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Materials and Methods 

Seed of commercial cultivars was at ND, in 1973 
and 1974 on a soil. Plots were maintained manually. 
Soil in the upper 60 cm were 168 and 258 kg/ha in 1973 
and 1 roots were harvested manually in 
1 and the of a modified mechanical lifter in 1974. Crowns 
were not removed from the either year. The roots were 
washed and of 10 roots were stored at SoC and near 1 
relative humidity perforated 

After periods of 75 and 53 in 1973 and f974, res­
pectively, respiration measurements were made on 6 of each 
cultivar in order to compare respiration rates of different cultivars. 
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of 300 ml/min. Flow rates were with flow 

Air from the exit flow and 
column for deter­
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At harvest, and at 50-day intervals after harvest for 150 days, 
various quality components were determined on 10 samples of each 
cultivar. Sucrose was determined with a polarimeter by the cold diges­
tion method (5), invert suga r by 3,5-dinitrosalicylic acid (2), amino 
acids by ninhydrin (7), sodium and potassium by flame photometry, 
and impurity index values by a formula of Carruthers, Oldfield, and 
Teague (4). 

Respiration rates were determined for sugarbeet roots which were 
subjected to various mechanical operations during harvesting and 
piling in 1973 and 1974. For testing, sugarbeet roots were selected 
from commercial sugarbeet growers each year and divided into the 
following groups by harvesting method: (a) control plants that were 
lifted manu ally', lea f petioles trimmed at the base, and the terminal 
bud removed; (b) plants that were mechanically topped and lifted 
manually; (c) plants that were topped and lifted mechanically (in 1973 
the roots were obtained after they dropped onto a truck and in 1974 
the roots were dropped onto the ground) ; and (d) plants that were 
topped, lifted, and piled for storage mechanically. Samples were 
stored and analyzed as described above. 

Results and Discussion 

Respiration rates of sugarbeet roots increased significantly with 
time in storage both years (Table 1). Significant differences among 
cultivars were detected each year (Table 2), but no significant storage 
by cultivar interaction was observed either year. This indicates that 
it is not necessary to monitor respiration rates over the entire storage 
period to detect significant differences among cultivars. Cultivars 
remained in relatively the same ranking both years except for' Amer­
ican 4 H ybrid A.' The relative stability in rankings over years indicates 
that environmental influences during growth of the sugarbeet roots 

Table 1. - Effect of time in storage on respiration rates of sugarbeet roots 
averaged over 6 cultivars during 2 storage periods. 

Storage Periods 

1973-74 1974-75 

Days after Respiration Days after Respiration 
harvest rate harvest ratet 

ml CO, kg-I hr- I ml CO2 kg- 1 hr- I 

75 l. 3 1 53 2.09 
98 1.43 67 1.91 

116 1.73 80 2.16 
126 2.3 2 94 1.99 
146 2.39 108 2.08 

122 2.11 
137 2.43 
150 2.60 

LSD 0.05 0.14 0. 11 

t Averaged over all cultivars. 
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Table 2. - Respiration rates of sugarbeet cuItivars during two storage period~ 

Storage period 

*Cultivar tI973-74 :j:l974-75 

m l CO, kg- I hr- I 

,\ mnican 4 H ybrid A 1.69 2.65 
:\ m(' rican 2 Hybr id B 2.06 2.44 
Amer ica n 4 H ybri d T 2.16 
Holly H H 2 1 2. 1I 
Beta 93 I. 74 1.96 
Beta 1224 1 8 1 
Bush-Mo no 1.68 
Mono-H y 0 2 1. 68 1. 70 

LSD 0. 05 0. 16 0. 14 

*A ve rage o f 6 sa mples of each clliri va rs. 

t Averaged ove r 5 sa mpling times from 75 to 146 days afte r har\·esl. 

tAveraged over 8 sam pling ti mes from 53 to 150 days afte r hane, t. 


Table 3. - Effect of cuItivar and time in storage on apparent sucrose, invert sugar, 
and impurity index values of sugarbeet roots during two storage periods. 

Impurity 
Apparent sucrose, % Invert sugars, mg g- I index 

Parameter 1973-74 1974-75 1973-74 1974-75 1974-75 

Cultiva?" 
American 4 H y T 
J'vlol1o-Hy D-2 
Beta 93 
Ame rican 2 Hy B 
Ameri ca n 4 H y A 
Bush- Mon o 
Beta 1224 
Holl y H H 21 

LSD 0.05 

LJays in stomge 
0 

50 
I OU 
150 

127t 
12.1 
12. 1 
I 1. 7 
11.6 
11.0 

0.3 

12.4+ 
12. 1 
11.9 
II.I 
0.3 

12 .7 
12.9 
12.7 
13. 7 

14.0 
13. I 
0.2 

13.5 
13.4 
13.4 
12.4 
0.2 

J.7 
1.6 
1.8 
1.9 
3.0 
2.3 

03 

1.3 
1.6 
2.4 
3.0 
0.3 

2.6 7tl9 
2.9 94C) 
3 .0 875 
4.1 793 

3 1 8 11 
2.5 845 
0.3 32 

2.6 847 
2.5 83 1 
3.6 822 
3 5 874 
0. 2 32 

t Averaged over 150 d ays of storage. 

