogen on the root to
top ratios are presented in Table 1l4. Each year the root to top ratio
gradually decreased as the rate of nitrogen increased. Beets that did not
receive nitrogen had a root to top ratio between 2.1 and 3.0 as compared
to a range of 1,0 to 2.2 when beets received 150 pounds of nitrogen per
acre, These data indicate that a negative correlation exists between the

rate of nitrogen applied and root to top ratios.
A visual rating of the intensity of cercospora leaf blight

The effect of time and rate of application of nitrogen on the incidence
of cercospora leaf blight (Cercospora beticola) is presented in Table 15,
There was considerable variation of blight incidence for the three years.
The blight was severe on all plots in 1961, moderate in 1962, and not pre-
sent in 1963. The disease was less severe in 1962 as time of nitrogen ap-
plication was delayed, Beets that received nitrogen as a preplant showed
the highest incidence of blight. Beets that received nitrogen in mid-
August showed the least incidence of blight. The intensity of the blight
decreased as the amount of nitrogen applied increased.

A visual rating of the intensity of nitrogen
deficiency symptoms

Nitrogen was the only nutrient deficiency observed in any year, Color
differences of foliage were observed for all rates of nitrogen at every
application time except for the mid-July and mid-August applications dur-

ing dry periods.



28

TABLE 14,~-The effect of time and rate of application of nitrogen on root
to top ratios of sugar beets

Nitrogen application

Time Pounds
per acre 1961 1962 1963
Root:top ratio

0 2.4 2.1 3.0

30 2.4 2.2 2.9

60 2.0 1‘8 2.8

Preplant 90 2.0 1.6 2.8
120 2.0 1.3 2.5

150 1.9 1.3 2.2

30 2.1 1.6 2.5

Mid-June 60 2.0 1.6 2.3
sidedressing 90 1.9 1.3 2.1
120 1.6 1.2 109

150 1.5 1.2 1.8

30 1.9 1.7 2.4

Mid-July 60 1.7 1.4 2.2
sidedressing 90 1.5 1.4 1.9
120 1.7 1.1 2.0

150 1.3 1.2 1.8

30 2.2 1.6 2.7

Hid-AuguSt 60 lo 8 l. 6 2. 4
8idedressing 90 1.7 1.2 2.2
120 1.4 1.3 2.1

150 1.6 1.0 2.1
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TABLE 15,.--The effect of time and rate of application of nitrogen on the
incidence of cercospora blight?

Nitrogen application

Time Pounds
per acre 1961 1962 1963 Average
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aCorospora rating
1 - Normal healthy leaves

2 - First spots (spore colonies) formed on outer leaves
3 - First appearance of spore colonies on inner leaves
4 - Spore colonies joined forming large areas of dead tissue
5 - Leaf and leaf stalks dead and drying up |
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Visual nitrogen ratings are given in Table 16, On the average when
nitrogen was applied as a preplant or as a sidedressing in mid-June, beets
at the time of early harvest showed a deficiency of nitrogen regardless of
the rate of application. Beets that received nitrogen at 120 or 150 pounds
per acre in mid-July or in mid-August did not show nitrogen deficiency at
the time of early harvest. Beets that received adequate nitrogen for max-
imum sugar yield showed slight yellowing at the time of early harvest.

When beet leaves did not show a deficiency of nitrogen at early harvest
this tended to indicate that nitrogen had been applied late, and at 120 or

150 pounds per acre.
Petiole analyses for nitrate nitrogen

The effect of time and rate of application of nitrogen on the nitrate
content of the petioles is shown in Table 17, Results between years were
in good agreement for similar sampling dates and treatments except where
nitrogen was applied in mid-August. Nitrate content of beet petioles
that received nitrogen in mid-August was variable, This variability prob-
ably 1s associated with rainfall, as in 1963, nitrogen applied in mid-August
was not detected in the petioles, The data indicate that when nitrogen was
applied as a preplant or as a sidedressing in mid-June at 60 or 90 pounds
per acre, the nitrate level of the petioles was very low or nil 6 to 8
weeks prior to the early harvest, This suggests that for maximum sugar
production the level of nitrogen in the petiole should be low for approx-
imately 8 to 12 weeks prior to harvest.



31

TABLE 16,--The effect of time and rate of application of nitrogen on
nitrogen deficiency symptoms of the sugar beets at the time of early

harvest@
Nitrogen application
Time Pounds
per acre 1961 1962 1963 Average
N deficiency ratings

0 5.0 4,7 5.0 4.9
30 5.0 3.7 5.0 4,6
60 3.7 3.3 4.7 3.9
Preplant 90 3.7 2.7 k.7 3.7
120 3.0 2.3 3.6 3.0
150 3.0 2.0 4,0 3.0
30 4,0 363 4.3 3.9
Mid-June 60 T 3.7 2.7 4,0 3.5
sidedressing 90 3.0 2.0 3.0 2.7
120 2.7 2.0 2.7 2.5
150 2.7 2.0 2.3 2.3
30 3.7 3.0 4,3 3.7
Mid-July 60 3.0 2.7 3.3 3.0
sidedressing 90 2.7 2.0 2.3 2.3
120 2.3 1.3 2.0 1.9
150 1.7 2.0 1.7 1.8
30 4,0 3.0 4,0 3.7
Mid-August 60 3.0 1.7 2.7 2.5
sidedressing 90 2.0 1.0 2.0 1.7
120 1.7 1.0 2.0 1.6
150 1.0 1.0 1.7 1.2

Nitrogen rating
1l - Dark abnormally green leaves
2 = Normal green leaf color

3 - Slight yellowing of the leaves

4 - Moderate yellowing of the leaves
5 - Severe yellowing of the leaves
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General discussion

The data in Table 18 illustrate three combinations of treatments cal-
culated from the three year averages. The "normal" combination was se-
lected to correspond to the most common practice of the commercial sugar
beet growers., The "best" combination was selected to give the maximum
yield of sugar per acre. The "poorest®" combination was selected to ob-

tain the lowest yield of sugar per acre,

TABLE 18.--A comparison of three combination of treatments selected from
the three-year averages

Treatment combination

Treatment
Best Normal Poorest
Rate of application
(pounds N per acre) 90 60 0
Time of application of N Mid-June Mid-June
Date of harvest Late Medium Early

The best combination of treatments occurred where 90 pounds of nitrogen per
acre were sidedressed in mid-June to beets harvested late., The poorest
combination of treatments was obtained where beets did not receive nitro-
gen and harvested early. The normal practice of the cormercial beet grow-
ers was to apply 60 pounds of nitrogen per acre in mid-June and harvest at
the medium date.

The yield data corresponding to the treatment combination are shown
in Table 19. The best treatment combination selected resulted in 742 and
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2167 pounds of sugar per acre higher than the normal and poorest combina-
tion, respectively. The best combination of treatments had a root yleld
advantage over the normal and poorest combinations of 1.8 and 4.8 tons

per acre respectively.

TABLE 19.--The effect of threes treatment combinations on the yield and
sucrose content of sugar beets

Combination Percent Tons roots Pounds sugar
sucrose per acre per acre
Best 18.4 21.7 7848
Normal 18.3 19.9 7106
Poorest 17.2 16.9 5681

A summary of the probability levels for eignificant differences of
treatments is given in Table 20, Yield of roots was affected by date of
harvest in 1963, This possibly was due to a very dry season followed by
rain between the medium and the late harvest dates, This resulted in an
increased root yield at the last harvest. The sucrose content and sugar
yield were significantly affected by the date of harvest each year, Time
of application of nitrogen affected root yields in 1961 and the sucrose
content of beets each year. Date of harvest and rate of nitrogen affected
sugar yleld each year. Time of application of nitrogen affected sugar
yield in 1961 and 1962, Yield and Su‘cmse content were affected each year
by the rate of application of nitrogen. Differences in beet top yield
were obtained each year for each treatment except for the date of harvest
in 1963.

A summary of the probability levels for significant differences of
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TABLE 20,=--Probability levels for significant differences between treat-
ments for 1961, 1962 and 19632

Treatments 1961 1962 1963
«———— Probability levels — —
Date of harvest
Percent sucrose .01 .01 .01
Tons of roots per acre NS NS .01
Pounds of sugar per acre .05 .05 .01
Tons of tops per acre .05 .01 NS
Time of application of nitrogen
Percent sucrose .01 .01 .01
Tons of roots per acre .01 NS NS
Pounds of sugar per acre .01 .05 NS
Tons of tops per acre .01 .05 .01
Rate of application of nitrogen
Percent sucrose .05 .01 .05
Tons of roots per acre .05 .01 .01
Pounds of sugar per acre <05 .01 .01
Tons of tops per acre .01 .01 .01

aTaken from appendix tables 61 to 72 inclusive.
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interactions is given in Table 21, Although considerable significant dif-
ferences were noted for the interactions, they contributed a relatively
small amount to the observed variability,

The preplant and mid-June sidedressing of nitrogen were approximately
equal and both superior to the last two sidedressing times when root and
sugar yield are considered. The highest yield of roots and sugar was ob-
tained when beets were harvested late. However, most of the significant
differences attributed to date of harvest resulted from higher yield and
sucrose content of beets harvested at the medium or late date over beets
that were harvested early. There were few instances where beets that were
harvested late had higher ylelds and sucrose content than beets that were
harvested at the medium date.

The greatest decrease in sugar yield resulted from nitrogen applica-
tions made in mid-July or mid-August to beets harvested early. Nitrogen
applied late to beets harvested early resulted in roots of low sucrose
content rather than a low root yield. Therefore if nitrogen is not ap-
plied till late in the growing season beet harvest should be delayed as
long as possible,

Maximum sugar yield was obtained where nitrogen was applied at 90
to 120 pounds per acre as a preplant application, or 60 to 90 pounds per
acre as a sidedressing in mid-June.
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TABLE 21,--Probability levels for significant differences between inter-
actions for 1961, 1962 and 19632

Interaction 1961 1962 1963

Probability levels

Harvest date x Treatments

Percent sucrose NS NS NS
Tons of roots per acre NS NS NS
Pounds of sugar per acre .05 NS .01

Harvest date x Rate of nitrogen

Percent sucrose .01 .05 .05
Tons of roots per acre 05 .05 NS
Pounds of sugar per acre .01 NS .05

Time of N application x Rate of N

Percent sucrose NS .05 .05
Tons of roots per acre .01 .01 NS
Pounds of sugar per acre .01 .01 NS

Harvest date x Sidedressing of N

Percent sucrose .05 .05 NS
Tons of roots per acre .05 NS .05
Pounds of sugar per acre .05 NS .05

Rate of N x Sidedressing of N

Percent sucrose .05 .01 .01
Tons of roots per acre .05 .01 NS
Pounds of sugar per acre .05 .01 NS

8Taken from appendix tables 61 to 72 inclusive.



EXPERIMENT II
A SURVEY OF THE PRODUCTION PRACTICES AFFECTING YIELD AND SUCROSE
CONTENT OF SUGAR BEETS IN ONTARIO, CANADA
LITERATURE REVIEW

The majority of the investigatiogs concerning producti&h practices of
sugar beets have dealt mainly with yield of beet roots, with less emphasis
on sugar production. Cook et al. (1962) reported that root yields on tile-

drained soil were 3.4 tons higher than those on non-tiled soil. Nickol
in 1962 stated that "no matter what kind of year -- wet or dry, cold or
not, -- the evidence is always the same. Tile dralnage is a must for
sugar beet production',

Research results on the relationship of tillage practices and sugar
beet ylelds are somewhat controversial, Research on the advantages of fall
plowing over spring plowing are not in complete agreement, (Miller, 1943;
Lill and Rather, 1943; and Morris and Afanasiev, 1946), Wofford and
Dexter (1955) reported that seedbed preparation without tillage produced
better and more vigorous stands, and higher yields of beets than where the
s0il was spring plowed. Cook et al. (1962) reported that beets grown on
fall-plowed land out-yielded those on spring-plowed land by 2.4 tons per
acre. Morris and Afanasiev (1947) suggested that time of plowing was de-
pendent upon the previous crop.

Deep plowing of soil for sugar beets is generally considered better
than shallow plowing (Cook et al., 1962; Morris and Afanasiev, 1946).

38
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However, Doneen (1947) reported that deep plowing had little or no effect
on growth, yleld and sucrose content of beets., Good stands and yields of
sugar beets were obtained by Cook (1950) on plots where the soil had been
plowed and fitted in one operation. Similar results were reported by
Cook, Davis and Frakes (1962).

