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Deterioration of sugarbeets from dehydration and from alternate 
freezing and thawing occurs in the rims (outer two to three feet) of 
storage piles in the western U nited States. Early work by Pack (7)2 and 
a number of European workers (8) showed that increased sugar losses 
are associated with dehydration. Dexter, et al. (4) investigated the loss 
of extractable sugar per ton of harvested beets when wilted at various 
temperatures in the laboratory without freezing and compared this 
with losses occurring in the outer portions of commercial piles. Wilt­
ing of beets resulted in a substantial increase in loss of extractable 
sugar, especially at high temperatures. Extractable sugar losses were 
higher in beets stored near the surface of the pile than in beets in 
refrigerated storage. Loss of sugar was nearly three times higher in 
the outer foot and nearly two times higher in the second foot than in 
the interior of the pile. These data gave evidence that total sugar loss 
could be substantially reduced if the rims were protected to reduce 
dehydration and alternate freezing and thawing in the rim. The pur­
poses of the studies described in those papers were first to determine 
loss of sugar and extractable sugar in the rim of the piles for various 
lengths of time relative to loss in protected beets; and second, to de­
termine the effectiveness of various types of covers in reducing loss. 

Materials and Methods 

The studies were carried out in 1970-71 and 1971-72 on an east­
west oriented pile east of Ft. Collins, Colorado and a north-south 
oriented pile south of Greeley, Colorado. Fifteen beet samples were 
prepared from three loads of beets which were commercially topped 
and harvested from a single field. Abnormally large or small beets 
were excluded to reduce variability. Approximate ly one-half of the 
beets were rejected in this selection process. The beets had less than 
0.5 pncent dirt tare and so were not washed. Any remaining leaf or 
petiole material was cut from the beets. One of each four samples 
assembled was placed in a rubberized beet hag for immediate analysis 
and the remaining three samples which were to be placed in the pile 
were put into nylon nct bags and closed with a numbered steel pin. 
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Analyses of percent sugar by a modified Sachs-Ie Docte ( I) and 
clarified juice purity by a modification of Carruthers (2) were made 
without top ta ring before storage and on each da te of removal. Analy­
ses of inverr sugars determined with the tetra zol ium method (3) and 
of raffinose with the galactose ox id ase method (6) we re made on the 
clarified juice. Raffinose and invert determinations were used to cor­
rect apparent sucrose and apparent clear juice purity with the Great 
Western formula (9). 

In 1970 each pile was divided into 75-foot sections which were to 
be covered in th e followin g mannn: 

I. No COVf'r on top and sides. 
II . Woven polypropylene on sides and no cover on top. 

llI. Six inches of straw on sides and two in ches o f straw on top . 
IV, Six inches of straw p lu s woven polypropylene on sides and 

no cover on top. 
V. 18 inches o f st raw on sides and six in ches of straw on top. 

Tests we re se t up in the same ma nner in 197 1 except that a loose ly 
woven polypropylene cover was puton top of Section 11 a nd no cover 
was put on top of Section V. 

Sam ples to be placed in the side rims were attached together in 
series of three with one-fourth inch nylon cord which was tied to an 
iron stake a t the LOp of the pile, Each sample was buried an average of 
one foot below the surface. The three samples on a cord were spaced 
equidistant o n the sidf'. Series o f three samples were equally spaced 
across the top of the pile a nd buried just below the su rface . Th irty-six 
samp les were placed on each side o r top of each sect ion with exception 
of Section IV which had 12 sam ples in each side. A total of420 samples 
were buried in each of the two piles. 

The samples were weighed to the nea rest O. 1 pound before place­
ment and after removal. One-third of the sa mples in Section s I , II , 
III and V were removed at each of three dates which were.approx i­
mately 26, 49 and 7 J days after placeme nt. Sam plf's were removed 
from Section IV at the final removal d ate. 

In order to determine the loss in beets protected from freezin g 
and thawing, 108 samples were enclosed in polyethylene bags to 

prevent dehydration and were stored under cont rolled temperature 
cond itions to simulate conditions insid e a pile. Temperatures were 
set at 55 degrees F. initially and gradu ally red uced to 40 degrees F, 
in 30 days and were left at 40 degrees F. after that. Thirty-six samples 
were taken for ana lys is o n each date that samp les were removed from 
th e pile rims . 

