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RELATIVE RESISTANCE OF THE POTATO CULTIVAR KRANTZ TO 
COMMON SCAB CAUSED BY STREPTOMYC~S SCABIES 

AS DETERMINED BY CLUSTER ANALYSIS 

Robert  W. Goth 1, K. G. Haynes 2, R.J. Young ~, D. R. Wilson 4, and E I .  Lauer 5 

Abstract 

Twenty potato breeding  selections and five potato cultivars (25 clones) 
were evaluated in replicated field plots for their resistance to c o m m o n  scab 
caused by Streptomyces scabies, at Presque Isle, ME and Cranesville, WV in 
1993. At harvest,  all tubers in each plot  were individually scored for the 
surface area  covered (0=0% to 5>75%) and for lesion type (0=no lesions to 
5=pitted lesions). The  individual tuber  scores for e i ther  surface area cov- 
e red  or lesion type for each plot  were totaled and divided by five times the 
n u m b e r  of  tubers to create an index of  surface area covered (SAI) or  lesion 
type (LI), respectively. Clonal mean  SAI ranged f rom 0.05 to 0.96 in Maine 
and 0.21 to 0.89 in West Virginia. Clonal mean LI ranged  f rom 0.06 to 1.0 
in Maine and  0.48 to 1.0 in West Virginia. There  were significant differ- 
ences a m o n g  clones for SAI and  LI. Clones were clustered on mean  SAI 
and LI in ME and WV. The  clones clustered into four  groups. The  resis- 
tance of Krantz and two breeding  selections, B0348-2 and B0339-1, was simi- 
lar to Ontario.  

Compendio 

Veinte selecciones de me jo ramien to  de papa  y cinco cultivares (25 
clones) fueron  evaluados, en 1993, en parcelas de campo  con repeticiones, 
para  su resistencia a la sarna comOn causada por  Streptomyces scabies, en 
Presque Isle, ME y Cranesville, WV. A1 m o m e n t o  de la cosecha, todos los 
tub~rculos en cada parcela fueron  calificados individualmente  po r  el 5rea 
de superficie cubierta (0=0 % a 5>75 %) y por  el tipo de lesi6n (0=sin 
les iones a 5--lesiones p r o f u n d a s ) .  Las cal i f icaciones individuales  p o r  
tub6rculo, tanto por  ~rea de superficie cubierta como por  el tipo de lesiones, 
para  cada parcela, fue totalizada y dividida por  cinco veces el nOmero de 
tub~rculos, para crear un indice de firea de superficie cubier ta  (SAI) o de 
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tipo de lesi6n (LI), respectivamente.  E1 promedio  clonal del SAI vari6 de 
0.05 a 0.96 en Maine, y de 0.21 a 0.89 en West Virginia. E1 p romed io  clonal 
del LI vari6 de 0.06 a 1.0 en Maine, y de 0.48 a 1.0 en West Virginia. H u b o  
diferencias significativas entre los clones, para  SAI y LI. Los clones fueron 
agrupados  de acuerdo al p romed io  de SAI y L I e n  ME y WV. Los clones se 
ag rupa ron  en cuatro grupos. La resistencia de Krantz y dos selecciones de 
mejoramiento ,  B0348-2 y B0339-1, fue similar a la de Ontario.  

Introduction 

C o m m o n  scab, caused by the actinomycete,  Streptomyces scabies (Thaxter  
1891) Lamber t  and Loria 1989 (9) is a disease that occurs on all under- 
g round  parts o f  the potato (Solanum tuberosum L.) (12). No potato  cultivar 
is immune  to infection by S. scabies, but  there is considerable variation in 
cultivar response (12). Surface lesions and pitting are the two most  com- 
mon  tuber  symptoms of  this disease. The  extent  of  the surface lesions may 
range f rom a superficial cork-like layer (russet scab) to an e r u m p e n t  raised 
corky area (raised scab). Pitted scab lesions are dark brown to black pits of  
varying depths  and d iameter  su r rounded  by straw colored t ranslucent  tis- 
sue. A tuber  can have lesions of  bo th  types. Lesions can be discrete and 
singular or  they can coalesce and  completely  cover the tuber  surface (2, 3, 
12, 15). 