In a rotation experiment in Southern Alberta, the sucrose content of
sugar beets grown in a legume rotation was consistently lower than that
of sugar beets grown in a comparable non-legume rotation. No yleld dif-
ferences were noted. Hill and Dubetz (1952) noted that fall-applied
manure or spring-applied commercial nitrogen did not affect the sucrose
content of sugar beets, Grimes (1959) reported that legumes in the ro-
tation increased the beet root yield but not the yield of sugar per acre.
Nuckols and Harris (1948), however, reported that legumes grown in rota-
tion with sugar beets increased the yield of roots but depressed the suc-
rose content slightly. Rhoades and Harris (1954) found marked differences
in both yileld and sucrose content of beets due to cropping practices and
manure application over a 37-year period. Robertson et al. in 1952
reported poor yields of beets grown in 1946 to 1950 following alfalfa, al-
though higher yields were previously reported from 1941 to 1945 in the

same rotation experiment (Cook et al.,, 1946). This difference was attri-

buted to moisture fluctuation during the initial five years. Guttay et al.
in 1958 observed that lower beet yields were produced where alfalfa pre-
ceded the beet grop., Lill and Rather (1943) reported that the number of
organisms causing black root of beets was high where the crop followed
alfalfa. Corn and soybeans grown preceding the beet crop resulted in a
more favourable soil condition than when oats or sugar beets were the pre-
ceding crop (Deming, 1948; Lill, 1946; Cook et al., 1962), Stockinger

ot al, (1963) reported that the effect of cropping sequence was due to the
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differences in the soil nitrogen supplying power. This could be offset by
nitrogen fertilization. Gregg and Harrison (1950) observed marked differ-
ences in beet yields depending upon the type of grass sod in the preceding
crop,

The value of livestock manure for beets is dependent upon factors,
such as the existing fertility conditions and nitrogen applications.
Nuckols (1942) reported that greater returns were obtained with manure on
low-yielding fields than on highly productive fields. Moderate applica-
tions of manure, approximately 10-12 tons per acre, have given best re-
sults where manure has been used in the rotation (Grimes, 1959; Nuckols
and Harris, 1948),

Root and sugar yield is markedly influenced by the date of planting
of the sugar beet crop. A reduction in root yield of 2 to 4 tons per
acre has been reported, due to delayed plantings (Harris et al., 1956;
Nuckols, 1946), Many investigations have indicated that the sucrose con-
tent of beets was unaffected by the beet planting date (Skuderna, 1942;

Harris, et al., 1950; Harris, et al., 1956; Cook et al., 1962), Harris

et al. (1950) reported that variations in yield due to the date of plant-
ing was associated with the occurrence of early frosts. Nuckols (1946)
however, concluded that "any frost damage to early-planted beets was less
hazardous than insufficient moisture for the germination of late-planted
beets",

Murphy and Carsner (1946) found a progressive decrease in root yield
and sucrose content as the row widths increased from 22" to 44", Similar
findings have been reported by other workers (Tolman, 1946; Doxtator,
1948; Haddock, 1949). Deming 1948 noted that sugar yield was reduced as
row widths increased beyond 20 inches.
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The amount of fertilizer to apply to a sugar beet crop depends on
many factors. The existing nutrient level and organic matter content is
of prime importance (Cook and Turk, 1958). Generally, mineral soils have
given best response to sugar beet yields when 600 - 1000 pounds per acre
of fertilizer have been applied (Guttay, et al., 1958; Cook and Millar,

1946; Berger, 1950; Cook et al., 1962), The optimum level of nutrients

to apply tend to fluctuate with current fertilizer and sugar prices,
Davis et al. (1959) in a study of phosphorus and potassium levels reported
that potassium slightly increased the sucrose content of the beets.

Several fertilizer placement practices are in use by the beet growers.
Research data concerning method of fertilizer application for beets have
met with varying results (Cooke, 1949; Cooke, 1951; Davis, et al., 1961).
Broadcasting the fertilizer and plowing or discing-in has given as good
as, or higher yield of beets than where the fertilizer has been applied as
a band application at planting, or by applying the same amount of ferti-
lizer in several applications (Cooke, 1949; Nelson, 1950). Davis et al,
(1962) found that planting time fertilizer placed in a band three inches
directly below the seed stimulated early growth and increased root and
sugar yields over fertilizer that was placed in a band 1% inches to the
side and 3 inches below the seed. Planting-time rates of 6-24-12 at 150
and 300 pounds per acre placed directly below the seed increased root and
sugar yleld even where 400 and 800 pounds per acre of P205 had been
plowed under,

Production practices concerning the time and rate of nitrogen applica-
tion and date of harvest on the yleld and sucrose content of beets were
discussed in Experiment I,



EXPERIMENTAL PROCEDURE

The survey of production practices of sugar beet growers in Southern
Ontario was conducted in 1961, 1962 and 1963, with the co-operation of the
Canada and Dominion Sugar Company, Chatham Ontario. Each load of beets
delivered by the farmers was sampled for sucrose content.

With the assistance of Company fieldmen data were collected from 2618
farmers, representing 29,457 acres of sugar beets. This acreage repre-
sents approximately 80 percent of the acreage of the beets grown in On-
tario in 1961, 1962 and 1963.

The data were coded and punched on IBM cards for analysis:

List of data collected
1., District. Three districts.
2. Year. 1961 to 1963.
3. Fieldmen, Nine in total.

4, Soil texture. Clay and clay loams, sand and sandy loams, combina-
tions.

5. Tile drained, Yes, no, partly.

6. Pounds seed per acre. (monogerm): 0-0.5, 0.6-0.9, 1.0-1l.4, 1.5-1.9,
2.0-2.4, 2.5-2-9. 3.0-3.4. 305"309' over 3‘90

7. Pounds seed per acre (processed). Same breakdown as monogerm classi-
fication,

8. Pounds seed per acre (whole). 0-0.9, 1,0-1.,9, 2.0-2.9, 3.0-3.9,
4.0"4.9, 5.0"5.9. 6'0-609' 7.0"?09: over ?090

9. Pounds seed per acre. Combination (Whole-Processed-Monogerm). 0-0.5,

0.6-0.9, 1.0-1.4, 1.5-1.9, 2.0-2.4, 2.5-2.9, 3.0-3.4, 3.5-3.9, 4.0-4.5,
over 4,5,
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10.

11.

12,

13.

14,

15.

16,
17.
18.

19.

21,

22,

23,

24,

25.

26,

27.

28,

43

Previous crop (1lst year). Corn, vegetables, beans, wheat, spring
grain, clover, alfalfa, sweet clover, grass sod, tobacco, beets,
potatoes, others,

Legumes preceding years, 1lst year, 2nd year, 3rd year, none,

Manure application (Tons per acre). 1-4, 5-9, 10-14, 15-19, over 19,
none,

Manure and year of application. 1963, 1962, 1961, 1960, 1959, 1958,
1957, none,

Plowing practice. Fall, spring, none,

Depth of plowing (inches). Less than 3.9, 4.0-5.9, 6.0-7.9, 8.0-9.9,
10.0-11.9, over 12.0, not plowed.

Soil test. Yes, no.
Soil test recommendation followed. Yes, no, partly.

Times worked between plowing and planting. 1, 2, 3, &4, 5, 6, 7, 8,
9, over 9.

Fertilizer application method. Plowdown, broadcast, drill, combi-
nation.

Pounds fertilizer with drill (pounds per acre) None, 1-99, 100-199,
200-299, 300-399, 400-499, 500-599, 600-699, 700 and over.

Total pounds fertilizer used (pounds per acre) None, 1-199, 200-399,
400-599, 600-799, 800-999, 1000-1199, 1200-1399, 1400 and over.

Fertilizer ratio used with drill., 0-x-x, 1-1-1, 1-2-3, 1-3-1, 1-4-2,
l-4-l4, 1-6-5, 1-6-3, others.

Nitrogen material used., Ammonium nitrate, urea, anhydrous ammonia,
nitrate-urea, aqua ammonia, cyanamid, others, none, combination.

Nitrogen application method. Pre-plant, sidedress, combination, none.

Time of sidedressing nitrogen. Before June 1, June l-14, June 15-30,
July 1-14, July 15-31, August 1-14, August 15 and later, no side-
dressing.

Total pounds per acre nitrogen used. 0-19, 20-39, 40-49, 50-59,
60-69, 70-79, 80-89, 90-99, 100-119, 120 or more,

Total pounds per acre phosphate (P,0:) used. 0-49, 50-74, 75-99,
100-124, 125-149, 150-174, 175-199, 200-224, 225-249, 250 or more.

Total pounds per acre potash (K20) used. 0-24, 25-49, 50-74,
75-99, 100-124, 125-149, 150-174%, 175-199, 200-224, 225 or more,
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29. Date of planting, actual planting date or average planting date, e.g.
Mar, 1-31, Apr. 1-30, May 1-31, June 1-30.

30. Row width (inches). Less than 22, 22, 24, 26, 28, 30, 32, 34, 36, 38
and over,

31, Date of harvest, Before Oct. 1, Oct. 1-7, Oct. 8-14, Oct. 15-21,
Oct. 22-28, Oct. 29-Nov. 4, Nov. 5-11, Nov. 12-18, after Nov. 18.

32. Minor elements, No minor elements, boron, manganese, sodium, mag-
nesium, zinc, others, combination.

33. Acres harvested.

34, Total tons beets.

35. Percent sugar.

36, Total tons sugar.

37. County., Eight counties.

38, Townships., Eighty townships.

39. Tons per acre beets.

4, Date planted, Before Mar. 21, Mar, 21-30, Apr. 1-10, Apr. 11-20,
Apr. 21-30, May 1-10, May 11-20, May 21-30, May 31-June 9, after June 9.
From these analyses the following list of comparisons were made:

1, Districts,

2, Coarse-textured versus fine-textured soils,
3. Tile drainage.

4, The effect of legumes in preceding years.
5. The effect of previous crops.

6. Manure application - amount.

7. Manure - year of application.

8. Fall plowing versus spring plowing.

9. Depth of plowing.

10, Number of times worked prior to planting.

11, Soil test.

12, Date of planting.



s

13. Row width,

14, Time of sidedressing nitrogen.

15. Nitrogen application method.

16. Total pounds of nitrogen per acre.

17. Total pounds of phosphate per acre.

18. Total pounds of potash per acre.

19, Fertilizer application method,

20, Date of harvest.

21, Total pounds of fertilizer applied.

22. Relationship of nitrogen material and application method.
23, Relationship of nitrogen material and time of sidedressing nitrogen.

24, Relationship of planting date and date of harvest.

Eleven production practices were selected and used in computing cor-
relation and regression analyses, The computer program CORE 2 ROUTINE
was used in these calculations on the CDC 3600 (AES Program Description 4).2
The independent variables were:

~-= tile drainage

-~ date of planting

-~ rate of nitrogen

-=- row spacing

-- pounds of K0 per acre
-=- pounds of P205 per acre
-=- date of harvest

depth of plowing

== time of plowing

-~ legumes grown in preceding years
=-= number of times worked

The three dependent variables were: (1) sucrose content (£#), (2) tons

of roots per acre and (3) pounds of sugar per acre. The regression

8This description was written by D. F. Kiel and W. L. Ruble, Agricul-
iugal Experiment Station, Michigan State University, Computer Laboratory,
963.
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coefficients of the production practices represent the actual deviations
from the yield and sucrose content (fc). The regression constant (?;) was
calculated for sugar beets that were grown the second year after a legume
crop, on tiled-drained soil that was spring-plowed at 8-10 inches and

then worked 7 times before planting (April 11 to 20) in 26 -inch rows. The
partial correlation coefficients indicate the correlation coefficient of a

variable when the others are constant.



RESULTS AND DISCUSSION

Data for the individual years are presented with the weighted aver-
ages for the three years, The weighted average takes into consideration
the number of acres each year for each factor. Unless otherwise stated,
the discussion pertains to the weighted averages. Approximately 80 per-
cent of the acreage of beets is grown on fine-textured soils., Where re-
sults from coarse-textured soils are discussed, sufficient acreage exists
so that reasonable confidence is assured., Any yields represented by less
than 500 acres should be interpreted with caution,

The average yield and sucrose content data show considerable varia-
tion between the three areas (Table 22). Beets grown on the fine-tex-
tured soils in the Wallaceburg area had 2 tons of roots and 1004 pounds
of sugar per acre more than beets grown in the Chatham area and 4,3 tons
of roots and 1545 pounds of sugar higher than those produced in the Weigh
Station areas, The beets grown in the Wallaceburg and Weigh Station areas
were approximately0.6 percent higher in sucrose content than beets grown
in the Chatham area. A similar trend in results was obtained from beets
grown on the coarse-textured soils,

On the average, beets grown on coarse-textured soils had a root
yield 0.6 tons per acre higher than beets grown on fine-textured soils.
However, since the sucrose content of beets grown on fine-textured soils
was 0.3 percent higher than that of beets grown on coarse-textured soils
the yield of sugar was similar (Table 23).

Beets that were grown on tile-drained soil yielded about 4.0 tons of

roots and 1200 pounds of sugar per acre higher than beets grown on
47
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non-tiled soil (Table 24), Most of the observed differences in sugar pro-
duction was due to differences in root yield rather than in sucrose content.
Statistically,® beets grown on non-tiled,coarse-textured soils had a higher
sucrose content than beets on tiled soils in 1961 (Table 25). The reverse
was true in 1963, In 1963, on fine-textured, tiled-drained soils beets had
higher root and sugar yields than beets grown on non-tiled soils (Tables 26
and 27).

The influence of elapsed time between growing an alfalfa or clover crop
and growing a sugar beet crop on fine-textured soils is illustrated in Table
28, The lowest root and sugar yield was obtained where legumes had been
grown the preceding year, On fine-textured soils this yield was lower than
where legumes were not grown in the rotation. Where the legume was grown
the second or third year preceding the beet crop sugar yield was approxima-
tely 425 pounds per acre higher than that of beets grown immediately after
the legume. The sucrose content of beets was higher when legumes were in the
rotation than where they were not. The sucrose content of beets increased
with increasing proxmity of the legumes to the beet crop in the rotation.

The preceding crop had a marked influence on the root and sugar yield
of beets grown on fine-textured soils (Table 29)., Yield of roots and
sugar were 17.0 and 5508, 16.3 and 5314, 15.2 and 5077, 15.6 and 5086 tons
and pounds per acre, respectively, where the preceding crop was corn, veg-
etables, beans, and wheat.

