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INTRODUCTION

Genetic differences in respiration rates of sugarbeets have
been reported by several authors (4, 6, 8, 9, 11, 12, 13, 14, 15).
Wyse et al. (15) reported a 2.5 fold range in respiration rates
among 76 hybrids and suggested that the respiration rate is a
heritable characteristic. Theurer et al. (13) found with diallel
crosses, both general and specific combining ability, indicating
that respiration rate was governed by both additive and non-
additive gene action. The authors also reported heterosis for

low respiration rate. Wyse et al. (15) reported a high correlation

{r = 0.90) between actual sucrose loss and loss predicted by
respiration rate. Akeson (1), on the other hand, reported a
lower (r = 0.60) correlation between actual sugar loss and
respiration in commercial and semi-commercial hybrids. The
correlation with sugar loss was improved to r = (.81 by adding

the effects of invert sugar and raffinese accumulation to the

respiration rate,

Work on genetic differences in invert sugar and raffinose
accumulation among cultivars is not extensive but several
authors have reported a cultivar effect on accumulation for both
impurities (2, 4, 6, 14). Akeson et al. (2) reported that cultivars
within a test may vary as much as 175 and 50%. respectively, in

invert sugars and raffinose after storage.

The Great Western Sugar Company has conducted storage

tests on commercial and semi-commercial hybrids for nine vyears
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from 1971 to 1979. Several of the cultivars have been fested
three or more vyears. The objective of this paper 1is first to
investigate the wvariability of sugar loss and the components
of sugar loss--respiration rate, invert sugar accumulation and
raffinose accumulation--in hybrids from several sources and
second to determine the relationships, if any, between the

components.
MATERIALS AND METHODS

Storage tests evaluating commercial and semi-commercial
cultivars for sucrose loss and components of sucrose loss—-respir—
ation, invert sugar, and raffinose--have been conducted for nine
years by Great Western Sugar Company from 1971 to 1979.
Twenty-seven cultivars were tested in 1971, 50 in 1972 and 1973
each, and 60 in each of the following vyears. A description
of the tests from 1971 to 1976 was given in a previous paper (1).

The 1977-79 tests were similar to the 1976 tests.

—~

The respiration rate was measured at 4.4°C as previously
described (1) and 1is an accumulated average for the storage
period, Invert sugar (5} and raffincse (7) were determined on
samples before and after storage. Sucrose loss was calculated
by addition of components of storage loss--respiration rate,

accumulation of invert sugar and accumulation of raffinose--during

storage (1).

Three cultivars--1, 6, 9--were included in each year's
tests. Each vyear's data was put on an equivalent basis by
expressing the components as the mean of that component for
cultivars 1, 6, and 9 for the given year. The data for the 25
cultivars tested three or more years were analyzed with random-
ized block analysis of wvariance with vears as replications.
Missing data and logarithm transformations were handled accord-

ing to procedures described in Steel and Torrie (10).
RESULTS AND DISCUSSION

The sucrose loss and components of sucrose loss for the
25 cultivars tested three or more years are summarized in Table 1.
The sucrose loss calculated from addition of compeonents--respira-

