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Introduction 
A previous study (l)2 of twenty years' results at the Raymond factory 

showed that the sugar content on the average rose 0.78 percent in the 10-day 
period preceding a frost of 26° F. or lower, and fell 0.24 percent within 
ten days subsequent to frost. A further study (2) involving the freezing 
of sugar beet tops by covering the beets with an insulated box containing 
dry ice, showed a reduction in sugar content of 1.43 and 2.3 percent two 
weeks after freezing. 

It was well known that defoliation caused by both frost and the knife 
would stimulate new bud and leaf formations, and that the resulting rapid 
growth would tend to decrease the sugar stored in the root. However, the 
possibility existed that the two methods of leaf destruction could differ, 
in that substances from the frozen leaves could be translocated to the crown 
and root and induce changes at least differing in degree from those resulting 
from cutting off the leaves. 

The present experiment compares the sugar losses caused by freezing 
the tops with those caused by cutting off the leaves and petioles with a 
knife. 

Methods 
The sugar beets used in these experiments were planted in the field 

May 20, 1953, and subsequently thinned to eight-inch spacings. Each plot 
was limited to four beets to facilitate freezing in the field. There were 
four replicates each of twelve treatments arranged in a randomized block 
design. 

Freezing and knife defoliation were done September 9 with harvesting 
and sampling for analysis following after the intervals indicated in Table 1. 

The method of freezing consisted of covering the plot of four beets 
in the field with an insulated box 40x14x16 inches. Wire mesh trays con­
taining 60 pounds of dry (C02) ice were placed on a rack in the upper 
portion of the box. A 13-minute treatment period was found to be ade­
quate to freeze the leaves completely, together with varying proportions of 
the petioles. The exposed crowns showed no sign of having been frozen. 

Defoliation consisted of cutting off the leaves and petioles with a knife 
just above the crown without damage to the crown. 

The beets were dug at the times indicated, and the crowns and tops 
were cut off as in commercial topping. Storage, where necessary, was done 
by packing the topped beets from each plot in a paper bag and a carton 
containing these samples was placed in refrigerated storage at approximately 
36° F. for the ten-day storage period. The beets were weighed just prior 
to sampling for sugar and purity. 

1 Director of Agricultural Research, British Columbia Sugar Refining Company Limited, 
Vancouver, B. C. 2 Numbers in parentheses refer to literature cited. 
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Discussion 
In Fable 1, the data is arranged to compare the general average of the 

four freeze, defoliate (knife) and check treatments. There was no significant 
difference beteen treatments in either root weight or purity. Freezing and 
defoliation with the knife caused significant average reductions of 1.56 and 
1.74 percent respectively, in the sugar content, as compared to the check. 
Detailed examination of this table will show that the freezing and knife 
defoliation gave very similar sugar contents for comparable pre- and post-
harvest treatments. We, therefore, conclude that the loss of the leaves was 
the primary cause of the sugar loss and it made no difference whether this 
leaf loss was accomplished by use of frost or the knife. 

The data presented in Table 2 compare the sugar losses between two 
and twelve days' regrowth after treatment. It is interesting to note that 
the average loss per day was almost identical, being 0.20 percent for two 
days' regrowth and 0.24 percent for twelve days' regrowth. This indicates 
the sugar losses were in evidence very shortly after top destruction, and 
continued at the same rate per day for the period under test. 

Harvested 
(Days After 

No. Treatment Treat.) 

No 1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 

T r e a t m e n t Freeze 
Freeze 
Freeze 
Freeze 

Defol iate 
Dfol iate 
Defoliate 
Defoliate 

Check 
Check 
Check 
Check 

(kn i fe ) 
(kni fe) 
(kn i fe ) 
(kn i fe ) 

T r e a 2 
2 

12 
12 

2 
2 

12 
12 

2 
2 

12 
12 

Storage 
(Days) 

Ave. Root 
Weight 

Pe rcen t 
Sugar 

13.2 
13.0 
11.6 
11.0 

12.2 

11.4 
12.2 
12.9 
14.6 

12.8 

12.3 
11.0 
13.8 

9.5 

11.7 

14.73 
14.90 
13.50 
13.65 

14.19 

14.28 
15.48 
13.15 
13.14 

14.01 

14.95 
15.54 
15.85 
16.68 

15.75 

88.0 
88.3 
87.9 
84.2 

87.1 

84.8 
89.2 
88.3 
85.2 

86.9 

86.1 
87.9 
88.9 
86.4 

87.3 

T a b l e 2 .—Percen t S u g a r Losses R e s u l t i n g f rom Freez ing a n d Cutting-off Fo l iage ; 
p a r e d to t he Checks . 