Fifteen percent of the beet acreage received manure in the rotation on
fine-textured soils (Table 30). The highest yield of roots and sugar was
obtained when 10 to 14 tons per acre of manure were applied. Thic yield
was 2.3 tons of roots and 786 pounds of sugar per acre increase over

beets that received 1 to 9 tons of manure per acre. Manure applications

3When statistical significance is discussed, reference is made to the
0.05 probability level,



51

902h 9°ST 9°€T 8TH 089€ 9°4T #°0T 60T ot T°9T #°4T et 05€h L°*HT 4L°#T 62 oN
GihS 0°9T T°LT 4046 2€L8 8°LT T°9T 8202 22HS H°ST 9°4T 9%e2 TITS €°4T 6°LT 04T sex
8TT08 PeJIN}Xe}~-e8I80)

ohTh S°9T 9°2T 9€9T 004€ 44T S°0T 098 Glgh 8°GT 2°ST TOf Tétth 8°HT 6°HT Sin ON

SHES €°9T S°9T 069TE  00TS 4°4T #°HT 9€28 9849 6°ST 2°8T T9%L  22TS 6°4T 2°4T €685 sex
STTOS peJnjxel-eutd

'y ded esox °y Jged segoe | °y xed esox °y Jed *y xed esox °y xed 'y xed esox °y Jed edsuteap

Je8ng -ong sj00x TEJ0L | JeBns -ong s300d 60y | Je3NS -ong 83001 §6I0Y| JE3NS -ONg 8300X 86IOY oTTlL

spunod ¢ suo], spunod ¢ suoJ, spunod ¢ suoJ, spunod ¢ suol

e3eIeA® pejyITeM €961 2961 ™6T

€96T PU® 29T ‘T96T UT 8300q JeSns JO qUEJUOO ©S0IoNS pue PTeTL U0 eJeuTsap OTT3 JO 300FF8 oyl--°4#2 FIAVI



52

-R, L 25.--Regression coefficients and partial correlation coefficients of the suc-
roz= content due to various production practices of beets grown on coarse-textured

soils
1961 1962 1963 Average
Deviation Partial Partial Partial Partial
from: Variable Reg'n corr, Reg'n corr, Reg'n  corr, Reg'n corr,

coeff, coeff, coeff, coeff. coeff, coeff, coeff, coeff,

A

TS 15.00 16.08 17.78 16.26
Non-tiling 1.01  .359** .22 .024 -.54  -.2u2" .20 .026
Plant-  Apr, 1-10 -,%0 =-,051 -.29 -.062 =17 -.073 -9  -117"
ing Apl'. 21-30 L] 56 ° 078 [ lu L] 078 e 08 e 086 e 32 “e 107*
April May 1-10 "c“’? -.089 -.25 -.106 -.10 -.132 "022 -0054
11-20 May 11-20 .18  ,036 -e20 -,072 -13 =.150 -.51 -.123::
SMay 20 -,31 -.059 -.15 =.055 20 -.134 =97 =177
26 inch <€ 26" L6l .248: .21 .107 .03 .04l 7 .091
rows >26" .63 023-0 QL"l "0173 015 0131 026 005“
{Oct, 15 =-,90 =-.276™* -.34 -,107 92 =.421** 1,010 -,156™*
Har- Oct.15-21 =-,06 =-,032 .20 .089 -.19 -,161 -.88  -,213**
VQSt octo&NWQL" -.21 "0099 .38 -.168 006 0083 '2"" .063*
Oct.22-28 )NOV. u’ -.12 "0055 -.27 "0138 006 0080 036 0100
Plowed < 8" Plowed --41 =-.255"* .09 .059 -.00 -.001 11 041
8-10"  )10" Plowed .54  .201* .16 ,018 -.09 =.,092 .60 .109*
Fall plOWBd 312 0078 008 o053 "009 -0138 o25 0085
Legume 1lst year -— - .13 .069 06 ,076 «23 .052
an yro 31‘(1 yeal‘ -oLl'Ll' -0102 .10 0049 .00 0010 “018 '0039
prec. none =19 -.056 .00 ,001 .07 .100 =76 -.220**
{4y .32 117 -.23 =,075 .30 147 - 34 -.057
7 I 16 .073 -.26 =111 15 168 -.18  -.043
times 5 16,083 -e13 -,067 .20 ,242%  -,16  -.045
worked 6 .73 .270 -.28 -,108 .07 .076 .27 .059
>7 .17 .057 -.07 -.029 .09 .089 .25 .052
NP 06 =.219% .03 -.127 -.00 -.028 -0l  -,021
pzo5° -.08 -, 204* Ol -,094 .00 ,001 .07 .089,
K;07¢ -06 =.142 -.07 -.163 -.01 -.055 -.08  -,095

AN

3Y, = Percent sucrose of beets grown the 2nd year after a legume crop, on tiled-
drained soil that was spring-plowed at 8-10", worked 7 times then planted in 26" rows
on April 11-20.

bpeviations due to 10-pound increments of nitrogen (lst two and 9th increments were
20 pounds).

CDeviations due to 25-pound increments of P205 and K50 (1st increment of P205 was
0-49 pounds).

*Denotes significance at 0,05 level,

**Denotes significance at 0,01 level,
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JLELR 26,--Regression coefficients and partial correlation coefficients of the root
yield due to various production practices of beets grown on fine-toxtured soils

1961 1962 1963 Average
Deviation Partial Partial Partial Partial
from: Variable Reg'n corr, Reg'n corr. Reg'n corr, Reg'n corr,

coeff, coeff, coeff, coeff, coeff, coeff. coeff, coeff.

Yg 15.25 19.93 13.17 17.12
Non-tiling -.52 -,020 -4,60 -,100* -1.53 -.086" -3.54 -.116""

Mar,21-30 .81 .026* - - - -- .30 .003
Plant- Apr. 1-10 1099 0108 .21 0008 -008 -.005 065 .032
ing Apr.21-30 1,18 .043 -84 -,054 1,55 -,135** 48 -,030

*%

April May 1-10 =-.24 -,014 -2.88 -,120™* -1.57 -.16L** -i:89 -.120
11-20 May 11-20 -1.,04 -,064 -3.00 =,106* 3,40 -,296** -2,15 -,140**
YMay 20 -1.52 -.089* 2.82 .077 -3.98 -.204™ -1.,20 -.058

26 inch < 26" -1.38  -.130™* -1.86 -.093* .28  .026 -.68  -.042
rows > 26 1,95 - 147** 2,60 -.099* -2,10 -.152** -2.50 -,122**
( octo 15 ~e 52 bt ) 052 ~e LIO - 017 "1. 06 - 077 e 58 e 032

Har- Oct.15-21  -.64  -,065 .89 045  -l.45 -,122** .61 .039
Vest Oct.29-fb‘l.‘4' 090 0088 "069 -0034 .45 .0’45 -.L“5 ".029
Oct.22-28 ) Nov. & .57  .052 .04 ,002 1.03  .099* -.06 =,003
Plowed  <8"Plowed .29  .043 -.78 -.056 =95 =.122** 1,05 -.096""
8-10"  >10"Plowed ,63  ,046 -.30 =-,009 2,56 .170** 1,05 .04
Fall plowed 1.09 .06l -.54 014 -.18 -.011 L9 .019

Legume 1st year -.83 -.056 «.77 =042 -e22 =,022 =70 =,044
2nd year 3rd year .07 .005 -.56 -,030 -.63 -,053 -.14 -,008
prec, none -e52 -, 044 .27  .016 -.10 -,011 40 .030
g -.70 =,055 2,017 -.49 -,030 -.02 =-,001

vi 4 -2 .07 42 -,023 -.33 -,028 -17 =,011
times 5 ~e 56 -e 066* . 39 0022 - 47 e 046 e 23 e 016
worked 6 -1.06 -,101 =94 -.043 .62 054 =50 =.029
>7 -90 -,075  -1.81 -,062 .50  ,0L40 -.89 -.,046

NP . i 234%™ o7 .0m .07  .051 -.02 =-.010

P205 19 ,092* .02 .003 -14 -,050 .01  ,004
K,0 © .29 128" .15 .032 71 .289™* .36 .103™

~—

aYc = Tons of root per acre of beets grown the 2nd year after a legume crop, on
tiled-drained soil that was spring-plowed at 8-10", worked 7 times then planted in 26"
rows on April 11-20,

bDeviations due to 10-pound increments of nitrogen (1lst two and 9th increments were
20 pounds).

CDeviations due to 25-pound increments of P205 and K50 (1st increment of P205 was
0-49 pounds),

*Denotes significance at 0.05 level,

**Denotes significance at 0.0l level,
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.~ 5 27.--Regression coefficients and partial correlation coefficients of the sugar
yieid due to various production practices of beets grownon fine-textured soils
1961 1962 1963 Average
Deviation Partial Partial Partial Partial
from: Variable Reg'n corr, Reg'n corr. Reg'n  corr, Reg!n  corr.
coeff, coeff. coeff, coeff, coeff, coeff, coeff, coeff,
A
Yg 4653 6423 4739 5660

Non-tiling -232 =-.031  -1599 -.103*  -558 -.088%  -994 -.101**
Mar.21-30 703 .075 - - - - -51 -.001

Piant- Apr, 1-10 673 Jlo4** -8 -,000 =37 .006 22 .003
ing Apr.21-30 499 .061 -254 -,049 -558 -,137** 243  -.047
April May 1-1C 75 .01k -858 -.106*  -560 -,165** 627 -.123**
11-20 May 11-20 -208 =-,043  -1019 -.106* -1207 -.296:: -973  -.195**
DMay 20 -241  -,048 963 .077  -1398 -.202 -641  -,096*

26 inch 26" 452 S, 144** 560 -,082 97 024 225 =,043
rows >26m -513  -,131** 807 -.091* 750 -.153** 740 -.112**
Har- {0ct., 15 =398 -,133** -196 -,025 -553 =.113** 2359 -,061
vest Oct.15-21 =-215 -,073 34,051 -637 -.150** -15 -.003
Oct. Oct.29-Nov. 4 316 .105%* 286 -.041 193 .053 -11  -,002
22-28 dNov. 4 163 .050 -45 -,006 393 .106™* 82 .016
Plowed { 8" piowed 103 .052 -166 -.035 -345  -,124** 2260 -.073*
8-10" 210" Plowed 239 .059 -179 -.016 873 163* 383 .052
Fall plowed 329 -.063 194 014 -59 =,010 102 .012

Legume lst year =217 -.050 -231 =,037 =94 -,026 <215 -.042
2nd year I3rd year 12 .002 =192 -,031 =236 -,056 =136 -.024
prOC. none "208 e 059 86 . 015 "34 “e 010 "50 e 011
{4 -335 -.089" 185 ,022 -172  -.029 74 -,011

7 4 -161 -,061 -56 =,009 -108 -,026 -53 -,010
times 5 -286 -.112:: 134 .022 -154 -,042 -105 =,022
worked 6 =354 -,114 -283 -.038 227 -.056 -136 -.025
>7 -286 -.081 -530 -,054 185 -.042 =173  -.027

o 83 .20% 6 .007 23 046 L .006

P05 60 .097 19 .010 -55 =,052 8 .006
K,0 © 61  .o9” 23,015 245  .281** 124 ,108**

aYc = Pounds sugar per acre of beets grown the 2nd year after a legume crop, on
tiled-drained soil that was spring-plowed at 8-10", worked 7 times then planted in 26"
rows on April 11-20,

bDeviations due to 10-pound increments of nitrogen (lst two and 9th increments
were 20 pounds).

CDeviations due to 25-pound increments of P205 and K50 (1st increment of P205
was 0-49 pounds),

*Denotes significance at 0.05 level,
**Denotes significance at 0,01 level.
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did not affect the sucrose content of beets. The highest root and sugar
yield of beets grown on fine-textured soils was obtained where manure was
applied during the preceding year (Table 31). Beets grown on soil that
received manure in the rotation had a higher sugar yield than beets on
unmanured soil, The farther the manure application was from the beet
crop year the lower the root yield, but the higher the sucrose content of
the beets.

