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GENETICS IN RELATION TO DISEASB RESISTANCE

M.S. Swaminathan

\  V

I .  In tro d u c t io n

D isease has been an e v e r -p re se n t  ravage of crop  p la n ts  throughout 
a g r i c u l tu r a l  h i s to r y .  Man has a ttem pted  to cope w ith  th e  d isea se  
problem by defending h is  p la n t ,  by a t ta ck in g  th e  p a r a s i t e  or when a l l  
e lse  f a i l s  by tak ing  evasive  a c t i o n .  Undoubtedly the most a t t r a c t i v e  
form of defence is provided  by d isea se  r e s i s t a n c e ,  f o r  as long as i t  
remains e f f e c t i v e  i t  provides p ro te c t io n  at no co s t  t o  the  farmer or 
th e  community. In some in s tan ces  r e s i s t a n c e  remains s ta b le  f o r  long 
p e r io d s ,  fo r  example, f l a g  smut r e s i s t a n c e  f i r s t  in co rp o ra ted  i r  
A u s tra l ian  wheat v a r i e t i e s  by F a r r e r  and r e s i s t a n c e  to  lo o se  smut in  
NP 790 wheat s t i l l  provide s ta b le  p ro tec tio n . .  U nfo rtuna te ly , however, 
d isea se  r e s i s t a n c e  often lo s e s  i t s  e f f e c t iv e n e s s  a f t e r  a r e l a t i v e l y  
s h o r t  p e r io d .  The average commercial l i f e t im e  of r u s t - r e s i s t a n t  wheat 
v a r i e t i e s  in  Mexico has been only fo u r  years  and in  Columbia f iv e  '/ea rs ..  
This lo s s  of e f f e c t iv e n e s s  i s  not dte to  a lo s s  of r e s i s t a n c e  genes 
from the  hos+ p lan t  but to the a c q u is i t io n  of new v iru le n c e  genes by 
the  pa thogen . These new v iru len ce  genes overcome th e  a c t io n  of the  
genes in the  hos t which p re v io u s ly  conferred  r e s i s t a n c e .

While we see  th is  happening in  a veiy dram atic  fash ion  in  some 
v a r i e t i e s ,  wild spec ies  appear to  have more s ta b le  forms of r e s i s t a n c e .  
Perhaps th e r e  is  a le sson  to  be le a rn ed  from a s tudy  of the  w ild  sp ec ie s  
th a t  w i l l  he lp  to provide more s ta b le  p ro te c t io n  f o r  crop p l a n t s .

I I .  R es is ta n ce  among in s e c t s  to  p e s t i c id e s

In N icaragua, chemical c o n t r o l  of co tton  p e s ts  in  th e  beg inn ing , 
gave e x c e l le n t  r e s u l t s  'in in c reas in g  th e  c o t to n  y ie ld  to  become the 
h ig h e s t  in  the w orld . This i n i t i a l  success led  to  a l a r g e  member o.l\ 
c o n tra c ts  with p e s t i c id e  firms to c a r ry  out chemical c o n tra ,  schedule 
in  a ro u t in e  fa sh io n .  This in d is c r im in a te  chemical c o n tro l  r e s u l te d  
in  the  s e r io u s  u p s e t t in g  of the ba lance  in  na tu re  and a g roa t in c re a se  
in  the r e s i s ta n c e  of p e s ts  to  p e s t i c id e s  used , The combined e i f e c t  
of th e se  two phenomena was th a t  w ith in  a couple of y e a r s ,  they  had to  
give up co tton  c u l t i v a t i o n .  Another sp ec ta cu la r  case  of r e s i s ta n c e  
has been rep o r ted  from Japan . In one r i c e  a rea  of Japan th e  m a la th io r ,  
which had been used s u c c e s s fu l ly  to  c o n t r o l  the r i c e  green le a fh o p p er ,  
U ep h o te t t ix  c incticeros began to  lo se  i t s  e f f e c t i  veness in  L95b.. The 
"confirms’tion  of r e s i s t a n c e  developed in  t h i s  p e s t  led  the re sea rc h  t o r  
a l t e r n a t i v e  chemicals which took  so much time th a t  malathion was 
rep laced  by C arbary l in  1965,

There a re  two cases of r e s i s t a n c e  in  a g r i c u l t u r a l  p e s ts  
inc luded  in  F.A.O. l i s t  fo r  In d ia ,  These a r e : (1) the  Singhara B ee tle  
(G ab-ruce lla  b irm anica) and (2) the  tobacco cutworm Spodoptera 
(prodenia)"'“I i t u r a . A sp ec ie s  of c a t t l e  t i c k  ( Boophilus m ic rop lus) 
i s  a lso  there* in th e  F.A.O. l i s t .
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X II. Evo lu t ion  or r e s i s t a n t

