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S U M M A R Y  

Fifty five pota to  varieties were compared  with Majestic for the resistance of their tuber  tissue~ to in- 

fection by Ph.vtopht/tora in/'estans (MON1.) DE BARY in three kinds of  test using I. halved tubers;  2. 

tuber  slices and  3. whole tubers.  

Tissue resistance was better indicated by the extent  starface mycel ium developed after the fungus  bad 

grown th rough  a slice of  s t andard  thickness  (Test 2) than by the density of  surface myce l ium on the 

inoculated surface (Test I) or by the area of necrotic tissue (Test 1 and 3). 

Most  varieties that suffer few tuber  infections when grown as field crops were rated as resistant  by 

these tests. Tissue resistance as assessed by these s imple  laboratory tests, wbicb require only few repli- 

cates, could be used to select tuber-resis tant  varieties. 

1. I N T R O D U C T I O N  

A simple, quick but reliable method of selecting for tuber resistance to blight, needing 
few replicates, is required, as breeders have many seedlings to test but only a few 
tubers of each. In an attempt to devise such a test, tubers of 55 potato varieties were 
compared with Majestic by three methods during the winters of I959 and 1960. Fewer 
blighted tubers are generally fottnd in field crops of the maincrop variety Ma/estic than 
in many other varieties, and tests of tubers in the laboratory show it to be consistently 
resistant. Comparisons were made to see whether the results of laboratory tests cor- 
related with the field performance of the varieties. 

2. M A T E R I A L S  

The varieties were grown in small plots at Rothamsted and the crop kept in a cool 
store after harvest: all tests were done before the tubers sprouted. For coi~venience, 
wtrieties were tested in groups, generally of twelve, with the variety Majestic as a 
standard; early, maincrop and late varieties were included in each group. Cultures of 
P/lytophthora it~/estans were maintained on potato slices or on leaves, and dense suspen- 
sions of sporangia and zoospores were used as inoculum. 
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3. M E T H O D S  

The susceptibility of tuber tissues was assessed in three ways which, for convenience, 
are referred to as the 'half-tuber', 'tuber-slice" and "whole-tuber" tests. 

3.1. H a l f - t u b e r  test  

This was based on a technique described by MULLER, CULLEN and KOSTROWlCKA 
(1955). Three tubers of each variety were cut lengthwise and each half inoculated in 
two positions, at opposite ends of the exposed face, with a filter-paper disc (7 mm dia- 
meter) previously dipped in the spore suspension. Six "'Polythene"-lined boxes were 
used for each test group and in each were placed half tubers of each of the 12 varieties 
plus Majestic' in varying order. Damped "Airoporena" (a foamed polyurethane sheet 
supplied by Progress Mercantile Co. Ltd., London E.C. 1) was placed over each box 
and covered by a flap of "Polythene". After inoculation, the boxes were put in an un- 
heated store at 13-I 4~ The filter-paper discs were removed two days later and, after 
one week, the extent and density of surface mycelium was graded subjectively in four 
categories, from 1 (no response) to 4 (maximal response). At the end of the experiment 
(10 days) the tubers were cut and the internal spread of the fungus was assessed from 
the depth of necrotic tissue: again four categories were used : 1 = no penetration : 2 -- 
penetration less than 2 ram; 3 = penetration less than 5 mm; and 4 -:: penetration 
more than 5 ram. In 1960 the surface assessments were made after 6 days and pene- 
tration 7 days after inoculation. 

3.2. T u b e r - s l i c e  test  

A disadvantage of the half-tuber test is that the internal spread of the fungus is not 
directly related to the amount of necrotic tissue, because varieties differ in the rate at 
which cells die after infection. To overcome this, the rate at which the fungus advanced 
through the tuber tissues was estimated by inoculating an I l-mm thick slice of tuber 
tissue on one surface, and then recording the amount of aerial mycelium appearing on 
the opposite surface after a specified interval (LAPWOOD and McKEE, I961 ). 

Two slices were cut from each of six tubers of each variety and the twelve replicates 
then placed in separate boxes as in the half-tuber test. A filter-paper disc dipped in the 
inoculum was placed at each end of the slice, a. on the outer cortical tissues at the edge 
of the slice for six of the replicates, and b. on the central medullary region for the 
remainder (in 1959 only one medullary inoculation in the centre of the slice was used). 
The discs were removed after 2 days and the slices turned over, so that the uninoculat- 
ed surface was uppermost. In 1959, the extent and density of aerial mycelium on this 
surface was determined after 4, 5, 6 and 8 days, using the subjective key as in the half- 
tuber test, but in 1960 the time for penetration of each slice was estimated by Observ- 
ing the first signs of aerial mycelium. 

3.3. W h o l e - t u b e r  test  

This method was devised to test the resistance of the cortical tissues of the tuber and to 
use smaller wounds than the previous tests, in which the tuber was damaged extensive- 
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ly by cutting. Tubers were thoroughly washed but not surface-sterilised and two, wide- 
ly-spaced, shallow cuts, just sufficient to pierce the periderm, were made with a No. 3 
cork borer (6ram diameter). The small disc orperiderm was removed with forceps and 
the exposed tissue inoculated with filter-paper discs. Five or six (1960) tubers were 
arranged in different positions within and between boxes as already described. After 24 
hours at 13-14~C, tubers were transferred from the "'Polythene"-Iined to normal seed- 
boxes, and kept at 20 'C for 14 days. Tubers were then cut and penetration of the 
fungus assessed from necrosis, as previously described. Varieties differed in their reac- 
tions; some showed extensive necrosis in the outer cortex with little or no penetration 
through the vascular ring into the inner cortical and medullary tissues, whereas with 
others the reverse was true. Thus an assessment based on depth of penetration was of 
little value. The wtrious necrotic patterns shown in the FIGURE, were used to describe 
the rot on each tuber. For convenience of presentation, the various patterns are group- 
ed in three basic types. 

