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S U M M A R Y  

Am/igena clones derived from mass-selected seedling populations which had been subjected to so\o- 
ral generations of natural selection in the field for late blight resistance were studied. The a\crage 
level of resistance (score about 3 on scale I-5) was better than a sample of Tuhero.sum potatoes (score 
about 4) a.nd the best individual clones were very resistant indeed. It is concluded that ,.Imli,,,,emt has 
the genetic capacity for excellent response to selection for resistance and that dlus one major obstacle 
to the use of the Group in potato breeding has been zcmoved. 

I. [ N-IRODUC-IION 

The tetraploid Andigena potatoes of South America are, so far its is known, all 
extremely susceptible to late blight caused by P/u'toplH/tora iqlc'staus, its could be 
expected from their history. The north temperate Tuherosum Group,  derived from 
them, were initially as susceptible as their parents but have built up some field resis- 
tance dur ing the past 120 years. ,4tMigena ;.: Tut~erosum hybrids have often been found 
to be productive but have rarely been used in potato breeding because, reflecting the 
Atuf~,eml cont r ibut ion ,  they are too susceptible to blight (HowARD, 1963). If .4mli- 
geua is to be used, therefore, blight resistance must tirst be constructed and the Iris- 
tory of the Tuherosunz Group  (its well as obvious a priori considerat ions) encouraged 
the belief that this should not be difficult. In the event, it has been shown that blight 
resistance can indeed be built up by the simple expedient of exposing successive gene- 
rat ions of seedlings to natural  selection in the field. This result emerged from a long- 
term mass selection experiment designed to recreate the T~thcrosttul Group  from .-tmli- 
getta materials. The experiment has now been runn ing  ['or three generations over it 
period of 7 years and  general progress has been described elsewhere (Jt)HX IYNV:S 
INST., 1966: SIMMONDS, 1966). It should perhaps be emphasised that no coHscious 
se lec t ion  ['or blight resistance per se wits made:  selection was for survival and yiel- 
ding ability in the presence of natural  attack by the pathogen. There are no R-genes 
in Andigena  so hypersensitive resistance does not enter the picture. 
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The purpose of this note is to assess fine level of field resistance attained in compari- 
son with the Tuherosum Group. 

2. M A T E R I A L  A N D  M I ! T H O I ) S  

The plant material used was a collection of nearly 100 Amli~ena clones selected for 
general field characters from populations that had undergone two or three generations 
of natural selection for field resistance to blight. As controls, standard potato clones 
were available, together with a collection of 120 Tuherostlm breeding clones (of w~rious 
origins and unselected for resistance) which were growing alongside the Andik, ena's 
in field and glasshouse. 

An isolate of Phytophlhora il!/eslans race 1,2,3,4,5,7 was used throughout this 
work, since the control materials, though not the Andig, em,'s, possessed several R- 
genes. 

The main pathological method used was a new detached leaflet test. In this, de- 
tached leaflets were held at 13 :-16~C on sheets of cellulose tissue in boxes lined with 
moist peat and inoculated by spraying with a suspension of sporangia. From each 
clone, two of the youngest fully developed leaflets (opposite laterals where possible) 
were inoculated, one on the adaxial and the other on the abaxial surface. The results 
for the two leaflets were averaged, readings being taken at day 6 as follows: 

~!~; lamina q[lected T.l'pe of  lesion Susceptihilio' group 

5 re s t r i c t ed  I 
5- 25 very slowly progressive 2 

25- 50 moderately progressive 3 
50- 75 normally progressive 4 
75-100 rapidly progressive 5 

The whole-plant spraying test (BLACK, 1960) was also used, results being scored on a 
scale 1-5. This latter test has been in standard use for some years and much experience 
goes to show that it gives a fairly reliable picture of field response. The detached 
leaflet test has been less extensively used but promises to be valuable for quick screen- 
ing at a moderate level of accuracy. 