Reactions of  respective cultivars to infection by S. scabies are evaluated 
either qualitatively or quantitatively. A qualitative evaluation consists of  grow- 
ing a cultivar in soil infested with pa thogenic  strains of  the organism and 
visually compar ing  the type and  a m o u n t  of  scab with that  present  on culti- 
vars with known degrees of  scab resistance. Numerical  systems of  scoring 
symptom severity are used to make  a quantitative compar ison  of  cultivars 
for their  react ion to S. scabies. Such systems are based e i ther  on the propor-  
tion of  tuber  surface covered or on the type of  lesion. Because there is a 
correlat ion between the lesion type and  tuber  surface area covered with 
lesions (1, 2, 11), ei ther  cri terion could be used to estimate the relative 
scab react ion of  cultivars. Recently cluster analysis (14) based on a combi- 
nation of  surface area covered and  lesion type has been  used to categorize 
breeding  selections and cultivars into scab reaction groups  (6). 

In this study we used cluster analysis (14) to evaluate twenty potato 
breeding  selections and five cuttivars for their  reaction to scab in field trials 
at two locations. 

Materials and  Methods 

Inoculum 

A modif icat ion of  the punc ture  m e t h o d  of  Goth (4) was used to isolate 
S. scabies f rom symptomatic  tubers. A heat-sterilized needle  was inserted 
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into the t ranslucent  tissue immediate ly  below the pitted scab lesion, and a 
tissue section was t ransferred to water agar (1.5% Difco agar).  Because pro- 
duction of  melanin  on tyrosine-containing media  is a distinguishing char- 
acteristic for  selecting pa thogenic  isolates of  S. scabies (5, 8), Streptomyces 
colonies were visually selected f rom typical bacterial colonies and  trans- 
ferred to Okanishi 's  R-2 Regenerat ion Media (R-2) containing 0.1% tyrosine 
(13). Strains that p roduced  melanin  were evaluated for  pathogenicity on 
radish (Raphanus sativus L) cv Cher ry  Belle. Those strains that p roduced  
scab lesions on radish were increased on R-2 med ium and  used for  inocu- 
lum in field studies. To increase the pathotype diversity of  the inoculum, 
peels f rom tubers with surface a n d / o r  pitted scab lesions were used to com- 
p l iment  the strains grown on the R-2 medium.  Care was taken to remove 
only the scab lesion and a m i n i m u m  of  adjacent tissue. Peels were dried at 
22-24 C for  72 hr  and  ground  dry  with a vita-mix food processor. Inocu lum 
was a mixture  of  R-2 m ed i um  with seven melanin-producing  isolates of  S. 
scabies, the dried scab tissue, and  distilled water mixed at a 1:1:1 ratio by 
volume. The  mixture was c o m m i n u t e d  with a Waring b lender  for  10 min- 
utes. The  resultant  mixture was plated on the R-2 med ia  and contained 
3x107 c f u / m l  of  melanin-forming colonies of  S. scabies. 

Twenty advanced b reed ing  selections f rom the USDA/ARS pota to  
breeding  p rog ram were tested in this study to de te rmine  their  level of  scab 
resistance pr ior  to possible release. Four of  the five cultivars included in 
the test as standards were chosen because their react ion to scab is known. 
Green  Mounta in  is scab susceptible; Russet Burbank and Super ior  are scab 
tolerant; and,  Ontar io  is scab resistant (6, 11). A recently released cultivar, 
Krantz (10), was included because prel iminary observat ions suggested it 
was resistant (E Lauer, personal  communica t ion) .  

Seed tubers of  cultivars and  breeding  selections used in this study at 
both  locations were obta ined f rom virus-tested seed stock grown at both  
C h a p m a n  Farms and Aroostook Farm at Presque Isle, Maine. 