tion rate, invert sugar accumulation and raffinose accumulation--
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Table 1. Sucvose loss and components of sucrose loss in commercial
and semi-commercial cultivars—--1971 to 1979.
Culti~ Years Sucrose Respiration Invert Sugar Raffinose
var Tested Loss Rate” Harvest Sharago“ Harvest Storage
———————————— % of Cultivars 1, 6, and 9 Mean———e—emmo—
1 9 98.6 96.4 103.5 103.6 99.3 103.7
2 7 99.5 96.6 105.4 112.4 100.0 104.0
3 3 105.9 106.5 101.4 109.6 78.0 80.7
4 3 89.2 87.1 128.7 107.8 79.7 96.9
5 & 99.4 100.6 126.0 95.5 89.8 844
6 9 94.7 94.4 99.5 89.9 100.0 91.2
7 7 101.1 99.8 107.4 111.2 104.9 111.9
8 3 100.4 98.1 112.5 114.9 59.7 87.3
9 9 107.9 108.3 95.8 110.4 105.5 105.5
1 5 105.8 102.9 103.3 116.3 98.6 103.7
11 5 107.6 102.4 127.3 137.0 106.8 104.8
12 7 107.6 104.2 116.1 132.7 101.3 93.8
13 4 113.9 107.5 118.6 150.9 102.5 99.7
14 3 93.5 92.1 95.9 99.1 93.5 80.6
15 3 101.6 102.2 102.4 105.0 96.3 Q5.7
16 4 102.8 96.7 110.3 156.4 91.1 85.9
17 7 103.7 102.5 104.3 120.2 97.8 95.3
18 3 113.1 112.3 114.5 106.7 113.3 97.3
19 4 106.4 105.2 112.3 117.3 81.5 93.5
20 4 100.1 99.4 112.5 103.4 86.7 96.2
21 6 100.1 99.5 123.8 117.4 89.2 84.2
22 7 125.5 118.5 120.8 170.2 94.5 96.5
23 3 130.9 123.1 112.4 161.9 86.3 90.2
24 3 103.0 97.8 103.4 135.2 85.6 86.9
25 4 103.1 96.2 108.5 139.0 90.1 80.
L. S. D. (0.05}) 6.5 5.6 14.2 19.7 N.S. 10.4
C. V., % 6.6 5.9 13.6 17.2 22.5 10.9
F 8.1 7.9 2. 5.6 1.6 3.0
Mean 105.2 10L.7 110.7 121.4 93.3 94.8
100 = O'IA6-1 8.24 0.560 1.271 0.460 0.908
kgemetric ton | ° g/100 RDS g/100 RDS g/100 RDS g/100
day 1 -1 RDS
Mg COz'kg shr .

a X . .
Sucrose loss calculated from respirvation rate, invert sugar accumu-—
lation and raffinose accumulation.

b
Respiration

rate for an average of 12 to 110 days after harvest at
440G,
Average storage period of 110 days.
ranged from 89.2 to 130.9% of the check cultivars, Among the

25 cultivars, the sucrose losses of four cultivars were significantly

lower than the test mean while the losses of four other cultivars

were significantly higher than the test mean. The wide range in

sucrose loss among cultivars shows the need for screening
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cultivars for potential storage loss before their commercial
approval. Since sucrose loss has exceeded the profit of U. 5.
sugar companies during the past few years, introduction of a
cultivar with high storage loss could seriousity affect profit.
Development and wuse of low sugar loss cultivars is a practical
and vrelatively 1inexpensive way to reduce sugar loss. No
operational cost would exist after the development of a low loss
cultivar and the benefit would be obtained on all beets of that
cultivar harvested and stored under suitable conditions. The
actual losses will be dependent upon storage conditions. Poor

storage conditions may negate the best storage cultivars.

The most significant component of sucrose loss 1is the
respiration rate (1, 14), thus cultivars with low respiration rates
generally have low sucrose losses while those with high respir-
ation have high sugar loss. The respiration rates of the 25
cultivars ranged from 87.1 to 123.1% of the check cultivars.
The differences in respiration rates among the commercial hybrids
were less than the 2.5 fold difference in respiration rate reported
among 76 inbreds (l4), but were in line with a 46.2% difference
between ten single cross hybrids grown at two locations. The
rank of individual cultivars according to respiration rate was
relatively constant from year to year as previously reported
(13, 15, 16). Most of the tests were on different fields in the
same locality--Longmont, Colorado. Wyse (15), however, showed

good correlation between rankings at two different locations.

The cultivars are ranked for vrespiration rate in a
similar manner throughout the entire storage period. puring
two years of testing (1974-75 and 1975-76), respiration measure-
ments were conducted for 137 days. Correlations of respiration
rates for the different periods of storage are given in Table 2.
The respiration rates for each of the time periods are well
correlated (r = 0.64 to 0.90) with those of the other time periods.
Wyse (15) reported similar correlations (r = 0.78) in respiration
rates of beets stored 50 and 150 days. Thus, cultivars evaluated
at the end of 110 days storage would no doubt rank in a

similar manner for shorter and long term periods.
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Table 2. Correlation (r) of respiration rates of cultivars during
different periods of storage--Mean of 4 tests with 30 culti-
vars per test in 1974-75 and 1975-76.