N atura l s e le c t io n  has r e s u l t e d  in  d is e a s e !  S p e c if ic
g e n e t i c a l ly  d i f f e r e n t  forms of p ro te  * 6 ^  againEt p a r t i c u l a r
genes in  the  host provide ^ - l e  e sa^ r e s i 3 t a nce. A lower l e v e l  
s t r a i n s  of the pathogen. 1 - wi l l  c a l l  t o l e r a n c e . Tolerance is  
of p ro te c t io n  a lso  occurs  ̂w i  c o n tro l le d  by  "the in t e r a c t i o n  of
not s t r a i n  s p e c i f i c ,  and i s  gener ■ '  ̂ r e s i s t a n c e  and to le ra n c e
s e v e ra l  d i f f e r e n t  genes. ^  ^ ^ J ^ n t a l r e s i  s tance  of Van d e r
b road ly  conform t o  th e  v e r t i c ^ ^ f n| ^ I ¥ i d 4 e s i e t s n c e  of Hooker (1967). 
Plank (1963) or the  s p e c i f i c  and g e n e r a l i t y

R es is tan ce  r e s u l t s  from the  P ^ ^ ^ f t° h e ° h o s ^
and th e  pathogen. ^ t e r n ^ ® 4 n  ^ o r  v i ru le n c e ,  r e s u l t  in  th e  b u ild -u p  r e s i s t a n c e ,  and on the pathogen , t f or v i r  _’f o r _gene r e l a t io n s h ip
of a complementary g en e tic  system wi g- those  fo r  v iru len ce
between th e  genes f o r  r e s i s t a n c e  «  when a l l  r e s i s t a n t  genes
»  &  hoet ° a r e  la tc h e d ^ b y ^ th e  complementary v i ru le n c e  genes an t h .

pathogen.

As genes f o r  r e c l a m e  a re  o f
b u i l t  up, p ro te c t io n  the  throughout i t s  re v o lu t io n a ry
the pathogen to  which i  . ihg  nathogen a lso  has to
n i s to r y .  To overcome t h i s  r ®£^? l i e n e e  genes . This accumulation of 
accumulate th e  complementary i t g  compet i t i v e
v iru le n c e  genes i n  the pa - ? l a b l e which  lack  accumulated r e s i s t a n c e  
a b i l i t y .  When h o s ts  are  a necessa ry  v iru len c e  genes,
genes the pathogen tends to  loe«  a

In  th e  h o s t ,  however, the  a c c u m u la tio n ^ ^ ^ g ^ a ^ t h e  hos t
- does not appear to  have ^ * t“ ” ef t S b i S t y  the complex g en etic  system  

ha= le s s  gen etic  and population i i e x i o i n  y
fo r  r e s i s t a n c e  tends to  be m ain ta ined .

Exampl s ^  w h e r f f t " * ^  f i r s t
pathogen are  to  be found i  l a t e - b l i g h t  r e s i s t a n c e  in
d esc r ib e d  by  F lo r  ( T 9 ) i  « i  P r u s t  0f  wheot (Watson, 195H); 
S M f f l r . f  t o S ^  ( r E c h a .  * Day, 1 965); and in  numerous 
o the r l e s s  w ell documented c a se s .

Examples of th e  red u a tio n  of c o m p e t i t ^ e  a b i l i t y  ^ f i t n e s s

S W ^ I ^ 5 8 - ^ ; 5 < t - (1958)
and Day (1966).

compared w ith th e  large amount of b reed ing  as
r e s i s t a n c e  in  c rop  p la n ts  and th  extens ^  ^  be(jn davote(J t „
sources of resistance, r e la tiv e ly  in  n a tu ra l l y  occurring
studying the g ene tic  of d isea se  ^ ^ nc ivp lv  ig  solanum, p a r t i c u l a r l y  
s p e c ie s .  The genus s tu d ied  most « ™ £ J x^ MS- 7 3 F M a ie t a n c e  to 
S', demissum wmch has provided m £ so6c ie s  have a l s oT a t T w I i h t  (Niederhauser ^  a l  l ^ J i c o t i a ^ ^ r  1954.