Beets grown on fall-plowed soil produced approximately 1 ton of roots
and 300 pounds of sugar per acre more than beets grown on spring-plowed
soil (Table 32). In 1962 and 1963, beets on tiled-drained, fine-tex-
tured soils had a significantly higher yield of sugar than beets on un-
tiled soil (Table 31)., Time of plowing did not affect the sucrose con-
tent of beets (Table 33). Approximately 90 percent of the fine-textured
soils and about 70 percent of the coarse-textured soils were fall-plowed
for the beets, In Ontario fall plowing is recommended for fine-textured
soils but not for coarse-textured soils. The lowest yield was obtained
where soil was plowed less than 8 inches deep (Table 34). Root and sugar
yields gradually increased as the depth of plowing increased on the fine-
textured soils, Beets grown on fine-textured soils that had been plowed
deeper than 10 inches had a 2.3 tons of roots and a 654 pounds of sugar
per acre increase over beets grown on soil that had been plowed less than
8 inches. The statistical values (Tables 26 and 27) indicate that root
and sugar yield in 1963 of beets on soil plowed less than 8 inches was
negatively correlated with beets on soil plowed 8 to 10 inches, and
positively correlated with beets on soil plowed more than 10 inches.
Beets grown on fine-textured soils that were plowed more than 10 inches
produced 873 pounds of sugar per acre more than beets on soil plowed at

8 to 10 inches deep. Maximum yield of roots and sugar of beets grown on
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'£%Z:.4 33.--Regression coefficients and partial correlation coefficients of the suc-
rose content due to various production practices of beets grown on fine-textured

soils
1961 1962 1963 Average
Deviation Partial Partial Partial Partial
from: Variable Reg'n corr. Reg'n corr. Reg'n  corr, Reg'n corr,
coeff. coeff, coeff, coeff. coeff, coeff, coeff, coeff,
xi 15.35 16.09 17.98 16.58
Non-tiling =-.21 -.031 -.31  -.062 -.02 =-,015 .70 .098%x*
Mar. 21-30 1.1 .131** - - - - 34 -.016
Plant- Apr. 1-10 .17 .034 -.14  -,056 -.03 -.022 -.l5 -.096*
ing Apr. 21—30 . 31 0043 . 09 L] 056 ~e 03 e 028 e 20 -.056
April May 1-10 .35 .076 .23 .092*  -,00 -.001 .05 .016
11-20 May 11-20 W17 .040 -.13  -.045 -.01 -,017 -74  -,205**
>May 20 .50 ,109** .05  .015 06  .031  -.78  -,160**
26 inch 26" -.06 -,022 .12 .056  =,02 -,024 04,012
rows > 26" .27 .077 .10 .038 -.01 -,009 .27 .058
Har- <{Oct. 15 -.80 =-.285"* -.29 -,118* ~..67 -.u** .60 -.140**
vest Oct.15-21 -.04 -,017 16 L0760 .46 -.363%* .65  -.179**
Oct. Oct.29-Nov.t .09 .036 =21  -.097* .10 .100* ) L111**
22-28 DNov. 4 -.02 -,007 =19 -,093* .06 064 .30 .085**
Plowed {8"plowed .04  .025 24 ,160™™ -.00 -.002 .30 .120**
8-10" 10" Plowed +17 047 24 =,069  =,11 -.077 .02 .00k
Fall plOWOd 001 ‘5003 004 .011 -.00 -.001 -.16 "-02?
Legume 1lst year .16 041 .03 .017 -.06 -,066 .03 .008*
2nd yr. 3rd year =02 -,006 -.05 -.026 -.05 =.043 -.28 -.071
prec. none -.15  -.047 -.02 -,014 .01 .012 -.58 -.188**
{4 -.34  -,101* Jd2 048  -.00 -,004  -,21 -0k
7 L -.07 -.031 .23 Jd16%* o4 L0 .00 .000
times 5 -.28 -,123** .-,01 -.005 .05 ,050 -,07 =.021
worked 6 -.09 -.035 .01 .005 .03 .027 .05 013,
> 7 e 08 - 026 015 0049 .01 .015 031 0068
N . -.03 -202* -0 -.160* -0l -.072 .0k  ,101%*
P205 .01 .023M -.04 -,133** -,00 -.016* 02  -.011
K,0° .07  -.128 -.06  ,069 -.02 =105 -.00 .026

8y = Percent sucrose of beets grown the 2nd year after a legume crop, on tiled-
drained soil that was spring-plowed at 8-10", worked 7 times then planted in 26" rows
on April 11-20,

PDeviations due to 10-pound increments of nitrogen (lst two and 9th increments were
20 pounds).

CDeviations due to 25-pound increments of P205
0-49 pounds).

*Denotes significance at 0.05 level.
**Denotes significance at 0.01 level,

and K50 (1st increment of P05 was
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coarse-textured soils was obtained where soil was plowed between 8 and 10
inches deep.

The times worked refers to the number of times a field was worked
after plowing and prior to planting, The number of times worked did not
materially affect root and sugar yield of beets grown on fine-textured
soils (Table 35). The advantage in minimum tillage is due to the reduced
labor and power requirements., On coarse-textured soils (Table 36) root
and sugar yield decreased slightly when soil was worked more than four
times., Statistically, the number of times a field was worked had no
affect on the yield and sucrose content of beets,

There was practically no differences in root or sugar yield where
beets were grown on fields that had been tested as compared to those grown
on areas not tested, (Table 37).

Beet planting in Ontario usually occurs during the months of April
and May, Ten-day planting intervals were recorded in this survey. On
fine-textured soils (Table 38) beet root and sugar yields gradually de-
creased when planting was delayed beyond April 1 to 10, A marked decline
in yield occurred when beets were planted later than the month of April.
The sucrose content appeared to decrease when beets were planted later
than May 10. Beets that were planted between April 11 and May 10 had the
highest sucrose content. Statistically the date of planting was a prin-
ciple cause of variation in root and sugar yield of beets in 1962 and
1963 (Tables 26 and 27). The yield of beets planted later than April 30
in 1962 and later than April 20 in 1963 were negatively correlated with
the yield of beets planted April 11 to 20. In 1963 the average sugar
yield was reduced about 900 pounds per acre for each 10-day delay of
planting later than April 20.
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The effect of planting date on the yield of beets grown on coarse-
textured soils was similar to that obtained on the fine-textured soils,
(Tables 39, 40 and 41).

Approximately 66 percent of the beets were planted in 24-inch rows.
The root and sugar yield was reduced where beets were planted in rows
wider than 26 inches (Table 42), Beets planted in 26-inch rows on fine-
textured soils had a root and sugar yleld increase of 3.8 tons and 1091
pounds per acres, respectively, over beets planted in 28-inch rows. On
coarse-textured soils beets planted in 26-inch rows had a root and sugar
increase of 2,9 tons and 887 pounds per acre, respectively, over beets
planted in 28-inch rows. Row spacing did not affect the sucrose content
of beets, The statistical values indicate that each year for beets
planted on fine-textured soils in rows wider than 26 inches the root and
sugar yield was significantly lower than that from beets planted in 26-
inch rows, In 1961, 1962 and 1963 this reduction was 513, 807 and 750
pounds of sugar per acre, respectively (Table 27).

The highest root and sugar yield on fine-textured soils was ob-
tained when fertilizer was applied as a combination of the drill and
broadcast methods (Table 43), The drill method of fertilizer applica-
tion refers to fertilizer that was applied at planting in a band to one
side and below, or directly below the seed. Beets grown on soils to which
fertilizer was broadcast had a higher root and sugar yield than beets to
which fertilizer was applied at planting time, The method of fertilizer
application did not affect the sucrose content of beets.

The maximum root and sugar yield of beets on coarse-textured soils
was obtained where the fertilizer was broadcast. Beets with which ferti-

ligzer was drilled at planting time produced the lowest yield of sugar and
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_AFLZ 40.--Regression coefficients and partial correlation coefficients of the root
yield due to various production practices of beets grown on coarse-textured soils

1961 1962 1963 Average
Deviation Partial Partial Partial Partial
from: Variable Reg'n corr. Reg'!n corr, Reg'n corr., Reg'n corr,
coeff, coeff, coeff, coeff. coeff, coeff, coeff, coeff,
A
I: 17.03 15.98 11.38 14,69
Non-tiling -1. 96 e 177 -e 38 -.008 -1. 98 e 085 -lo 45 -0073
ApI’. 1-10 -1.36 -.056 -.?q -0012 -2047 -.097 .66 0032
Plant- Apr.21-30 -1,99 -.067 -.78 =.091 .00 .000 -.05 -.005‘
ing May 1-10 -4,03 -,181 -3.19 -.268** .09 .010 -1.,28 -,120

April May 11-20 -4,13 -,192% -2,46 -.177 = -1,38 - 14k  -1.45 -.133::
11-20 DMay 20  -4.54 -,205" -3.70 -.268%* .86 -.053 -2,00 -,141

26 inch < 26" - 47 -.046 -.88 -.091 72,070 49 -,046
rows > 26" .88 .072 -.18 -,016  -1,07 =-.084 -26 -,021
{Oct, 15 =,27 =.021 1.4  .097 1.52  .069 1.02 .06l
Har‘- Oct. 15"21 -1. 5‘* - 178 "'2. 0 - 188 ° 59 OOM - 10 - 010
vest Oct.29-Now. 4 1.77 .198* 1,69 ,154 A3 089 .52 ,052
Oct.22-28 3 Nov. 4 1.32 143 .99  .107 .90 105 .55  .058

Plowed <8" Plowed =.36 =.056 -2.,18 -.276™ -.98 -,13% -1,28 -,172**
g8-10" >10" Plowed -1,39 -.127  -4.87 -.113 31 .027 -92 -,064
F&ll plowed 1010 .161 - o% -0059 -015 -0020 -oll "'0015

Legume  1lst year - - -1.74 -.185 -84  -,092  -1.,43 -,124*
2nd year 3rd year 1.80 .101 -1.01 -,097 e25 024 11 .009
prec. none 35 .025 =1.25 =.154 -.82 =,104 -e27 =,031

<4 1.71  .148 2,69 .181 2,80  .105 2.89  ,182**
? h’ -.76 "0080 -oul "0037 1037 .135 070 0063
times 5 -e53 =.067 1.04 114 21,023 .68  ,072
WOI'kOd 6 -.87 -.080 ".74 ‘-0059 003 0002 "037 -0030
) 7 003 -0002 - 82 bt ) 067 ous 00’4'3 e 23 -0018

N° . 0 267 .36 280" .24 183 29 222"

P50, .15  .095 51 .224 .07  .029 .23 .107*

K,0°¢ .28 .139 027 134 .56 .266™ .30 3™

A

aYc = Tons of roots per acre of beets grown the 2nd year after a legume crop, on
tiled-drained soil that was spring-plowed at 8-10", worked 7 times then planted in 26"
rows on April 11-20,

bDeviitions due to 10-pound increments of nitrogen (1lst two and 9th increments were
20 pounds),

CDeviations due to 25-pound increments of P205 and K50 (1st increment of P205 was
0-4‘9 pomds ) .

*Denotes significance at 0.05 level,
**Denotes significance at 0.01 level,
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7..5LE §l.--Regression coefficients and partial correlation coefficients of the sugar
yield due to various production practices of beets grown on coarse-textured soils

1961 1962 1963 Average
Deviation Partial Partial Partial Partial
from: Variable Reg'n corr. Reg'n corr. Reg'n corr, Reg'n corr,
coeff, coeff, coeff, coeff, coeff, coeff, coeff. coeff,
T2 5026 5119 4018 4732
Non-tiling -215 =-.065 -52 -,003 -870 -,103  -357 =.059
Apr. 1-10 =477 -,065 -174 -,025 =933 -,104  -128 -,020
Plant-  Apr.21-30 -294 -.033 ~ -188 -,072 -2k -,006  -102 -.030
ing May 1-10 -1278 -,190* -1053 -.289** -1  -,000 -452 -.137**
April May 11-20 =1095 =-,169 -823 -,195*% 534  -,158  -613 -.182::
11-20 > May 20 -1393 -.208* -1198 -,285** .358 -.063 -928 =-.211
26 inch < 26" 92  .029 -187 -.064 270 .073 -6 =-.002
rows > 26" 485 131 94  .,027 =330 -.073 4 -,001
Har- {Oct, 15 -369 -.093 393  .084 279 .036 18 ,003
vest Oct,15-21 =452 -,173 -560 =.169 152 .032  -289 .089
Oct. Oct,29-Nov.h ULli2  ,164 376  .113 180 057 237 .076,
22-28 YNov. 4 375 134 228 .08l 353 116 309 .106
Plowed < 8"Plowed-243 -.123 -667 -,278%* 352 -,136  -380 -.166**
8-10" >10"Plowed-183 -.055  -1557 -.120 84 .020 -82 ,018
Fall plowed 352  .170 -124 -,053 -81  -,030 35 .0l4
Legume  1st year  —- - -513 -.179  -282  -.087  -393 -.111"
2nd year I3rd year 378 071 =274 -,087 92 .026 =20 -.005
prec, none 66 .015 -410 -.,165 =273 -.097 =359 -.132**
<y 602  ,173 741 .165 933 .116 783 ,161**
7 n <179 -.062 -280 -.083 525 <146 170 .050
times 5 -96  -.040 253  ,091 126 .039 159  .055
worked 6 1 .000 -345 -,091 22 .005 -3 -.008
>7 77 .021 -305 -.083 189 .048 25 .006
NP . 66  .196* 106  .270** 87 184 87  .219**
P20 12 .024 181 .260** 22 .023 by ,066
K0 60,100 62  .100 201 .270** 127 ,196**

aYc = Pounds sugar per acre of beets grown the 2nd year after a legume crop, on

tiled-drained soil that was spring-plowed at 8-10", worked 7 times then planted in 26"
rows on April 11-20,

bDeviations due to 10-pound increments of nitrogen (1st two and 9th increments
were 20 pounds).

°Deviations due to 25-pound increments of P05 and K20 (1lst increment of Pp0s
was 0-49 pounds).

l"Deno't.es significance at 0.05 level,
**Denctes significance at 0.01 level.
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roots., Beets grown on soil where fertilizer was broadcast had a 0.6 higher
sucrose content than beets that were grown on soil that received fertilizer
in a combination of methods.

Beets grown on soils to which nitrogen was applied as a preplant had
higher root and sugar yields than beets that received nitrogen as a side-
dressing (Table 44). On fine-textured soils,beets that had nitrogen as a
preplant application resulted in an increase of 1.3 tons of roots and 459
pounds of sugar per acre more than beets to which nitrogen was applied as
a sidedressing. The method of nitrogen application did not affect the
sucrose content of the beets., Approximately 60 percent of the beets
received nitrogen as a sidedressing; whereas, about 20 percent of the
beets received nitrogen as a preplant application., The remaining 20 per-
cent of the beets received no additional nitrogen other than that applied
with the mixed fertilizer,

The percent sucrose was not affected by the time of sidedressing
nitrogen (Table 45), When beets received nitrogen later than a mid-June
sidedressing marked reductions in root and sugar yield resulted.