Storage Period

Period 10-38 Days 38-66 Days 69-94 Days 94137 Days
Mean of r

10-38 Days e 0.90 0.71 0.64

38-66 Days ———— 0.88 0.79

69-94 Days ———— 0.82

94-137 Days [

Invert sugar accumulation measured by the difference
between invert sugar contents before and after storage, is the
most variable component among cultivars of the three components.
The average invert sugar content increased 2.3 fold during
storage. Cultivars differ significantly in invert sugar contents
before and after storage, but the greatest differences among
cultivars occur after storage. A 34.3% difference in invert
sugar contents existed among the 25 cultivars at harvest compared
with an 89.3% difference after harvest. Cultivar 22 accumulated
2.7 times more invert sugar during storage than the lowest
cultivar, Cultivar 5. Other papers (4, 6, 15) have reported
differences among cultivars in  invert sugar accumulation.
Akeson (1) found that invert sugar was often correlated with
actual sucrose loss and was a significant factor affecting direct

sugar loss.

Cultivars differed significantly in raffinose content after
storage but not at harvest. The raffinose content approximately
doubled during storage with the highest levels being formed at
temperatures lower than A.SOC. A 39.7% range in raffinose content
after harvest existed between low and high cultivars whereas
a 70.4% difference in accumulation existed between the two
cultivars—25 and 7. Akeson (1) reported that raffinose accumula-
tion had the least influence on sugar loss of the three components
and could probably be omitted without significantly changing
the estimated sucrose loss. Raffinose, a problem 1in beets
stored and processed after cold weather sets in December, limits
the efficiency of a Steffens house and gives incorrectly high

pol readings.
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Tests conducted in 1971, 1972, and 1973 were stored at 4.4OC,
whereas subsequent tests were stored at three different temper-
atures--1.1, 4.4, or 12.8 C——after respiration measurement. The
average invert sugar and vraffinose accumulations in the lab
tests—0.711 and 0.448 g/100 RDS, respectively--were somewhat less
than the 1.116 and 0.584 g/100 RDS invert sugar and raffinose
accumulation reported in straw covered piles stored for more
than 100 days (3). Thus, conversion of sucrose to invert sugars
and raffinose may contribute more to sucrose loss than reported

in this and the previous study (1).

The correlation of the components of storage loss with

estimated sucrose loss and with each other are summarized in

Table 3. Sucrose loss was significantly correlated with respira-
tion rate {r = 0.92), invert sugar after storage (r = 0.70), and
invert sugar accumulation during storage (r = 0.70) but not with
raffinose before or after storage. Nearly all the wvariation

in invert sugar accumulation was related to invert sugar content
after storage (r = 0.98). No correlation existed between invert
sugars and either storage or accumulated invert sugars. Thus,
invert sugar levels at harvest while significantly different
among cultivars does not predict the relative invert sugar
accumulation. Respiration rate had a fair but significant
correlation (r = 0.53) with invert sugar accumulation. Raffincse
levels were not correlated with sucrose loss, respiration rate,

or invert sugar levels. Harvest raffinose showed a fair corre-

lation (r = 0.62) with storage raffinose but not accumulated
raffinose. Storage raffinose had a fair correlation {r = 0.71)
with accumulated raffinose. The accumulated raffinose appears

to vary with both harvest and storage raffinose.

All combinations of storage loss components were observed
among the cultivars. Cultivars 6 and 14 were below the test
averages for respiration, invert sugar accumulation, and raffinose
accumulation. At the other end of the scale, cultivars 22 and 23
were high in respiration and invert sugar accumulation but
average in raffinose accumulation, Cultivars 25, 24, and 16 had
lower than average respiration and raffinose accumulation and

higher than average invert sugar accumulation, whereas cultivar
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18 had a high respiration rate with below average invert and
raffinose accumulation. Although a fair overall correlation
existed between vrespiration and invert sugar accumulation, that
relationship does not hold true in many cultivars and the

relationship between the components appears independent.

