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Studies by Ulrich (5)* indicated that the sugar beet root re-
mained relatively low in sucrose content until the occurrence
of low autumn temperatures, after which there was a rapid in-
crease. Hills et al. (4) reported that consistent differences were
observed between varieties during the latter part of the growing
season. Bush (2) however observed interactions between varieties
and harvest dates and concluded that it was important to con-
sider the date of harvest when evaluating varieties.

The purpose of this study was to assess the importance of
date of harvest in evaluating varieties for root weight and sucrose
percent and to observe the pattern of growth and sucrose accum-
ulation of two varieties.

Methods and Materials

The rate of growth and development of two diploid varieties
of sugar beet was studied in field experiments on the Research
Farm of Canadian Sugar Factories, Taber, Alberta, during the
1961 and 1962 growing seasons. The varieties used were CS7,
a high-root-yield variety selected for commercial production in
Western Canada and A90, a variety with low-root-yield and high-
sucrose content. Plots were laid out in a latin square design
with eight replications and eight harvest dates. Each main plot
was divided into two 35 feet long one-row sub-plots for varieties.
The rows were spaced 22 inches apart. After emergence of the
seedlings the stand was thinned to 100 to 120 plants per 100
feet of row.

The experiments were planted on May I8 and April 26 in
1961 and 1962, respectively. The harvest dates for each of the
two years were as given below.

t Contribution of the Canadian Sugar Factories, Taber, Alberta, Canada.
2 Plant Breeder.
3 Numbers in parentheses refer to literature cited.
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Harvest date 1961 1962
T July 17 July 17
II August 1 July 31
111 August 15 August 14
v August 29 August 28
A% September 12 September 11
VI September 26 September 24
VII October 10 October 9
VIII October 24 October 19

539

On each harvest date, roots from 25 feet of row per plot
were dug, immediately washed, weighed, and sampled with a
multisaw beet rasp to provide a uniform sample of finely divided
pulp. Percent sucrose and raw juice purity were determined by
a hot water extraction method described by Browne and Zerban
(1). Dry matter of the roots was determined by drying the samples
in a forced draft oven at 90°C for 48 hours. Sucrose per acre,
dry matter per acre and percent sucrose on dry matter basis
were obtained by making the appropriate calculations. The
analysis of variance was performed as outlined by Goulden (3).
The two varieties were compared for each character on each
harvest date in each year. Air temperature data were obtained
from the Department of Transport Climatological Station, Taber,
Alberta and are given in Figure 1.
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Figure 1.—Mean air temperature (°C) for various time
intervals during the growing seasons of 1961 and 1962.

Results
Yield of roots. The yields of roots for both 1961 and 1962
are in close agreement (Table 1). In both years, CS7 yielded
significantly more than A90 on each date, with the difference
becoming progressively greater as the growing season advanced.
In both years, A90 was characterized by a rapid reduction in
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growth rate after the end of August, whereas CS7 showed a more
gradual reduction. Both varieties continued to increase in weight
until the last harvest date, although the growth increments be-
tween successive dates were not always statistically significant
towards the end of the season.

Yield of sucrose. The yield of sucrose per acre increased on
a straight line basis during the portion of the growing season
studied in both 1961 and 1962 (Table 2). In both years, CS7

Table 1.—Yield of sugar beet roots in tons per acre for CS7 and A90 on each of cight
harvest dates in 1961 and 1962.

1961 19762
Harvest Variety Level of Variety Level of
date CS7 A90 significance 67 AN significance
I 368 294 .- 651 551 -
11 9.63 6.83 s 10.90 8.27 e
111 14.79 10.22 e 15.15 10.66 b
v 18.32 13.52 e 18.68 12.98 -
v 21.30 14.70 Fel 20.91 13.13 3
VI 28.26 15.18 e 22.96 15.12 -
VII 24.53 16.22 o 24,80 15.36 -
VIII 25.51 16.75 s 25.13 16,63 ki
LS.D. (5%) L.54 0.89 1.03 0.95
L.5.D. (1%) 2.06 1.19 1.537 1.27

** Varieties significantly different at the 19 level.

Table 2.—Yield of sucrose in pounds per acre for CS87 and A0 sugar bect varicties,
on each of eight harvest dates in 1961 and 1962.