3.4. F ie ld  e s t i m a t e s  o f  t u b e r  r e s i s t a n c e  

These estimates proved more difficult to obtain than expected for, in 1959, there was 
little information on the field susceptibility of tubers or some new varieties. In 1960, 
Dutch varieties were included in the tests so that laboratory results could be compared 
with the Dutch gist (HoGEN ESCH and ZINGSTRA, 1957) which gives the tuber resist- 
ance of varieties widely grown in the Netherlands. However, the Dutch assessments 
for some British varieties are at variance with our experience, for example Arran Pih)! 
(early) and King Edward (maincrop), both tuber-susceptible varieties in Britain, are 
rated more resistant than Mq/estic. The assessments in TABLE 5 are based on informa- 
tion h'om various sources including the Dutch List, National Institute of Agricultural 
Botany (N.I.A.B.) field trials, the survey work of KEHOE (1961-1963) in Eire, and from 
discussion with many field workers. 

4. RESULTS 

TABLES 1 and 2 give results in the different tests for 1959 and 1960 respectively. The 
wtrietaI order within the groups was determined by maturity class and by the mean of 
individual test scores for the three tests: varieties with tuber resistance in field crops 
considered to equal or exceed that of Majestic are shown in bold type. 

To assess the value of a particular test to a breeder two criteria were used: - 1. the 
nulnber or field-resistant varieties not detected by the test and 2. the number of field- 
susceptible varieties indicated as resistant by the test score. The largest Majestic scores 
were used in these comparisons: for example, in the 1959 half-tuber tests (TABLE 1 ), the 
largest score for sporulation in five independent tests was 2,4 and for penetration 2,8 
(see TABLE 3a). 

4.1. E f f i c i e n c y  of  the h a l f - t u b e r  test  

Assessments were based on the density o1" surface mycelium and on the amount or 
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TABLE I. Detailed results of the performance of 46 varieties of different maturi ty IE - early: M - 
maincrop;  L late}, when compared with Alajestic in 1959 (Details of tests m text} 

Variety Maturity Half tubers Tuber  slices Whole tubers ~ 

sporula- penctra- sporulation scores e rot pattern 
lion scores e lion scores e medulla a cortex a I II 111 

G r o u p  1 
Duke of York E 3,2 3,6 2,3 3,3 4 6 
Craigs Alliance E 3,1 2,8 2,7 2,5 - 10 
Arran Pilot E 3,1 3,5 2,5 1,2 - 4 4 

Arran Banner M 2,9 3,8 2,5 3.8 - 3 7 
Russet Burbank M 3,0 3,0 3,0 3,3 -- I 7 
Sebago M 3,2 3,5 2,5 2,5 I 5 3 
Katahdin M 2,9 2,8 3,0 2,8 - 9 I 
Arran Viking ~ M 2,7 3,6 2,8 1,5 I 3 6 
Ontario M 2,2 2,0 2,2 1,6 5 ! 3 

Arran Victory L 2,5 3,7 2,7 2,0 1 6 1 
Golden Wonder L 1,9 3,0 1,3 1,7 7 1 
E 57' 3.5 3,8 3.5 2.2 - 8 2 

Majestic  M 2,2 2,5 2,0 1,5 - - 

G r o u p  l l  

Epicure E 3,7 3,9 2,5 3,2 10 
Home Guard  E 3,2 3,2 3,2 3,8 - 4 6 
Eclipse E 3,2 3,9 3,2 3,8 6 3 1 
Viola E 2.3 3,2 3,2 2,3 8 

UIster G rove M 3, I 3, I 3,2 3,5 8 
King Edward M 3,4 2,7 2,7 3,2 - 6 2 
Doon  Star M 3,2 3,1 2,7 2,9 I 8 1 
Pentland Crown M 2,1 2,4 1,7 1,8 6 4 
Record M 1,6 2,2 2,0 2,0 6 I 3 

Kerr 's  Pink L 2,1 3, I 3,2 3,7 - 5 3 
Shamrock L 2,2 2,3 i ,3  i ,3  8 - 
E 62" 4,0 3,8 3,5 3,6 I 0 

Majestic M 2,4 2,8 1,3 1,8 

G r o u p  II1 

Ulster Pren-der E 4,0 3,6 3,7 3,5 10 
Sharpe 's  Express E 3,5 3,8 3,3 3.0 9 1 
Ulster Chieftain E 3,0 3,8 3,0 1, I 9 I 

Ally M 3,2 2,2 3,5 3,0 - 7 3 
Majestic M 2,2 2,6 2,0 2,0 2 4 
Stormont Dawn M 1,9 3,2 1,0 2,1 I 7 

Ulster Supreme L 3,5 3,8 3,3 3.8 - I 5 
Ackersegen L 2,6 2,6 1,8 2,3 I 7 - 
Skerry Blue L 2,9 2,2 2,7 1,2 2 4 4 
Champion L 2,8 3, I 1,3 1,6 6 I I 
Spry 's  Abundance L 1,8 2,3 1,0 1,9 I 3 4 

As k 1,5 2,1 1,0 1,0 - 8 2 

Majestic M 1,9 2,2 1,8 1,8 
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TABLE I. (continued) 

