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The uncontrolled loss of sugar in the process of respiration, 
while sugar beets are piled to await processing, results in a sizable 
monetary loss each year. Irradiation of the roots has been sug
gested as a possible method of reducing respiration. Spikes and 
Stout (1)3 report that discs cut from gamma irradiated sugar beet 
roots respired more rapidly for at least 40 to 50 days than non-
irradiated samples. . 

Gamma rays have sufficit>nt penetrating power to enter the 
cells 'without regard to their position in th e root . In contrast, 
high energy electrons penetrate only the outer few millimeters 
of tissues of the sugar beet root. Since high energy electrons 
might affect respiration differently than gamma rays, simple 
experiments wen:' undertaken to determine their effect on respira
tion of whole sugar beet roots. 

-'fethods and Materials 
Sugar beet roots were selected from the field for uniformity 

and freedom from injury. They 'were washed and stored in a 
cold room until ready [or use. Each sample used to determine 
the rate of respiration contained 9 or 10 roots and weighed be
tween 20 and 25 pounds. 

Since large-scale temperature control equipment was not 
available, respiration was determined simultaneously on paired 
samples, one sample being the untreated control. Respiration 
rates were determined before irradiation and after irradiation 
of th e paired mate of the control. 

The samples were removed from th e cold room 12 to 15 hours 
before respiration was measured and 12 to 15 hours prior to 
irradiating the roots. They were also maintained at room tem
perature for :3 to 24 hours following' irradiation. 

The roots were carried through the beam on a conveyor. Each 
root 'was irradiated on two sides: follo'wing exposure of the upper 
surface, th e root was turned over to expose the lower surface. 
A root thus received some irradiation - on all surfaces. The 
amounts of irradiation listed in Table I were applied to hath 
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the upper and lower surfaces of each root. The median point 
of the roots was 47 centimeters from the wi ndow of the electron 
beam machine. Dosimetry was based on an ionization chamber 
calibra tion of the beam by the Ge neral El ectric Company. 

R espiration vvas determined by means of flow-trains, each 
consisting of:: 1 empty gall on jug; two I-gallon jugs, each half 
full of concentrated potassium hydrox ide through which air was 
bubbled to free it of carbon dioxide ; a sma ll flask of barium 
hydroxide; a respi ra tion chamber (an o il drum remodelled to 
about 40 to 45 liters capacity); and 3 flasks containing barium 
hydroxide to trap the carbon dioxide libera ted in respiration. 
Foll owing removal 01' carbon dioxide from the system, the carbon 
dioxide of respirat ion was collected for 3 hours. Air was passed 
through each flow-tra in at approximate ly 0.2 1 cubic feet per 
minute. The mill i-eq uival en ts of carbon dioxide respired were 
calc ulated from th e titrimetric data. 

Table I.-Effect o[ Hig h Energy Electron Irradiation on the R espira tion of Whole Sugar 
Beet Roots. 

Irradiation 
Dose REP Approx. Per centage Increase in Respiration After 

24-48 Hours 2 Weeks 

;;0,000 25 

100,000 50 25 

300.000 40' 

750 ,000 JO 

3,000,000 10 

1 The magnitude of th e percentage increase Illay be somewh at in e rror due to d iffi culty 
with th e flow-train in wh ich th e con trol was p laced in the inita l respiration compari sons. 

:! Rad ia tio n kill ed th e SlIrf<lce ti ss lles. Grow th o f s;Jproph yt ic molds on surface of roo t-;. 
I1ladc furtl1 er respiration c1 elcnn intlli ons iUIlJOss ib lc . 

Discussion or Results 

Ta ble I shows th e effect of high energy electron irradiation 
on respiration of sugar bee t roots. Except Eor the single deter
minati on for the ;),000,000 rep dose, each p erce ntage increase 
in respi ration is the average for two pa ired samples. 

The 50,000 and 100,000 rep doses increased respiration 
markedly but no injury was apparent. Patches of slight darken
ing were visible on the surface of the roots receiving the 300,000 
rep dose. The two high rates of irrad ia tion apparently killed 
some of the surface tissues within 24 hours. These tissues no 
longer respired and, in addi tion, may have acted as a barrier 
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to gaseous exchange. This could account for th e relatively small 
increase in respiration noted for the two highest treatments. 
.rhe death of the surface tissues permitted grovvth of saprophytic 
molds. A larger portion of the root surface was covered with 
mold in the 3,000,000 rep treatment after two weeks. 

Conclusions 

Small doses of high energy electron irradiation stimulate the 
respiratory process without any visible injury to th e sugar bee t 
roots. As the dose increases, in jury of the surface tissues becomes 
increasingly severe. The stimulatory effect on respira.tion induced 
by the high energy electrons is prolonged but appears to subside 
gradually. 

The effect of high energy electrons on respiration in sugar 
beet roots appears to be si milar to that observed by Spikes and 
Stout (I) for gamma irradiated roots. 

Apparently , treat ing sugar beet roots with ionizing radiations, 
whether shallow or deep penetra ting, will increase the rate of 
respiration for a period of time. Such treatment is not effective 
in suppressing the rate of respiration of sugar beet roots prior 
to storing them in piles. 
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