Field Plots 

The  expe r imen t  was conduc ted  at Aroostook State Farm, Presque Isle, 
ME and the Gross Farm at Cranesville, WV in 1993. Both sites had a history 
of c o m m o n  scab. The  statistical design was a randomized  comple te  block 
with four  replications of  five-hill plots in ME and five replications of  four- 
hill plots in WV. 

The  soil at the Presque Isle location is a Caribou silt loam, to which 8.5 
metric  t / h a  o f c o m p o s t e d  cow m anure  were applied in bo th  1990 and 1991. 
Just  pr ior  to plant ing in 1993, the p H  was adjusted to 6.7 with dolomitic 
lime. The  between and the within row spacings were 92 and  32 cm. Each 
seed piece was cut, d renched  with 50 ml o f inocu lum and immediately  cov- 
ered with soil. Vines were killed 90 days after plant ing and  tubers were 
harvested and  individually scored within 30 days of  vine kill. 
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TABLE 1 . - -Ana lys i s  of variance for L11 and SAP for 25 potato clones evaluated in 
Maine and West Virginia in 1993. 

M.S. 

Source d.f. L.I. SAI 

Locations 1 1.87** 0.00 
Rep (Locations) 7 0.05** 0.29** 
Clones 24 0.31"* 0.36** 
Clones * Locations 24 0.07** 0.06** 
Error 164 0.02 0.02 

Total 220 

1Lesion index (LI) was calculated as LI=~'i~_I (lesion severity) / [5 (number of tubers) ]. 
2Surface area infected index (SM) was calculated as SM=Y~'i[1 (surface area infected) / [5 (num- 
ber of tubers). 
**Significant at the 1% level. 

T h e  soil  a t  t he  Cranesvi l le ,  WV l o c a t i o n  is a c l i m e r  l o a m  in to  which  
c o m p o s t e d  m a n u r e  at  8 t / h a  a n d  h y d r a t e d  l ime  to ad jus t  t he  p H  to 6.0 
were  i n c o r p o r a t e d  by d i s c i n g j u s t  p r i o r  to  p lan t ing .  T h e  b e t w e e n  a n d  wi th in  
row spac ings  were  136 a n d  26 cm,  respect ively.  Well  s u b e r i z e d  s eed  p ieces  
with eyes o r i e n t e d  u p  were  h a n d  p l a n t e d .  T h e  i n o c u l u m  at  this  l oca t i on  
was the  p o p u l a t i o n  o f  S. scabies p r e s e n t  in  the  soil. 

Scoring 

Every  t u b e r  in  the  p lo ts  was e x a m i n e d ,  a n d  the  p e r c e n t a g e  sur face  a r ea  
with scab les ions  was e s t i m a t e d  us ing  a 0-5 scale w h e r e  0=none ;  1=1-10%; 
2=10-25%; 3=25-50%; 4=50-75%; a n d  5=76-100% of  t he  su r face  a r e a  cov- 
e red .  Les ion  type was b a s e d  o n  those  u s e d  in the  a s ses smen t  key  o f  J a m e s  
(7) w h e r e  0=no  scab; l = s u p e r f i c i a l  l es ions  less t han  1 0 m m  d i a m e t e r ;  2=su- 
pe r f i c ia l  l e s ions  g r e a t e r  t han  1 0 m m  in d i a m e t e r ;  3=ra ised  les ions  less t han  
10mm in d i a m e t e r ;  4=ra ised  les ions  g r e a t e r  t han  10mm in d i a m e t e r ;  a n d  
5=p i t t ed  scab  o f  all  d i ame te r s .  W h e n  t u b e r s  h a d  m u l t i p l e  les ions ,  the  mos t  
severe l e s ion  type was ass igned.  