Variety  M a t u r i t y  H a l f  t ube r s  T u b e r  s l ices W h o l e  t ube r s  ~ 

s p o r u l a -  pene t r a -  s p o r u l a t i o n  scores  :~ rot  p a t t e r n  
t ion scores  e t ion scores-' medul la : '  co r t ex  a 1 I[ l l I  

Group IV 

Uls te r  Pr ince  E 3,0 4,0 2,8 3,2 - 3 7 
C r a i g s  R o y a l  E 3,2 3,1 2,3 1,4 6 3 I 

Uls ler  Tarn  M 2,8 3,7 3,8 2,6 - 2 6 
K i n g  E d w a r d  M 3,7 3,0 2,7 2.7 - 
FrtH~perle M 3,7 2,2 3,2 2,7 4 4 
Ul s t e r  C r o m l e c h  M 3,0 3, I 2,7 3,0 5 4 
Ulster  Beacon  IVl 1,5 2,2 1,7 1,6 3 2 

Leins te r  W o n d e r  L 2,8 3,7 2,8 3,3 2 7 I 
U p - t o - D a t e  L 2,7 2,8 2,7 2,8 4 I 5 
Irish Chief ta in  L 3,2 2,0 2,0 1,0 8 2 
P imperne l  L 3,0 2,4 1,0 I,I ! 9 
Robijn L 2,2 2,0 1,0 1,0 9 1 

Majest ic  M 2, I 2,7 1,5 I, I - 

Sorte Re~/~'zeit Ha/he l(mdle~ Kmdlenseheihen Ganze Kmdle, '  

Sporu&- Eimh'in- Sporuhttionswerte ~ Be./hlLffhiehen- 
ti(mswerte'-' ,~,,m~,~swerte-' A/ark :~ Rim/e :~ cutsk'ht 

I II lII 

Vari~;l~; Alatttritd Demi-tuhereule,s Tranches de tuhercu/e Tuhercules' entiers ~ 

sportdaliott p&tdtrathln cote de .sporttlation'-' a.v)ect r pourri- 
COl(/2 c o l e  ~ i l loe / / e  :I t ;col 'ce :l [l/re 

I 11 111 

' See H~;UI<F II resistant to I l l  susccptiblr f iche .A.BI~II.DUNG ( I  resi.went hiv I I I  an/ii//i~,'J �9 voir 
F I ( ;  U R E  ( / - r(;.~'isHlllt t'l ]11 SIIS('('I~li/I/e ;. 

Score based on 4 cr162 ( 1 rio l'~2srJonsc 1o 4 nl;itN[lll, uni response) die ~ewel'Hiil,~.~.~/~l]~l ha~iclle auf 
4 KategovJe l l  r / k e i m '  R e a L t i o n  hi.~ 4 ~tdr/ ,~te Rd~lkt iot t  J c o t a t i o n  uII 4 Ctll~;k*ol'idf i ] I'~;~l<'[ioII IIH/I~" ~*1 4 

I'[;clclioll Itld.Vimr 1. 

:' Medul la  inocula t ion  scored 5 da~s and cortex 6 da_',>, after inocula t ion  /no/,u/atioll de,~ Alarl, x mtcll 
5 Taven hrmitiert und die der Rimh' navh 6 Tr cot~ltion.~/aires .~ur ta moetle 5 jouls apr~;.~ ['ino~ idatioti ~'! 
celles xur ta touche cot'licah" 6 jourx tlpr{;.f I'ino~ I.d~fi~;IL 

' Variet ies in bold t_,. pc sho,>, tuber resistance i n  the field Iscc I .xl~t.v 5} die ill Fet tdrm],  ank, c'vel~emul .S'Olhul 
[l('silZdll ]~'IIO][['III'usJ,~I('II-- Jill Fr ( s i e h d  T A B E I  I E 5 )  /(% I'llrJ[;fc;s ~'ll ,k'/'o,~ ~ r iiiOll[l'('ll[ de  /[i i-~;s[~[llll- 
((" dll [llh('l'cldl, dllllX Jr* c]llll?ll) ( voir I A B L E A U  5). 
Seedlings from. N. I re land found to br h ighly  susceptible to tuber b l ight  at Rothawtsted Sdm/ittee vun 
Nord- l r /and,  die i l l  Rothanl.wed a/s .~e/u" a,l~H/iv revert Kno/h, nl ihde he/linden wurden p/antu/e.~ de / ' h /ande  
dll .%told [l'OllP(;6s ]l(llllelll('lll StlSCr all m i /d lo t t  dll lll])~'ruIl/e [} RolJllllll3lt'd, 

TAm!t.Lt I. Au.~fiihrliche Ergehnisse helrqll~,ml Verhalten yon 46 Sorten mit verschiedene, Re~fezeilen 
(E .fi'iih." AI Haupternle." L ,~piit) im Yergleieh rail Majestic im Jahre 1~59. Die 
Testmethoden sind im Text hesehriehen. 

