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Numerous papers have been published regarding the effect of 
topping on yield, sugar content, purity, and impurity components of 
beets grown in various parts of the world (1. 4,7,12,10,15)2. These 
studies showed that sucrose is lower while mineral, invert sugar , and 
organic nitrogen compounds a re higher in the crown than in the root; 
and so untapped beets have lower sugar percentage and purity than 
topped beets . 

Stout (1 3) reported that beets severed into top and bottom halves 
before storage respired and spoiled more rapidly than beets stored 
intact. Dexter, et al. (7, 8) likewise found that spoilage and storage 
losses were greater in topped than in untopped beets. The same team 
also reported that more extractable sugar was harvested per acre 
from untopped beets than topped beets. Zielke (15) showed in Michi­
gan studies that crowns when separated from the roots at the lowest 
leaf scar account for 20 percent of the total weight of the whole beets 
and a bout 16 percent of the recoverable sugar produced per acre. 

The reported studies show that untapped beets produce more 
suga r per acre and have lower storage losses than topped beets even 
though the quality of the untapped beets is lower. The purposes of 
the studies reported herein were first to determine whether topping 
procedures would have the same effect on beets from throughout 
Great Western growing areas ; and second, to determine whether the 
same differe nces in storage loss between topped and non-topp.ed beets 
occur when they are machine harvested and stored in commercial 
piles as was reported from hand dug beets stored in laboratory tests. 

Methods and Materials 

Beets Llsed in laboratory storage studies in 1970 and pile studies 
in 1971, 1972, and 1973 ",'e re machine harvested from commercial 
fields after having been flailed to remove petiole and leaf material. 
The machines used to defoliate the beets had one set of steel flail s 
followed by t\\"o sets of ru bber Rails rotating in opposite directions . 
Scalper knives were se t to re move th e crown bud and leave a cut about 
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one inch in diameter. All beets for a given test were harvested from 
the same fi e ld. The beets for the 1970 laboratory stud y we re harvested 
from a field nea r Gree ley , Colorado. Beets for the re mainde r ot the 
tests, exce pt for the Lovell , Wyoming test , were taken from comme rcial 
Iields near Longmont, Colorado. A 1971 laboratory test used beets o f 
five varieties (Mono- H ), A-I, Mono- Hy D-2, Mono-Hy E-2, and two 
experimental varieties) which were grown near Longmont, Colorado. 
These beets were hand harvested and the leaves, petioles, and apical 
buds were re moved by hand leaving a cu t area about onf' inch in 
diamete r. 

Bee ts were sorted so that large , small, damaged or abnormal 
individuals we re eliminated, then they were divided into two or three 
lots . O ne lot was crowned by ha nd at the lowest leaf scar and a second 
lot was left non-crowned. In one se ries of tests, a th ird lot of beets was 
to pped so that only half the crown was removed. T opped beets for 
the 1973 tests were machine topped befo re harves t. 

Samples for test storage in comme rcial piles weighed 25 to 30 
pounds each and we re made u p from one lot of beets. T hey we re P!lt 
into nylon net bags, closed with a numbered , four inch safety pin for 
identification, and wei ghed to the neares t 0.1 pound. A group of four 
samples was put on a nylon cord and placed into a sec tion of a pile as 
it was being filled. T he end of th e cord was tied to an iron stake d riven 
into the top of the pile. All samples for a given pile were put in during 
a single day. Fifty samples of each topping treatment were placed on 
each pile . Du plicate samples of each lot of beets were analyzed imme­
diately for sugar (2) and clearjuice purity (3). J uice samples were fro­
zen for later raffinose (II) and invert sugar analysis (5). The captive 
samples were recovered when the pile was re loaded and the n weighed 
and analyzed in the same manne r as the duplicate samples analyzed 
earlier. Raffi.nose a nd invert sugar determinations were used to correct 
the apparen t sucrose and clear juice purity (6). Recoverable sugar was 
calculated from corrected suc rose and clear juice purity u.sing the 
Great Weste rn formula (14). 

Sa mples for laboratory studies were prepared in a manner similar 
to that descr ibed for the pile studies except that they were washed 
before storage. Three samples of the same treatment were p laced in 
respiration chambers in a controlled te mperature room. T he room 
te mperature was programmed to simulate inte rnal pile temperatures 
as shown in Figure 1. In the initial study (1970-71) , twenty-seven 
samples of each treatment we re put into the respiration chambers. 
Nine ·samples per treatment were removed after 35,92 and 18 1 days 
for analysis. In 1971-72 nine sa mples o f each variety and treatment 
\\'e re placed in respiration chambers for 41 days after which they were 
~torecl in a humidified root cellar for an add itional 65 days. 

