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ABSTRACT 

Tubers o f  seve ra l  po t a to  c lones  and cul t ivars  were  

sc reened  for  suscept ib i l i ty  to  in fec t ion  by zoospores  o f  

Phy toph thora  ery throsept ica  (causa l  agent  o f  pink ro t )  

and mycelia  o f  P y t h i u m  u l t imum (causal  agent  o f  leak)  

ove r  a th ree -year  per iod,  f rom 2003-2005. Inc idence  o f  

in fec ted  tubers  (%)  and p e n e t r a t i o n  o f  ro t  (mm)  were  

the  pa rame te r s  used  to  d e t e r m i n e  the  suscept ibi l i ty  o f  

each po ta to  clone.  Responses  o f  each po ta to  clone were  

compared  to  cu l t ivars  wi th  known res i s tance  or  suscep- 

t ib i l i ty  to these  pathogens .  Tubers  o f  cul t ivars  At lant ic  

and Snowden have  mode ra t e  r e s i s t ance  to infec t ion  and 

coloniza t ion  by P. ery throsept ica  and P. ul t imum, respec-  

tively, and were  used  as the  r e s i s t an t  checks. Cal t ivars  

Russe t  Norko tah  and Red Nor land  are  suscept ib le  to  

in fec t ion  by bo th  pathogens .  A number  o f  po ta to  clones 

demons t r a t ed  r e s i s t ance  to  p ink  ro t  equal  to  or  g rea t e r  

than  the cont ro l  cu l t ivar  At lant ic ,  including Etb  6-5-2, 

ND5822C-7, ND6956b-13, ND7443Ab-44, ND7443Ab-181, 

ND7818-1Y and J101K6A22. In addi t ion  to demons t ra t -  

ing the  highest  r e s i s t ance  to  p ink  rot ,  Etb 6-5-2 was the  

only clone tha t  d e m o n s t r a t e d  res i s tance  to leak  g rea t e r  

than  or  equ iva len t  to  the  r e s i s t an t  cul t ivar  Snowden. E tb  

6-5-2 is a backcross  der iva t ive  f rom a somatic  hybrid o f  

So lanum e tuberosum and S o l a n u m  berthault i i  and will 

be inves t iga ted  f u r t h e r  as a po ten t i a l  source  o f  resis- 

tance  to these  two  s to rage  ro t  diseases.  

RESUMEN 

Los tub6rculos  de var ios  clones y cul t ivares  de papa  

fueron  tamizados  para  suscept ibi l idad con zoosporas  de 

Phy top thora  erythrosept ica ( agen te  causal  de pudric ion 

rosada)  y con micel io Py t h i um  ul t imum ( agen te  causal  

de pudr ic ion acuosa  o go te ra )  en  un per iodo  de t res  afios, 

del  2003 al 2005. La incidencia  de tub6rculos  infec tados  

(%)  y la  profundidad de la pudrici6n (mm)  fue ron  los 

parf imetros  usados para  de te rmina r  la  suscept ibi l idad en 

cada clon de papa. Las respues tas  de cada d o n  fueron  

comparadas  con las de cul t ivares  de conocida res i s tenc ia  

o suscept ibi l idad a es tos  pat6genos.  Tub6rculos de los 

cul t ivares  At lant ic  y Snowden que t i enen  res i s tenc ia  

moderada  a la infecci6n y colonizaci6n por  P. ery- 

throsept ica y P. u l t imum respec t ivamente ,  fue ron  usados 

como tes t igo  res is tente .  Los cul t ivares  de Russe t  Norko- 

tah  y Red Norland son suscept ibles  a la infecci6n de 

ambos  pat6genos .  Varios c lones  de papa m o s t r a r o n  

res i s tenc ia  a la pudrici6n rosada,  igual o mayor  que el 

t e s t i go  At lant ic ,  inc luyendo,  Etb  6-5-2, ND5822C-7, 

ND6956b-13, ND7443Ab-44, ND7443Ab-181, ND7818-1Y 

y J101K6A22. Ademfis de demos t ra r  muy a l ta  res is tencia ,  

E tb  6-5-2 rue el alnico clon que  demost r6  res i s tenc ia  a la  

go te ra  en  mayor  proporc i6n o equiva len te  al cul t ivar  

r e s i s t en t e  Snowden.  Etb  6-5-2 es producto  de una  re t ro-  

cruza  der ivada  de an  lu3)rido somfitico de So lanum 

e tuberosum y S. berthault i i  y serfi inves t igada  adicional-  

men te  como fuen te  potencia l  de res i s tenc ia  a es tas  dos 

pudr ic iones  de tub6rcuios  almacenados.  
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INTRODUCTION 