T.,XBLt:,aU I. Rdsultats d&ailh;s des petJbrmanees de 46 vari&d,v de diverses maturitJs ( E h6tive : ,~1 
principa[e r&'ohe; L lctrdive) en eomparai,von avec Majes t i c  en I959, dan.v h's te,w.~ dd- 

crits darts/e texte. 
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TMn_l:. 2. Detailed results of the performance of  24 varieties of different maturity when compared 
wilh M a j e s t i c  in 1960 (Details of tests in text) 

Variety Maturity Half tubers Tuber  slices Wholc tubc |s  ~ 

sporula- penetra- medulla cortex rot pattern 
tion scores 2 tion SCOles ~ No.'; No. '~ I I1 I11 (IV); 

G r o u p  1 
Duke of York E 3,8 2,8 - 0 4 7 l 
Arran Pilot E 3,2 2,4 12 2 0 0 I0 2 

King Edward M 3,2 2,3 I0 9 0 4 8 0 
Cayuga M 3,4 3,1 8 7 5 2 I 4 
Koopman's Blamve ~ M 3,7 3,7 4 6 I 8 2 I 
Great  Scot M 3,4 2.2 6 10 4 6 2 0 
Furore M 3,6 3,0 6 3 I 1 I 0 0 
Noordeling M 2,2 2,9 6 4 7 5 0 0 
Record M 1,8 2,6 2 0 6 0 I 5 

Voran L 1,8 2,8 4 3 I 8 I 2 
Populair L 3,5 2,4 2 0 I i 0 0 I 
Regina L 1,4 2,5 2 I 2 9 0 I 

Majestic M 2,2 2,4 4 5 4 5 3 0 

G r o u p  [1 

Bintje M 3,7 3,2 12 12 0 2 10 0 
Redskin M 3,1 2,3 10 12 0 0 12 0 
Dr. Mclntosh M 3,2 3,2 10 10 4 5 3 0 
Eigenheimer M 3,7 2,3 12 9 0 4 8 0 
Gineke M 1,3 2,7 2 10 5 7 0 0 
Sientje M 1,2 9 "~ 4 6 s 0 5 "~ 
Prof. Broekema M 0,2 2,1 0 ! 6 5 l) I 

Loman 43-35  L 2,1 2,5 4 9 2 I 7 2 
Zeeburger L 0,8 1,8 6 7 5 7 0 0 
Robijn L 2,7 2,2 0 2 7 5 0 0 
Pimpernel L 2,6 2,0 2 0 10 I 0 I 
Libertas L 0,8 2,0 2 I I 6 5 0 

Majestic M 2,0 2,3 2 7 2 4 6 0 

Sor t e  Re( feze i t  Halbe  Knol len Knol lenscheihen  Ganze  Knol len '  

Spo|'ula- Eimh'in- M a r k  Rimle  B~q'all,sfliichen- 
tionswerte'-' gm|gswe|'te'-' Z a h l  '~ Z a h l  '~ ansicht  

I I1 i l l  (IV): 

I/aridtd M a t u r i t d  DenU-tuherctdes  Tranc/|es de tuhercules  Tut~ercu/e.~entiers ~ 

.wortdat ion pdndtrat ion ntoelle dcorce aspects  de pottrri- 
c o t e  z ( .o t s  z n o l l i ] ) l ' (  ) ;  i l O l l l / ) l ' e  ~; I l l r ~  ~ 

1 11 I11 (IV); 

t = and ' See corresponding notes in Icgeo.d "FABLE 1 - siehe die entsflrechendelt .4nnwrktln,tLvzeiclten in der 
Le~ende alcfTABELLE ] -- voir les notes COl'lexpo/idaltles dglns hi h;~ende du 1ABLI-AU I. 

" Number out of 12 slices penetrated by fungus 5 days from inoculation -Anzahl Kltollenxcheil~en ( yon 12L ill 
die der Pilz 5 Tare ilach der lnokulation eill,14~'r w a r  - I l O I H h l ' e  dc • [l'allches Sill" 12 pdndtrdes pat  h, U]l(llll- 
pil,'noll 5 tours aprOs inoculatioll. 

; See FI(SURE siehe ABBILDUNG voir FI(IURE. 

TABELLe 2. Ausf i ihr l iche  Ergebnisse  des Verhal tens  yon 24 S o f t e n  | 'ersehiedener ReiJezei t  in| Vergh'ich 
nd t  Majestic im Jahre  1960. Die Untersuchungsnte thoden  s ind im Te.vt beschriehen.  

TABLEAU 2. Rd~ultats  ddtaillds des pelJ~grmaltces de 24 varidtds de ~H|'erses matur i tds  ell conlparaison 
avec Majestic en 1960 dalts les tes ts  ddctil.v dallS [e te.vte 
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D. H. LAPWOOD 

FIGURI- 
Rot pat tern  14 days after in- 
oculation of  a surfacc wound 

c g 

11 ' ABBILDUNG 
Ansicht der BeMll.fftiichen 14 
Tage nach Imp./ung einer ober- 
fliichlichen Verletzun,e 

d h IV FIGURE 
.4spect de pottrritttre 14 jours  
apres I'inoculation d'ane hies- 
sure supelJicielle 

Photo: Rothamsted E_vperimental Station 

The FIGURE shows the range of  reactions: - a. Populair, b. Rob(/n, c. Koopman's  Blauwe, d. E~eenhei- 
mer, e. Redskin, f. Bintje, g. Duke  o f  York and h. Record, and how they were condensed for TARLES I 
and 2 : - T y p e I ( a  - b) r e s i s t an t ; l l {c  - d} intermediate:  III (e : f . g) susceptible and Type IV (h}, 
see text and TABLE 2. 

Darstellang des Reaktionsbereiches: a. Populair...  h. Record,  und wie sie zusammengeJ}zsst wurden f i ir  
die TABELt_EN I u n d  2: T.vp 1 (a : b) resistent,  11 (c - d) mittel: 111 (e : f g) anfiill(e und Typ I V  
(h) ; siehe Text undTABELLE 2. 