provided sources *  ^  4u moat  case* H t i l .  i -  of toe
Burk & Heggestad, Ihoo; an.no &



gene-for-gene  r e l a t i o n s h ip  e x is t in g  between the  h os t  and pa thogen - 
Wark (1963) has e x tra c te d  a s in g le  major gene co n fe rr in g  r e s i s - a n _ 
to a s p e c i f ic  race  of tobacco blue mould from th re e  d if fe ren t .  M cntiajna 
s u e d e s  and he has a lso  demonstrated th e  ex is ten c e  of po lygenes; 
con d it io n in g  d isea se  r e a c t io n  in  a t  l e a s t  one s p e c ie s ,  - oe ,j ? ne 
does not p rovide  r e s i s t a n c e  a g a in s t  o th e r  ra ces  of the ^  ,nog^n 
(Wark e t  a l ,  1960; H i l l ,  1963), The m a jo r i ty  of the genes condition ing  
r e s i s t a n c e  to r u s t  in  wheat, f l a x  and oats have been i s o ; .a te i  m  
c u l t i v a r s  and a lthough  th e y  probably  o r ig in a te d  lrom wild sp ec ie s  
t h i s  has not been e x te n s iv e ly  documented.

R e la t iv e ly  l i t t l e  i s  known about th e  d i s t r i b u t i o n  of v iru len ce  
genes w ith in  th e  genotype of the pathogen, b u t  in  th e  hos t  the  
r e s i s t a n c e  genes tend to  be w idely d i s t r i b u t e d  throughout «he geno.ype. 
This provides ample scope f o r  the accumulation of g en e t ic  systems for 
r e s i s t a n c e .  Although th e r e  a re  some rep o r ted  cases of m ultip le  
a l l e l i c  systems fo r  r e s i s t a n c e  which would reduce  th i s  f l e x i c i l i t y  
(Mayo, 1956: Person , 1959), s e v e ra l  such systems when su b jec ted  to 
c lose  s tudy  have been shewn t o  be c lo s e ly  l in k e d  genes anc not m u lt ip le  
a l l e l e s  (P erson , 1959),

From an e v o lu tio n a ry  point of view th e  g ene- to  gene system o.. 
d is e a se  r e s i s t a n c e  has one major d isadvan tage . I t  leaves  th e  host 
com ple tely  unpro tec ted  from the time when a v iru len ce  mutation occ’n  
in  the  pathogen u n t i l  r e s i s t a n c e  is  re s to re d  by th e  occurrence of a 
new re s i s t a n c e  gene in  the h o s t .  Hence i t  is  not s u rp r i s .n g  t h a t  a. 
a l t e r n a t i v e  system of u ro te c t io n  should have evolved to  operate  
during t h e  a l t e r n a t in g  p e r io d s  of s u s c e p t i b i l i t y  r.

IV, The E volu tion  oi ?ranre

The g e n e t ic  n a tu re  of the  systems condition ing  t ojcranes a re  
not as w e ll  understood as the  gene-fo r-gene  system condition ing  
r e s i s t a n c e .  S tab le  to le ra n c e  systems have been repo rted  from aevora i 
sp ec ie s  (Van d e r  P lank , 1963). They are not r e s t r i c t e d  to  s p e c i f i c  
s t a in s  of the  pathogen and most a re  q u a n t i t a t i v e l y  in h e r i t e d ,  in d ic a t in g  
th e  i n t e r a c t i o n  of numerous genes. S e lec t io n  f o r  to le ra n c e  would 
begin to  opera te  as soon as s in g le  gene r e s i s t a n c e  f a i l e d  and would 
continue  u n t i l  h ig h - le v e l  p ro te c t io n  was re s to re d  by a new mutation 
in  the  h o s t ,  S e le c t io n  would favour the in c o rp o ra t io n  cf toLeranc.e 
genes which r e s t r i c t  th e  rep ro d u c tiv e  r a t e  of th e  pathogen because 
such genes would, reduce the r a t e  of d isease  spread, and hence ti.e 
s e v e r i ty  c f  epidemics . The reduced rep roduction  of th e  pathogen would 
a lso  a s s i s t  i.n s t a b i l i z i n g  the  p ro te c t io n  provided, by r e s i s t a n c e  genes 
by reducing th e  frequency  of occurrence o f  new v i r u l e n t  m utants .

I t  i s  not known whether the  genes f o r  to le ran ce  a r e _independent 
of the  r e s i s t a n c e  genes or whether the  r e s i s t a n c e  genes a s s i s t  ir. 
p rov id ing  to le r a n c e .

Thus, th e  h os t  i s  p ro te c te d  by two gen e tic  systems, m aj-1 
genes p rov id ing  r e s i s t a n c e  a g a in s t  s p e c i f i c  s t r a in s  of the par,hoy o 
and polygenes prov id ing  to le ra n c e  a g a in s t  a bread spectrum of s t r a i t  -• 
The pathogen on the  o th e r  hand, tends to  r e t a i n  only th o se  censo Co,, 
v iru len ce  which a^e c u r r e n t ly  f u n c t io n a l .