T r e a t m e n t 
Compar i sons 

Sugar Loss 
T w o Days ' 
R e g r o w t h 

T r e a t m e n t 
C o m p a r i s o n s 

Sugar Loss 
Twe lve Days* 

R e g r o w t h 

9-1 (ck-freeze) 
9-5 (ck-defol ia te) 

10-2 (ck-freeze) 
10-6 (ck-defol ia te) 

Ave. 
Ave. pe r day 

% 
0.22 
0.67 0.64 
0.06 

0.4 
0.2 

11-3 (ck-freeze) 
11-7 (ck-defol ia te) 
12-4 (ck-freeze) 
12-8 (ck-defol ia te) 

Ave. 
Ave. pe r day 

% 
2.35 
2.70 
3.03 
3.54 
2.9 

.24 

nil 
10 
nil 
10 

Ave. 

nil 
10 
nil 
10 

Ave. 

nil 
10 
nil 
10 

Ave. 

Purity 
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In Table 3 the data are arranged to illustrate the effect of ten-days' 
storage at approximately 36° F. Jn spite of the fact that the storage differ­
ence was not significant, the beets had a higher sugar content after ten 
days' storage than at harvest for five out of six comparisons. For beets 
harvested two days after treatment, this difference was 0.66 percent, and 
for beets harvested twelve days after treatment, it was 0.32 percent. Pre-
harvest treatments had no effect on the sugar gain in storage. The cause 
for this increase is unknown, but unexpected dessication of the roots is 
the most plausible explanation. 

The original suggestion that freezing of the leaves might induce 
physiological changes in the roots as distinct from those resulting from 
knife defoliation has now been disproved for the conditions of these treat­
ments. It might be assumed, therefore, that sugar losses were caused by 
the energy consumed by regrowth of new tops. While this undoubtedly 
does occur where temperatures after freezing are sufficiently high to permit 
growth, it does not explain sugar losses in a year such as 1951 at Taber, 
Alberta, where heavy frosts and snow occurred October 5, and the average 
temperature (mean of daily maximum and minimum) did not again rise 
above freezing until November 5. No regrowth whatever was possible during 
this period and yet the sugar content for the five-day factory average,fell 
steadily from 15.95 and 15.31 percent as illustrated in Figure 1. For the 
same period during the 1953 harvest, the temperatures remained high with 
no frost, and the sugar content rose steadily from an average of 16.83 per­
cent for the period October 10-14 to a high of 17.45 for October 25-29. 
These observations lead us to believe that heavy frosts which penetrate the 
crown may be capable of reducing the sugar content even though regrowth 
is impossible because of freezing temperatures. 
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W o o d (3) r e p o r t e d a sha rp d r o p in sugar c o n t e n t fo l lowing a frost of 
15° be low zero F . a t L o n g m o n t , C o l o r a d o , in 1951. T h i s d r o p was n o t 
associated w i t h n e w fol iar g r o w t h . 

Ev idence , therefore , i s n o w ava i lab le f rom several sources w h i c h shows 
t ha t severe freezing of beets in the f ie ld can cause severe sugar losses n o t 
associated w i t h r eg rowth . 

T h e search shou ld be c o n t i n u e d to d e t e r m i n e t he n a t u r e o f t he physio­
logical processes involved in such losses wh ich in ce r t a in years a re p r o b a b l y 
q u i t e severe in the m o r e n o r t h e r l y bee t g r o w i n g areas . 

Conc lu s ions 

1. Freez ing a n d c u t t i n g off of t he leaves a n d pe t io les r e su l t ed in s imi lar 
a n d significant r e d u c t i o n s in sugar c o n t e n t ave rag ing 1.56 a n d 1.74 p e r c e n t 
respect ively, less sugar t h a n the checks. 

2. T h e average loss of sugar f rom the c o m b i n e d resul ts of c u t t i n g off 
a n d freezing of the foliage was 0.4 or 0.2 p e r c e n t p e r day for two days ' 
r e g r o w t h as c o m p a r e d to 2.9 or 0.24 p e r c e n t p e r day fo twelve days ' re-
g rowth . T h i s ind ica tes t ha t sugar losses were in ev idence very shor t ly af ter 
t op des t ruc t ions a n d c o n t i n u e d a t a b o u t t he same r a t e p e r day for p e r i o d 
u n d e r test. 

3 . N e i t h e r freezing n o r cu t t i ng off of t he foliage caused any obse rvab le 
r e d u c t i o n in r o o t weigh t o r pu r i ty . 
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4. Cold storage of all treatments for ten days after commercial toppings 
(crown removal) resulted in increases in the sugar content of 0.66 per­

cent in treatments harvested two days after treatment and 0.32 percent in 
beets harvested twelve days after treatment. 
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