Illustration d'une sdrie de rdactions: a. Populair...  It. Record,  et cotc;es darts les TABLEAUX I et 2: Type I 
(a : b) rdsistant; 11 (c . d) intermddiaire." III (e �9 f . g) susceptible et Type I V  (h)," voir texte et 
T A B L E A U  2. 

n e c r o t i c  t i s sue .  W h e n  t h e  e f f i c i e n c y  o f  t i le  m e t h o d  w a s  b a s e d  o n  t h e  1959 s p o r u l a t i o n  

s c o r e s  (TABLE 3 a. 1), 5 v a r i e t i e s  w i t h  r e s i s t a n t  t u b e r s  in t h e  f ie ld  g a v e  s c o r e s  g r e a t e r  

t h a n  M a j e s t i c  (2,4) ,  a n d ,  t h e r e f o r e ,  w o u l d  n o t  h a v e  b e e n  s e l e c t e d ,  w h e r e a s  t i le  f i e ld -  

s u s c e p t i b l e  K e r r ' s  P i n k  a n d  P e n t l a n d  C r o w n ,  w i t h  s c o r e s  s~llal ler  t h a n  M a j e s t i c ,  w o u l d  
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L A B O R A T O R Y  ASSESSMENTS OF THE S U S C E P T I B I L I T Y  OF P O T A T O - T U B E R  TISSUE TO BLIGHT. , .  

have been selected as resistant. Comparing tile 1959 penetration scores with Majestic 
(TABLE 3 a.2) indicate even more field-susceptible varieties as resistant. Penetration 
was estimated from the depth o1" necrotic tissue but, as noted above, the host reaction 
differs greatly in different varieties, and depends on the degree of resistance. Most 
resistant varieties show a dark brown "pitted" rot, whereas susceptible ones show a 
very light brown reaction, which ntakes the exact area of necrosis difficult to define. 
Some varieties, Pimpernel for example, support a dense surface mycelium with little 
penetration into the tissues: however, surface reaction probably indicates the suita- 
bility of the cut surface as a food base for the fungus, rather than reflecting the extent 
to which the fungus has penetrated. Thus a selection based on this test would be in- 
efficient because it would class too many field-susceptible wtrieties as resistant. 

4.2. E f f i c i e n c y  of  the t u b e r - s l i c e  test  

In this test, the fungus has first to grow through a slice of tissue of standard thickness 
and then to appear as a mycelium on the opposite surface. The extent and density of 
this mycelium should estimate resistance of the tissues better than the half-tuber test, 
which is based on the rate at which cells die. The slices were inoculated either on the 
central medulla or on the outer cortical tissues. 

Comparing medulla scores For 1959 {TABLE 3 b. l) with Mqjeslic, Ontario and Arran 
l,'iking are the only field-resistant varieties undetected and Pentland Crown is the only 
field-susceptible graded as resistant. With cortical inoculation {TABLE 3 b.2), Ackerse- 
gen and Stormont Dawn are not shown as resistant and several field-susceptible varie- 
ties are, which suggests that the outer cortex of some varieties is more resistant titan the 
inner cortex and medulla: this is also suggested by results of the whole-tuber test. 

4.3. W h o l e - t u b e r  test  

This was the least satisfactory and yet perhaps the most interesting of the three meth- 
ods. The shape of the rotted area often differed between replicates, although both 
highly resistant attd susceptible varieties showed consistent patterns. In many varieties, 
the rot was extensive in the outer cortex with little or no penetration of the fungus into 
the inner cortex or medulla. Record was of particular interest because some replicates 
showed a restricted rot of the Poptdair type (Type 1, EIGURE) whereas, in others, the 
medulla was completely rotted (Type IV, FIGURV). The rot pattern seemed to depend 
on the distance of the inoculation site from an eye and to involve the medulla when 
this was small. This suggested that the inner medulla was susceptible and was, perhaps, 
being protected in some way by the outer cortex: alternatively, the vascular ring 
(dividing the outer cortex front the inner cortex and medulla) may have been a barrier 
to the fungus. The effect of breaking through the vascular ring was, therefore, tested, 
using 6 tubers each of 12 varieties, including Record. Each tuber had two wounds, one 
shallow as used in this test previously and the other deep. The deep one was made by 
removing, with a No. 3 cork borer, a plug of tissue 6 ~11nl in diameter and 7 mm deep 
which was replaced after inoculating the cavity: the surface was then sealed with wax. 
The results (TABLE 4) showed that the depth of the wound had some effect on the exten- 
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D .  H .  k A P W O ( ) l )  

T,x~kr 4. Effect of inoculating tubers with blight, either at a surface wound or one 7 mm deep, on the 
anaount of rot of the outer cortex and inner cortex and medul]tt 

Variety Surface wound Deep wound 

cortex e medulht t cortex medulht 
(cm) (sq. Clll) (Clll) (sq. cm) 

Bintje 2,5:' 1,2 3,7 5,7 
King Edward 2,8 1,0 3,4 2,9 
Ulster Supreme 3,6 3,5 4,2 9,8 
Furore 2,6 0,4 3, I 2,0 
Majestic 2,5 0,5 2,8 1,6 
Record 1,3 0 ,2  2.6 3,4 
Prof. Broekema 1,4 0,2 2,2 I, I 
Zeeburger 2,5 0, I 2,8 1,3 
Populah- 1,7 0, I 2,0 1,0 
Regina 1,6 0,2 2,7 1,2 
Pimpernel 2,3 0, I 1,8 0, I 
Robijn 1,4 0,0 2, I 1,3 

Solve Oher/tdchliche l@rletzun~, 77<I~, I@rletzun~ 

Rillde'-' (cm) A,lark ~ (ctneJ Rind{" (cnt~ Alark ~ (cln"~ 

VariEty; Blessure supeti/icielle Blessure prolbnde 

{;COl'ee ( Ctl l  ) n l o e / / e  ( {. i l l  e ) {;corc{' ( c n l )  ntoe//e ( { ' i l l  :'~ ) 

Area of invasion beyond vascular ring. Product of mean del~th and lateral extension in tissues Bel}lll.~- 
llffclle iiher den Gel~Z.~.~hiindeh'inv tlinaus. Produk t aus mittlerer Tiel~" und .veitlicher A U.~&'/IIlUnV ill l/el. Ge wel,en 

{lit'{" d 'e l lvahissemel t t  all-dell1 de ]tl ZOllc Vtl.~('ll/Oire. Produi t  d e / a  pl'OJ}llld('lll" ItlOyC'IIII~' pill  /'e.Vl~'lt3ioll I(l[{;l'(IIu 
dtln.v les tissu.~. 