V. What happens under A g r ic u ltu ra l  Systems?

When a s u s c e p t ib le  v a r i e ty  i s  grown under co n d i t io n s  favourable  
fo r  d is e a s e  development, or when r e s i s ta n c e  breaks down, the p la n t  
b reed er  i s  c a l le d  upon to  provide r e s i s t a n t  v a r i e t i e s .  When t h i s  
happensfor the f i r s t  time the  b reed er  has no a l t e r n a t i v e  but to  t e s t  
a range of genotypes a g a in s t  the pathogen th a t  i s  p re s e n t .  Because 
o f  the  h igh re p ro d u c tiv e  c a p a c i ty  o f  the pathogen and the  d e le te r io u s  
e f f e c t s  of c a rry ing  many v iru len c e  genes t h i s  u s u a l ly  r e s u l t s  in  the  
t e s t s  f o r  r e s i s t a n c e  being conducted w ith a sm all range of the  
p o t e n t i a l  v a r i a b i l i t y  in  the pathogen.

When r e s i s t a n c e  i s  lo ca ted  i t  has to bs t r a n s f e r r e d  to  genotypes 
t h a t  are  a g r i c u l t u r a l l y  a cc e p ta b le .  As t h i s  i s  a len g th y  p ro c e ss ,  
in v o lv in g  from s ix  to  e ig h t  p lan t gen era t io n s  in  the s im p les t  c a se s ,  
and many more when r e s i s t a n c e  has to be t r a n s f e r r e d  from a non- 
a g r i c u l t u r a l  s p e c ie s ,  th e  pathogen has t i n e  t o  e x h ib i t  i t s  p o t e n t i a l  
fo r  v a r i a t i o n .  A d d it io n a l  v i ru le n c e  genes a re  acquired  by m uta tion , 
sexual recom bination , or somatic recom bination . The r e s i s t a n t  genotypes 
being  developed in  the  b reed ing  programme provide th e  s e le c t io n  s ieve  
fo r  th e  m u l t ip l ic a t io n  of the  new s t r a i n s  of the  pathogen. Hence i t  
i s  q u i te  common f o r  th e  p lan t  b reeder  to  be aware of the  e x is ten c e  
of a s t r a i n  of th e  pathogen capab le  of breaking down the r e s i s t a n c e  
of h is  advanced s e le c t io n s  before  they can be re le a s e d  f o r  commercial 
u s e .

The p r o b a b i l i t y  of chance in c lu s io n  o f a d d i t io n a l  r e s i s t a n t  
genes i s  low because of th e  d i s t r i b u t i o n  o f  major lo c i  f o r  r e s i s ta n c e  
throughout th e  g e n e t ic  complement of the  h o s t .

Hence r e s i s t a n t  genotypes tend  to  have only one or a few 
genes f o r  r e s i s t a n c e  and a r e l a t i v e l y  simple g e n e t ic  change in  th e  
pathogen w i l l  re n d e r  them s u s c e p t ib le .  The p la n t  b reed er  then has to 
s t a r t  aga in .

The e f f ic ie n c y  of a d i s e a s e - r e s i s t a n t  b reed in g  programme is  
g e n e ra l ly  measured by th e  speed with which the  b re e d e r  can lo c a te  and 
in c o rp o ra te  r e s i s ta n c e  in to  accep tab le  a g r i c u l t u r a l  genotypes. These 
f a c to r s  tend to  favour the  in c lu s io n  of simple g e n e t i c  systems which 
a re  most e a s i l y  broken down. N a tu ra l ly  th e se  problems apply to  a 
l e s s e r  degree when th e re  is  ex ten s iv e  knowledge of th e  v a r i a t io n  in  
the pathogen and th e  r e s i s t a n t  sources in  the h o s t ,  e . p . , wheat r u s t ,  
n e v e r th e le s s  the problem of in c o rp o ra t in g  something analogous to  th e  
complex system p ro te c t in g ' n a tu r a l ly  r e s i s t a n t  sp ec ie s  in to  an a g r i ­
c u l t u r a l  genotype and m a in ta in ing  an ' e f f i c i e n t 1 b reed ing  programme 
i s  a very r e a l  one.

What p la n t-b re e d in g  techn iques  can be employed to  counter 
th i s  s i tu a t io n ?