LI a n d  SAI were  ca l cu l a t ed  fo r  e a c h  4-5 hi l l  p lo t  as t he  s u m  o f  the  indi-  
v idual  l e s ion  r a t i n g  o r  sur face  a r e a  c o v e r e d  ra t ings  respect ively,  d iv ide d  by 
5 t imes  the  n u m b e r  o f  tubers .  F o r  each  loca t ion ,  a c lona l  m e a n  LI a n d  S M  
was ca lcu la ted .  T h e  u n w e i g h t e d  p a i r - g r o u p  m e t h o d  us ing  a r i t h m e t i c  aver- 
ages  was u s e d  to c lus te r  the  c lones  (14) o n  c lona l  m e a n  LI  a n d  SAI for  b o t h  
loca t ions .  
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TABLE 2.--Response of potato clones to common scab in Maine and West Virginia 
in 1 993. Average lesion index (LI) 1, average surface area infected index (SAI) 2, 
and respective cluster for 25 potato clones. 

LI SM Cluster s 

Clone Maine WVa Maine WVa 

BO178-34 0.96 1.00 0.82 0.76 4 
BO257-12 0.94 1.00 0.96 0.79 4 
BO257-3 0.97 0.99 0.83 0.71 4 
BO257-9 0.86 1.00 0.61 0.80 3 
BO306-6 0.87 1.00 0.85 0,80 4 
BO311-2 0.86 1.00 0.61 0,67 3 
BO312-10 0.81 1.00 0.90 0,85 4 
BO324-25 0.75 0.97 0.71 0,69 3 
BO329-1 0.78 1.00 0.71 0.74 3 
BO339-1 0.32 0.48 0.31 0.49 1 
BO348-2 0.19 0.74 0.21 0.42 1 
BO362-2 0.67 1.00 0.55 0.88 3 
BO427-7 0.84 1.00 0.69 0.68 3 
BO455-8 0.87 1.00 0.74 0.89 3 
BO493-8 1.00 1.00 0.92 0.87 4 
BO615-2 0.53 0.78 0.60 0.34 2 
BO616-1 0.78 0.79 0.63 0.70 3 
BO809-10 0.79 0.99 0.62 0.72 3 
BO813-7 0.99 1.00 0.89 0.82 4 
B9922-11 0.75 0.59 0.76 0.39 2 
Green Mountain 0.81 1.00 0.87 0.73 4 
Krantz 0.06 0.65 0.05 0.21 1 
Ontario 0.26 0.78 0.23 0.42 1 
Russet Burbank 0.72 1.00 0.62 0.63 3 
Superior 0.64 0.98 0.47 0.38 2 

ILesion index (LI) was calculated as LI=Y'i~ 1 (lesion severity)/[5 (number  of tubers]. 
2Surface area infected index (SM) was calculated as SAI=~I~_ 1 
(surface area infected) / [5 (number of tubers). 
SBased on cluster analysis using the unweighted pair-group method. 

Results  and Discussion 

T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  M E  a n d  W V  f o r  LI  b u t  n o t  

f o r  SAI ( T a b l e  1). O v e r a l l ,  m e a n  L !  was  m o r e  s e v e r e  in  W V  ( L I = 0 . 9 1 )  t h a n  

in  M E  ( L I = 0 . 7 2 ) .  N e a r l y  all  o f  t h e  l e s i o n s  i n  W V  w e r e  o f  t h e  d e e p l y  p i t t e d  

type ,  w h e r e a s ,  r a i s e d  l e s i o n s  o c c u r r e d  m o r e  f r e q u e n t l y  i n  M E  t h a n  i n  WV. 

T h e s e  d i f f e r e n c e s  i n  l e s i o n  t y p e  b e t w e e n  l o c a t i o n s  m a y  b e  d u e  to  i n t e r a c -  

t i o n s  b e t w e e n  t h e  i n o c u l u m ,  r e s i d e n t i a l  p o p u l a t i o n s  o f  S. scabies a n d  t h e  

e n v i r o n m e n t .  R e p l i c a t i o n s  w i t h i n  e n v i r o n m e n t s  w e r e  a l so  s i g n i f i c a n t  s o u r c e s  
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o f  va r i a t ion  fo r  b o t h  LI  a n d  SAI (Table  1) i n d i c a t i n g  t ha t  t h e r e  was a g rea t  
dea l  o f  va r i a t i on  in t he  f ields fo r  these  two indices .  

