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Introduction 
Seeds of certain sugarbeet breeding lines, being used in gnoto­

biotic black root disease investiga tions, "vere contaminated with 
seed-borne Phoma bdae Frank. A seed surface-sterilization tech­
nique using silver nitrate (1) 3 controlled the contaminating micro­
organisms present on commercial sugarbeet seed lots (P. betae­
free in our tests), but failed to control the seed-borne P. betae 
of the contaminated breeding lines. A.n alternative method for 
eliminating seed-borne P. betae was therefore required . 

Problems with seed-borne P. betae are by no means a new oc­
currence. In 1915, Edson (2) described a hot water treatment 
de\eloped by Peters (4) in Germany in 1907 for reducing the 
inciden ce of Phoma-contaminated sugarbeet seed (one contami­
nated seedling/ 300-400 treated seeds) . This treatment consisted 
of heating seeds in water at 60 ' C for 10 min, drying on filter 
paper for 24 hr, followed by a second heating in "vater at 60 °C 
for 10 min. The method was rather thoroughly investigated. Tem­
peratures above 60 ' C were found to cause serious injury to seeds ; 
whereas temperatures below 60°C were ineffective. Substitution 
of one heat treatment fo r the recommended two was unsuccessful. 
Edson (2) also reported that the hot water treatment reduced 
germination. 

Research goals of this investigation were three-fold.. First , 
because P. betae is one of the several pathogens involved in the 
black root disease complex of sugarbeet, its uncontrolled occur­
rence as a seed-borne pathogen in black root studies is intolerable. 
Second , gnotobiotic (known mixtures of organisms) studies initial­
ly require elimination of all contaminating microorganisms from 
the sugarbeet seeds. If the hot water treatment effectively con­
trolled seed-borne Phoma, would it also control other microbial 
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contaminants? Third, considering the changes in sugarbeet vari­
eties since Peters' and Edson's studies (2 , 4) , would the heat toler­
ance of modern var ieties be sufficiently similar for effective heat 
treatment without unacceptable reductions in seed germination. 

An abstract of a portion of these results has been published (:1). 

Materials and Methods 

Seeds of beet breeding line 685 , highly contaminated with 
P. betae) were used in most tests. Small quantities of seed (40/treat­
ment) were tied in cheesecloth bags to facilitate handling during 
hOL water treatments. Seeds 'were immersed in deionized water 
heated to 60°C in small beakers (100 or 250 ml capacity) in a 
controlled temperature water bath. Temperature of the water 
within the beaker was measured with a thermometer before and 
during treatment. After the appropriate treatment time (8-15 
min) th e seeds were dried overnight at 28 ' C in a forced-air 10­

cubator. A second (8 -1 5 min) hot water treatment was applied, 
after which the seeds were surface-sterilized three min in a 1:4 
dilution of 5.25% sodium hypochlorite. Seeds were then plated 
(4 plates of 10 seeds/ plate) on 2% water agar and incubated 5 
days at 20°C. Following incubal ion, seeds were examined for 
germination and for P. betae and other microbial conlaminants. 
Resul ts are expressed as percentages based on the num ber of 
seeds/ treatmenl. (Deviations from this general procedure are 
specifically noted .) 

Hand-polished sugarbeet seed was polished by use of a box 
lined with corrugated rubber malting and a corrugated rubber 
covered polishing block similar to that of Coe (G. Coe, personal 
communication). Machine-poi ished seed had been passed through 
a rice polisher prior to their acquisition. 

Commercial varieties are referred to by their standard desig­
nations and breeding lines have been given abbreviated designa­
tions. 

Results 

Eot water treatments "vere compared v,lith seed surface-sterili­
zation by silver nitrate (1) for effectiveness in elimination of 
P. betae and other microbial contaminants from beet line 685 
seeds (Table 1). Silver nitrate treatment failed to eliminate all 
P. betae colonies and was relatively ineffective in reducing other 
contaminants. In this test heat-treated seed (no additional sur­
face-sterilization) controlled P. betae but had relatively high other 
contamination. Seed germination was markedly affected by the 
different heat treatment procedures. 
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Table ] .--Germination, contamination anrl Phmn.a betae colonies of sugal'beCl seed 
surface-stct-ilized with silver nitrate or hot water treated at 60°C [or variolls lime intervals . 