The root and sugar yield of beets that received nitrogen as a pre-
plant application (Table 44) was similar to the yield when beets received
nitrogen as an early sidedressing (June 1 to 14, Table 45), Therefore,
the yleld advantage of beets that received nitrogen as a preplant appli-
cation over beets that received nitrogen as a sidedressing (Table 44)
was possibly due to nitrogen sidedressings that were made later than mid-
June,

The root and sugar yield of beets grown on fine-textured soils grad-
ually increased with increasing rates of nitrogen up to 70 to 90 pounds
per acre (Table 46). Beyond this rate of nitrogen yields appeared to level

off. The sucrose content of beets was not affected by nitrogen applications
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from 0 to 90 pounds per acre, Beets that received more than 90 pounds of
nitrogen per acre had higher sucrose contents than beets that received
less than 90 pounds. This was possibly associated with the high sucrose
content of beets in 1963 regardless of the amount of nitrogen applied and
the relatively large acreages of beets that received more than 90 pounds
of nitrogen per acre. In 1961 and 1962 the sucrose content of beets de-
creased when more than 70 to 80 pounds of nitrogen was applied. The sta-
tistical values (Table 33) indicate that nitrogen applications were nega-
tively correlated with sucrose content in 1961 and 1962, In 1961, nitro-
gen was positively correlated with root and sugar yield.

The effect of nitrogen on the yield of beets grown on coarse-tex-
tured soils (Table 47) was similar to that obtained on the fine-textured
soils. Nitrogen applications were negatively correlated with sucrose
content in 1961 only (Table 25). Nitrogen was positively correlated with
root and sugar yields in 1961 and 1962 (Tables 40 and 41).

The root and sugar yield of beets grown on fine-textured soils grad-
ually increased as the amount of P205 applied increased from 0 to 175
pounds per acre (Table 48), Beets grown on soil to which 125 to 149
pounds of P205 was applied had the highest sucrose content., Statistically
P205 was found to be negatively correlated with the sucrose content in 1962
(Table 33). Root and sugar yields were positively correlated with P205
applications in 1961,

Maximum sugar yield was produced from beets grown on coarse-textured
soils where 100 to 175 pounds of P205 per acre was applied (Table 49),
Phosphorus (as P205) was negatively correlated with sucrose content in
1961 (Table 25). Root and sugar yields were positively correlated with
P205 applications in 1962 (Tables 40 and 41).

Potash had no effect on the sucrose content of beets grown on
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fine-textured soils (Table 50). The root and sugar yield gradually in-
creased as the amount of K50 applied increased over the entire range of
application (0 to 175 or more pounds per acre). Potassium applications
were negatively correlated with sucrose content in 1961 and 1963 (Table 33).
Root and sugar ylelds were positively correlated with KZO applications in
1961 and 1963 (Tables 26 and 27).

The effect of K,0 on the yield of beets on coarse-textured soils was
similar to that obtained on the fine-textured soils (Table 51). The sta-
tistical values (Tables 26 and 27) indicate that in 1963, root and sugar
yield was positively correlated with K20 applications.,

The effect of harvest date on the yield and sucrose content of beets
was recorded at 7-day intervals., Maximum sugar yield was produced from
beets on fine-textured soils when harvested between October 15 and Novem-
ber 4 (Table 52). The sucrose content of beets gradually increased as
the harvest date was delayed. Root yield gradually decreased when beets
were harvested later than October 28, Statistical values (Table 33)
show that the date of harvest had considerable effect on the sucrose
content, particularly in 1962 and 1963, Beets harvested before October 22
had a significantly lower yield of sugar, and beets harvested after
October 28 had a higher yield of sugar than beets harvested between
October 22 and 28 in 1961 and 1963,

Maximum root and sugar yield was obtained on coarse-textured soils
when beets were harvested from October 29 to November 4 (Table 52)., The
sucrose content increased over the entire range of harvest intervals,
Beets that were harvested prior to October 15 in 1961 and 1963 had a
significantly lower sucrose content than beets harvested October 22 to 28
(Table 25). The date of harvest showed few significant differences in

the root and sugar yields.
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Maximum yield of roots and sugar from beets grown on fine-textured
soils was produced where 800 to 1200 total pounds of fertilizer was ap-
plied (Table 53). The sucrose content of beets increased as the total
pounds of fertilizer applied increased from 200 to 1200 pounds per acre.
Approximately 30 percent of the beets received 400 to 600 pounds of fer-
tilizer per acre that gave a beet sugar yield of 4990 pounds; whereas,
about 5 percent of the beets received 1000 to 1200 pounds of fertilizer
per acre which resulted in a sugar yield of 6016 pounds per acre, The
highest sugar yield of beets grown on coarse-textured soils was obtained
where 600 to 800 pounds of fertilizer was applied (Table 53).

Maximum root and sugar yield was produced when ammonium nitrate or
anhydrous ammonia were applied as a preplant application (Table 54). The
interaction of nitrogen materials with time of sidedressing (Table 55)
indicates that beet root and sugar yield was highest when nitrogen was
sidedressed early (before June 15). Root and sugar yield was very simi-
lar when ammonium nitrate or anhydrous ammonia were applied as a preplant
(Table 54) or as an early sidedressing (Table 55). The sucrose content
of beets was reduced when ammonium nitrate or anhydrous ammonia were
applied later than mid-June. Approximately 54 and 62 percent of the
beets that were sidedressed with anhydrous ammonia and ammonium nitrate,
respectively, received the application later than June 15,

Beets planted on fine-textured soils between April 11 and 20
(Table 56) or between May 1 and 10 (Table 57) produced maximum sugar
yield when the beets were harvested between October 15 and November 11.
The root yield gradually decreased when beets were harvested later than
the October 15 to 21, The highest yield of sugar from beets planted late

(May 11-20) on fine-textured soils was obtained when beets were harvested
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between October 15 and November 4 (Table 58). In general, the inter-
action of planting with harvest date indicates that regardless of plant-
ing time maximum sugar yield was produced when beets were harvested be-
tween October 15 and November 11,

The R2 values for the production practices on the yield and sucrose
content of beets grown on coarse-textured soils are shown in Table 59.

In general, date of planting, date of harvest and rate of nitrogen ap-
plication accounted for most of the variation in sucrose content of
beets, Most of the variation in root and sugar yield was accounted for
by date of planting and rate of nitrogen application. Potassium appli-
cations accounted for a major share of the variation in root and sugar
yield in 1963,

The RZ values for the production practices on the yield and sucrose
content of beets grown on fine-textured soils are given in Table 60. The
date of planting and date of harvest were the main factors contributing
to the variation in sucrose content., In 1963 the date of harvest accounted
for approximately 90 percent of the observed variation in sucrose content.
The date of planting had the most effect on the root and sugar yield var-
iation, Nitrogen applications in 1961, tile-drainage in 1962, and plow-
ing depth and xzo applications in 1963 accounted for considerable varia-
tion in root and sugar yield.

Generally more variation in yield and sucrose content was accounted
for in beets grown on coarse-textured soils than on the fine-textured
soils, The production practices accounted for 36 percent of the total

variation on coarse-textured soils and 25 percent on fine-textured soils.






™
(e,

#an - o LV |

9T2S €°9T 0

spunod ¢ suoyJ,

e38I0A% POYSTOM

spunod ¢ suoy,

spunod ¢

suog,

spunod ¢

Tezh €41 22T  SHT TEGE 6°LT L°0T 6 ‘9T 82 nEh 2°9T H°€T €2 I .>oz.A.
. 9Ttk .0.3 €€T  Son #2Zh 6°4T Q°TT €92  TO9h 2°9T 24T <21 655t 6°4T €T 06T ﬂ.w *AON
68l #°9T o.ﬁ gEs wezh 6°LT 8°TT 066  Thih m.ﬂ. T°ST 2§ .amam T°ST 2°4T 96€ .:.Sw..mm *300
Logtr G°ST L°ST  SBTT  90TH 4°4T 9°TT  §22  gons 09T 69T S4 L6 6°HT L°9T S88  82-22 *300
Chen HUST RPST 9ECT L TRE LT M6 TR 806 L°ST 2L T LW 6T L'9T LIOT  TasST *390
thotr T°ST n€T . Een 625€ €°LT 2°0T - TIT. e8th 6°ST 8°€T 62 9hTh 2°HT 94T €82 . #1-8  °3°0
eon 9°ST 6°2T 4 - - - - - = = = o 9t 62T L LT *300
'y aed esox °*y Jed sexdoe | *y aed esox °y Jed ‘v ded esox °y xed v nom onon..« zod . - 480ATRY

Je3ne -ong s300x Te30] | JeAns -ong S300J seJ0y | JEBNg -ong s3001 s8I0y| JE3NMS -Oong £300d SIOY Jo e3eq

suol -

€961

2961

T961

€96T PUR 296T ‘I96T UT STTOS POINIXe3-eUTF UC uMmoad s3eeq Je3ns Jo Acop:oo esoxons
pue PTOTA oY} UO ‘380AIEY JO 93P OU3 YITM (02-TT ALei) -93ep Bupjueld Jo UOTIOBJEIUT OU3 JO 300330 oyl--°gS TTAVI

.



of* T€* on*  g2° 9z* €’ on* 9€* gz’ 179 ez’ 0§ T®301

2o0° zo° go*  #o° #0°* zo0° go*  +4o° 2o° so* 20°  #40° pexJoM seut]
20° T0° 20" T0* 2o0° 20° 20° T0° 90° T0° T0° 00° seef Jurpeoead seum3eT
00*  00° 00°  20° 00* 0o0*  o00*  20° T0* 20° 00*  o00° Bupmord Jo euryy
z0° TO* 90° 20° 20° T0* Go*  o00° T0° TO* 00* oOT° ButmoTd Jo yadeq
20*  T0° 20°  So0° T0° 20° €0 #0° 60° 61" €0°  90° 93Ep 3S0AJEH
00*  00°  40*  00° T0° 00* €0* TO* T0*° 00° TO*  40° Sota
go* TI* €0° TO° o* ot* KO  €o0° 10° 00° €0°  €o° 0°%x
00*  4#0°  00°  TO° 00° #0*  00°*  20° 00* TO* €0°  TO° Y3PTM Moy
80° L0° 60° €o* go* Lo0° TT° lo* 00° 00° go* go* ue3ox3IN
go*  z20* SI*  go° go° 20°  €1*  60° L0*  €0°  4O0*  TIT® ejep Burquerqd
T0* 20° 00° T0° 00° T0° 00° €0° 00* G0° 00° 90° e3euTeIp-oTT]

-4
*eAY (96T 296T T96T  °*®AV  €96T 2961 T96T  °OAY €961 2961  T96T oTqETaE)
PIoTL XE3ng pIOTL 004 950JI0N8 UeIIed

€96T Pu® Z9ET ‘19T UT STTOS POIN}X93-98IE0D UO UMOI3

§199q Je3NS JO qUSQUOD ©sO0IONS pue PIeTL Y3 uo se9730exd uotionpoad snoTIBA OY3 JOF

senTeA U oyl--°65 FIEVI



95

-

pra—

#T* ge*  go*r L2 €T° 6 go*  Le° ge* 9€°  61* €2° Te30l

00° T0* TO®  20° 00° T0*° TO°  TO° T0* 00° 20° 20° pesxaom seurt]
00°* 0o0°* 00° T0° T0° 00° 00° 00°* 40° T0° 00° T0* sgeef 3urpedoexd seum3eT
00° 00*  00*°  00° 00° 00*  00°  00° 00°  00° 00° 00° Bugmotrd Jo eutl
T0° 40°* 00° 00° T0° #0° 00° 00°* To*  TO*  40° 00° Butmord Jo ysdeq
10° #0*  00°*  €0° 00° €o* o00° T0° L T€*  zZo*  oOT° o3ep 3s0AJEH
00°* 00* 00° TO° 00° 0o0* o00* TO° 00° 00° TO®  00° S0%d
20°* 0o1* 00*  20° 2o° IT*  00°  €0° 00° 20° €0* TO° 0%
z2o° 90*  TO*  20° zo0° 90*  TO®  20° T0° 00° TO* TO° 3IpTM Moy
00° T0° 00°  So0° 00° T0° 00°  90° T0° 00* 40*  20° uedox3 N
L0° T 40°  TIT° go* 21 4o° €T’ 60° 10° 20* 90° ejep 3utqueld
10° T0* 20  00° *20° T0* 20°  00° 10° 00°  00° 00° e3euteap-oTi]

24
*eAY  £96T 2961  T96T *OAY  €96T 296T T96T @AV €96T 2961 T96T .
pToTL ae3ng PTIOTL q004 esoJons 4uedIsd

€96T PUB Z96T ‘T96T UT STTOS POJINIXe3-SUTF UO umoid

£300q Je3ns JO JuUejUOD Ss0IONS Pue PTOTA oY} UO §09T308xd UOTIONPOId SNOTJIEA OU3 JOF SOnTEA LY OYL--°09 HIAVI



SUMMARY AND CONCLUSIONS

EXPERIMENT I: THE EFFECT OF TIME AND RATE OF NITROGEN
APPLICATION AND DATE OF HARVEST ON THE YIELD AND
SUCROSE CONTENT OF SUGAR BEETS
The effect of time and rate of application of nitrogen and date of
harvest was studied on the yield and sucrose content of sugar beets i

grown on Brookston clay loam soil.

The maximum production of sugar per acre was obtained when nitrogen

was applied as a preplant application at 90 or 120 pounds per acre or as
a mid-June sidedressing at 60 or 90 pounds per acre,
Delayed harvest usually resulted in an increase of root yield and
sucrose content, consequently an increase in sugar yield per acre. On
the average when harvest was delayed 28 days an increase of 1017 pounds
of sugar was obtained, representing a daily increase of approximately 36
pounds per acre per day., The first 14 days of delayed harvest increased
sugar yield more than the last l4~day delay.
The rate of nitrogen application had relatively small effects on
the sucrose content of beets. However, slight reductions in sucrose con-
tent were obtained where nitrogen was applied at rates higher than 30
pounds per acre, High rates of nitrogen applied in mid-July or mid-
August resulted in low sugar and root ylelds. Nitrogen applied as a mid-
August sidedressing resulted in a reduction in the sucrose content of beets,
On the average date of harvest accounted for most of the variation in
the sucrose content of the sugar beets and accounted for considerably more

variation (D)) than the time of nitrogen application. The decreasing

96



97
order of importance of the treatments on the differences in sucrose con-

tent was as follows:

Date of harvest >)> Time of nitrogen application >

Rate of nitrogen application ) Interactions.