196 1 1962
Harvest Variety Level of Variety Level of
date CS7 A90 significance Cs7 A90 significance
I 556 473 * 1255 1142 N.S.
1I 1773 1857 e 2517 2182 "
11 3036 2337 i 4312 3413 w
v 4361 3696 s H484 4335 #»
v 5195 4025 oo (697 4677 &
VI 6373 4830 - 7930 5756 4
VII 7587 5694 == 9114 6274 e
VITT 7858 5976 e 9467 6872 ¥
LS.D. (5%) 355 322 327 358
L.3.D. (1%) 473 430 436 477

N.S. Varieties not significantly different at the 5% level.
*  Varieties significantly different at the 5% level.
**  Varicties significantly different at the 19 level.

made statistically significant increases during each two week
period. However, for A90, there was one two-week period in
each year during which the increases were not statistically sig-
nificant, This was between harvest dates VII and VIII in 1961
and dates IV and V in 1962. CS7 yielded significantly more
sucrose than A90 on every harvest date except date I in 1962,
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Yield of dry matier. CS7 yielded significantly more (hy nmt-
ter than A90 on all dama in both years, except date T in 196
(Table 3). In both years, the diffcrence between the two v:xriexics
became progressively greater as the growing scason advanced. In
cach year, CS7 showed significant increments in yield for each
date except date VITL AY0 made sipnificant growth increments
except for date VIII in 1961 and date V in 1962, The production
of dry matter by both varieties appeared to follow a straight line
in each year.

Table 3—Y¥icld of root dey matter in tons por acre for C87 and AR sugar beet
varieties on each of elebt havvest dates in 1961 and 1962, .

1961 1962
Harvest Variety Level of Varicty Level of
date CH% TAUD significance €57 340 stignificance
I 045 0.36 ~ (.98 (.89 NS
11 1.22 ¢.95 * 1.84 1.60 ®
111 .88 1.55 ¥ 3.02 2.50 - F
w 2.65 2.50 wE 3.83 2.07 ae
v 3.56 2.69 A 4.54 517 s
VI 4.26 3.50 xw f.52 R4 ’

ViT 548 3.93 : 6.01 1.09 '
VI 5.85 5.07 ; 6.18 149 e
LS. {5%) 0.23 0.23 0.23 .24
LS. {19 0.33 0.30 0.51 0.52

N.S. Varieties not significantly diflevent at the 597 level.
* Varieties significantlv difforont at the 5% level,
Varfeties significantly different ac the 19 level

R

Pevcent sucrose. The percent sucrose data for both varieties
and both years are shown in Table 4. A90 was consistently h;gher

Table 4.-—Percent sucrose for CS7 and AN swgar beet varieties on cach of eight
harvest dates in 1961 and 1962,

1961 1a62
Harvest Variety Level of Variety Level of
date Cs7 A0 significance 87 A90 significance
1 7.64 8143 N.S. 945 10,75 i
11 9.15 9.45 b 153 1317 -
111 10,51 114 * 14.25 16,040 e
v 1181 13.66 = 14,70 16.70 A
v 12.24 13.70 e 16,02 17.82 .
Vi 15,76 15.91 “F 17.27 19,03
Vil 1510 17.56 L) 1838 2013
Vi 15.59 17.84 e 18.85 20.66
LSD. (5% 078 0.76 0.42 0.41
LS.D. (1% 1.05 0.84 0.56 0534

N5 Vuricties not significantly different ar the 398 lovel
Variceties signiﬁczmd) different at the 12 levell
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in percent sucrose than (87, although this difference was not
significant on the first harvest date in 1961. The increments in
percent sucrose between successive harvest dates for CS7 and
A90 were not significant for dates V and VIIT in 1961 and for
A90 for harvest date VIIT in 1962, In 1962, the percent sucrose
was consistently above that for 1961 on each harvest date.