Pedigree has a significant effect upon sucrose and com-
ponents of sucrose loss. Theurer et al. (13) with a diallel cross
showed both additive and non-additive gene action for respiration
rate. The performance of an inbred or single cross hybrid
will depend in part on the pedigree of the material with which
it is crossed. We worked with semi-commercial and commercial
hybrids and did not have all combinations for analysis as a
diallel cross. We did, however, observe the effects of certain
inbreds on the performance of the hybrids. The average sugar
losses and components for hybrids containing specific inbreds
are summarized in Table 4. Crosses containing inbreds A-5,
B-4, and B-6 were normally lower than the test mean in sugar
loss, respiration rate and invert sugar, while inbreds E-2, C-4,
C-1, C-2, and C-3 produced hybrids which were above average
in these factors. Crosses with B-8 had average respiration
but high invert sugar and raffinose levels, Crosses with
inbreds A-8, G-1, and C-2 had low raffincse levels while those
with B-10 and B-8 had high raffinose levels. The performance
of several parents of double cross hybrids are shown in Table 5.
The male sterile component A-5xB-2 consistantly produced hybrids
with low sugar loss, respiration rate and invert sugar levels.
B-2 crossed with other inbreds had a wide range of performance
with an average near test mean, so inbred A-5 appears to
have a dominant effect on sugar losses of hybrids containing
it. Crosses containing inbred B-4 had lower sugar losses,
respiration rate and invert sugar levels than the similar crosses
without B-4. Hybrids containing B-l1xB-4 had much lower than
average levels of each sugar loss component. These studies,
while net showing the gene action on each of the storage loss
components, demonstrates that pedigree had a significant effect

on each sucrose loss component as well as sucrose loss itself.

The data presented in this paper demonstrated the need

for evaluating the storage characteristics of cultivars before
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Table 4. Effect of individual inbreds on sugar loss and components
of sugar loss of sugarbeet hybrids.

Number of Sugar Respiration Invert Sugar Raffinose
iInbred Hybrids Loss Rate After Storage After Storage

A-5 7 96.0 94,4 104.4 93.9
B-& 42 99.7 95.8 99.3 93.9
B-6 37 101.1 99.8 106.1 91.2
B-1 6 101.5 96.7 112.0 96.0
A-T 20 102.6 100.9 111.8 93.9
B-7 24 102.9 100.2 113.7 93.0
A-2 7 103.0 98.8 105.4 93.9
A-3 12 103.4 99.3 107.3 97.0
F-1 4 103.7 101.9 118.0 77.0
E-& 14 103.9 100.8 118.1 96.9
B-5 21 104.1 100.7 117.2 97.7
B-2 17 104.3 101.0 115.6 91.5
A-1 42 104.3 101.8 116.5 93.8
B-10 23 104.3 99.9 123.7 104.5
A4 34 104.7 102.6 118.5 89.5
A-8 8 104.9 100.2 124.5 83.5
A-6 4 106.1 103.0 122.0 0.1
B3 15 106.6 102.1 119.1 101.6
B~9 8 106.6 102.9 126.5 93.5
G-1 5 106.7 102.2 123.9 Th.b
B-8 8 107.5 100.9 138.7 114.9
E-1 5 110.0 105.4 153.2 90.4
E-2 4 111.0 106.1 142.2 §85.0
C~4 4 113.0 110.4 132.7 81.8
C-1 4 113.9 109.5 141.2 97.0
Cc-2 6 114.1 115.5 132.4 81.2
Cc-3 8 119.6 115.2 150.0 97.2
Test Mean - % 105.2 101.7 121.4 94.8

commercial approval as well as the potential for improving
storage characteristics through breeding. The cultivars perform
in a similar manner from year to year but should bg tested
for storage characteristics for a minimum of three years. The
results can be combined with the missing data analysis of
variance used in this study. F values for analysis of variance
of data with 19 cultivars evaluated at least three times during
a four year period from 1976-79 are given in Table 6. The
standard deviation of sucrose loss and several of the components
of sucrose loss were often proportional to the means and so
a logarithm transformation (10} was wused on these data. F
values for sugar loss, respiration, harvest invert sugars and

storage invert sugars were improved with transformation of
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Table 5. Effect of parents on sucrose loss and components of sucrose
loss in sugarbeet hybrids.