The rate of nitrogen application and date of harvest were about
equal () in accounting for the variability in root yield, The time of
application of nitrogen had a very slight effect on root yield differences.
The decreasing order of importance of the treatments on the variation in

root yields was as follows:

Rate of nitrogen application = Date of harvest )

Time of nitrogen application > Interactions.

The date of harvest was the most important variable accounting for
differences in sugar production. The decreasing order of importance of

the treatments on the variation in sugar yield was as follows:

Date of harvest >) Rate of nitrogen application )

Time of nitrogen application )  Interactions.

Although several of the treatment interaction effects on the yield
and sucrose content of beets were statistically significant their contri-
bution to the total observed variability was of minor importance. In
general, the interactions accounted for from 0 to 14 percent of the

observed variation in yield and sucrose content.
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EXPERIMENT II: A SURVEY OF THE PRODUCTION PRACTICES
AFFECTING YIELD AND SUCROSE CONTENT OF SUGAR
BEETS IN ONTARIO, CANADA

Several production practices were correlated with the yield and suc-
rose content of sugar beets grown in Southern Ontario in 1961, 1962 and
1963.

On the average, sugar production from beets grown on fine-text ured

soils was similar to the yields obtained from beets on coarse-textured

soils, There was a marked yield advantage of beets grown on tile-drained

soil over beets grown on non-tiled soil.
A1falfa or clover grown the year preceding the beet crop had a de-
trimental effect on root and sugar yioid but no significant effect on the

rfx’—?? oy LT,

sucrose content, Maximum sugar yield was obtained when legumes were
grown one year removed from the beet crop. The previous crop had con-
siderable effects on the root and sugar yield. When corn was the pre-
ceding crop maximum root and sugar yield was obtained.

When farmyard manure was applied at 10 to 14 tons per acre the year
preceding the beet crop root and sugar yield increased.

Beets grown on fine-textured soils that had been fall-plowed to a
depth of 10 to 12 inches and on coarse-textured soil to a depth of 8 to
10 inches gave the highest sugar yield. The advantage derived from mini-
mum tillage operations on fine-textured soils would result from a reduc-
tion in labor and expense for seed-bed preparation rather than from in-
creased yields,

Beets planted early (before May 1) and in rows less than 28 inches
wide resulted in maximum sugar production. Nitrogen applied at 70 to 90
pounds per acre as a preplant application or as a sidedressing before mid-

June gave the highest sugar yield. Root yields were usually reduced by



99

late sidedressings of nitrogen but there was no effect on the sucrose con-
tent of beets,

Maximum sugar production was obtained on fine-textured soils where
150 to 175 pounds per acre of P205 was applied, and where 100 to 175 pounds
was applied on coarse-textured soils., Sugar yleld gradually increased with
increasing K,0 applications over the entire range of application (0 to 175
or more pounds per acre), Applications of K,0 did not affect sucrose con-
tent of beets, The sucrose content seemed to decline when P205 was applied
at rates higher than 125 pounds per acre,

The sucrose content gradually increased with increasing delay of beet
harvest, On fine-textured soils the highest root and sugar yield was ob-
tained when beets were harvested October 15 to November 4, Maximum yield
on coarse-textured soils was obtained when beets were harvested October 22
to November 11,

Maximum sugar yield and the highest sucrose content occurred when 1000
to 1200 total pounds of fertilizer was applied on fine-textured soils, and
600 to 800 pounds per acre on coarse-textured soils.

On the average, regardless of the date of planting beets maximum
sugar production was obtained when beets were harvested betwsen October 15
and November 11,

Eleven production practices were selected and analysed statistically
by the computer program CORE 2 routine for regression and partial corre-
lation coefficients. On coarse-textured soils the production practices
accounted for approximately 36 percent of the total variation in yleld and
sucrose content of beets, Most of the differences in sucrose content were
accounted for by date of planting, date of harvest, and nitrogen applica-
tions. The date of planting and rate of nitrogen application had the most

effect on root and sugar ylields.
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On fine-textured soils the production practices accounted for about
25 percent of the total variation in yleld and sucrose content of beets,
Date of planting, date of harvest, and rate of nitrogen application had
the most effect on the sucrose content. On the average, the date of
planting was the most important factor affecting the root and sugar yield
of beets. Nitrogen in 1961, tile-drainage in 1962, and K;0 applications
in 1963 accounted for considerable variation in root and sugar yield

differences,

Significant differences in root and sugar yield and sucrose content

are discussed when results are presented for each production practice.
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TABLE 61,.--Analysis of variance of sucrose content data, 1961

Source of Degrees of Sum of Mean
Variation Freedom Squares Square nFn
Replications 2 4,02
Treatments 23 22,27 0.97 1.83*
Application time 3 8.16 2.72 5.13**
Prepl. vs Other 3 () 1 0.22 0.22 0.42
Sidedressings (S.D.) 2 7.94 3.97 7.49%*
S.D. (Lin.) (B 1 7.05 7.05 13.30**
S.D. (Quad.) (c) 1 0.89 0.89 1,68
Rate of nitrogen 5 6.60 1.32 2, 49*
Rate of N. (Lin.) (D) 1 5,17 5.17 9.76**
Rate of N. (Quad.) (E) 1 0.53 0.53 1,00
Remainder (F) 3 0.90 0.30 0.57
AxD 1 0.06 0.06 0.11
AxE 1 0.27 0.27 0.51
AxPF 3 0.66 0.22 0.42
BxD 1 3.13 3.13 5.91*
BxE 1 0.00 0.00 0.00
BxF 3 0.22 0.07 0.13
CxD 1 0.32 0.32 0.60
C xE 1 2.02 2.02 3.81
CxF 3 0084 0028 0053
ERROR (a) (Reﬁs..x Treat.) 46 24,28 0.53
TOTAL 71 50.57
HARVEST DATES (H.D.) 2 29,64 14,82 24,30*"
H.D. (Lin,) (@) 1 26,86 26.86 44, 03**
H.D. (Quad.) (H) 1 2.78 2.78 4,54
ERROR (b) (Reps. x H.D.) L 2.43 0.61
TOTAL 8 36,09

Continued
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"TABLE 61--Continued,"

Source of Degrees of Sum of Mean
Variation Freedom Squares Square nyn

Harvest Dates x Treatments 46 16.69 0.36 1.25
H.D. (Lin.) x A 1 0.00 0.00 0.00
H.D. (Quad.) x A 1 0.03 0.03 0.10
H.D. (L) x B 1 0.02 0.02 0.07
H.D. (Q) x B 1 0.% 0.% 1.04
H.D. (L) x C 1 1.72 1.72 5.93*
H.D. (Q) xC 1 0.14 0.14 0.48
H.D. (L) xD 1 2,75 2.75 9.L48**
H.D. (Q) xD 1 1.89 1.89 6.52*
H.D. (L) xE 1 0.07 0.07 0.24
H.D. (Q) x E 1 0,00 0,00 0.00
H.D. x F 6 1.27 0.21 0.72
H.D. (L) xAxD 1 0.00 0.00 0.00
HD. (Q) xAxD 1 1.23 1.23 L, 2u*
H.D. (L) xAXxE 1 1.23 1.23 b, 24*
H.D. (Q xAXxE 1 0.04 0.04 0.14
H.D. xAxPF 6 1.13 0.19 0.66
H.D. (L) xBxD 1 0.76 0.76 2,62
HD. (Q xBxD 1 0.29 0.29 1,00
H.D. (L) xB xE 1 0.03 0.03 0.10
H.D. Q) xB xE 1 0.% 0.30 1.04
H.D. xBxF 6 1.49 0.25 0.86
H.D. (L) xCxD 1 0.00 0.00 0.00
H.D. (Q) xCxD 1 0.00 0.00 0.00
HD. (L) xCxB 1 0.00 0.00 0.00
HD. (Q) xCxE 1 0.06 0.06 0.2
H.D. xCxF 6 1.88 0.31 1.07

ERROR (c)(Reps. x H.D. x Treat.) 92 26,66 0.29

GRAND TOTAL 215 125.99

* - denotes significance at the 0,05 level

** . denotes significance at the 0,01 level
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TABLE 62,--Analysis of variance of root yield data, 1961

Source of Degrees of Sum of Mean
Variation Freedom Squares Square b o
Replications 2 108.64
Treatments 23 794, 51 k4, 54 2.97**
Application time 3 197.85 65.95 5,67%*
Prepl. vs Other 3 (A) 1 97.93 97.93 8. 42**
Sidedressings (S.D.) 2 99.92 49,96 k,29*
s.D. (Lin.) (B) 1 90, 60 90.60 7.79**
S.D. (Quad.) (c) 1 9.32 9.32 0.80
Rate of nitrogen 5 184,01 36.80 3.16*
Rate of N, (Lin.) (D) 1 107.28 107.28 9,22**
Rate of N. (Quad.) (E) 1 45,13 45,13 3.88
Remainder (F) 3 31.60 10.53 0.91
AxD 1 104,00 104.00 8.94**
AXE 1 1.83 1.83 0.16
AxPF 3 64,31 21,44 1.84
BxD 1 35.60 35.60 3.06
BxE 1 63,02 63,02 5.42%
BxPF 3 6.95 2.32 0.20
CxD 1 10,43 10.43 0.90
C xE 1 33.13 33.13 2.85
CxF 3 92.66 30.89 2,66
ERROR (a) (Reps, x Treat.) 46 534,806 11.63
TOTAL 71 1437.960
HARVEST DATES (H.D.) 2 140,80 70.40 3.49
H.D. (Lin.) (a) 1 133.93 133.93 6.64
H.D. (Quad.) (H) 1 6.87 6.87 0.34
ERROR (b) (Reps. x H.D.) I 80.653 20,16
TOTAL 8 330,092

Continued
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“"TABLE 62--Continued."

Source of Degrees of Sum of Mean
Variation Freedom Squares Square upw

Harvest Dates x Treatments 46 142,494 3.10 1.48
H.D. (Iin,) x A 1 3.65 3.65 1.75
H.D. (Quad.) x A 1 0,07 0.07 0.03
H.D, (L) x B 1 7.87 7.87 3077
H.D. (Q) x B 1 0.20 0.20 0.10
H.D. (L) x C 1 3.87 3,87 1.85,
H.D. (Q) x C 1 11,76 11,76 5,63
H.D. (L) xD 1 11.79 11.79 5,64*
H.D. (Q) x D 1 0.28 0.28 0.13
H.D. (L) xE 1 0.82 0.82 0.39
H.D. (Q) x E 1 0.20 0.20 0.10
H.D. xF 6 8.492 1,42 0.68
H.D. (L) xAxD 1 0.02 0.02 0.01
H.D. (Q) xAxD 1 4,27 4,27 2,04
HD. (L) xAxE 1 0.05 0.05 0.02
H.D. (Q) xAXxE 1 2.68 2.68 1,28
H.D. xXAxF 6 8.96 1.49 0.71
H.D., (L) xBxD 1 0.06 0.06 0.29
H.D. (Qg xBxD 1 2.15 2,15 1,03
H.D, (L) xBxE 1 14,15 14,15 6.77*
HD, (Q) xBxBE 1 0.20 0.20 0.10
H.D. xBxPF 6 39.36 6.56 3.14%*
H.D. (L; xCxD 1 0.10 0.10 0.05
HD. (Q) xCxD 1 4,37 4,37 2,09
HD. (L) xCxE 1 1.46 1.46 0.70
HD. (Q) xCxE 1 0.03 0.03 0.14
H.D. xCxPF 6 17.85 2.98 1.43

ERROR (c)(Reps.x H.D. x Treat.) 92 192,26 2,09

GRAND TOTAL 215 1,994,163

* - denotes significance at the 0,05 level
** -~ denotes significance at the 0.01 level



TABLE 63.--Analysis of variance of sugar yield data, 1961
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Source of Degrees of Sum of Mean
Variation Freedom Squares Square npn
Replications 2 7,772,450
Treatments 23 88, 553,022 3,850,131 2.83":
Application time 3 26,482,390 8,827,463 6.48:‘
Prepl, vs Other 3 (A) 1 10,712,535 10,712,535 7.86
Sidedressings (S.D.) 2 15,769,855 7,884,927  5,79%*
8.D. (Lin.) (B) 1 15,292,681 15,292,681 11,23**
S.D. (Quad,) (c) 1 477,174 477,174  0.35
Rate of nitrogen 5 14,259,117 2,851,823 2,10
Rate of N. (Lin,) (D) 1 5,995,667 5,995,667  4,40*
Rate of N. (Quad.) (E) 1 6,050,649 6,050,649 4, 44*
Remainder (F) 3 2,212,801 737,600 0.54
AxD 1 11,031,320 11,031,320 8.,10**
AxPF 3 6,781,387 2,260,462 1,66
BxD 1 6,674,596 6,674,596  4,90*
BxE 1 6,360,799 6,360,799  4.67*
BxF 3 781,950 260,650 0.19
CxD 1 1,492,464 1,492,464 1,10
CxE 1 5,231,451 5,231,451  3.84
CxF 3 9,388,206 3,129,402 2,30
ERROR (a) (Reps. x Treat.) L6 62,640,039 1,361,740
TOTAL 71 158,965,511
HARVEST DATES (H.D.) 2 34,596,332 17,298,166 8,22*
H.D. (Lin,) (G; 1 32,343,865 32,343,865 15.37*
H.D. (Quad,) (H 1 2,252,467 2,252,467 1,07
ERROR (b) (Reps. x H.D.) 4 8,419,085 2,104,771
TOTAL 8 50,787,867