'-' Invasion of cortex when tuber c u t  t h r o u g h  i n o c u l a t i o n  p o i n t  Betel[[ tier Rillde, wenll die Knol]e I~einl hlo], U- 
/alioll.VplUlkt durc]l.t,'e.s'C]ltlilI{'ll wird eltl'ahi.ssetn#lll dr" Ill ('out]It" ct;rt i la/e gill Irov~'l'.v du poiltt d'illoCU]~ltiOll 
r{;l'l;/{; ell S#c{iollll{Itll ll' lltllel'Clt/t'. 

' Mean figures from 6 tubers, each tuber having one shallow and one deep inoculation l~litte/-_ah/en yon r 
Kllollelt, .iede m i t l ,  itlt,l" oherl'tlichlich('ll iinN einer tiel['n l nokuh t t i on  chillres nuLvenv de 6 luhercules  o.vant 
recII ~']ltlCtlll lille illOCll/clliolt .~llper/itie//e el iln{, pro/[Htdt'. 

TABI:LLIr 4. Die lt'Trkuntr {let" IinpJitil,g yon Knollen nlit P. infestans, entweder durch eine oher/tdchliche 
oder eine 7 inn{ ti~![~" Ver/etzung, auf den Un~/hn~ tier Fdule in der dusseren und {let" itmeren 
Rinde sowie des Markes 

TAI~t.EAU 4. E[lOt de I'inoculation de tuhercules avec le nlildiou, soil slit" lilt{ Dles.~ure sttper/icie/le, .soil 
Mtr title tie prQ/ol ldet lr  de  7 lilt{t, s t i r / ' i m p o r t a n c e  d e / a  potlrrilt lr{,  da;Is [a {'IHIC/IC c o r t i c a l {  

e.vlerHe el  i n t e rne ,  el  dal ts  /a ittoe]le 

s ion o f  the  ro t  in the  o u t e r  co r t ex  bu t  a l a rger  effect  on in fec t ion  o f  the  m e d u l l a ,  w h i c h  

r o t t e d  m o r e  wi th  the  d e e p e r  w o u n d .  O f  the  r e s i s t an t  var ie t ies ,  P i m p e r n e l  was least a n d  

R e c o r d  m o s t  s u s c e p t i b l e  to m e d u l l a r y  in fec t ion .  If  the  v a s cu l a r  t i sesus  can  be c o n s i d -  

e r e d  as a ba r r i e r  p r o t e c t i n g  the  s u s c e p t i b l e  m e d u l l a  o f  Rec ord ,  the  b a r r i e r  m a y  be 

b r e a c h e d  at an  eye w h e r e  tile v a s c u l a r  e l e m e n t s  a n d  ~lledulla a p p r o a c h  the  t u b e r  sur-  

face.  T h u s  in fec t ion  t h r o u g h  a lent icel  in R e c o r d  m a y  p r o d u c e  a r e s t r i c t e d  ro t ,  w h e r e a s  

i n f ec t i on  t h r o u g h  the  eye m a y  a l low the  fungus  d i rec t  access  to the  cen t r a l  s u s c e p t i b l e  

224 Etlr. Potato J., F}d. 8 (1965J No. 4 ( Dec.~ 



I_AB()RAJ()RY ASSESSMENTS ()t I]-IE SUS('EF"IIBU.lrY ()1 I;()IAJ()-IUIIF.R IISSUI- 1() IILILIHI... 

tissues. Tuber  infection of  many  varieties in the tield often occur through eyes(LAP- 
WOOD, 1961), SO the resistance score of  the medulla in tissue tests may be of  more value 
than that of  the outer cortex. This requires further investigation. 

5. I ) I S ( ' t r S S I ( ) N  

The tuber-slice test gives results that correlated with field resistance to tuber infection. 
Medulla s c o r e s  (TABLE 5) indicate the most  field-resistant varieties, but do not distin- 
guish varieties of  intermediate or low resistance. 

However,  had a breeder based his selection on the above tests, using the reactions of  
Mq/c,stic its a guide, most  of  the resistant varieties in the 55 tested would have been 
detected. There are inconsistencies" examples are Arran likink, \vhich had susceptible 
tissue but is as resistant as Alqjeslic in the field, and Spr_rLs' .,lhmMam'e, x~ ]aich, al though 
reputed resistant in tlne field and having resistant tissues, had 16". and ~8",, bliehted 
tubers in Irish trials in 1961 and 1962 when Mq/estic(not tested in 1961)had only l,,, 
(KEHOE, 1962 and 1963). 

A test for resistance during the growing period, or based on the inoculation ol'intatct 
tubers, might be expected to assess tuber resistance better than one based on the 
reactions o l ' tuber  tissue during the early storage period, but such a method will waste 
breeders '  materials. BONDE, STEVENSON a n d  CLARK (1940), WEJUIN(; a n d  O 'KEEFI!  