::: Ave raged over all clliti vars . 


have less influence in determining post-harvest respiration rates 

than genetic differences. The p lanting date in 1974 was 30 days 

later than in 197 3 , which may h ave influenced the change in the 

ra nking of American 4 Hybrid A . 


Signifi cant d iffe rences in suc rOSf> conten t were evi dent amon g 
cultivars, an d suc rose levels decreased signi fica ntl y du r ing sto rage 
(Table 3) . Th e cul tivar by tim e in storage inte raction for sucrose con­
tent was nonsignifi can t both yea rs. Ave rage appa rent sucrose was 11 .9 
and 13.2 percent in the 1973- 74 and 1974-75 storage periods, res pcc­



243 VOL. 19 , No. 3, APRIL 1977 

tive ly. En vironm en tal conditions during the 1974 growing season com­
pared to conditio ns in 1973 m list have been better suited to su crose 
accum ulatio n since the growin g season was 30 d ays shortf'r in I ~74. 

Invert sugar co ntenLS in sugarbeet roots Wf're the lowest at harves t 
and increased with tim e in storage (Table 3). C:ulti va rs differed in 
invert su ga rs averaged over the storage period, but the interaction 
between cu lti va rs and time in storage for invert sli ga r conlent was 
nons ignifi ca nt. Ave rage iIl vert sugar levels were 337c hig her in the 
1974- 75 th an in the 1973-74 storage period. The in crease Ivas probably 
from the 13% increase in respiration rates, averaged over all rultivars, 
and the late seeding in 197"l which delayed maturity of the plants. 

Cultiva rs diffe red significantly in impu rity index values in the 
1~74-75 storage period. Impurity index values give a general indica ­
tion of p rocess in g quality o f the roots. The lowe r impurity index values 
indicate the best culti vars for processing. 

Respiratio n rates of sugarbeet roots were significantl y increased 
by the leve l of mechanical dam age during harvest an d storage of the 
roots Cfable 4). In gene ral, respiration r ates increased each time the 
beets were su bjec ted to a mechanical operation. In the 1974-75 
storage period, some difficulty in obtaining a uni for m and represe n­
tative sample after piling was enco un tered , wh ich may have accounted 
for the respiration ra te of damage leve l 4 be in g significan tl y lo wer 
t.h an dam age leve l 3 (Table 4). For exa mple, the roots selected for 
damage level 4 in 1973-74 were from a small lo ad (2 ton s) compared 
to the large r load ( 16 tons) in 1974-75. 

Apparent sucrose was sig nificantly affected by dam age level in 
1973-74 (Table 5). The control (damage level 1) had tIle highest 
ave rage sugar content in 1973-74 and no significant interactio n for 
SLIc rose content between dam age leve l and time in stor age was evident 
ei I her )"':-t r. 

Table 4. - Respiration rates of sugarbeet roois during two storage periods of 
150 days duration subjected to various mechanical operations during harvest. 

Storage period 

Treatment* 1973-74 1974-75 

I 1.99t 1 57t 
2 2.06 1.79 
3 2.32 2.04 
4 2.17 I. RR 

LSD 0.05 o.n (J. 13 

* 1) Control , non-topped, lifted manually; 2) mechanically topped, lifted ma nuall y: 

3) topped and lifted mecha nica ll y, obtained o ff tr ll ck in 197 3 and roots droppecl to 

gro und in 1974; 4) collected aft.er piling. 

t Averaged over 5 sampling tim es fro m 53 to 146 days after harvest. 

tA ve raged over 10 sampling times frolll 40 to ISO days after harvest. 
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Table 5. - Effect of damage level on apparent sucrose, invert sugars, and im­
purity index values of sugarbeet roots during two storage periods of 150 days. 

Impurity 
Apparent sucrose, % Invert sugars, mg g-I index 

Parameter 1973-74 1974-75 1973-74 1974-75 1974-75 

Damage level 
1 16.0 14.5 0.9 2.3 582 
2 15.8 14.4 0.8 2.5 613 
3 15.4 14.2 1.0 3.0 683 
4 15.0 14.5 1.1 2.5 637 

LSD 0.05 0.3 os 0.1 0.2 51 

Invert sugars were significantly increased as the number of me­
chanical operations the roots were subjected to increased (Table 5) . 
Visual estimates indicated that the roots with damage level 1 had less 
decayed tissue than roots from the other damage level treatments. 
Other researchers (1,6) have concluded that exposing the crown area 
by topping increases the root susceptibility to decay by storage patho­
gens. Thus, the observed increase in invert sugars may not be the result 
of mechanical damage per se, but the result of the metabolic action of 
pathogens invading the mechanically damaged root tissues. The res­
piration rates, also, were significantly higher in roots that were harves­
ted mechanically in this investigation. 

The results of this study in~icate that cultivars and mechanical 
damage can significantly affect the storability of sugarbeet roots for 
a period of 150 days after harvest. Cultivars that exhibit desirable 
storage characteristics, low invert sugar accumulation, and low im­
purity index values can be selected for storage and processing. Select­
ing for these initial qualities may be offset by losses caused by rough 
handling during harvest and storage of the roots. Also, partial removal 
of the crown increases respiration and susceptibility to storage patho­
gens. 
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