Results and Discussion 

The loss as pounds per ton per clay of weight , sugar , and recove r­
able sugar in th e rim uncleI' the various trea tments for the th ree dates 
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o f re mova l is su mmarized in T able I for the 1970-71 tes ts Weight , 
stl ga r , and recovera ble su ga r losses " 'e re significantly less in all side 
coyer trea tments a t a ll dates tha n fo r the ir respecti\'e nOIl -co \'e red 
com pariso ns. T he to p cove r (both 2" and 6" of straw) signifIca ntly re­
duced \,'e ight loss at all three da tes and suga r and recoverable su ga r 
losses a t 49 and 70 days. At 27 days, losses u nder the to p cover a p­
pea red to be less tha n in the non-cove red co mpariso n but th e diffe r­
ence ,,'as not sta ti st ica lly significa nt. No diffe ren ces \\'ere obse rved 
be tween the 2" and 6" to p covers . Beets in th e in te rio r of the pile 
unde r the 6" to p cover " 'e re seve ra l degrees wa rme r th an the inte rior 
beets und er the 2" top cover and no cove r and so the 6" to p cove r may 
have an ad verse effect u pon storage. With exce ption of recoverable 

Table I ,-Summary of weight, sugar and recoverable su gar losses in r im (oute r 
2 ' ) of piles, 1970-71. 

Loss as Lb/T/Day 
Storage 
Period 

(Days) 

27 

70 

T reatment 

N () cove r-sid es 
6" ,·,t ra,,'- sid es 

18" Slraw-s id es 
pl as tic- :;; id l:s 

N o cover- lOp 
2" straW-lOp 

6" stnn\"-lop 

I n le rio r* 

No cover -sides 
6" str a\,'· sid cs 
18" straw-sides 
plastic-sid es 

~() co\-er- (op 
2" st ra \\'-to p 
6" st raw- lO p 

Inte rio r": 

r\o (ove l - ... id c,\ 

fi" "tt d\\ -:.irl c ') 

l ,i-,:" :,I LI\ \ ' - \ i ( k '; 

plast ;( - ::i icle :­

iiI! stl'd\\ }Ji cls tic -'":ieie :-:. 

\. () Co\ er-top 

~" '-,ll;j\\ -top 
6" <:tr;ol'\'-rop 

Interiort 

Weight 

Loss 


2 1.57 a* 
10.4 1 b 
9.2 1 b 

11. 26 b 

15.0 1 ,. 
7 .20 b 
1;.02 b 

2. 72 

14.52 a 
7 61:' h 
6.20 c 
5 .:;6 c 

9.6 '-) " 
3.2~ 1 b 
~. 99 b 

2.31 

1 2 , ~,H~a 

u.o4 b 
'1. 11 c 
1.1 1 c 
0.% d 

H. 30 " 
2 60 b 
2.4 1 b 

1.90 

Sugar Rec, 
Loss Sugar Loss 

0871 a 0.986 a 
0 229 b 0 .44 7 b 
0226 b 0 .4 16 b 
o 159 b 0 .324 b 

(1.:\06 a 0.543 a 
0 11 4 a 0 .21\9 " 
0. 11 3 a 0 .303 " 

0290 0.105 

0.790 a 1.230 a 
0.407 b 0 .699 b 
0390 b,c 0 .559 c 
0 . 187 c 0 ,460 c 

0.438 a 0.'104 a 

O 1l 6 b 0.399 b 
0 . 138 b - 0373 b 

0.230 0.3 18 

09 18 a 1.03 7 a 
0. 117 b 0. 56S b 

0.3<)2 b 0 .506 b,c 
0.296 c 0 469 c 
0 .277 c 0 .409 c 

0 .708 a 0 .860 a 
0. 160 b 0283 b 
0 .262 b 0 .343 b 

0 .2 15 0 .300 

*Sta tistica l sign ifica nce (Dunca n' s lv! ul tiple Ra nge ) a t th e 5% level of trea tme nts with in a compariso n 
(e xa mple : sugar loss-sicl es-27 cl ays) is in cl ica ted by t he srn a li le tte r fo llowing the mean. Jf two mea ns 
a re [ollo w'eel by the sa me le tter, they are no/ sig ni fican tly d iffere nt. If they are follo wed by d ifferen t 
le tte rs. they are sig nifican tl y different . 

t De le nnined fro m bee ts main ta ined u nd e r sim ul a ted storage co,nclilio ns at Resea rch Ce n ter. 
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su gar at 49 d ays, no difference was observed betwee n the 6" and 18" 
side covers with respect to sugar and recoverable sugar losses. T he 
woven polypropyle ne plastic was better than 6" of straw in reducing 
sugar and recoverable sugar losses at 49 and 70 days. Plastic on top of 
straw gave no better protection than plastic alone. Resu lts of the 1971­
72 tests (Table 2) followed a simila r pattern to the tests in the previous 
year. As in the previous year , all side cover treatme nts had statis tica lly 
less weight, sugar, and recoverable sugar losses than the non-covered 
comparisons. H owever, no significant difference existed in the side 
cover treatment between 49 and 71 days although losses appea red to 
be less under woven polypropylene. For an unknown reason the 2" 
straw top cover did not perform as we ll as in the previous yea r. Results 
unde r the loosely woven polypropylene on top of the pile are mislead­
ing. It gave good protection where the samples were located but severa l 
moldy, hot areas were found under the woven polypropylene which 
extended one to two feet into th e p ile . T he moldy areas we re caused 
by condensation of moisture under the plastic. 