(1962). DAVlLA (1964) and many  others have dipped or sprayed tubers and determined 
the propor t ion  infected and the amount  of  tissue rotted but. in my experience, al- 
though such tests give a more  complete picture of  varietal susceptibility or resistance, 
they require 40-50 tubers for reliable results. Mool (1963) found good correlations be- 
tween such laboratory and field assessments but only after several tests, each involving 

9 1_ _4 tubers. 
Tests based on tissue resistance cannot  be expected to give all the information re- 

quired by the plant pathologist  but, its tissue resistance seems to be a feature common  
to many field-resistant varieties, it is a useful characteristic for the breeder to use in 
making preliminary selections. JONES, GIDDINC;S and LUTMAN (1912) assessed sporula- 
tion on tuber plugs and found some correlation with field estimates of  resistance, but 
MI~LAP, D (1961), who compared  sporulation on tuber sections, t'ailed to distinguish 
resistant from susceptible varieties. The tuber-slice test described here, is based on the 
development  of  surface mycelium on the face distant from the site of  inoculation at a 
given time after inoculation and depends on the rate the fungus grows and its capacity 
to sporulate on the host tissues: it may thus measure tissue resistance more accurately 
than methods  based on recording the density o fmyce l ium on the inoculated surface, 
or on estimatingfun,,al~ invasion from the depth of  necrotic tissue. 

A test of  this type, using 4 slices cut from 2 tubers, has been used in the breeding pro- 
gramme at the Max Planck Institute, Colo~,ne~ , Germany,  but has not been published 
(FI~.ANDSEN - personal communicat ion) .  Each tuber is first halved and at 1.~ cm slice is 
cut from each half with a plane. The surface exposed by the second cut is inoculated 
with zoospores and is then replaced on the remainder of  the half tuber. A further 5ram 
is latercut  from the slice, so that the fungus mycelium after penetrating the I-cm slice 
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D. H, I_APW()OI) 

e m e r g e s  t h r o u g h  a n o n - s u b e r i s i n g  sur face .  T h e  m a t e r i a l  is then  s co red  on 2 or  3 c o n s e c -  

ut ive days  a n d  the  r e su l t s  c o m p a r e d  w i t h  s t a n d a r d  var ie t ies .  

A f u r t h e r  a d v a n t a g e  o f  the  test  is t ha t  the  ap ica l  s ec t ion  o f  t u b e r s  can  be saved  and  

p l a n t e d .  

A( 'KNOWLEDGEMENTS 

1 t h a n k  Mess r s .  R. BAIN, J. Ct.ARgE, J. C. CULLEN, J. A. HOGEN ESCH, J. J. MAJOR, 

Mrs .  N. McDERMOTT a n d  the  late Dr.  H. J. ToxoPEuS,  for  s u p p l y i n g  t u b e r s  o f  the  

var ie t ies  used m these  e x p e r i m e n t s  a n d  Mr .  N. O. FRANDSEN for  per~llission to re fe r  

to  an u n p u b l i s h e d  t e c h n i q u e .  I a lso  t h a n k  Mrs .  A.  PHILIPS for  t echn ica l  a s s i s t ance .  

ZUSAMMENFASSUNG 

LABOR-BEL!RTEILUNGSMETHODEN BETREFFEND ANFALLIGKEIT DES KAR- 

TOFFELKNOLLENGEWEBES GEGEN KNOLLENF,~LILE (P/lyfop/l:/lora i/!/~'slaHS) 

In dieser Arbeit werden Untersuchungen be- 
schrieben, die 1959 und 1960 mit Knollen yon 55 
Soften angestellt wurden. Es handelte sich datum, 
die F/ihigkeit der P. inJ'estans die Knollengewebe 
zu befallen im Vergleich zu dieser F/J.higkcit bei 
der Sorte Majestic, deren Knollen sehr resistent 
sind, zu ermitteln. 
Es wurden drei Untersuchungsmethoden ange- 
wendet : I. halbierte Knollen, 2. Knollenscheiben 
und 3. ganze Knollen sowie rasche Bewertt, ngs- 
methoden nach Punktzahlen. in der Regel yon I 
(keine Reaktion) bis 4 (maximale ReaktionL 
Die Ergebnisse sind in den TAI~Et.t.Ft'< 1 und 2 
dargestellt, Sorten mit gleicher oder gr6sserer 
Knollenresistenz im Feld als Maies:ic sind in 
Fettdruck angegeben. 
Um den Nutzen einer einzelnen Untersuchungs- 
methode (TABELLE 3) ZLI bewcrten, wurden zwei 
Kriterien betrachtet: I. die Anzahl der feldresis- 
lenten Sorten, die dutch den Test nicht entdeckt 
wurden (die Bewertungszahlen f~r Ma/estic fan- 

den beina Vergleich als Standard Verwendung), 
2. die Anzahl der im Feld anf~illigen Sorten, die 
anhand des Labortests als resistent beurteilt 
wurden. 
Der Knollenscheibentest vermittelte die eindeu- 
tigsten Angaben bez(iglich Resistenz gegeniiber 
Knolleninfektionen unter Feldbedingt, ngen (TA- 
FIELA.E 5) und wird ftir den ZC~chter als niitzlich 
betrachtet. 
Vergleiche zwischen Soften Inach lmpfung der 
ganzen Knollen) basierten auf tier Form des be- 
fallenen Gewebes (ABBILI)UNGL Obwohl der Test 
selbst yon beschr/inktem Weft war, wurden die 
Unterschiede in der Resistenz der verschiedenen 
Knollenteile deutlich aufgezeigt. 
Bei einigen Soften z.B. Record, schien der Oe- 
f/~ssbi, indelring als eine Sperre gegeniiber dem 
Pilz zu wirken. Wurde die Sperre durchbrochen, 
so wurde das innere Markgewebe umfassend be- 
fallen (TABELLI! 4). 

