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General Resistance to Late Blight of Solanum tuberosum 
Plants Regenerated from Callus Resistant to Culture Filtrates of 
Phytophthora infestans 
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Summary .  Resistance o f  po t a to  leaflets to culture fil trates 

o f  Phytophthora infestans is correlated with  lower  growth 

of  the congenial  parasite but  no t  wi th  lower  sporulat ion.  
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Introduction 

Wheeler and Luke (1955)  first used phy to tox ins  in resis- 

tance breeding. Correla t ion o f  resistance to a parasite and 

resistance to its toxins is a necessary prerequisi te  for such 

a use o f  phy to tox ins .  Later  on Kuo  et al. (1970) ,  Byther  

and Steiner (1972)  and Matern et al. (1978) proved this 

corre la t ion with  some fungi. Strobel  (1973) even demon-  

strated the molecular  mechanism of  susceptibil i ty or resis- 

tance to Helminthosporium sacchari. He showed that  this 

mechan ism depends on the binding of  the toxin  Helmin- 

thosporos ide  to  the  plasmalemma.  In contrast  Payne 

and Yoder  (1978)  cou ldn ' t  find a corre la t ion be tween  re- 

sistance to Helminthosporium maydis and resistance to its 

toxins.  

Phy to tox ins  are useful t oo l  for selection techniques  in 

callus cultures. First Carlson (1973)  repor ted  a select ion 

of  callus for breeding purposes.  Gengenbach et  al. (1977)  

got  plants resistant to Helminthosporium maydis by selec- 

t ion o f  callus. 

We regenerated po t a to  plants f rom callus, which is re- 

sistant to the culture fi l trate o f  Phytophthora infestans 
(Behnke 1979). In the fol lowing paper we repor t  on the 

resistance of  the cul ture f i l trate resistant plants.  

Material and Methods 

34 plants of Solanum tuberosum were obtained by regeneration 
from 10 different calli. These calli were selected for resistance to 

the culture filtrate of Phytophthora infestans. 15 control plants 
regenerated from 8 unselected calli. All calli originated from leaves 
of four different dihaploid clones of Solanum tuberosum. Leaves 
of plants regenerated from resistant calli exhibited more resistance 
to the culture filtrate than leaves of control plants (Behnke 1979). 
Dr. Erjev~ilt (Sval6v) kindly supplied us the pathotype 1.2.3.4.5.7 
of Phytophthora infestans and Dr. Sch6ber (Biologische Bundes- 
anstalt, Braunschweig) the pathotype 1.2.3.4. These two patho- 
types and a third one, isolated by ourselves, were cultivated on 
tubers of the cultivars 'Grata' and 'Agora' at 16~ Before being 
inoculated the tubers were sterilised in 0,1%. HgClz for one hour. 
Suspensions of Sporangia were established simply by rinsing off 
cut surfaces of tubers with well growing mycelia. In order to get a 
concentration of about 250 sporangia / 25 ~1 we counted the num- 
ber of sporangia of an aliquot of each suspension under the micro- 
scope. The suspension was diluted until the desired concentration 
was reached. Three times we picked up ten leaflets of the upper 
half of 49 plants for the infection test. These leaflets were placed 
(lower surface up) in a plastic box (28 cm • 46 cm), whose bot- 
tom was covered with humid quartz sand. 25 ~1 of a sporangia 
suspension was applied to each leaflet with a Hamilton syringe. In 
order to get a water saturated atmosphere we set four petri dishes 
(diameter 5 cm) filled with tap water inside the box and covered it 
with a glass sheet. After maintaining the box for four days at 
16~ we measured the main diameter of each lesion (Umaerus 
1976). Five days after applying the sporangia suspension to the 
leaflets, we determinated the number of sporangia which the fun- 
gus had newly produced per lesion. We put the respective leaflets 
of each plant in 20 ml tap water. After shaking carefully we count- 
ed the sporangia of 25 ~1 portions of each suspension under the 
microscope (three replicates). 

Results and Discussion 

Four  days after  inocula t ion the average lesion size o f  con- 

trol leaves measured 23.1 cm while the lesions o f  leaves 

f rom toxin  resistant plants showed a d iameter  o f  17.3 cm 

(Table 1). So the parasite grows 25% less on Phytophtho- 
ra-toxin-resistant  leaves than on control  leaves. This differ- 

ence is highly significant wi th  a probabi l i ty  o f  p = 0,999 

(t-test).  Only three o f  the investigated 34 plants presented 

a lesion size on their  leaves, which differed no t  signifi- 
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cantly from lesion sizes of  control plants: PM 3/6, PM 

3/20 and PM 25/33, originating from the culture filtrate 

resistant calli PM 3 and PM 25. Leaves of  PM 3/20 and PM 

25/33 were also not culture filtrate resistant while leaves 

of  PM 3/6 were. 

The numbers of  sporangia varied greatly. There was no 

significant difference between the control leaves and the 

leaves of  culture filtrate resistant plants. 

Three factors influence general resistance to Phytoph- 
thora infestans: infection efficiency, growth of  the fungus 

and sporulation of  the parasite (Umaerus and Lihnell 

1976). Because lower growth of  the fungus is correlated 

with resistance to its culture filtrate, selection o f  callus 

may be an appropriate technique for breeding plants with 

general resistance to Phytophthora infestans. Perhaps the 

callus selection technique can be combined with other 

methods of  breeding resistant clones e.g. the method of  

Umaerus (1969), who selected plants with a lower infec- 

tion efficiency. 

Table 1. Diameter of lesions 4th day after inoculation of leaflets 
with Phytophthora infestans 

Leaflets of plants from toxin 
resistant callus 

Leaflets of control plants 

Plant Diameter Plant Diameter 

PM 2/1 14.8 
PM 2/5 16.9 
PM 2/8 14.4 
PM 2/12 19.0 
PM 3/6 23.4 
PM 3/7 15.6 
PM 3/20 22.9 
PM 3/22 18.3 
PM 4/10 15.4 
PM 4/12 19.5 
PM 4/14 15.9 
PM 5/2 16.6 
PM 5/4 14.8 
PM 5/5 15.8 
PM 26/26 13.6 
PM 27/2 15.6 
PM 27/6 15.1 
PM 30/1 15.8 
PM 30/2 19.3 
PM 30/4 17.0 
PM 30/5 19.4 

HH 140/2 20.6 
HH 140/4 23.3 
HH 140/7 19.8 
HH 140/8 21.9 
HH 140/11 22.1 
HH 140/12 23.9 

PM 25/6 18.6 
PM 25/12 18.9 
PM 25/14 18.7 
PM 25/15 15.0 
PM 25/16 16.8 
PM 25/30 16.3 
PM 25/33 21.5 
PM 25/41 18.4 
PM 25/44 16.4 

HH 258/1 24.0 
HH 258/2 26.0 
HH 258/5 25.8 
HH 258/6 24.3 
HH 258/8 25.1 

PM 41/4 14.1 HH 578/1 23.6 
PM 41/6 14.1 HH 578/3 22.0 
PM 41/9 19.8 

PM31/l 11.0 H 282/2 21.3 
H 282/3 21.4 

17.3• 23.1• 

P<0,001 
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