Treatments 

2 Periods 2 Period. 
Percentage 10 Minutes 10 Minutes I Period Silver No Treat.ment. 

2 Days Same Day 20 Minutes Nitrat.e (Control) 

Germination 93 35 70 83 85 
Other Contamination 10 13 10 20 50 
Phoma Colonies 0 0 0 8 48 

Successful control of P. belae by heat therapy affo rded an op­
portunity to evaluate the pathogenic potential oE this fungus. 
Heat-treated and non-treated seed were planted in sterilized soil 
or gnotobiotic perlite-nutrient solution culture in deep culture 
dishes and seedling survival was ascertained after two weeks. 
:'-Jaturally occurring seed-borne P. betae greatly reduced seedling 
survival. In sterilized soil the percentage survival of hea t-trea ted 
and non-treated seeds was 93 and 43 percent respectively ; whereas, 
in perlite the percentages were 7R and 45 respectively . 

At this point the principal problem remaining seemed to be 
improved control of "other" contaminants. Heat therapy with 
and without additional surface-sterilization was compared for con­
trol of contaminants (Table 2). Sodium hypochlorite appeared 
better than silver nitrate for this purpose and was much simpler 
to use. However, P. betae occurred in heat-treated seed, which 
necessitated modification of the hot water treatment method. 

Table 2.-ECfect of heat treatment (60°C, 10 min 011 2 days ) followed by: a ) no further 
LreaLlnent, 1.» silver nitrate surface-sterilization, or c) sodium hypochlorite surface·sterHiza· 
lion, on sugarbeet seed germination, contalnination and Phoma betae col011ies. 

Trea Ullents 

Heat Silver Sodium 
Percentage Onl)' Nitrate H ypochlorite 

Germination 88 88 85 · 
Other Can tam ina tion 5 0 
Phoma co lonies 0 0 

Two factors of the technique were examined: 1) increased 
water temperature and 2) increased treatment time. Raising the 
water tempera ture to 65 ' C eliminated P. betae, but depressed seed 
germ inat ion and gave high contamination percentages (Table 3) . 
The high incidence of contamination was due exclusively to spore­
forming ba~teria in the single-period heat treatments. Best results 
for control of P. betae and other contaminants were obtained by 
increasing the treatment time interval at 60°C to 15 min. (Table 
1) . 
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Table 3.-Germination and contamination of beet seed treated witb hot water (65°C) 
for various 	 tiJue intervals. 

Treatments 

10 Min 15 Min 20 Min 30 Min 
Per<entage on 2 days on 2 days on I day 011 I day 

Germina tion 40 25 35 0 

Contamination 40 23 98' 100' 


fI Spore-forming bacteria 

Table 4.-Effect of hot water treatment of seed at 60°C on two consecutive days for 
10 and 15 minute intervals on ger:mination, contaJnination a·nd Pho-m_a betae colonies. 

Treatments 

Variety P ercentage Controls 10 Min 15 Min 

322 	 Germination 100 119 119 
Other Conr<llllination 48 13 3 
Phoma colonies 28 8 0 

261 	 Germination 100 106 97 
Other Contamination 70 5 0 
Pho ll1.a coloni es 45 5 0 

The combination of heat treatment and surface-sterilization 
by sodium hypochlorite appeared to be the most eHective proce­
dure for el imination of microhial contaminants from sugarbeet 
seed . Therefore, the heat tolerance of seed of commercial varieties 
was investigated. Germination of seeds of the monogerm varieties 
GW lI-l and US H-20 was markedly reduced by the 15 min treat­
ment at 60 °C on successive days, whereas that of the multigerm 
US 401 was essentially unaffected (germination of US 401 = 140% , 
GW B-1 =23%, US H-20 = 25 % and 685=80%) . Reduction of 
the treatment time to 8 min freed seeds of C;\V H-l and US H-20 
of contaminants and permitted reasonably high germinatiun 
(Table 5). Because commercial seed lots were P. betae-free in our 
tests, only "other" contaminants had to be controlled and thus 
the 8 min treatment period was acceptable. 

Table 5.-Effect of length of hot water treatment periods (a ll 60°C on.2 days ) on gel'· 
Jninatio'Jl and conlarninalion of two commercial sugarbeet varieties . 

<-l'rea i:.nH..:11 t .::i 

Variety Percentage Control 8 Min 10 Min 12 Min 

GW 1-1·1 Germination 83 73 55 42 
ConLlmination 20 0 0 0 

US H ·20 Gennina tion 100 70 63 55 
Contal ilination 43 0 0 0 

The possibility that varietal heat tolerances were related to 
seed weight was explored by ranking varieties according to average 
weight/ IOO se",ds and designating varieties as either heat tolerant 
or non-tolerant, based on results of previous tests (Table 6). No 
correlation was evident. 
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Table 5.-SlIgar beet varieties and breeding lines ranked according to a verage weight 
(per 100 seeds) in relation to h ea t tolerance. 