3. R E S U L T S  

Table 1 shows that the average level of blight resistance displayed by the And(~,ena 
clones was rather better than that of Tuherosum material. Two sets of tests, on leaflets 
taken from field and glasshouse, agreed well as to ranking, thougl-t field scores were 
slightly lower. For comparison, samples of standard clones tested in parallel gave: 
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older Tuherosum clones 4-5: two known moderate resisters, 3-3.5: two known high 
resisters, I 1.5. Of  the three Andi,.,,ena sub-samples (Table I), the second and third 
were, on average, a generation more adwinced than the first and a corresponding 
advance in resistance is evident. Under British conditions a blight resistance level o1" 
aboLit 3 may be considered satisfactory so it is evident that many .4ndi<c, ena's have 
aheady reached an acceptable level of resistance from the breeding viewpoint and 
this about three sexual generations removed l'rem their South American ancestors. 

Though the ranking agreement between samples is good, the clone-by-clone c o l  
relatiens between tests are not high: 

Tuheros'tm~ clones r 0.387 [106] 
,4mli~cna clones r - 0.449 [82] 

but both are positive and highly signiticant. Replicate tests would thus be required 
for accurate assessment o1" any one clone by the detached leaflet technique. Additional 
evidence of  the validity of  the test x~.rtl s obtained by growing a sample el" 12 clenes as 
cuttings and subjecting them to the standard whole-plant  test along with Tulwro.sum 
controls.  The Amti<,,,ena's were selected For a wide range of  respense.  Results were: 
leaflet test. mean score 3.2 (range 1.0-4.8): plant test, mean score 3.3 (range 2.0 4.8): 
correlation,  r �9 0 . 7 3 6 [ 1 0 ] . p .  l ',<,: the slope ol" the regression line ol" test on test 
did net diverge significantly From unity (h - 0.6868 0.200, t 1.57): controls  

Table I. Blight resistance scol-cs [rein dctachcct [eal:lct tests o1 potatoes gio\~tl in licld and glas- 
I+lousc (scale: I very tr 5 '+or}, susceptible) 

P l a n t  G h t s s h o u s e  samples - '  l, 'iold .~amph,~ :~ 
mc l l e r ia l*  i 

(+[OII('X II lecl/I  ,~'('OI'U 5 "<i 3 (']Olle.Y 111{'~111 .~( 'ol 'e  a " ,, 3 

t e s t e d  ~ or  h's.9 + tes ted~  or  l,.'v:,'; 

Tubcrosuna  120 4.1 : 0 .07 14 115 3.7  0 .07 17 

A n d i g e m i  I 19 4 .0  t).20 21 16 3.7 �9 0 .16  25 
. . . .  "I A n d i g e n a  2 v"> t . 4  0 .19  45 2 t  _.7 0 .16  78 

A n d i g e n a  3 53 3.4 0 .12  45 48 2.9 0 .15 65 

* Andigcn:.t 2 and 3 signiticuntl_,. IllO['t2 resistant tll:.m ikndigena I and T'..iherosunl in both tests Iscc text) 
..|ndi,~'('#l(l 2 iiitd _? warolt ]tt ]Joide#! Priil)tnk'Otl It~'+l('tlt(>tld ro,~i~tc'nler a]s .-[ttdik'elul ] tllld Ttll)('vosttnt ( si~'h~" 

To.v/; h 's ,.Jlldi~ettcl 2 el 3 .si,k'lti[i(ativL'm('nt p/ttxr(; .vi.~tants qltc ,hulik'en(I I ('t Ttd~c'rostott d(llt~ It's (h'tt.\ tc'~t~ 
( voir t('.vtc'} 

i [>/[(##lz(,tllHcll('ri(l[ IllCIIC;I'Zc'/"p/(IIII.S'" 
z ,~[ll~'[['l" aUS' d e n t  (l/(JYhclll.~ &q/anti /Ion ~ (](" .~('r]*[' 
' M u s t e r  vent Fold  dchanti//on.s Jit ('h(llllp 