Pink rot of potato (Solanum tuberosum L.) caused by 

Phytophthora erythroseptica Pethyb. and leak caused by 

Pythium ultimum Trow are two important soil-borne diseases 

of potato (Secor and Gudmestad 1999). The name 'pink rot' 

describes the diagnostic pink color that appears in infected 

tuber tissue when cut and exposed to air for 20-30 minutes 

(Cairns and Muskett 1933; Goss 1949; Jones 1945). The com- 

mon disease name of 'leak' is descriptive of the exudation of 

water droplets from the blackish, soft, watery breakdown of 

tissue of infected tubers (Blodgett and Ray 1945; Jones 1935). 

These diseases can cause severe yield losses in fields and in 

storage facilities (Secor and Gudmestad 1999). 

Infection of tubers by P. e~throseptica generally occurs 

via stolons (Lonsdale et al. 1980). However, tubers can also be 

infected by zoospores through tuber eyes (Salas et al. 1997) and 

tuber wounds (Salas et al. 2000). P. ultimum is incapable of 

penetrating the undamaged skin of the tuber (Hawkins and 

Harvey 1919; Taylor et al. 2004). Thus, infections by the leak 

pathogen predominantly originate from cuts and wounds, and 

only occasionally occur through the stem end (Blodgett 1945). 

Studies on cultivar susceptibility to P. erythroseptica and 

P. ultimum are scarce and generally outdated, involving potato 

cnltivars no longer in production or not grown in the United 

States. Furthermore, most studies on cnltivar susceptibility to 

pink rot and leak involve one pathogen or the other and do not 

evaluate susceptibility to both diseases. In studies involving 

pink rot, Cairns and Musket (1939) evaluated 51 cnltivars and 

found all were susceptible. Similarly, Jones (1945) determined 

that all eight cultivars tested were susceptible to pink rot. Other 

studies have identified that cultivars exhibited various levels of 

susceptibility. Goss (1949) reported that cvs Irish Cobbler and 

Kasota had a lower incidence of pink rot infection than cvs 

Warba and Pawne. Fernandez-Northcote et al. (1972) reported 

that tubers of only four clones were found to be resistant to 

pink rot after screening 13 cultivars and 242 native clones from 

Peru. Lennard (1980) also identified differing levels of suscep- 

tibility to pink rot among cultivars. More recently, Peters and 

Sturz (2001) reported that plantlets of cvs Butte and Russet 

Burbank were the least susceptible to pink rot, and those of cvs 

Goldrush and Yukon Gold were the most susceptible. In a fol- 

low-up study, Peters et al. (2004) determined that tubers of cvs 

Norland and Shepody were significantly more susceptible to 

pink rot than those of Goldrush, Russet Burbank and Butte. 

Regarding the susceptibility of potato tubers to the leak 

pathogen, Jones (1935) reported that none of the 15 potato cul- 

tivars grown in British Columbia, Canada were resistant to 

leak. Hawkins and Harvey (1919) found that incidence of leak 

in cultivars can range from 0 to 91%. Priou et al. (1997) con- 

cluded that some cultivars were more susceptible than others 

to infection byP. aphanidermatum, the leak pathogen in trop- 

ical areas. 

Only one study has examined the susceptibility of potato 

cultivars to both pink rot and leak. Salas et al. (2003) screened 

34 cultivars for their susceptibility to both pink rot and leak. 

They found no cultivars resistant to both pathogens. However, 

cvs Atlantic and Snowden were found to be moderately resis- 

tant to pink rot and leak, respectively. 