I d e a l ly ,  on: wants to  in c o rp o ra te  both to le ra n c e  and r e s i s t a n c e .  
To do th i s  t h e  b reed er  must have a v a i la b le  a f u l l  range of v a r i a t io n  
in  th e  pathogen, which i s  im poss ib le ,  and have techn iques  f o r  m anipula t­
in g  a number of r e s i s t a n t  genes, which in  most cases  is  im p ra c t ic a b le .
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Techniques f o r  m anipula ting  genes a re  a v a i lab le  bu t they  re q u ire  
a ccu ra te  measurement of phenotypic ex p re ss io n . This in  tu rn  re q u ire s  
not only c lo se  coopera tion  between b reeder  and p a th o lo g is t ,  but in  
many eases b e t t e r  knowledge of th e  e f f e c t s  of environm ental co n d it io n s  
on d isease  development than i s  a v a i l a b le .  .Accurate c o n t ro l  of 
environm ental co n d it io n s  i s  a l s o  e s s e n t i a l .

There a re  s e v e ra l  a l t e r n a t i v e s  t o  th i s  h y p o th e t ic a l  id e a l  
which a re  being used , and in  numerous cases ve ry  e f f i c i e n t l y  used , to  
keep th e  ravages of p la n t  d is e a se s  a t  bay. D espite  the v a r i a b i l i t y  
of the  r u s t  fungus and th e  occurrence of s e v e ra l  new ra c e s ,  no 
s u b s t a n t i a l  lo s s e s  due to  wheat-stem r u s t  have occurred s in ce  194? 
in  areas  of A u s t ra l ia  where breeding has been c a r r ie d  out (Watson &
Luigj 1966). This success  has been achieved by s k i l f u l  manipulation 
of the g e n e t ic  d i v e r s i t y  a v a i la b le  in  the hos t (Luig & Watson, 1965) 
r a t h e r  than by the development of s t a b i l i s e d  g e n e t ic  p r o te c t io n .  I t  
i s  an u n fo r tu n a te  f a c t  t h a t  most d i s e a s e - r e s i s ta n c e  b reed ers  a re  
'breeders for" r e s i s t a n c e  or b reeders  fo r  to le ra n c e ;  r a r e l y  a re  both 
approaches combined. '

VI. Breeding fo r  R es is tance

a) New r e s i s t a n t  g e n es : The con tinued  sea rch  fo r  new 
r e s i s t a n c e  genes and the success ive  replacem ent of v a r i e t i e s ,  combined 
w ith  a c lose  s tu d y  of the v a r i a t i o n  i n  the pathogen, can often  p rovide  
an e f f e c t i v e  answer to  the d isease  as a f i e l d  problem. This method 
i s  most l i k e l y  to  be s u c c e ss fu l  i f  the  pathogen popula tion  changes 
slow ly  and th e re  i s  c o n t ro l  of the host genotypes grown. I t  i s  a 
n ecessa ry  f i r s t  approach i f  knowledge i s  lacking and provides sources 
of r e s i s ta n c e  f o r  o th e r  approaches.

1®) Combined r e s i s t a n c e : The in co rp o ra t io n  of a l l  o r sev e ra l
genes f o r  r e s i s t a n c e  in to  a common genotype i s  t h e o r e t i c a l l y  d e s i r a b le  
but p r a c t i c a l l y  d i f f i c u l t  to  achieve . Breeding popula tions  a re  
n e c e s s a r i ly  vepy la rg e  when th r e e ,  four o r  more genes are s e g re g a t in g .  
When genes from n o n -a g r ic u l tu ra l  spec ies  a re  being in co rp o ra ted ,  
c lo s e ly  l inked  d e le te r io u s  genes a r e  a problem in  m ain ta in ing  y ie ld  and 
q u a l i t y .  Accurate c o n t r o l  of the s t r a i n s  o f  pathogen i s  e s s e n t i a l  fo r  
th i s  method.

c ) M u lt i - l in e  r e s i s t a n c e : M u l t i - l in e s  or composite v a r i e t i e s
which c o n s is t  o f mechanical mixtures of p h en o ty p ica lly  s im i la r  l i n e s ,  
each of which c a r r i e s  a d i f f e r e n t  gene fo r  r e s i s t a n c e ,  were proposed 
by Borlaug (1958). The system is  based  on the hypothesis  th a t  th e  
sp a rse  d i s t r i b u t i o n  of s u s c e p t ib le  genotypes to any p a r t i c u l a r  s t r a i n  
of the pathogen w i l l  d e lay  d isea se  development. This w i l l  not only 
reduce damage but by keeping the  popu la tion  of the pathogen a t  a low 
le v e l  w i l l  reduce the  p r o b a b i l i t y  of occurrence of new v iru len c e  genes. 
This method is  t h e o r e t i c a l l y  very  promising but so f a r  i t  has only 
been te s t e d  on a very l im i te d  s c a le  (Borlaug, 1S65; Derera & W atson,1965).
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d) Novel sources of r e s i s t a n c e : Techniques fo r  the in d u c tio n
of m uta tions o f f e r  the p rospec t of lo c a t in g  and using novel s p e c i f ic  
genes where th e se  a re  not a v a i la b le  or r e a d i ly  useab le  from o th e r  
so u rces .  'While most of th e  genes f o r  d isea se  r e s i s t a n c e ^ tn a t  have 
been induced by mutation techn iques  in  crop p la n ts  a re  s im i la r  nr 
i d e n t i c a l  to  genes a lre ad y  a v a i la b le  in  world gene pools novel 
v a r ia n t s  have occurred  (F a v re t ,  1965).