RESt!ME 

( 'OTATION DE LABORATOIRI~ DE LA SUSCEP11BILITE DU IUBERCULE 

D E P O M M E D E -IE R R E A U M 1L D I O U (P/0 ' lop/~lhora  i/!/~,smns) 

Le travail ddcrit les tests executds en 1959 et en 
1960 sur des tubercules de 55 varidtds, la capacitd 
du P. inJ~'stans d'envahir les tissus du tubercule se 
determine par comparaison avec Majestic, dont 
les tubercules sont r6sistants. 
Les tests sont de trois sortes el portent sur l. des 

228 

demi-tubercules, 2. des tranches de tubercules et 
3. des tubercules entiers. Les dvaluations sont 
rapidement cotdes suivant l'dchelle I (aucune 
reaction) fi 4 (rdaction maximaleL Les rdsultats 
sont ddtaillds dans les TABLLAUX I el 2 dans les- 
quels les \arietds de rdsistance du tubercule au 

Eur. Potalo J., Vol. 8 (1965) No. 4 (Dec.) 



L A B O P . A T O R Y  A S S E S S M E N T S  O F  T H E  S U S C E P T I B I L I T Y  OF P O T A T O - T U B E R  T I S S U E  T O  B L I G F I T . . ,  

champ 6gale ou plus grande que Majestic sont 
imprimdes en gros caracteres. 
La valeur d 'un test quelconque {TABLEAU 3) est 
basde sur les deux crit6res suivants: I. le nombre 
de vari6t6s qui sont r6sistantes au champ et dont 
la rdsistance n'est pas d6celde par  le test, les cotes 
de l~,le(/e.stic servant de comparaison,  et 2. le 
nombre  de varietds susceptibles au champ que le 
test de laboratoire consid~3re comme r6sistantes. 
Le test sur tranche de tubercule donne I'indica- 
tion la plus claire de la resistance du tubcrcule 
dans les conditions au champ (TABI-IL,~,U 5) e tes t  

considdr6 utile a I'am61iorateur. 
Les comparaisons  vari6tales it partir d'inocula- 
tion de tubercules entiers sont basees sur la forme 
des tissus pourris  (H(i. I) et bien que le test lui- 
m~me soit de valeur limit~c, des difl'~rences de 
resistance de diverses rdgions du tissu du tuber- 
cule se rdv~lent clairement. 
Dans quelques varidtds, par ex. Record, la. zone 
vasculaire se re.veie agir comme une barri6re et 
quand la barriere est rompue les tissue mddul- 
laires internes pourrissent fortement { i .,,i.Ii.1 .,.tl 4). 

REFERENCES 

BONDI~, R., F. J. SSlCVI:NSON and C. V. CLARK { 19401: Resistance of certain potato varieties and seedling 
progenies to kite blight in the tubers. Phytopathoh;~.v. ,'40, 733-748. 

DArn A, E. (1964I: Late blight infection of potato tubers. ,4met. Potato J. 41, 103-112. 
HOe.tEN ESCH, J. A., and H. ZINC;SrR.:~ (19571: Geniteurslijst w,n,~r Aardappelrassen. (.Yomnfissic ter be- 

vordering van het onderzoek van nieuwe aardappelrassen, Wageningen. 147 pp. 
JONES, g. R., N. J. GIDDIN(.;S and B. F. LUTM.~,N (1912): Investigations of the potato fungus Ph.vtoph- 

Hrora iJ{l~,slalls. Bull. Vermont ,4grit. Exp. SIa. No. 168, 100 pp. 
KICHOE, H. W.{1962 1964): Potato Variety Trials. In: Res. Rep. ( for  1961-1963), PI. Sci. C r o p H u s b .  

Div., The Agric. Inst. Dublin. 
LAPWOOD, D. H. (1961): Hauh'n and tuber resistance to Pllytop/itltora ill/b.rfan.~. In: Rep. Rot/tam.st. 

Evp. f la .  1960. 123 124. 
- -  and R. K. McKEE ( 1961 ): Reaction of tubers of R-gene potato clones to inoculation with spe- 

cialized races of Phylophthora infestans. Eur. Po into J. 4, 3 13. 
M f L,.',d,~D, V. ( 1961 ): L'am61ioration de la rdsistance au Phytophlhora de la ponlnle de terrc en Belgique. 

Eur. Potato J. 4, 40-5 I. 
Mool, J. C. ( 1963): A laboratory method for testing tubers of potato varieties [or 'field resistance" to 

late blight. In: Proc. 2rid triemt. Con/i Eur. Ass. Potato Res. Pisa, 1963. 195. 
MULLER, K. O., J. C. CULLEN and M. KOSrROW!CKA (1955): Testing 'true resistance' of the potato to 

blight Ph.vtophlhora inJ~,stans. J. nat. Inst. a,r Bot. 7, 341 364. 
National Institute of Agricultural Botany, Cambridge (1964): Varieties of Potatoes. F'mrs. Leaft. naln. 

Inst. a,r Bol. No. 3, 8 pp. 
WEIHING, J. L., and R. B. O'KH-I:E (I 962): Epidemiological potentials of potato varieties in relaticm to 

late blight. Phylopatllolo,~,y. 52, 1268-1273. 

Eur. Potato J., Vol. ,~' (1965) No. 4 (Dec.) 229 