Since pink rot and leak storage rots generally occur 

together in the same production area, the identification and 

development of resistance in potato germplasm to both dis- 

eases would be a valuable genetic resource for potato breed- 

ing programs to exploit. The primary objective of this study 

was to assess the reaction of tubers of potato clones to infec- 

tion by zoospores of P. erythroseptica and mycelia of P. ulti- 

mum, and to compare infection and penetration rates of both 

pathogens to a set of control cultivars. Emphasis was placed 

on evaluating germplasm from the North Dakota State Univer- 

sity (NDSU) potato breeding program that demonstrated some 

level of resistance to late blight, caused by Phytophthora 

infestans, as well as potato germplasm from other breeding 

programs with known resistance to other pests and pathogens 

used extensively by the NDSU potato breeding program as 

parental material (Novy et al. 2002, 2004). 

MATERIALS AND METHODS 

Potato Germplasm, Cultivation, Harvest and 
Pre-inoculation Handling 

Seed tubers of the four control cultivars - -  Atlantic, 

Snowden, Red Norland and Russet Norkotah - -  with known 

resistance or susceptibility to pink rot and leak (Salas et al. 

2003) were obtained from seed potato producers in North 

Dakota (ND), Minnesota (MN), or from private companies. 

Atlantic was used as the pink rot resistant check and Snowden 

was used as the leak resistant check. Seed tubers of all selec- 

tions evaluated for resistance to these two diseases were 

grown by the potato breeding program at North Dakota State 

University. A total of 11 potato clones were tested in multiple 
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years since they had demonstrated resistance to one or both 

pathogens. An additional 59 potato genotypes were evaluated 

in only one year over the course of these studies. Whole or cut 

seed tubers were used for planting. All check cultivars and 

potato clones were produced in single rows (30 m) in field 

plots with overhead irrigation near Dawson, ND, in 2003-2005. 

Cultural practices during the growing season were those rec- 

ommended for potato production in North Dakota. Tubers 

were harvested at maturity, visually inspected for pink rot and 

leak symptoms, and placed in a room at 15 C and 90% RH for 

two weeks to promote wound healing. Thereafter, tubers of all 

cultivars and potato clones were stored at 10 C for two to three 

months before inoculations. Disease-free tubers (140 to 190 g) 

were acclimated to room temperature (20 to 24 C) two to three 

days prior to inoculations. No natural infections of pink rot or 

leak were observed in any year of the study. Preliminary stud- 

ies indicated that the frequency of infection by P. erythrosep- 

tica in surface sterilized tubers with 0.5% NaOC1 and 

non-surface sterilized tubers were similar (Salas et al. 2003). 

Therefore, tubers used for inoculations were not surface ster- 

ilized or washed prior to inoculation. Tubers used for inocula- 

tion with P. erythroseptica had the apical and at least one 

lateral eye free of soil, and those used for inoculation with P. 

ultimum had intact periderm prior to inoculation. 

P a t h o g e n  I s o l a t e s  
Previous studies demonstrated that cultivar responses to 

P. erythroseptica and P. ultimum were not affected by the use 

of multiple isolates of each pathogen. Thus, only one isolate of 

each pathogen was used in the studies reported here (Peters et 

al. 2004; Salas et al. 2003). P. erythroseptica isolate PR-266-2 

from Washington, obtained in 2000, was used to evaluate lev- 

els of resistance to pink rot. Isolate 153-7 P. ultimum, obtained 

in 1997 from an infected tuber from Idaho, was used to evalu- 

ate resistance to leak. Isolates were identified based on 

described morphological characteristics (Plaats-Niterink 1981; 

Stamps et al. 1990), and were used in previous studies (Salas 

et al. 2003; Taylor et al. 2004). Pathogenicity of both pathogens 

was maintained by inoculating freshly wounded Russet Bur- 

bank tubers with colonized agar plugs of the isolates. These 

preliminary studies showed that both isolates were highly 

pathogenic. Isolate pathogenicity was maintained every year 

through inoculation to Russet Burbank tubers and re-isolation 

on water agar culture plates. 