Percent sucrose on dry weight basis. This character varied
greatly from 1961 to 1862 (Il le ).

Table 5~—Pcrcent sucrose on dry weight basis for €87 and AS%0 sugar hect varvietics
an cach of vight harvest dates in 1961 and 1362,

1961 1962
Harvest VYariety Level of Variety Level of
date 87 A significance C87 AS0 signifirance
1 64.8 66.9 64.0 G616 NS,
11 7279 71.7 N.S 66.6 83 *
jass 812 75.8 : s 72.3
v 83.1 80.6 N5 716 72.0 :
v 774 5.1 NS 73.7 5.7 NS
Vi LA 73.3 g 74.6 750 NS
VIl 713 72.5 NS, 759 76.8 NS
VIl 3.6 752 76.4 765 NS,
LSD.(3%) 3.70 885 1.0t 1.04
15D, (148 1.93 5.0 1.35 1.39

Tevel,
Varigties qlgmf'(anm different at the 592 lovel
Varieties significandy different at the 1% Jevel

N.S. Varieties not significantly different at the 3%
F

%

In 1961, CS87 and A90 differed significantly on three dates
with CS7 being higher on date III and A90 being higher on
dates VI and VIII. Both CS87 and AY90 reached a peak on date
IV and dropped sienificantly until date VI after which there
was no significant change.

In 1962, there was a steady increase for beth varieties. The
increases in percent sucrose on a dry weight basis were significant
except for dates IV, VI and VIII for €87, and dates IV, V and
VIIT for A90. On dates TL TIT and IV, A90 was significantly
higher than CS87.

Percent dry maller of the roots. In 1961, as well as in 1962,
both varieties increased in percent dry matter of the root as the
growing season advanced {Table 6). However, the increments
were not significant for cvery harvest date.

In 1961, CS7 made significant increases {or all harvest dates
except II, TI1I, and VIII, while A90 made significant increases
for all dates except VIIL

In 1962, both varieties made significant increases for all ex-
cept date VIIL A9%0 was significantly higher than CS87 on all
dates in both years except date 1 in 1961,
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Table 6—Percent dry matier of the roots for €87 and AS0 sugar bect varictics on
cach of eight harvest dates in 1961 and 1962,

1961 196¢
Harvest Varicty Level of Level of
date €87 ABD significance 87 AGD significance
1 1178 F216 N.S. 15.08 16.65 n
1f 12.60 13.90 ’ 17,496 .28 '
Ir 12.73 15.18 + 1,95 22,13
1w V.97 16.96 *r 2051 22.90
vV 15.86 18.30 * 2171 24.18 ¥
VI 15.2% 2170 b 23.17 25.37 o
VI 21.16 24.21 ' 24 .29 26.61
VIl 2).18 23.71 n 2460 . 27.00
L.SD. (59 0.96 0.61 0.46 0.68
Lsb. (1% 1.27 121 0.65 0.4}

NS Varigties not significantly different at the 39 lesel
Vurieties significantly different ar the 1% lovel

Percent purity. CS7 and A90 did not differ significantly in
percent purity except on date VII in 1962 {(Table 7). In 1961
both varieties increased rapidly in percent purity unul date IIT
and did not vary significantly from this on subsequent harvest
dates.