T h e r e  were  also s ign i f ican t  d i f f e r e n c e s  a m o n g  c lones  fo r  LI a n d  SAI 
(Table 1). LI  r a n g e d  f r o m  0.06 to 1.00 in ME a n d  0.48 to 1.00 in  WV (Table  
2). SAI r a n g e d  f rom 0.05 to 0.96 in ME a n d  0.21 to 0.89 in WV (Table  2). 

C lones  were  c lu s t e r ed  in to  f o u r  g roups .  N ine  b r e e d i n g  se lec t ions  clus- 
t e r e d  in  a g r o u p  with Russet  B u r b a n k ;  two b r e e d i n g  se l ec t ions  c l u s t e r e d  in 
a g r o u p  with  Supe r io r ;  seven b r e e d i n g  se lec t ions  c l u s t e r e d  in  a g r o u p  with 
G r e e n  M o u n t a i n ;  and ,  two b r e e d i n g  se lec t ions  a n d  Krantz  c l u s t e r e d  in a 
g r o u p  with  O n t a r i o  (Table  2). T h e  O n t a r i o  c lus ter  cons i s t ed  o f  the  mos t  
scab r e s i s t an t  c lones ,  as e x p e c t e d .  Krantz  h a d  the  lowest  SAI o f  t he  fou r  
c lones  wi th in  this  g r o u p  in b o t h  ME a n d  WV. In  WV, LI  was less for  o n e  o f  
the  two b r e e d i n g  se lec t ions  t h a n  fo r  Krantz  in the  O n t a r i o  cluster .  T h e  
c lones  tha t  c l u s t e r e d  in to  s epa ra t e  g r o u p s  a r o u n d  Russe t  B u r b a n k  a n d  Su- 
pe r io r  were  s e p a r a t e d  by bo th  SAI a n d  LI, with d i f f e rences  in SAI jus t  sl ightly 
g r e a t e r  t h a n  d i f f e r ences  in LI. U n d e r  these  cond i t i ons ,  the  c lones  in the  
S u p e r i o r  c lus t e r  were  m o r e  scab t o l e r a n t  t han  the  c l o n e s  in the  Russet  
B u r b a n k  cluster .  As e x p e c t e d ,  t he  c lones  in the  G r e e n  M o u n t a i n  c lus ter  
were  t he  m o s t  scab suscept ib le .  T h e  c lus t e r ing  o f  t he  f o u r  c h e c k  c lones  
(Russet  B u r b a n k ,  Super io r ,  G r e e n  M o u n t a i n ,  a n d  O n t a r i o )  was cons i s t en t  
with pa s t  r esu l t s  (6) w h e r e  G r e e n  M o u n t a i n  was t h e  m o s t  suscep t ib l e ,  
O n t a r i o  was the  mos t  res is tant ,  a n d  Russet  B u r b a n k  a n d  S u p e r i o r  were  in- 
t e r m e d i a t e .  

Th is  s tudy  has  ver i f ied  the  h i g h  level o f  scab res i s tance  f o u n d  in Krantz,  
a re la t ively  new rus se t - sk inned  p o t a t o  cul t ivar  (10). Th is  cu l t ivar  s h o u l d  be  
c o n s i d e r e d  fo r  p r o d u c t i o n  by g rower s  who  have scab in fe s t ed  f ields.  

Th is  s tudy  h a d  also d e m o n s t r a t e d  the  usefu lness  o f  c lus te r  analysis as 
p r o p o s e d  by G o t h  a n d  Haynes  (6),  in ca t ego r i z ing  the  scab  r e a c t i o n  o f  
b r e e d i n g  se lec t ions .  
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