Continued
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Source of Degrees of Sum of Mean
Variation Freedom Squares Square npn

Harvest Dates x Treatments 46 20,416,468 443,836 1.68*
H.D. (Lin,) x A 1 598, 384 598,384 2,27
H.D. (Quad.) x A 1 117,002 117,002 0,44
H.D. (L) x B 1 386,760 386,760 1,47
H.D. (Q) x B 1 1,120,464 1,120,464  U4,25*
H.D. (L) x C 1 1,021,625 1,021,625  3.87
H.D. (Q) x C 1 1,242,500 1,242,500  &,71*
H.D. (L) xD 1 2,910,004 2,910,004 11,03**
H.D. (Q) xD 1 423,720 423,720 1,61
H.D. (L) x E 1 35,645 35,645  0.14
H.D. (Q) x B 1 20,848 20,848 0.08
H.D. xF 6 577,612 96,269  0.37
H.D. (L) xAxD 1 240,010 240,010 0,91
H.D. (Q) xAxD 1 1,337,658 1,337,658  5.07*
HoD. (L) xAxE 1 408,168 408,168  1.55
HD. (Q) xAXE 1 49, 666 49,666  0.19
H.D. xAxF 6 1,328,008 221,335 0,84
HD. (L) xBxD 1 84, 340 84,340 0,32
H.D. Q) xB xD 1 409,836 409,836 1.55
HD. (L) xBxE 1 1,824,017 1,824,017 6.92*
HD. (Q) xBxE 1 13,634 13,634  0.05
H.D. xBxPF 6 3,294, 589 549,098 2,08
H.D. (L) xCxD 1 96, 881 96,881  0.37
H.D. (Q) xCxD 1 441,803 441,803  1.68
H.D, (L) xCxE 1 106,988 106,988  0.41
H.D. Q) xCxE 1 1,219 1,219 0,00
H.D. xCxF 6 2,325,080 387,513  1.47

ERROR (c)(Reps. x H.D. x Treat.) 92 24,268,862 263,792

GRAND TOTAL 215 246,666,258

* . denotes significance at the 0.05 level

** . denotes significance at the 0,01 level
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TABLE 64,--Analysis of variance of top yield data, 1961

Source of Degrees of Sum of Mean
Variation Freedom Squares Square npn
Replications 2 82.8
Treatments 23 1001,1 43,52 10,41**
Application time 3 65.2 21.73 5.19**
Prepl. vs Other 3 1 27.7 27.70 6.62*
Sidedressings 2 37.5 18.75 b4, 48"
Rate of nitrogen 5 868.1 173.62 41.53**
ERROR (a) (Reps. x Treat.) 46 192,1 4,18
TOTAL 71 1276.5
HARVEST DATES (H.D.) 2 428, 4 214,20 7.19*
ERROR (b) (Reps. x H.D.) 4 119.1 29.77
TOTAL 8 630.3
Harvest Dates x Treatments 46 136.3 2.96 0.23
ERROR (c)(Reps. x H,D. x Treat.) 92 1152.0 12,52
GRAND TOTAL 215 3112.3

* . denotes significance at the 0.05 level

** . denotes significance at the 0.0l level
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TABLE 65.--Analysis of variance of sucrose content data, 1962

Source of Degrees of Sum of Mean
Variation Freedom Squares Square npn
Replications 2 0.21
Treatments 23 30,60 1.33 5,32%*
Application time 3 13.25 4,42 17.68**
Prepl. vs Other 3 (1) 1 1.67 1,67 6.68:
Sidedressings (S.D.) 2 11.58 5.79 23.16**
S.D. (Lin,) (B 1 11,28 11,28 L5,12**
S.D. (Quad.) (c) 1 0.28 0.28 1,12
Rate of nitrogen 5 7.65 1.53 6.12**
Rate of N. (Lin.) (D) 1 6.40 6.40 25,60%*
Rate of N, (Quad.) (E) 1 0.78 0.78 3.12
Remainder (F) 3 0.47 0.16 0.64
AxD 1 1.39 1.39 5.56*
AxE 1 0.02 0.02 0.08
AxF 3 0.66 0.22 0.88
BxD 1 5,07 5,07 20,28**
BxE 1 1.06 1.06 L4, 24"
BxF 3 0.11 0.03 0.12
CxD 1 0.00 0.00 ' 0.01
CxE 1 0.09 0.09 - 0.36
CxF 3 0.69 0.23 0.92
ERROR (a) (Reps. x Treat.,) L6 11.56 0.25
TOTAL 71 42,38
HARVEST DATES (H.D.) 2 79.45 39.73 50,9454
H.D. (Lin.) (@) 1 49, 47 49, 47 63.42
H.D. (Quad.) (H) 1 29.98 29.98 38, 44*
ERROR (b) (Reps. x H.D.) 4 3.11 0.78
TOTAL 8 82,78

Continued
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"TABLE 65--Continued."

Source of Degrees of Sum of Mean
Variation Freedom Squares Square
Harvest Dates x Treatments 46 11.31 0.245
H.D. (Lin.) x A 1 1.25 1.25
H.D. (Quad.) x A 1 0.19 0.19
H.D. (L) xB 1l 0.96 0.96
H.D. (Q) x B 1l 0.34 0.34
H.D. (L) xC 1 0.38 0.38
H.D. (Q) x C 1 0.35 0.35
H.D. (L) xD 1 1,02 1.02
H.D. (Q) xD 1 0. Lt 0. 44
H.D. (L) x E 1l 0.11 0.11
H.D. (Q) xE 1l 0.01 0.01
H.D. xF 6 1.70 0.28
HD. (L) xAxD 1l 0.28 0.28
HD. (Q) xA xD 1 0.26 0.26
H.D. (L; xAXxE 1 0,06 0.06
HD. (Q) xAXxE 1 0.05 0.05
H,D. xAXxPF 6 1.13 0.18
H.D. (L) xBxD 1l 0,00 0.00
HD. (Q) xBxD 1 0.16 0.16 0.67
HD. (L) xBxE 1 0,08 0.08 0.34%
H.D, (Q) xB xE 1l 0.01 0.01 0,04
H.D. xBxF 6 1,28 0.21 0.88
HD. (L) xCxD 1 0.03 0.03 0.13
H.D. Q) xCxD 1 0.16 0.16 0.67
H,D. (L) xCxBE 1 0.48 0.48 2.02
H.D. Q) xCxE 1 0.56 0.56 2.35
H.D. xCxF 6 0.59 0.09 0.38
ERROR (c)(Reps.x H.D. x Treat.,) 92 21.91 0.238

GRAND TOTAL 215 158,16

* - denotes significance at the 0.05 level

** . denotes significance at the 0.01 level
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TABLE 66,--Analysis of variance of root yield data, 1962

Source of Degrees of Sum of Mean
Variation Freedom Squares Square "y
Replications 2 31.73
Treatments 23 560.01 24,35 3.27**
Application time 3 24,49 8.16 1.10
Prepl., vs Other 3 (A) 1 1.12 1,12 0.15
Sidedressings (S.D.) 2 23.37 11.69 1.57
S.D. (Lin.) B 1 19,08 19,08 2.56
S.D. (Quad.) (c) 1 4,29 4,29 0.58
Rate of nitrogen 5 305.47 61.09 8.20":
Rate of N. (Lin.) (D) 1 144,72 144,72 19.’-!-3"l
Rate of N. (Quad.) (E) 1 138.63 138,63 18,61**
Remainder (F) 3 22,12 7.37 0.99
AxD 1 87.61 87.61 11,76**
AxE 1 2.49 2.49 0.33
AxPF 3 9. 74 3.25 0,44
BxD 1 23.22 23.22 3.12
BxE 1 74.71 74,71 10,03**
BxPF 3 7.78 2.59 0.35
CxD 1 2.42 2.42 0.32
CxE 1 16.76 16,76 2.25
CxPF 3 5.31 1.77 0.24
ERROR (a) (Reps, x Treat.) 46 342,58 7.45
TOTAL 71 934,32
HARVEST DATES (H.D.) 2 42,15 21,07 5.82
H.D. (Lin,) (Gg 1 15.47 15.47 4,27
H.D. (Quad.) (H 1 26,68 26,68 7.37
ERROR (b) (Reps. x H.D.) 4 14,48 3.62
TOTAL 8 88.136

Continued
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Source of Degrees of Sum of Mean
Variation Freedom Squares Square npe

Harvest Dates x Treatments 46 114,78 2.50 1.04
H.D. (Lin.) xA 1 2,05 2,05 0.85
HoDo (Quado) xA 1 0.04 0.04 0.01
H.D. (L) x B 1 0.81 0.81 0.33
H.D. (Q) x B 1 0,11 0.11 0.04
H.D. (L) xC 1 0.00 0.00 0.00
H.D. (Q) xC 1 0.48 0.48 0,17
H.D. (L) xD 1 344 3. 44 1.43
H.D. (Q xD 1 1,01 1.01 0.42
H.D. (L x E 1 2,85 2.85 1.19
H.D. (Q) xE 1 0.01 0.01 0.00
H.D. xF 6 10.13 1.69 0.70
H.D. (L) xAxD 1 0.18 0.18 0.07
H.D. (Q) xAxD 1 0.30 0.30 0.12
H.D. (L) xAxB 1 9.25 9.25 3.85
H.D. (Q) xAXE 1 4,46 4,46 1.86
H.D. XAXF 6 13,68 2,28 0.95
HD. (L) xBxD 1 0.15 0.15 0,06
H.D. (Q) xB xD 1 11,58 11,58 L4, 82*
HD. (L) xBxE 1 0.06 0,06 0,02
HD. (Q) xBxE 1 0.85 0.85 0.35
H.D. xBxPF 6 13.77 2.29 0.95
H.D. (L) xCxD 1 0.03 0.03 0.01
HD. (Q) xCxD 1 0.94 0.9% 0.39
HD. (L) xCxB& 1 6.07 6.07 2.53
HD. Q) xCxE 1 0.72 0.72 0.30
H.D. xCxPF 6 30,336 5.06 2.10

ERROR (c)(Reps. x H.D. x Treat.) 92 220.57 2.40

GRAND TOTAL 215 1326, 30

* . denotes significance at the 0,05 level
** - denotes significance at the 0.01 level
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TABLE 67.--Analysis of variance of sugar yield data, 1962

Source of Degrees of Sum of Mean
Variation Freedon Squares Square upn
Replications 2 2,983,848
Treatments 23 75,314,288 3,274,534  3,90**
Application time 3 8,967,870 2,989,290 3.56*
Prepl, vs Other 3 (a) 1 853, 544 853,544 1,02
Sidedressings (S.D.) 2 8,114,326 4,057,163 &4, au.‘
S.D. (Lin,) (B) 1 7,853,772 7,853,772 9.36
S.D. (Quad.) (c) 1 260,554 260,554  0.31
Rate of nitrogen 5 31,112,673 6,222,534 7. uz::
Rate of N. gLin.) (Dg 1 9,218,991 9,218,991 10.98
Rate of N, (Quad.) (B 1 18,803,013 18,803,013 22.41**
Remainder (F) 3 3,090,669 1,030,223 1.23
AxD 1 12,058,269 12,058,269 14.37**
AXxE 1 82,575 82,575 0.10
AxF 3 1,656,080 552,027 0,66
BxD 1 6,227,315 6,227,315  7.42"*
BxE 1 10,977,304 10,977,304 13.08**
BxF 3 774,911 258,304  0.31
CxD 1 333,249 333.249 0.4
CxE 1 2,361,653 2,361,653 2,81
CxPF 3 761,911 253,970  0.30
ERROR (a) (Reps. x Treat.) 46 38,597,251 839,071
TOTAL 71 116,895, 387
HARVEST DATES (H.D.) 2 31,563,702 15,781,851 17. 16*
H.D. (Lin,) (a) 1 16,144,324 16,144,324 17.55
H.D. (Quad.) (H) 1 15,419,378 15,419,378 16.77*
ERROR (b) (Reps. x H.D.) i 3,678,714 919,679
TOTAL 8 38,226,264

Continued
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Source of Degrees of Sum of Mean
Variation Freedom Squares Square nEw

Harvest Dates x Treatments 46 14,994,539 325,968 1.25
H.D. (Lin.) x A 1 13,422 13,422 0,05
H.D. (Quad.) x A 1 16,498 16,498 0,06
H.D. (L) x B 1 572 572 0,00
H.D. (Q) xB 1 7,597 7,597 0,03
H.D. (L) x C 1 45,269 45,269 0,17
H.D. (Q) x C 1 195,070 195,070 0.75
H.D. (L) xD 1 21,300 21,300 0.08
H.D. (Q) xD 1 141,807 141,807  0.54
H.D. (L) xE 1 664,573 664,573 2.54
H.D. (Q) x B 1 7,625 7,625 0,03
H.D. xF 6 1,140,360 190,060  0.73
H.D. (L) xAxD 1 11,214 11,214  0.0%
HD. (Q) xAxD 1 13,559 13,559  0.05
HD. (L) xAxBE 1 823,877 823,877 3.15
HD. (Q) xAXxE 1 922,988 922,988 3.53
H.D. XAXPF 6 2,387,478 397,913 1,52
HD. (L) xBxD 1 17,600 17,600 0,07
HD. (Q) xBxD 1 1,781,509 1,781,509  6.82*
H.D. (L) xBxE 1 14,261 14,261 0,05
HD. (Q xBxE 1 154,371 154,371  0.59
H.D. xBxF 6 1,431,573 238,595 0.91
H.D. (L) xCxD 1 3,136 3,136 0,01
HD. (Q) xC=xD 1 34,019 34,019 0.13
H.D. (L; xCxE 1 1,317,755 1,317,755 5,04*
H.D. (Q) xC xE 1 0 0 0.0
H.D, xCxF 6 3,780,986 630,164 2.4