T ran s lo c a t io n s  following chromosome breakage and the development 
of g en e t ic  techn iques  p e rm itt in g  chromosome s u b s t i t u t i o n  and addio .cn  
o f f e r  th e  p ro sp ec t  of u t i l i z i n g  genetic  m a te r ia l  from a l l i e d  spec ies  ^ 
where t h i s  cannot be in co rp o ra te d  by c r o s s in g .  Such genes or b locks of 
genes may provide great.?r s t a b i l i t y  than  the  mors r e a d i ly  a v a i la o le  
sources o f ' r e s i s t a n c e  . However, such t r a n s f e r s  a re  l i k e l y  to  inc lude  
genes d e le t e r io u s  to  y i e ld  o r  q u a l i t y .

V II .  Breeding f o r  Tolerance

T h e o r e t ic a l ly ,  b reeding  f o r  to le ra n c e  is  h ig h ly  d e s i r a b le ,  
p a r t i c u l a r l y  when i t  is  combined with breeding f o r  r e s i s t a n c e ,  However, 
th e re  are  many p r a c t i c a l  d i f f i c u l t i e s .  The b reed er  must be p a r t i c u l a r l y  
c a r e fu l  in  d e f in in g  h is  s e l e c t io n  c r i t e r i a .  Y ielding a b i l i t y  of the 
p la n t  i s  p robab ly  a b e t t e r  measure of to le ra n c e  than d is e a s e  symptoms, 
bu t a t t e n t io n  must b e ’given t o  t h e  r a t e  of rep ro d u c tio n  of the  pathogen. 
As the b re e d e r  w i l l  be dealing  w ith  a q u a n t i t a t i v e l y  in h e r i t e d  
c h a r a c te r  he must be a b le  to  handle la rg e  pop u la t io n s  and^ to  d is t in g u is h  
sm all phenotypic  d i f f e r e n c e s .  There must be c o n tro l  of the s t r a i n  
composition of the pathogen and coopera tion  with p a th o lo g is t  i s  
e s s e n t i a l  i f  e f f i c i e n t  s e l e c t io n  techn iques  a re  to  be developed.

About a decade ago, P ro f .  D. Lewis propounded the dictum^
11 Breed p la n ts  a g a in s t  in s e c t s  and develop chemicals t o r  c o n t ro l l in g  
d iseases"  . This was based o'n the concept t h a t  w h ile  physio log ic  
s p e c ia l i z a t io n  i s  common in  f u n g i i ,  i t  is  r a r e  or absent in  i n s e c t s .
Tne work done in  p o ta to  on b reed ing  fo r  r e s i s t a n c e  to  the golden 
nematode does not ,  however, s u b s ta n t i a t e  t h i s  view. A summary of the 
s i t u a t i o n  in  p o ta to  taken from th e  paper of C.A. Huijsman (Euphytica 
13: 223-228, 1964) i s  g iven h e re .

V I I I . Breeding fo r  r e s i s ta n c e  to  the  Golden Nematodes in  P o ta to

The f i r s t  in d ic a t io n  of gene tic  v a r i a b i l i t y  in  th e  p o ta to -  
roo t eelworm H eterodsra  ro s to e b ie n s i s  WOLL. was found by Van Der 
Laan and Hudjswan (1957) a f t e r  t e s t in g  r e s i s t a n t  o f f sp r in g  of 
CPC 1673 ( Solanum tuberosum subsp. andigena) ag a in s t  cys ts  from Peru.