RespirCltion me<Jsurements we re made daily in the following 
manner: Air \\hich had been humidifi ed and scrubbed clean of cal'bon 
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Figure I.- Daily loss of sugar due to respiration in topped and non­
topped beets stored under controlled laboratory conditions. 

dioxide Aowed through chambers containing beets, Aushing out the 
carbon dioxide given o ff by respiration of the beets. The carbon 
dioxide was captured in a 1 N sod ium hydroxide solution and then 
determined by back tit ra tion with 0.5 N hydrochloric acid to phenol­
phthalin and methyl orange endpoin ts . 

A survey was cond ucted in 1971 to dete rmine the proportion of 
weight , sugar, and recoverable suga r in the root and crow n in beets 
grown in the variou s areas of the company. T wenty beet samples were 
dug from each of ten fields in each factory district. The crowns were 
removed at the lowest leaf scar and weight an d su gar percent of root 
and crown portions of each sample were measured. Juice from the 
brie remain ing after the sugar dete rmination was mixed with calcium 
hydroxide (one gram per 50 ml juice) and stored at 3°C fcn late r' 
determination of clear juice purity. 

Results and Conclusions 

Continuous daily resp iration rates of topped and n~ri-topped 
beets are shown in Figure 1. Data were originally measured a~ mg C02 
re leased per hour per kg of bee ts but were converted to the equivalent 
pound .,; of sugar per ton of beets per day so that results could be com­
pared with actual rate of :;ugar loss. T he respiration rates of both 
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topped and non-topped beets were high at the beginning of the storagf' 
period but declined until constant rates werf' reacheri after thirty days 
of storage. 

Dilley, et al. (9) also reported that a high respiration rate occurs 
immediately after harvest followed by a rapid decline until a constant 
rate is reached. The steady respiration rates werf' only 10 to 15 percent 
of the rates observf'd immediately after harvest. Respiration rates 
remained constant until the latter part of the storage period when 
slight increases were recorded. 

The respiration rate of non-topped beets was less than that in 
topped beets for the entire storage period. Initially, the difference 
in respiration was caused by wound respiration from the freshly cut 
surface. Later in the storage period, rot and mold was observed on the 
cut surface and around exposed hollow crowns which likely caused 
the high respiration ratf' later in the storage period. Little rot or mold 
was observed on the non-topped beets. 

Sugar and recoverable sugar losses, like respiralion rate, were 
higher in topped beets after 35, 92, and 180 days storage (Table I). 
Clear juice purity in non-topped beets was 0.9 pf'rcent lower than in 
topped beets at harvest but did not decline as much du ring storage so 
that the purity of topped and non-topped beets was essentially 
identical after 181 days. 

In 1971-72, a laboratory study was carried out in which the 
respiration rate, sugar loss, and invert sugar accumulation were 
measured in topped anri non-topped beets of five commercial and 
semi-commercial varieties (Table 2). The respiration rate was an aver­
age for the first 41 days of storage while the sugar loss and invert 
sugar accumulations were measured after 106 days of storage. 
Mechanical problems in the laboratory prevented the purity deter­
mination. As in the previous year, respiration and sugar loss averaged 
higher in the topped than in non-topped beets. Analysis of v~riance 
of both respiration rate and sugar loss showed that differences between 
topping procedures were significant at the five percent level while 
variety differences were significant at one percent . The invf'rt sugar 
accumulations were numerically higher in topped beets of all varieties 
but the difference was not significant at five percent. On the other 
hand, highly significant differences existed between varieties in level 
of invert sugar formation. "Iumerically, differences between varieties 
in respiration, sugar loss, and invert sugar formation were greater 
than differences in topping procedure. 

Laboratory studies confirmed the findings of other investigators 
(7,8, 13) that sugar losses during storage are less in non-topped beets 
than in topped beets. All of these studies were carried out under 
laboratory storage conditions which mayor may not simulate actual 
pile conditions. Results offive tests in which beets with various degrees 
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Table I.-Effect of topping procedure on respiration, sugar loss and accumulation of impurities in beelS stored under laboratory condi­ ~ 

tions for various lengths of time, 1970-1971. o 
OJ 

Average Recoverable 
or, 
;to 

Storage Respiration Sugar Sugar Invert 
<.D

Treatment Period Rate Loss Loss C J Purity Sugar -I 

Days Lb/T/D Lb/TID Lb/TID % gllOORDS *" 
Mean ± S.£. Mea n Mea n Mean Mea n 

No n-lO pped 0 92. 1 0.52 
Topped 0 93.0 0.55 

Non-to pped 35 0.265 ± 0.029 0.289 ± 0.080 0.429 ± 0.070 90.9 1.62 
Topped 35 0.335 ± 0.040 0.357 ± 0.070 0.500 :':: 0.060 9 1.6 2.60 