.-lilY(Ill/ .~elc'~l('le Klolle - (]OtleX test~;~ 
' I)tlr(']l.~(']l#li[l~llol~' ('CHC' IIlO)'C'#lllC" 
'~ P r o z e n l  +? odor u'eniKev " ,  de' l o / c '  _{ Oil IIlOi#l.~ 

T a h e l h '  1. Belvevt l t l l  L, der  Kratl( /~iuh're.Yi .sleny a l ( f  G v l t m t  clex Ein_+elhlatt-Te.~te.Y hc i  K(lrt(![Iwhl, d ie  in t  

l-'ehl l tnd  tin Gh t sha t l x  s wut'ch'n [ S k a l a  : 1 xehr  re.~i.Ytent, 5 s e h r  a#(/iill(~,) 

Tuh lea t t  I. C o t e s  de  rd.Yistan('e au  nt ih[iot t  de  t e x t s  d e . f o l i o h ' s  ch;ta('hde,v oh" potnnte.~ de  t ecre  poti.vxde,Y art 

e h a n t p  et  e#t s e r r e  (dehe lh ' :  I tt'Ox rds is t ( tn t ,  5 trOs xuxeep t i hh , )  
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were in the expected range (two s t a n d a r d  varieties,  3.0-4.0:  one known resister 2.2). 
Tile leaflet test thus gave a r easonab ly  accurate  predic t ion  o1" the whole plant  test 
and  the bigger  the sltmple the bet ter  the predic t ion .  

The quest ion of  cor re la t ion  between resistance and field characters  deserves com- 
ment ,  because it has often been found  that  resistance goes with late matur i ty  (e.g. 
ToxoPEUS, 1958). O[" the sample  of  near ly  100 ,4mfiL, e n a  clones studied,  some were 
d iscarded for reasons unconnected  with this work and 75 remained  for selection. They 
were all in the ma inc rop  matur i ty  range and  were d iv ided  into two matur i ty  ca tegor ies :  
they were also classified on a select /discard basis after  inspect ion of  tuber  characters .  
The results  (Table  2) give no convinc ing  evidence that  blight  response is re la ted to 
matur i ty  or  general des i rabi l i ty  in this mater ia l .  

Table 2. Blight resistance scores (leaflet tests) ot .4mli, c, cmt clones classified for maturity and breeding 
\alue; numbers of clones in brackets for each entry. Test of differences bet~een scores en- 
tered in main body of table: variance ratio (it 3.71 ) 2.05, not significant. 

: ~ l a l t t r i t  v ~ 

ULII'IiL'I "'2 ]HIUI':; IllC'~lll.'~' i 

Selected; 3.5 (I 5) 3.0 (27) 3.2 (42) 
Discarded" 3.0(16) 2.7 (17) _.8~ '(33) 
Means ~ 3.2 (31) 2.9 (44) 3.1 (75) 

' Re i l~ ' -_e i t  m a t t t r i t d  
' k ) ' i i h e r  p r o ; c o t e  
:~ , ~ p d t e t ' -  t a r d i l ' e  

' 3littel n t o y e  I ' 
' . ' l l l .~,k~{'[C'~(' l l  , S ( ; [ ( ' ( I i t l l l l l r  

" ] ' U I ' I I ' O I ' ] ~ ' I I  - -  ~ ; ] J n l i l l ~ ; ~ '  

Tahelle 2. Bewertun,r der Krattt[iTuh'resis/en-- (Ein-_elhhttt-Te.s'te) hci .4d~emt-Alonen,  eingeteilt n m h  
Re~/~'zeit und Ziichttmgswert.  iH Klammern die An-aid  KIoHe pro Poslen. 1 " a r i a n z a m d . v t i s c h c  

L/nlersuchzm(, der Diflerenzen zwischen den in den Tahelh'n enthaltenen ll'erten: t:'-ll'erl 
"variance ratio" (n 3,71 j 2,05, nicht .s'~r 