In 1955, DUNNETT in  Scotland, d iscovered  th a t  c e r ta in  popu la tions  
of th e  p a r a s i t e  could m u lt ip ly  s t ro n g ly  in  the ro o ts  of r e s i s t a n t  
p o ta to  v a r i e t i e s  derived  from CPC 1673 (DUNNETT, 1 9 c7). These 
agg ress ive  p o p u la t io n s  a re  in d ic a ted  by the  l e t t e r s  AB; the  non- 
ag g re ss iv e  ones, which a re  not capable  of m u l t ip l ic a t io n  in  the above 
mentioned m a te r ia l  are  in d ic a te d  by the  l e t t e r  A(,6 ) .
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THE AB-POPULaTIGNS OF THE POTATO-ROOT EEIWQRM

Testing for AB-populations is  carried out as follows: A 
number of 12 cm pots is  f i l le d  with a so il  mixture from the f ie ld  to be 
tested . In half of them a tuber of a susceptible variety is  planted 
and in the other h a lf a tuber of a resistant variety bred from clone 
CPC 1673. After 6-8 weeks the roots at the surface j f  the pot ba lls  
are examined. I f  cysts are found on the roots of a l l  plants then the 
f ie ld  concerned is  infested  with an AB-population; i f  cysts occur only 
on the roots of the susceptible variety then an A-population is  present.. 
I f  no cysts are found then the infestation  of the pot so il  must have 
been too s lig h t and the test has fa iled .

The larvae of an AB-population have a genetic constitution  
which enables them to multiply strongly in the roots of plants 
incorporating the resistance of the clone CKJ 1673. Nothing is  knowO 
as yet about the gene or genes determining th is behaviour but whether 
or not a population can be classed as an AB-population must depend 
ultim ately on their frequency in the gene-pool of that population. Only 
populations with a high frequency w ill  be recognised as AB-pooulationa 
by the foregoing method. Once case has been described in which the 
frequency was so low that resistant varieties were grown for nine 
successive years before an attach occurred which suggested that such 
genes might after a l l  have been present in the original population 
(HUIJSMaN, 1963).

I f  the aggressiveness resu lts only from a combination of genes 
one can imagine populations in which those genes are present, but iD 
which not a single larvae has the combination required for inclusion  
in the AB races. It i s  possible that tne required combination of genes 
i s  brought about only after growing varieties with the resistance of 
CPC 1673 for a number of years. From then onwards aggressiveness 
towards the material with CPC 1673 resistance is  detectable. Summing 
up, the data obtained by the Plant Protection Service must be 
interpreted as follows:

a) 24% of the in fested  fie ld s  in the Netherlands have
populations with a hi°t> frequency of genes for aggressiveness 
towards CPC-1673 material.

h) 76% of the infested fie ld s  have populations with a very 
low frequency of these undesirable genes. Some of these 
fie ld s  may even be infested with populations in which this 
frequency is  zero.

IX. The prospects of the resistant potato varieties

a ). Thq resistant var ieties as offspring of CPC 1675: When resistant 
varieties bred from (3pC""l6l73 are grown on plots infested with populations 
which are aggressive towards this material -  in the Netherlands about 
24% of the to ta l infested  area - the infestation  of the s o i l  w ill  
increase. Dependent on the in i t ia l  degree of infestation  and i t s  
uniformity over the plot several crops of resistant varieties dan be 
grown before the population-increase is  measurable. After that i t  is  
useless to plant more of this material.
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In areas  in f e s t e d  w ith  non-aggress ive  popu la tions  a g re a t  
d ec line  in  the  degree of i n f e s t a t i o n  w i l l  r e s u l t  from th e  growing of 
r e s i s t a n t  v a r i e t i e s .  This w i l l  make i t  p o s s ib le  to ob ta in  good y ie ld  
even of s u s c e p t ib le  v a r i e t i e s ,  while the  danger o f  sp read ing  the d isease  
i s  decreased . However, i t  can be expected th a t  p a r t  of t h i s  a rea  w i l l  
be in f e s t e d  w ith  popu la tions  which in  t h e i r  gene, poo l possess  genes 
fo r  ag g ress iv en ess  towards th e se  v a r i e t i e s ,  be i t  in  low unobservable 
f r e q u e n c ie s .  In th e  course of time the  eelworm popu la tions  developed 
th e re  w i l l  m u lt ip ly  s t ro n g ly  in  th e  ro o ts  of t h i s  andigena m a te r ia l  so 
th a t  th e se  p lo ts  too w i l l  be ou tw itted  by  th i s  kind of c o n t r o l .  In 
the  N e th er lan d s ,  where p o ta to  growing i s  l e g a l l y  r e s t r i c t e d  tc once in  
th ree  years  in  any a rab le  p l o t ,  r e s i s t a n t  v a r i e t i e s  w i l l  be u s e fu l  in  
these  a reas  f o r  an e s t im a t-d  period of 15-30 years  and lo n g e r .

b ) . R e s is ta n t  v a r i e t i e s  bred from S. vernc-i and S. ku rtz ianum : The 
r e s i s t a n c e  in  th e se  sp ec ie s  i s  such th a t  v a r i e t i e s  bred  from them can 
be regarded  in  much the same way as m a te r ia l  derived  from CPC 1673. 
However, th e  a rea  in  which th ey  can a t  f i r s t  be grown s a f e ly  i s  much 
l a r g e r  and c e r t a i n l y  covers more than 90$ of t i t  t o t a l  in f e s t e d  a re a s .  
E v en tu a l ly ,  however, i t  i s  again  to be expected th a t  th e  s e le c t iv e  
e f f e c t  of the r e s i s t a n t  v a r i e t i e s  on the  l a r v a l  p o pu la tions  w i l l  
r e s u l t  in  p a r t  of the i n f e s t e d  area  becoming u n su i ta b le  f o r  t h e  
continued, growing of th e se  v a r i e t i e s .