Non-lO pped 92 0. 17 3± 0.013 0.20 I ± 0.070 0.270 ± 0.050 90.3 U!l 
Topped 92 0.228 ± 0.0 18 0.272 ± 0.030 0.3 12 ± 0030 90.7 1.29 

No n-lopped 18 1 0152± 0.007 0.213 ± 0.030 0.260 ± 0.030 88.4 1.87 
Topped 18 1 0.200 ± 0.009 0.30 I ± 0.030 0.393 ± 0.030 88.2 4.37 

,-v 
<.D 
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Table 2.- Effect oftopping procedure on storage loss and factors affecting storage 
loss in fi ve commercial and sem i-commercial varieties during 106 days storage, 1971­
1972 . 

Respi ration Sugar Invert Sugar 
Variety Treatment Rate Loss A<.cumulation 

Lb/T /D Lb/TID g/ lOO RDS 

Mono-Hy A- I NOll- lopped 0.256 ± 0.016 0.190 ± 0.052 0.33 
Topped 0.286 ± 0.0 I7 0.237 ± 0.050 132 

Semi-cornmercial Non-lopped 0.263 ± 0.016 0.170 ± 0.018 0.79 
A T opped 0.263 ± 0.016 0.179 ± 0.045 1.09 

Mono-H)' D-2 Non-lOpped 0.25 1± OOI7 0.195 ± 0 .020 0.17 
Topped 0.262 ± 0.01 8 0.249 ± 0.027 0.5 1 

MO\1o- HY £-2 Non-lOpped 0.295 ± 0.015 0.303 ± 0.046 220 
T opped 0.324 ± 0.016 0.428 ± 0 .068 2.30 

Sem i-comme rcial NOll-lopped 0.505 ± 0.092 3.17 
B Topped 0.578 ± 0.090 3.37 

Avg All Non-topped 0.284 0.334 1.72 
Varictic ..... Topped 0.266 0.273 13'> 

o f toppin g were sto red as captive samples in commercial }Jiles ace 
given in Table 3. Suga r and recoverable sugar losses averaged 12.6 
and 11.3 percent less respectively in non-topped beets than in beets 
topped to the lowest lea f scar. In each test losses were nu merically, 
but not a lways statistically, less in the non-topped beets. In three tests, 
a third grou p was included in which beets with half the cro wn removed 
were compa red with non-topped beets and topped beets. Sugar a nd 
recoverable suga r losses in the half-topped beets were as high as or 
higher than in th e topped beets. T he ho llow crown was normally ex­
posed in the half-topped beets but often completely removed with the 
topped beets. Since the hollow crown area is most susceptible to rots 
an d molds, higher storage loss cou ld occur when this area is exposed . 

Quality of ehe non-topped beets was lower than that o f the topped 
beets at harvest but the difference was not as great after sto rage . 
Topped beets initially 'were 0.25 and 0.46 percent highe r in sugar and 
purity respectively than non- topped beets; but afte r storage the re­
spective differences were 0.15 and 0.25 percent. Quality of th e ha lf­
topped beets was nearly equal to that of the to pped beets at harves t. 
Degree of topping had little effect on invert sugars at harvest or 
ra ffinose at harvest or a ftn storage. However, as in the labora tory 
tes ts, more inven sugars accumulated in the topped than in non­
topped beets (0.62 g/J 00 RDS vs 0.43 g/J 00 RDS). 

[he relative effecr o f degree o f tc)ppin g on tonnage and suga r 
production per acre at harvest and after storage for beets in the Long­
mont , Sterlin g and Mitchell Lests is sUfllm ai-ized in Table 4. Non­
topped beets had R.2 percent more ronnage than top ped bee ts but, 
because o f 10\\'e r ' ~uali ty, the former produced only 5. 3 percent more 
reco ver<lble SUgelr pC'r acre at ha rves t. Hal f-top ped beets yielded 4.5 



Table 3.-Effectoftopping p rocedure on weight, sugar and recoverable sugar losses in beets stored as captive samples in commercial piles. 

Loc<ltion 

Longmo nt 
197 1-72 

Treatm ent 

Non-lopped 
T opped 

Storage 
Period 
Days 

98 
98 

Weight Loss 
Mean ± S.E. 