Table 7~Raw juice purity for C87 and AS0 sugar bect varieties on evach of eight
harvest dates in 1961 and 1962,

1961 1962
Harvest Varicty Level of Variery Level of
date 87 ABD significance cs7 A0 significance
1 64.3 63.2 NS 79.5 30.5 NS,
11 725 787 NS, 81.7 82.7 N.S.
111 88.5 87.0 N.S. 5.3 86.3 NS
v 36.9 85.3 NS, 3 84.1 N.S.
\Y 87.1 88.5 NS, 7.0 8.6 N.8.
VI .0 88.3 ’ NS, R7.5 83.1 W N.S.
VIl 87.2 [ER ] N5, 83,8 87 NS
VIII 86.9 8R.3 N.S. §86.1 881 o
LS. (5% 4.10 2.79 182 1.42
Lsb (1% 546 5,71 2,45 1.6

NS5 Varictics not significantly diflerent at the 5% level
Varieties significantly diflerent at the 190 level

Discussion
The difference in yield of roots between CS7 and A%0 was
evident early in the growing season and became accentuated as
growth continued. This observation agreed with the results ob-
tained by Hills et al. (4) but disagreed with the findings of
Bush (2), who studied the development of two varieties trom
August 17 to the end of November and concluded that it was
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important to consider date-of-harvest when cvaluating varieties.

The observation that percent sucrose increased continuously
with no plateau formation during the growing period dlsaglted
with the report of Ulrich (5), who described the process of per-
cent sucrose increase in the roots as going through three distinct
phases: 1. an increase to 8 to 109 2. a plateau at which it
renained stable for an extended period during root growth fol-
lowed by; 3. a period of rapid increase at the onset of cooler
weather,

The yate of [resh weight accumulation declined fairly rapidly
after the end ol August with the growth-rate of AY0 dechning
more rapidly than that of CS87. The decline in growth-rate cor-
responded to a rapid drop in air temperature (Figure 1). This
is 2 well known phenomenon of plant groweh, Table 3, however,
doces not reveal any decline in the rate of dry-mattey accumulation
until alter October 10 for €57, Similarly, the rate of sucrose
accumulation for €57 did not decrease with the onset of cold
weather. AY0, however, showed a slight decline in the rate of
dry-matter and sucrcse accumulation alter the end of August,
corresponding to the Jower temperature,

A rapid increase in percent sucrose has been ascribed to the
advent of low temperatures late in the growing season. However,
the advent of cool temperatures did not stimulate a more rapid
vate of increase in percent sucrose. urthermore, if the high
percent sucrose were due primarily to cool temperatures late in
the season, then the percent sucrose in 1961 should have ex-
ceeded that of 1962, since the temperatures in late September
and throughout October were lower in 1961 than in 1962. How-
cver, the percent sucrose was higher in 1962 than in 1961, The
observations made in this experiment were supported by results
from approximatcly 40,000 acres of commercial beets. The plant
ing dates and average yield ol roots were very smnlm for the
two years, however, th(, average percent sucrose was 1544 in
1961 and 17.16 in 1962. Thus, the results of this investigation
did not lend support to findings (6) that the pr@har\f'est tempera-
ture is of greatest importance in determining the percent sucrose
in the roots. Went (7,8) suggests that night temperature is more
important than day temperature. It was difficult to assess this
tempevature cffect in these experiments because in 1861 both
day and night temperatures during late Scptember and through-
cut October were below those for 1962,

In 1961, the percent sucrose based on dry weight reached
very high levcls during August and then dm])pcd in September
In 1962, this pattern was not observed, Although €87 and AOD
showed consistently significant differences in percent sucrose on
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a fresh-weight basis, they were not significantly different in per-
centage sucrose on a dry-weight basts, except for the last harvest
date in 1962,

Summary and Conclusions

In a two year experiment at Taber, Alberta, two varieties
of sugar beets were harvested on eight dates. The results of this
experiment indicate that varietal differences in yields of root,
sucrose, and dry matter, and percents of sucrose and dry matter
could be distinguished early in the growing season and that thesc
differences became progressively greater as the growing season
advanced. The relative position of the varieties for these char-
acters did not change throughout the growing season.

Although the two varieties differed consistently in percent
sucrose on a fresh-weight basis, they did not differ consistently
in percent sucrose on a dry weight basis and in percent purity.
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