Table 2.-Summary of weight, sugar and recoverable sugar losses in rim of piles, 
1971-72. 

Loss LbiT/Da~ 
Storage Gross Recoverable 
Period Treatment Weight Sugar Sugar 

(Days) 

25 No cover 
Woven polypropylene 
G" ::'; lra\.\, 

18" Stra" 

Sides 
Sides 
~,Jes 

Sides 

17.39 a* 
7.57 b,c 

1203 b 
10.85 b,c 

1.823 a 
352 c 

.58 1 b ,c 
1.050 b 

1 823 a 
.411 C 

.777 b.c 
I.lll b 

No cove r 
Woven polypropy le ne 
2" Stra\v 

Top 
Top 
lop 

15. 12 a 
925 b 
8.24 b 

1.697 a 
.534 a 
.506 a 

1 893 a 
.63 1 b 
548 b 

49 No cover 
Woven polypropylene 
6" Straw 
18" Straw 

SiJc.' 
SidFs 
Sides 
Sides 

16.19 a 
6.8 7 c 
8.75 b 
8.34 b 

1.226 a 
.55 1 b 
.596 b 
.666 b 

I 142 a 
564 b 

.614 b 
677 b 

~o cover 
Woven polypropylene 
2" Stra\\ 

fop 
Top 
Top 

10.94, 
60,3 b 
5.68 b 

.753 a 

.498 b 
Al8 h 

.740 a 
594 a,b 
466 b 

7 1 No cove r 
Woven polypropylene 
6" Straw 
18" Straw 
6" St raw + 
wove n polypmpyJene 

Sides 
Sides 
Sides 
Sides 
Sides 

11.28 a 
444 C 

5.42 b 
5.21 b 
3.29 d 

1.210 a 
.282 b 
.396 b 
.·U I b 
.2(j 1 b 

1.225 a 
.433 b 
.54 1 b 
.56 1 b 
.41 1 b 

No cover 
Woven polypropylene 
2" Straw 

Top 
Top 
Top 

7.82 a 
3.09 c 
5.71 b 

511 a 
.208 b 
637 a 

.707 a 

.312 b 

.661 a 

"S tatistica l sign ificance a t the 5% level of treatments within a comparison is indicated by the small 
lettrr fo llowing the mean. 
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A summary of recoverable sugar losses by location on the rim for 
the two years' data is given in Table 3. A large loss ofrecoverable sugar 
occurs in the rim on all non-covered sides of the pile. All covers re­
duced recoverable sugar losses on each side of the pile. Woven poly­
propylene often gives numerically but not statistically better protec­
tion than straw cover. 

Table 3.-Loss of recoverable sugar by locations on rim. 

Location on Pile 
Storage Loss of Recoverable Su ar -lbiT/D 
Dates Treatment Southside Westside Northside Eastside Top 

26 	 No cover 1.522 a* 1.417 a 1.582 a 1.098 a 1.211 a 
Straw - 2" 0.418 b 
Straw - - 6" 0.499 b 0.655 b 0.691 b 0.602 ab 
Straw -- 18" 0.969 ab 0.362 b 0.980 ab 0.745 ab 
Plastic 0.498 b 0.386 b 0.543 b 0.343 b 

49 	 No cover 1.202 a 1.154 a 1.215 a I 11 0 a 0.797 a 
Straw - 211 0.433 b 
Straw - 5" 0.591 b 0.616 b 0.697 b 0.622 b 
Straw - 18" 0.561 b 0.747 b 0.517 b 0.547 b 
Plastic 0.532 b 0.415 c 0.527 b 0522 b 

71 	 No cover 1.174 a 0.988 a 1.27 3 a 1.088 a 0.i84 a 
Straw - 2" 0.472 b 
Straw - 6" 0.516 b 0.473 b 064" b 0.578 b 
Stra" - 18" 0.470 b 0.198 b 0.623 b 0.536 b 
Plastic 0.369 bc 0.S58 b 0.108 c 0.438 b 
Straw + Plastic 0.282 c 0.414 b 0.504 bc 0469 b 

'-'--­
*Statistical significa nce at 5% level of o'eatments within a comparison is indicated by the smalileuer 

following the mean. 