ERROR (c)(Reps. x H,D. x Treat) 92 24,039,690 261,300

GRAND TOTAL 215 191,172,032

* . denotes significance at the 0,05 level

** - denotes significance at the 0,01 level
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TABLE 68, --Analysis of variance of top yield data, 1962

Source of Degrees of Sum of Mean
Variation Freedom Squares Square ngn
Replications 2 2.5
Treatments 23 2216.1 96435 5.,59**
Application time 3 160.0 53.33 3,09*
Prepl, vs Other 3 1 159,7 159.70 9,26**
Sidedressings 2 0.3 0.15 0.87
Rate of nitrogen 5 1809. 4 361,88 21,00**
ERROR (a) (Reps. x Treat.) 46 792.7 17.23
TOTAL 71 3029.3
HARVEST DATES (H.D.) 2 656.7 328,35 52,11%*
ERROR (b) (Reps. x H.D.) 4 25,2 6.30
TOTAL 8 702.4
Harvest Dates x Treatments 46 255.0 554 22,16**
ERROR (c)(Reps. x H.D. x Treat.) 92 23.7 0.25
GRAND TOTAL 215 3989.9

* - denotes significance at the 0,05 level

** - denotes significance at the 0.0l level
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TABLE 69.--Analysis of variance of sucrose content data, 1963

Source of Degrees of Sum of Mean
Variation Freedom Squares Square upe
Replications 2 1.66
Treatments 23 27.16 1,18 5.#6"
Application time 3 13.16 4,39 20,32**
Prepl., vs Other 3 (4) 1 0.63 0.63 2,96
Sidedressings (S.D.) 2 12.53 6.27  29.03.%
S.D. (Lin.) (B) 1 9,66 9.66 .72
S.D. (Quad.) (c) 1 2.87 2,87 13,28
Rate of nitrogen 5 2.86 0.57 2,64*
Rate of N, (Lin.) (D) 1 1.34 1,34 6.20"
Rate of N, (Quad.) (E) 1 0.18 0.18 0.83
Remainder (F) 3 1.34 0.45 2,08
AxD 1 1,00 1.00 4,63"
AXxE 1 0.01 0.01 0.04
AxPF 3 2.95 0.98 b, 58**
BxD 1 2,27 2.27 10.51**
BxBE 1 1.21 1.21 5.60*
BxF 3 0.98 0.33 1.53
CxD 1 0.25 0.25 1,20
CxE 1 2.4 2.44 11,30**
CxF 3 0.31 0.10 0.46
ERROR (a) (Reps. x Treat.) L6 9.97 0.21
TOTAL 71 38.80
HARVEST DATES (H.D.) 2 103.79 51,90 76.66**
H.D. (Lin,) (a) 1 67.10 67.10 99.11**
H,D. (Quad.) (H) 1 36.69 36,69 54,19**
ERROR (b) (Reps. x H.D.) b 2.70 0.67'
TOTAL 8 108,171

Continued
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Source of Degrees of Sum of Mean
Variation Freedom Squares Square upn

Harvest Dates x Treatments 46 14,03 0.31 1.29
H.D. (Lin,) x A 1 0.23 0.23 0.95
H.D. (Quad.) x A 1 0.16 0.16 0.67
H.D. (L) x B 1 0.50 0.50 2,08
H.D. (Q) x B 1 0.00 0.00 0,00
H.D. (L) x C 1 0.04 0.04 0.17
H.D. (Q) x C 1 0.71 0.71 2.96
H.D. (L) x D 1 0.48 0.48 2,00
H.D. (Q) x D 1 1.01 1.01 b,21*
H.D. (L) x E 1 0.01 0,01 0.04
H.D. (Q) x E 1 1.06 1,06 b, 42*
H.D. xF 6 1.82 0.30 1.25
H.D. (L) xAxD 1 0.46 0.46 1.92
HoD. (Q) xAxD 1 0.01 0.01 0.04
H.D. (L) xAXxE 1 0.12 0.12 0.50
HD. (Q)Q xAXE 1 0.40 0.40 1.67
H.D. xAxPF 6 1.51 0.25 1.04
H.D. (L) xBxD 1 0.02 0.02 0.08
H.D. (Q; xBxD 1 0.07 0.07 0.29
HD. (L) xB xE 1 0.25 0.25 1.04
HD. (Q) xBxE 1 0.63 0.63 2.63
H.D. xBxF 3 2.40 0.40 10.04™*
HD. (L) xCxD 1 0.01 0.01 0.04
HD. (Q) xCxD 1 0.57 0.57 2.38
HD., (L) xC xE 1 0.05 0.05 0.21
HD. (Q) xC x E 1 0.55 0.55 2,29
H.D. xCxF 6 0.86 0.14 0.58

ERROR (c)(Reps. x H.D. x Treat.)92 22,29 0.24

GRAND TOTAL 215 181.63

* - denotes significance at the 0.05 level
** . denotes significance at the 0,01 level
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Source of Degrees of Sum of Mean
Variation Freedom Squares Square wpn
Replications 2 17.56
Treatments 23 186,24 8.10 1,44
Application time 3 17.44 5.82 1.04
Prepl, vs Other 3 (A) 1 0.08 0.08 0,01
Sidedressings (S.D.) 2 17.36 8.68 1.54
S.D. (Lin,) (B 1 14,24 14,24 2.52
S.D. (Quad,) (c 1 3.13 3.13 0.56
Rate of nitrogen 5 117.89 23.57 4195
Rate of N, %Lin.) (D) 1 91.13 91.13 16,22
Rate of N, (Quad.) (E) 1 22,39 22,39 3.98
Remainder (F) 3 4,37 1.46 0.26
AxD 1 0.25 0.25 0.0%
AxE 1 9,22 9.22 1.64
AxPF 3 6.36 2.12 0.38
BxD 1 2,22 2,22 0.40
BxBE 1 0.18 0.18 0.03
BxPF 3 1k, 34 4,78 0.85
CxD 1 5,28 5,28 0,94
CxE 1 0.00 0.00 0.00
CxPF 3 13.12 4,38 0.78
ERROR (a) (Reps. x Treat.) 46 258,52 5,62
TOTAL 71 462,33
HARVEST DATES (H.D.) 2 347,34 173.67 27.52""
H.D., (Lin.) (a; 1 239.76 239.76 38,00**
H.D. (Quad.) (2 1 107.59 107.59 17.05*
ERROR (b) (Reps., x H.D.) 4 25,22 6.31
TOTAL

8 390.13

Continued
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Source of Degrees of Sum of Mean
Variation Freedom Squares Square ngn
Harvest Dates x Treatments 46 65.50 1,42 1.45
H.D. (Lin.) x A 1 6.32 6.32 6.45"
HoDo (Quad.) X A 1 2.93 2.93 2099 l
H.D. (L) x B 1 0.27 0.27 0,28
H.D. (Q) x B 1 4,33 4,33 b k2
H.D. (L) x C 1 3.16 3.16 3.22
H.D. (Q) x C 1 2,01 2.01 2,05 :
H.D. (L) xD 1 1.41 141 1.44
H.D. (Q) xD 1 0.64 0,64 0.65 3
H.D. (L) x E 1 0.22 0.22 0.22 f
H.D. (Q) xE 1 0.32 0.32 0.33 i
H.Do X F 6 2.25 0038 0039
H.D. (L; xAxD 1 8.40 8.40 8.57%*
H.D. (Q) xAxD 1 0.01 0.01 0.01
H.D. (L) xA xE 1 0.22 0.22 0.22
H.D. (Q) xAxE 1 7.69 7.69 7.85%*
H.D. xAXxF 6 0.76 0.13 0.13
HD. (L) xBxD 1 0.39 0.39 0.40
H.D. () xB xD 1 0.20 0.20 0.2
H.D, (L; xBxE 1 0.10 0.10 0.10
H.D. (Q) xB xE 1 5,19 5,19 5.30*
H.D. xBxPF 6 1.80 0030 0031
HD. (L) xCxD 1 0.59 0.59 0.60
HD. (Q) xCxD 1 0.33 0.33 0.3k
HD., (L) xCxB 1 5.58 5.58 5.69*
HD. (Q) xCxE 1 3.09 3.09 3.15
H.D. xCxP [ 7.41 1.24 1.27
ERROR (¢)(Reps. x H.D. x Treat.) 92 90,45 0.98
GRAND TOTAL 215 990.86

* . denotes significance at the 0.05 level
** . denotes significance at the 0,01 level
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TABLE 71.--Analysis of variance of sugar yield data, 1963

Source of Degrees of Sum of Mean
Variation Freedom Squares Square np
Replications 2 3,879,113
Treatments 23 39,994,344 17,388,845 18,19*"
Application time 3 7,255,860 2,418,620 2.53
Prepl, vs Other 3 (A) 1 36,932 36,932 0.04
Sidedressings (S.D.) 2 7,218,928 3,609,464  3,78*
S.D. (Lin,) (B; 1 5,747,290 5,747,290 6.01*
S.D. (Quad.) (c 1 1,471,638 1,471,638 1,54
Rate of nitrogen 5 23,836,450 4,767,290  4,99**
Rate of N. (Lin.) (D) 1 17,613,851 17,613,851 18, 42**
Rate of N, (Quad.) (E) 1 5,230,434 5,230,434  5.47*
Remainder (F) 3 992,165 330,721  0.35
AxD 1 2,261 2,261  0.00
AxE 1 1,407,642 1,407,642 1,47
BxD 1 1,030,744 1,030,744 1,08
BxE 1 215,836 215,836  0.23
CxD 1 1,216,095 1,216,095  1.27
CxE 1 136,676 136,676 0.1k
CxPF 3 1,910,426 636,808  0.67
ERROR (a) (Reps. x Treat.) 46 43,977,760 956,038
TOTAL 71 87,851,217
HARVEST DATES (H.D.) 2 81,445,816 40,722,908 30,16**
H.D. (Lin.) a 1 73,944,234 73,944,234  54,76™*
H.D. (Quad.) (¥) 1 7,501,582 7,501,582 5.56
ERROR (b) (Reps. x H.D.) b 5,401,474 1,350,368
TOTAL 8 90,726,403

Contimed
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"TABLE 71--Continued,"

Source of Degrees of Sum of Mean
Variation Freedom Squares Square npw
Harvest Dates x Treatments 46 13,625,120 296,198 2.26"*

H.D. (Lin.) x A 1 1,344,133 1,344,133 10.26™*
H.D. (Quad.) x A 1 384,228 384,228 2,93
H.D. (L) x B 1 22,969 22,969 0.17
H.D. (Q) x B 1 789, 405 789, 405 6.03*
H.D. (L) x C 1 502,476 502,476 3,84
H.D. (Q) xC 1 141,571 141,571 1.08
H.D. (L) xD 1 628,836 628,836 4,80*
H.D. (Q) xD 1 75 75 0.00
H.D. (L) x E 1 16,918 16,918 0.13
H.D. (Q) xE 1 274,160 274,160 2,09
H.D. xF 6 540,269 90,044 0.69
HD. (L) xAxD 1 1,839,674 1,839,674  14,05**
HD. (Q) xAxD 1 4,440 b4, 440 0.03
HD. (L) xAXxE 1 57,178 57,178 0,44
H.D. (Q) xAxE 1 1,677,947 1,677,947  12,81**
H.D. xAXF 6 247,889 41,314 0.32
H.D. (L) xBxD 1 65,085 65,085 0.50
H.D. (Q) xB xD 1 11,324 11, 324 0.09
H.D. (L) xB xE 1 50,930 50,930 0.39
HD. (Q) xBxE 1 1,280,407 1,280,407 9,78**
H.D. xBxF 6 609,783 101,630 0.78
H.D. (L; xCxD 1 114, 4ok 114,494 0.87
H.D. (Q) xC xD 1 I, 490 L, 490 0.03
H.D. (L; xCxE 1 992, 380 992, 380 7.58**
HD. (Q) xCxB 1 907,820 907,820 6.93%*
H,D. xCxPF 6 1,116,242 186,040 1.42
ERROR (c)(Reps. x H.D. x Treat.) 92 12,049,551 130,973
GRAND TOTAL 215 200,373,178

* . denotes significance at the 0,05 level
** - denotes significance at the 0.01 level
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TABLE 72,--Analysis of variance of top yield data, 1963

Source of Degrees of Sum of Mean
Variation Freedom Squares Square nge
Replications 2 19.2
Treatments 23 341.1 14,83 16.66™*
Application time 3 55.0 18.33 20.59**
Prepl, vs Other 3 1 32.3 32.30 36-29'*
Sidedressings 2 22,7 11.35 12.75**
Rate of nitrogen 5 246,8 49,36 55,46**
ERROR (a) (Reps. x Treat.) 46 B3 0.89
TOTAL 71 401,.6
HARVEST DATES (H.D.) 2 17.7 8.85 1.03
ERROR (b) (Reps. x H.D.) 4 34,1 8.52
TOTAL 8 51.8
Harvest Dates x Treatments 46 18,6 0.40 3,07**
ERROR (c)(Reps., x H.D. x Treat.,) 92 12,4 0.13
GRAND TOTAL 215 484, 4

* - denotes significance at the 0,05 level

** - denotes significance at the 0,01 level
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