Number of Sugar Respiration Invert Sugar Raffinose
Parent Hybrids Loss Rate After Storage After Storage

Male Sterile

A-5xB-2 7 96.0 94 .4 1044 93.9
A-TxE-3 7 100.8 9.5 110.2 95.5
A-3xA-2 7 103.0 98.8 105.4 93.9
A-7 4 103.6 103.9 124.3 91.4
B-3%xA~3 5 103.9 100.0 110.0 101.3
A-bxA-1 25 104.8 102.6 119.3 91.3
A-OxA-T 4 106.1 103.0 122.0 90.1
B-3xA-1 7 106.1 100.6 126.3 91.4
A-8xB-2 4 106.4 99.7 129.7 85.2
A-4xB~7 4 107.6 103.1 125.0 86.7
E~& 6 109.4 104.1 135.0 97.9
E-2 & 111.0 106.1 142.2 98.0
Pollinators

B-11xB~4 & 3.9 97.1 91.3 66.0
B-6xB-& 19 99.5 99.7 97.2 90.9
B~5xB~4 7 100.0 97.6 104.9 100.9
B-10xB-4 7 100.0C 97.1 105.9 105.2
B-7xB-4 4 102.8 101.3 98.5 90.1
B-6xB-7 9 102.9 101.3 113.0 90.7
B~5xB~7 5 105.3 100.9 121.6 100.9
G-1 5 106.7 102.2 123.9 T4.4
B~10xB~8 7 107.1 100.7 133.5 114.9
E~1 5 110.0 105.4 153.2 90.4
B-10xB-3 5 110.5 105.3 138.6 94.8
C-1 4 113.9 109.5 141.1 97.0
C-3 8 119.6 115.2 150.0 97.2
Test Mean 105.2 101.7 121.4 94.8

Table 6. F statistic of storage loss components with and without
logarithm transformations——19 cultivars during 1979 through

1979.
F Staristic

Component Not Transformed Log Transformed
Sugar Loss 4.53 4.81%%
Respiration 4.98 5.39
Harvest Invert Sugars 1.74 2.00%
Storage Invert Sugars Lo12%% 4,71
Harvest Raffinose 0.99 0.99
Storage Raffinose 2,49k 2.33%

L s
s

Significant at 0.05 and 0.0l levels of probability, respectively.
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data. Raffinose data, harvest and storage, had independent
means and standard deviation and was not improved by ftrans-
formation. Transformation makes the analysis more precise and
allows separation of means with smaller differences. We
recommend logarithm transformation of sugar loss, respiration,

and invert sugar data analysis of variance.
SUMMARY

Sucrose loss and the componenis of sucrose loss were
evaluated in 25 cultivars which had been tested three or more
years during a nine year period. Cultivars differed significantly
in  sucrose loss and components of sucrose loss and varied
46.7, 41.3, 170, and 70.4% from low to high entries in sugar
loss, respiration rate, invert sugar accumulation and raffinose
accumulation, respectively. Cultivars were ranked in a similar
manner from year to year with respect to each of the factors
affecting storage loss. Pedigree had a significant effect upon

sucrose loss.

Respiration rate (r = 0.92%%%) and invert sugar accumulation
(r = 0.70%**) but not raffinose accumulation were well
correlated with sucrose loss. A fair correlation existed between
respiration rate and invert sugar accumulation (r = 0.53%%).
Although respiration rate and invert sugar accumulation were
correlated, individual cultivars had all combinations of the two
components (low respiration-low inverts; low respiration-high
inverts; high respiration-low inverts; and high respiration-high

inverts).

The data demonstrates the need for evaluating cultivars

for storage characteristics before release for commercial use-.
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