L iOO ± 0.099 
) 940 ± 0 .160 

LOSS ­
Sugar Loss 
Mean ± S.E. 

0.3 10 ± 0.020 
0.'103 ± 0.030 

Lb/T /D 
Recoverable Sugar Loss 

Mean ± S.E. 

0.276 ± 0 .0:!2 
(J.SS7 ± 0027 

J: 

,< 
I ':; 

Lo ngmo nt 
1972-7 3 

Slerli ng 
1972-73 

Mitchell 
1972-73 

Non-topped 
Half LOpped 
T o pped 

Non-topped 
H alf to pped 
Topped 

No n-to pped 
Half to pped 
T o pped 

--> •• 

124 
124 
124 

96 
96 
96 

117 
117 
11 7 

0564 ± 0.067 
0.7 16 ± 0.084 
0.724 ± 0. 108 

0.295 ± 0.098 
0.50 1 ± 0.055 
0.550 ± 0.095 

0.9 18 ± 0.115 
0.940 ± 0.088 
0896 ± 0.084 

0.268 ± 0.0 14 
0.28 1 ± 0.0 16 
0.332 ± 0.0 19 

0.204 ± 0.027 
0.290 ± 0.024 
0249 ± 0.025 

0.243 ± 0 .030 
O.316 ± 0.024 
0.25 7 ± 0.0 18 

(U52 ± 0.012 
0.370 ± 0.014 
0.438 ± 0.0 17 

0.367 ± 0.022 
0.452 ± 0.020 
0400 ± 0 020 

0 .375 ± 0.025 
0.~5 1 ± 0.020 
0 .383 ± 0.0 16 

9 
:: 
:-:-: 
;:: 

.~ 

- I 
+-

Lovell i\" (}~ l-LOPpc( 1 130 0 .866 ± 0 .053 0 .287 ± 0 .01 3 0.:3 70 ± 0 .01 0 
1972-73 

Eaton 
1973-7 1 

'1 "pped 

:\oll-topped 
Topped 

130 

89 
89 

0.850 ± 0 .040 
. \ 

2. 148 ± 0 .134 
1.987 ± 0 .062 

0.3 13 ± 0 .0 II 

0.367 ± 0.021 
0.369 ± 0.01 6 

0.392 ± a .OO H 

0458 ± 0.014 
O.S IB ± 0.0 10 

Lo ngmo nt 
1973-74 

Non- topped 
Topped 

'J'J 
99 

1336 ± 0. 123 
1.544 ± 0. 17 5 

0.231 ± 0. 023 
0.269 ± 0.032 

0.387 ± O.O IH 
0.392 ± 0 .026 

Good land 
1973-74 

No n-to pped 
T o pped 

108 
108 

1.399 ± 0. 107 
1.658 ± 0. 11 6 

0.257 ± 0.022 
0.284 ± 0.0 19 

0.231 ± 0.019 
0.292 ± 0016 

Average 
all tes ts 

Non- to pped 
To pped 

)076 
1076 

1.128 
1.268 

0.271 
0.3 10 

0.352 
11.:\97 

Average 
Lo ngmont. 
Ste rli ng. 
& Mitche ll 

i\ on- topped 
Half topped 
Topped 

1123 
1123 
11 23 

0.592 
0719 
0.723 

023tl 
0296 
0279 

0.$04 
0.·12·'! 
0.10, 

1972-73 ~ 
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Table 4.-Effect of topping on beet quality before and after storage as captive samples in commercial piles. 

Sugar - % Purity - % 
Invert Sugars 

g/ lOO RDS 
Raffinose 

g/ lOO RDS 
Proportion 

of Whole Root 
Tests Treatment In Out In Out In Out In Out Removed-% 

Average ­ Eight No n-top ped 16.92 16.45 9 1. 84 89.75 0.47 0.90 0.59 1.1 3 

Pile Tests Topped 17 .1 7 16.60 92. 30 90.00 0.4 8 1.1 0 058 1.1 2 

Avera ge - Longm ont , No n-topped 18.37 17.7 1 94 ...! 6 91.9 1 0. 56 0.68 0.34 0. 88 0 

Ste rling & Mitchell Hal f- top ped 18.63 17.84 94.94 92.23 0.59 0.82 0.33 0.96 4.46 '---< 

1 972 -1 97~ Topped 18.67 17.92 95.01 92.26 0. 56 0.86 0.33 1.0 1 RI9 
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and 4.2 percent respectively more tonnage and sugar per ac re than 
topped beets at h arvest. Recoverable suga r yie ld per acre in non­
topped beets after storage was 3.5 and 7.2 percent higher respectively 
than in the half-topped or topped beets (Table 5). These data suggest 
that most efficient production of sugar would be obtained fro m ha lf­
topped beets at harves t and for short storage periods and from non­
topped beets for the longer sto rage periods. 