Av . \-"eight/ Percent germination l Heat' 
Va riel )' 100 Seed (mg) 8 Min 10 Min 15 Min Tole rance 

685 49 93 93 T 
GW H·I 77 73 55 23 N 
US 401 11 2 140 T 
US H·20 114 70 63 25 N .,.261 185 106 97 
322 187 11 9 11 9 T 

1 Percentage based on numbe r or seeds plated. 
:.1 T=:tolerant N = non · lOlerant 

Testing of varietal heat tolerance, elimination of P . betae and 
elimination of other microbial contaminants was extended using 
six additional beet breeding lines. Presumably, seed polishing 
should reduce seed contaminants, so this var iable also was evalu­
ated. All seed used in this test were surface-sterilized with sodium 
hypochlorite prior to pla ting on water agar. Only two of the six 
beet lines tested were contaminated with P. betae (Table 7). Hand 
polishing neither controlled P. betae nor definitely reduced con­
taminants. Use of only one machine polished seed sample did not 
permit adequate evaluation of its effectiven ess . Heat treatment 
plus surface-sterili za tion controlled both P. betae and other con­
taminants . Heat tolerance in the different breeding lines ranged 
from no to high germination. 

Table 7.-Effects of 5eed polishing and heat trea tment (50·C, 15 min on 2 days) on 
seed germination, contamination, and Photn<l betae colonies of sLx sugarbeet breeding lines. 

Varie ties 

Trea unents P ercentage' 633 687 340 AJP BP-2 

Control Germination 167 78 123 161 101 1 ~4 

Contamination 5 14 0 0 2 · 8 
Phoma colonies 0 3 0 u 0 

Hand 
polished Gennination 136 68 83 F,2 86 I ,; 

Contamination 9 1 0 3 7 
Phoma colonies 0 G 0 0 0 4 

Heat 
treated Germination 78 82 47 43 23 0 

Contamioation 0 0 0 0 0 0 
Phoma colonies 0 0 0 0 0 0 

Machine 
poli shed Germin a tion 163 

Contamination 2 
Phoma colonies 0 

1 Percentages calculated on number DE seeds planted ( 100). 

103 
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Discussion 

The heat treatment method, as described by Edson (2), failed 
to eliminate P. betae. Successful application of heat therapy is 
based on differences in the thermal death points of P. betae and 
sugarbeet seeds. Thermal death (within limits) can be considered 
the resulant of the interaction of temperature and time. .rhus, 
increase of either treatment temperature or time of exposure 
should increase thermal death. I ncreased treatment time best 
preserved the differential bet'veen beet seed and P. betae death 
points, but varietal variations in heat tolerance occurred. Of nine 
breeding lines tested, five had high heat tolerance, three had 
medium, one had low and one was not tolerant to heat, as based 
on seed germination tests following treatment. Similarily, of three 
commercial beet varieties tested one had high and two had low 
heat tolerance. Knowledg-e o( varietal heat tolerance thus is es­
sential for successful application of the technique and, in some 
cases, may limit its use. The lack of correlation between seed 
weigh t and heat tolerance indicated tha t a higher degree of com­
plexity is involved than simply the seed mass heated. 

Seed polishing undoubtedly helps reduce the microbial con­
tamination load on seeds by removing portions of contaminated 
seed ball, but additional treatment is necessary to eliminate re­
maining contaminants. 

One difficulty encountered during these heat therapy studies 
vvith experimental sugarbeet breeding lines was the limited seed 
supplies available for testing. However, the generally high P. betae 
and other contaminant percentages of untreated controls added 
to confidence in the results despite the relatively small numbers 
of seeds tested. 

Summary 

Seeds of some sugarbeet breeding lines were contaminated 
with the black root pathogen, Phorna betae. The reported effec­
tiveness of heat therapy for elimination of this pathogen was re­
examined and expanded upon. Seeds contaminated with P. betae 
were treated in hot water 15 min at 60° C, dried overnight at 
28°C, treated a second 15 min at 60°C, and surface-sterilized in 
a 1:4 dilution of 5.25% sodium hypochlorite. This procedure 
controlled both P. betae and other microbial contaminants. How­
ever, not all beet varieties tested were equally tolerant to heat. 
Heat tolerance was not correlated with seed weight. Shorter treat­
ment times (8 min) were used to eliminate microbial contami­
nants from two relatively heat intolerant commercial monogerm 
varieties (non-contaminated with P. betae) . 
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