From th e  fo reg o in g  i t  i s  apparent th a t  a number of major genes 
occurring  in  va rious  w ild  and p r im i t iv e  po ta toes  a re  used in  breeding 
fo r  r e s i s ta n c e  to  po ta to  ro o t  eelworm. However, the  p ro te c t iv e  e f f e c t  
of th e se  genes can be n u l l i f i e d  because th e  p a r a s i t e  can adapt i t s e l f  
to the environment in  the ro o ts  of th ese  r e s i s t a n t  forms, thanks to i t s  
g e n e tic  v a r i a b i l i t y .

This means th a t  th e  b re e d e rs  f o r  r e s i s t a n c e  to po ta to  
s ick n ess  have to  face  the same problem as fo r  in s ta n c e  th e  b reed e rs  fo r  
Phytophtbora r e s i s ta n c e  who are  using th e  R-genes of S. demissum.

Breeders fo r  H e terodera - r e s i s t a n c e  have th e  advantage th a t  th e  new 
races  of the p o ta to  roo t eelworm only spread s low ly . They are  a t  a 
d isadvantage  in  so f a r  as the  p o ta to - ro o t  eelworm reproduces s e x u a l ly ,  
so t h a t  i t s  g e n e t ic  v a r i a b i l i t y  is  used t o  b e s t  advantage.

A q u es t io n  which a r i s e s  is  how many d i f f e r e n t  r e s i s t a n c e  genes 
a re  l i k e l y  to  be found w ith in  the  t o t a l  of a l l  the po ta to  s p e c ie s .  The 
la rg e  number of r e s i s t a n t  wild forms which has become"known in  recen t  
years  need not be a reason f o r  optimism. I t  is  veiy  l i k e l y  th a t  the 
genes governing r e s i s t a n c e  in  th e  v a rio u s  sp ec ie s  may in c lu d e  s e v e ra l  
in d is t in g u is h a b le  oncs .  T h e re fo re ,  not a l l  of the  known, r e s i s t a n t  
w ild  spec ies  may be u se fu l  f o r  broadening the b a s is  of breeding  f o r  
r e s i s t a n c e .

I t  is  p o s s ib le  t h a t  some o th e r  form of r e s i s t a n c e  may be 
found to have a d i f f e r e n t  e f f e c t  on th e  p a r a s i t e  than the  r e s i s ta n c e  
of subsp. andigena, S. kurtz ianum , S. v e rn e i  and £>. fam a tinae. The 
economic s ig n i f ic a n c e  of such a new k ind  of r e s i s ta n c e  would be very 
g r e a t .  I t  i s ,  t h e r e f o r e ,  d e s i r a b le  to  keep search ing  fo r  new r e s i s t a n t  
forms of th e  p o ta to  and to  su b jec t  new accessions  to  in te n s iv e  
in v e s t ig a t i o n s  i n t o  th e  n a tu re  of the  r e s i s t a n c e .



Another p o s s i b i l i t y  of c o n t r o l l in g  po ta to  s ickness  l i e s  in  
the development of t o l e r a n t  v a r i e t i e s .  This must be considered  
f e a s ib le  (OOSTENBRINK, 1950). Such t o l e r a n t  v a r i e t i e s  would show 
only a sm all reduc tion  in  y ie ld  when grown in  in f e s t e d  s o i l .  The 
disadvantage  of th i s  s o r t  of m a te r ia l  i s  th a t  through i t s  c u l t i v a t i o n  
a high degree of i n f e s t a t i o n  i s  m ain ta ined , which could lead  to  g re a te r  
spread of the p a r a s i t e .  For c o u n tr ie s  where p o ta to  s ickness  i s  a lread y  
widespread and where no l e g a l  r e s t r i c t i o n s  supplement the c o n t ro l  of 
p o ta to  root eelworm by r e s i s t a n t  v a r i e t i e s ,  the breeding  fo r  to le ra n c e  
seems to  o f f e r  b e t t e r  p ro sp ec ts  than using major genes f o r  r e s i s t a n c e .
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