Tahleau 2. Cotes de rdsistance all mihliou (le.~'t.s de./olioles) ~h" clones /Jltd~ffUllU Cla.s.Sc;,V l ) O l t f  [tl Iltalllritc; 
et la va]ettr ctt]turale; hombre de clones eltlt'e parenthOsc.7 pottr cltaqtt~, itttroduction. Test de.v 
d~ff~;renccs entre lex cotes introdttilex (hm.v la par'tie principale ~ht tableau." varhmcc rapport 
(n 3,71) 2,05, non sign(float(l: 

There  may in fact b e a  weak corre la t ion  between lateness and resistance but differ- 
ences are non-s ignif icant  and  it is clear that  selection involves, at most,  trivial loss 
of  bl ight  resistance.  This does not  mean that.  over a wide range of  matur i ty ,  the cor-  
re lat ion with blight resistance is negligible" it merely means that ,  at the ma inc rop  
matur i ty  level, sat is lEctory resistance can be ma in ta ined  wi thout  risk of  significant 
loss due to unconsc ious  selection. 
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4. C O N C L U S I O N S  

Ear l ie r  work ,  based  on s imple  field obse rva t ions ,  s h o w e d  tha t  bl ight  res is tance  rose  

wi th  successs ive  g e n e r a t i o n s  o f  mass se lec t ion  and  that  higMy res is tant  c lones  were  

p r o d u c e d  (SIMMONDS, 1966). Last  season  (1966) a d v a n c e d  gene ra t i on  ,4ndixena seed-  

l ings were  g r o w n  under  heavy  bl ight  a t tack  in N o r t h e r n  I r e l and :  they  showed  a g o o d  

ave rage  level o f  res is tance  and s o m e  s t r ik ing ly  res is tant  segregates  ( K. G.  PROUDFOOT, 

pe r sona l  COlnmunica t ion) .  The  present  obse rva t i ons  show:  that  who le  p o p u l a t i o n s  

o f  Andigena c lones  se lec ted  for field cha rac te r s  (but  no t  for bl ight  res is tance per se) 

n o w  have  a general level of resistance s o m e w h a t  bet ter  than  the Tuherosum a v e r a g e :  

tha t  m a n y  ind iv idua l s  (ca. 8'),,) are  in the highly resis tant  range  (score 2 or  less):  

that  sa t i s fac to ry  levels o f  field res is tance can be ach ieved  very s imply  by m m , ' a l  
se lec t ion  and  w i thou t  the a id  o f  wi ld  species :  and  that  bl ight  suscept ib i l i ty  need  no 

longer  be an obs tac le  to the use o f  the Amli:zena G r o u p  in p o t a t o  breeding .  The  last 

c o n c l u s i o n  is pa r t i cu la r ly  t imely  because  P a x m a n  has recent ly  shown  (JoliN INNI~S 

INST., 1966) tha t  there  is a p p r o x i m a t e l y  6000 yie ld  heteros is  to be had  in F~ Amli,,,ena 
~.:. Tuberosum hybr ids  in a g r e e m e n t  wi th  the p red ic t ion  o f  HOWARD (1963). 