Accumulative loss of recoverable sugar in Geets stored in side 
and top rims under various covers and in beets protected from freezing 
and thawing is given in Figure I. Data from both years' studies are 
represented. Average recoverable sugar loss in non-covered side 
rims was over 3,5 times greater than loss which occurred in bee ts 
which were protected from lreezing and thawing. Loss in the.top rim 
was 2.5 times greater than in the simulated interior. Straw covering 
reduced rim loss to abouL half of that in the non-covered seCLion. Pw­
tection from straw is not perfect, however, and side rim losses ulider 
straw are 70 percent higher than would occur ifbeets were com~letdy 
protected from freezing and thawmg. An 18 inch layer of straw gave 
no better protection than the six inch layer. Overall rim losses under 
woven polypropylene were abuut 20 percent less than under stravv. 
The combination of straw and plastic was no better than plastic alone. 

Data obtained from the rim studies can be used to estimate the 
effectiveness of each material in reducing loss in the entire pile The 
benefit from covering comes primarily from reduction of rim iL;sses. 
Therefore, a material which does not reduce loss on the rim will not 
reduce loss in the entire pile. On the other hand, the covering may 
have an adverse effect, such as higher temperatures. upon storage 



VOL. 18, No.2, OCTO BL::R 1974 11 3 

LOSS OF RECOVERABLE SUGAR 

SIDE FIlMS TOP RIMS AND INTERIOR 

No Cover 
51r8..... -6.. 
Slraw- 1S­
Plas l ic 
P la stiC & St ra w 

8. 

'0 60 

. 
~ , .. 
'". 
u 
c, 
~ ,. 

~~; 

/:'?~ ......... 
~/.......................... x 

~;/ ../ 
,,;:'/// ....../ . 

...:~!..~,<:'.......""""" 
1. 80 Oays St o rage 

N O C over 
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Inrt: r lor 

6. 8. 

Figure I.-Accumulative loss of recoverable sugar per ton of beets in 
rims (outer 2 feet) of pile. 

losses in the interior of the pile which may offset rim savings. There­
fa n' , rim tests are useful in screening potential covering materials 
but cannot be used as a substitute for tests involving the whole pile . 

Rim test data can be used to measure potential savings from a 
given cover for the entire pile with the following formula: 

T otal loss (Lb/T /D) = 0.07 3T + 0.097S + (l + F.I) 0 .83 
18' 

Where 
T = top rim loss 
S = side rim loss 
I = interior loss 
F = increase in internal temperature as a result of pile covering 

The formula was developed from the following assumptions: 1) Cap­
tive samples represented the outer two feet of pile which was the only 
portion of pile that benefitted from pile cover; 2) The average com­
pany pile (single width) has 4.26 square feet of surface area per ton of 
beets of which 57 percent is side rims and 43 percent is top rim (5); 
3) One ton of beets occupy 50 cubic feet; 4) Sugar loss doubles for 
every 18 degrees F. (10 degrees C.) increase in temperature above 40 
degree F. 

Examples o f calculations from rim loss data are given in Table 4. 
Loss of recoverable sugar in the entire pile would be su bstantially de­
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Table 4.-Estimation of loss of recoverable sugar in the total pile from rim loss 
data. 

Estimate Loss of Recoverable Sugar - Lb/TID 
Assumption: Interior of Assumption: Interior of 

Covered Piles Same Tern- Covered Pile 5 Degrees F 
Treatment perature as Non-covered Pile. Warmer than Non-covered Pile. 

26 d ays 49 days 7 1 days 26 days 49 days 7 1 days 

No cover 
Top and Sides 0.561 0.439 0.416 

Woven plastic 
Sides 0.461 0.374 0.350 0.554 0.447 0.419 

Straw ­
2" Top 

6" Sides 
0.426 0.359 0.337 0.5 19 0.433 0.406 

creased by reducing r im loss with p ile covering if the covering does 
not increase inte rior loss . O n the other hand , increased sugar losses 
in the interior of the pi le caused by a fi ve degree F. higher te mperature 
under cove r would offset any rim savings. Any other condition caused 
by the covering which substantially increased loss on the interior of 
the pile would offset rim savings. 

Finally, these da ta show that 40 to 45 percent of tota l recoverable 
sugar loss occurred in the rim (ou ter two fee t) of the pile although 
the rim accounted for only 17 percent of pile volume. 

Summary 

A method is presented for measuring the effectiveness of various 
pile coverin g materials in reducing loss of weight , sugar, and recover­
able sugar in the rim of the p ile. O ver 40 percent of the recoverable 
sugar loss in non-covered piles occurred in Lhe outer two feet of the 
pile. Loss of recoverable sugar in the rim of non-covered piles is three 
to four times as great as in the interior of the pile. A straw cover sub­
~tantially red uces but does not eliminate rim loss. A layer of 18 inches 
of straw gave no more protection than straw. A combination of straw 
and woven polypropylene was no better than woven polypropylene 
a lone . When loss in the interior o f the pile is increased by pik covering, 
benefits from rim savings will be offset. 
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