Inocula t ions  wi th  P. erythroseptica 
A method reported by Vujicic and Colhoun (1966) and 

modified slightly by our research group (Taylor et al. 2004) 

was followed to obtain zoospores of P. erythroseptica. Clari- 

fied V8 (CV8)juice agar and CV8 juice broth were used instead 

of pea extract. CV8 juice agar contained 100 ml of CV8 juice, 

15 g agar, and 900 ml of deionized distilled water. A stock of 

CV8 juice broth contained 100 ml of V8 juice filtered through 

four layers of cheesecloth, and 900 ml deionized water. To 

obtain mycetial mats ofP. erythroseptica, three mycelial disks 

(3 mm diam.) of the pathogen grown on CV8 juice agar for 

three days were placed on each plastic petri dish (8.5 cm), 

flooded with 10 ml of autoclaved CV8 broth, and incubated in 

darkness at room temperature (20 to 24 C) for three days. To 

induce sporangia formation, the CV8 juice broth was dis- 

carded, and replaced with 10 ml/petri plate of a filtered and 

autoclaved soil extract (100 g soil from potato field in 900 ml 

deionized water), after rinsing the mycelial mats two to three 

times with sterile deionized water. These cultures were further 

incubated for 36 to 48 h under continuous light in an incubator 

(20 C+I). Finally, to induce the release of zoospores, cultures 

were chilled at 10 C_+I for 1 h, and re-warmed at room tem- 

perature (20 to 24 C). Abundant zoospore release occurred 

within 15 to 25 minutes. A hemacytometer was used to obtain 

an inoculum concentration of 2 x 104 zoospores mV. The 

zoospore suspension was chilled (8 to 10 C) until inoculations 

were made within 10 to 60 rain. Before inoculations, tubers 

were placed in plastic moist chambers (33 cm long x 24 cm 

wide x 12 cm high) lined at bottom with plastic canvas mesh 3. 

Each tuber was inoculated by placing a single drop of inocu- 

lure (10 lf1-200 zoospores) on each of the three apical eyes of 

tubers (one apical plus two next laterals) (Taylor et al. 2004). 

Control tubers were inoculated only with sterile distilled 

water. After inoculations, tubers were covered with two layers 

of wet paper towels before closing the moist chambers to 

maintain high humidity, thereby promoting infection. All inoc- 

ulated tubers in moist chambers were incubated in darkness at 

room temperature (20 to 22 C) for 10 to 12 days. 

Inocu la t ions  wi th  P. u l t i m u m  

All tubers were wounded on one side before inoculations. 

The wounding procedure involved the removal of periderm by 

manually abrading a 1 cm x 1 cm area with ,an abrasive pad 

(no. 96) near the middle of one side of each tuber as previously 



152 AMERICAN JOURNAL OF  POTATO R E S E A R C H  Vol. 84 

descr ibed (Taylor et al. 2004). The abraded area had the perid- 

erm removed with little damage to the underlying tissue. Inocu- 

lure of P. ultimum was prepared by growing the isolates on 

modified V8 juice agar (100 ml V8 juice, 1.25 g CaCO,  900 ml 

water) for 48 hours. One P. ultimum colonized agar plug (5 mm 

diam.) cut  from the colony margin was placed on the freshly 

wounded  tuber tissue. Control tubers were  inoculated with mod- 

ified V8 juice agar plugs. The inoculated tubers were placed in 

plastic moist  chambers as described above, and were incubated 

in darkness at room temperature (20 to 22 C) for 5 to 6 days. 

Disease Assessment 
Inoculated tubers were  removed from moist  chambers  

and were  sliced in half through the inoculation point. To evalu- 

ate pink rot, tubers  were  bisected longitudinally f rom the api- 

cal  to basal  ends. 

Tubers were  split per- 

pendicular  to the longi- 

tudinal axis to assess 

leak. Tuber  halves  

w e r e  cove red  with  

Then penetrat ion of  rot was calculated using the formula 

reported by Lapwood et al. (1984): Penetrat ion = [W/2+(D-5)]/2. 

Experimental Design and Data Analysis 
Each exper iment  involving inoculat ions of pota to  clones 

and check  cultivars was arranged in a completely  randomized 

design with four replicates per  cultivar. A replicate consis ted 

of  a set  of  ten tubers  per  cultivar or  selection. Non-inoculated 

tubers  of  each pota to  genotype se rved  as controls. All control  

cultivars were  included in each year  of  the study. All data  were  

subjected by year  to one-way analyses of  var iance utilizing the 

General  Linear Model  procedure  of  SAS version 9.1 (PROC 

GLM, SAS Institute, Inc., Cary, NC). Fischer 's  pro tec ted  least 

significant difference test  (LSD) (P = 0.05) was used to deter- 

mine all mean separations. Data f rom 11 genotypes and the 

TABLE 1--Infection incidence (%) and penetration severity (ram) in 2003 of P h y t o p h t h o r a  

e ry th rosep t i ca  (pink too  and Pythium ultimum (leak) on challenge inoculated 

tubers of control cultivars and potato clones f rom the North Dakota State University 

breeding program. 