Table 5.-Relative recoverable sugar per acre in non-topped, half topped, and 
topped beets at harvest and after storage of 112 days. 

(*) Yield 
Per Acre (1") Recoverable Su ar Per Acre 

Treatment Harvest Harvest Time After Storage 112 Days 

Non-LOpped 108.2 105.3 94. 1 
Ha lf topped 104.5 104.2 90.9 

Topped 100.0 1000 87.8 

' Yield (beet weight) per ac re relative to topped beer,. 
tRecoverable sugar per ac re relative to to pped beets at harvest. 

Differences in beet quality between topped and non -top ped beets 
used in the storage stud y may ha ve been less than no rmall y occu rs. A 
survey of beets sa mpled from ten fields in each of the Grea t Western 
factory districts in 1971 showed that the non-topped beets were 0.38 
(vs 0.25) percent lower in sugar and 0.68 (vs 0.46) percent lower in 
purity than in beets topped to the lowest leaf sca r (Table 6). In tha t 
survey the crown accounted for about 15.7 percent of tota l root weight 
but on ly 13.7 percent of the sugar an d 12.4 percent of the recoverable 
sugar present in the whole beet. 

The studies reported in this paper show that storage losses would 
be 10 to 15 percent less and recoverable sugar prod uction per acre 
\,ould he 5 to 10 percent more if bee ts were harvested without crown 
removal than if conventionally topped. The lower quality of non­
topped beets would decrease th e operatin g efficiency of the factories, 
and so we must conduct further studies to determine whether add i­
tional income resulting from reduced storage loss and hi~her total 
yie ld o f sugar will be grea ter than ad ditional factory costs. 

Summary 

Three years' tests in which captive samples of Railed, non- topped 
beets and beets topped to the lowest leaf scar were stored in comme rcial 
beet piles showed that non-topped beets lost 12.6 and 1 1. 3 percent 
less suga r and recoverable su ga r res pectively than did topped beets. 
These results were in gene ral agreement with two years of tests under 
laboratory sto rage cond itions. Beets which had half the crown re­
moved had storage losses eq ual to o r greater than fu ll y topped beets. 

Non-topped beets had lower sugar (0.25 to 0.38%) and lower 
purity (0.46 to 0.68%) than topped beets at harvest. Half-topped bee ts 
,,·ere nearly equal in sligar and purity to topped beets. 



[34 jOUR:'-IAL OF T I-Jl'; A. S. S. B. T 

Table 6.-Summary of crown - root study - freshly harvested beets, 1971. 

Average Average 
Great Western Northern Ohio 

---------_._----------------- ---­
No. Samples (20 Beets per Sample) 172 20 
Pe l-cent Sugar 

A. Rool 
B. Cnn\'l1 
C. Whol e Beel 
D. Root - Who le Beet 

Percent Purity 
A. Root 
B. (rown 
C. Whole Beet 
D. Rool - Whole Beet 

Po unds of Sugar pE"l' TOil of Beet>; 
A. Root 
B. Whole Beet 
C. Rool - Whole Beel 

Pounds of Recovera ble Sugar per Ton 
A. Root 
B. Wh ole Beet 
C. Rool - - Whol e Be,·t 

Distribution o f Weigh l 
A. Root (percent nf whole beel) 
B. Crowtl (pcrce lll o f whnle beet) 

Distribution o f Sugar 
A. Rool (perce llt o f whok ben ) 
B. Cmwn (percent of whole beet) 

Distribution of Recoverable ::J UK"r 
A. Root (percelll of " 'hole bee l) 
B. em",n (percellt of whol e beet) 

15.7 '1 
13.2 1 
1536 
O..1R 

90.21 

85. RO 
89.53 

0.68 

3 1'1.6 
~jOi .~ 

7.4 

253.3 
~42.8 

10 .5 

84.3 
IS.7 

!lli.~ 

13.7 

!l7 6 
12.4 

1586 
13.90 
15 ..,8 
0.28 

90.88 

90.20 
86.22 

0.68 

3 172 
311.6 

5.6 

259.2 

250.2 
9.2 

855 
14.S 

87.0 

13.0 

88.4 
11.6 

Five to 10 percent more recoverable su gar would bf' harvested 
pf'r acre if beets were flailed and not topped than if they were. topped 
to the lowest lea f sca r . 
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