ZUSAMMENFASSUNG 

OBER DIE KRAUTF)(ULERESISTENZ BEI , 4 N D I G E N . q - K A R T O F F E K N  

Es wLlr,..len Andi~em,-KIonc \.elv,,endet, die 
durch Masscnauslcse :.tus S;iirrflingspopulatio- 
nen gewonnen wurden. Dicse Siimlingspopu- 
iationen wurden wfihrend mehrerer Generatio- 
nen der nati_Michen Auslese ;.ttll Phytold~thora- 
resistenz im Feld unterworfen. Ungel'Lihr 100 
Klone wurden milreis des Einzelblatt-Testes 
mit einer grOsseren ZaM yon Tul~ero.~'ttm-Klonen 
verglichcn. Aus den Ergebnissen in Tabelle I 
geht hervor, dass der durchschnitt l iche Resi- 
stcnzgrad ",on dmlig, ena (ungefiihr Note 3 bei 
einer Skala yon I b i s  5) bcdeutend besser ',v:.tr 
als der ,,on Tuberosunt (ungefiihr Note 4); der- 
jenige der besten .4mligena-Einzelklone war 
wirklich sehr gut (Notc I bis 2). Andere Ergeb- 
nisse (Tabellc 2) betreffen das Verhiihnis zwi- 
schen Krautf.Suleresistenz und Reifczeit: in 

diesem Material gab es keinc signiiikante Kor 
relation, Lind es war ollensiclatlich, dass eine 
befriedigende gesistenz h:.itte aufrechterhalten 
werden k6nnen, sogar ohne dutch Auslese au[" 
Fri.ihreife geffihrdet zu werden. Daraus wird 
geschlossen, dass die .4ml(gem*-gruppe, obwohl 
in ihrem Urzustand schr anffillig fi.ir Kraut- 
Iiiule. die genetische Fiihigkeit zu ausgezeich- 
neter Reaktion in der Resistenzzucht besitzt 
und dass ein Haupthindcrnis fi.ir die Anwendung 
dieser Gruppe in der Kartoffelzi.iciltung besei- 
tigt wurde. In diesem Zusammenhang wird 
auf die von Paxman ki.irzlich genlachte Fest- 
stellung hingewiescn, dass es im Vergleich mit 
reinen Tuherosum-Familien in Amligeml TMw- 
rosum F~-Hybrid-Familien ungefiihr 60", Er- 
tragsheterosis gibt. 

R|~SUME 

RI~SISTANCE AU MILDIOU DANS LES POMMES DE TERRE .4ND1GENA 

Les auteurs ont utilish les clones .,fndigena 
provemmt d'une selection massale dans des 
populations de plantules soumises pendant 
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plusieurs g6n4rations :~1 ]a s61ection natureilc 
au champ vis-:~l-vis du mildiou. IIs ont compar6 
quelque 100 clones au moyen d'un test sur 
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foliole d6tachde avec un vaste  6chant i l lon de 
clones Tuberosum. kes  r6sultats (Tableau  I) 
m o n t r e n t  que le n iveau moyen  de r6sistancc 
des And igena  (.cote : 3 environ sur  une 6chelle 
1-5) est s ignif icat ivement  meil leur  que ceux 
de Tuberosum (.cote de 4 environ)  et que les 
meil leurs  c lones  individuels  sont  r6ellement tr6s 
bons  (cote 1-2). D ' a u t r e s  r6sultats  (Tableau 2) 
concernent  la relation entre  la rdsistance au 
mildiou e t l a  matur i t6 :  il n 'y  a aucune  corrdla- 
t ion significative dans  ce mat6riel et il appara i t  
q u ' u n e  rdsistance sat isfaisante peut  6tre main-  
tenue sans  r isque s6rieux de perte due ~t la sdlcc- 
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tion pour  la pr6cocit6. I1 cst conclu  que le 
g roupe  Aml~eena, quo ique  hau t emen t  suscepti-  
blc au mildiou dans  son etat primitif ,  poss+de 
la capacit6 g6n6tique de r6pondre  excelIemment  
~ Ia s61ection pour  la r6sistance et q u ' u n  obstacle  
majeur  ~. l 'ut i l isat ion du groupe  dans  I 'amelio- 
rat ion de la P o m m e  de terre a 6t6 61imin6. A 
ce sujet ,  l ' a t tent ion  est attir,Ee sur la r6cente d,3- 
couverte  de Paxman  qu' i l  y a app rox ima t ivemen t  
60"~i de p roduc t ion  d'hO, t6rosis darts les families 
hybrides F~ Andigena i., Tuherosum en com-  
para ison  avec les families pures  Tuherosum. 
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