P. erythroseptica P. ultimum 
Selection a Incidence (%) Penetration (ram) Incidence (%) Penetration (ram) mois t  paper  towels  to 

enhance  the develop- 
Etb 6-5-2 O.0 - -  7.5 14.2 

ment  of  the pink dis- ND 7388Ab-1 15.0 36.6 87.5 20.8 

co lora t ion  diagnost ic  Etb 5-31-2 17.5 38.3 90.0 13.3 
Etb 6-21-12 22.5 27.9 87.5 24.7 

for pink rot and the ND 7388Ab-7 25.0 31.7 92.5 23.6 
watery  blackish discol- ND 7388Ab-6 32.5 28.6 92.5 25.8 

ora t ion character is t ic  ND 7390Ab-13 32.5 26.5 100.0 22.8 
ND 7387Ab-10R 37.5 32.1 95.0 33.0 

of  leak. The number  of  ND 7387Ab-8R 42.5 36.6 90.0 37.2 

tubers  showing symp- Etb 6-21-3 45.0 32.0 82.5 23.4 
Etb 6-5-5 45.0 30.5 97.5 35.2 

t o m s  of  pink rot  or  ND 7390Ab-12 47.5 30.8 72.5 16.4 
leak was recorded 30 ND 7390Ab-6 52.5 28.5 80.0 20.5 

min after cutting. Inci- ND 7393A-5Russ 52.5 34.5 92.5 32.2 
ND 7390Ab-2 55.0 27.7 90.0 24.5 

dence of  pink rot or  ND 7390Ab-10 62.5 28.2 92.5 19.2 

leak rot  was calculated ND 7386Ab-20 62.5 34.3 100.0 22.8 
ND 7389Ab-15 65.0 33.4 100.0 31.7 

as follows: (number  ND 7389Ab-3 80.0 39.0 100.0 27.1 

d i seased  tubers /num- ND 7390Ab-16 85.0 33.0 95.0 20.2 
be r  of  inocula ted  Atlantic 27.5 31.2 72.5 24.8 

Red Norland 37.5 33.3 97.5 29.9 
tubers) x 100. To deter- Russet Norkotah 80.0 44.0 72.5 28.3 

mine pink rot  and leak Snowden 62.5 35.0 82.5 27.7 

severity, the maximum Mean b 45.2 32.7 86.3 25.1 

width o f  rot (W) and LSDv~ 22.0 4.9 17.9 3.5 
Coefficient of Variation 34.5 10.5 14.7 9.8 

the depth (D) of  rot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
aNamed cultivars were added as controls for challenge inoculations; they were not grown with the clonal 

f rom the  inocula t ion  selections. 
point  were  measured,  bMean pink rot and leak incidence and penetration across all selections. 
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four  cont ro l  cul t ivars  eva lua ted  f rom 2003-2005 were  pooled  

af te r  tes t ing va r i ance  homogene i t y  us ing Levene's  m e t h o d  and  

analyzed as c o m b i n e d  exper iments ,  as out l ined by Millikin and  

J o h n s o n  (1992). The  re la t ionship  among  pota to  genotypes  for 

r e s i s t ance  to p ink  rot  and  leak, b a s e d  on  inc idence  and  sever-  

ity, we re  de t e rmined  on  the  c o m b i n e d  da ta  se t  by  m e a n s  of  a 

one -way  ANOVA and  Fischer ' s  LSD (P = 0.05). Pearson ' s  cor- 

re la t ion  analysis  was  pe r fo rmed  on  the  c o m b i n e d  da ta  se t  to 

evalua te  the  re la t ionship  b e t w e e n  infect ion inc idence  and  pen-  

e t r a t ion  sever i ty  for  e ach  s torage  ro t  pa thogen,  P. erythrosep- 

tica and P. ultimum. A Chi Square analysis  was  also per- 

fo rmed  to tes t  the  re la t ionship  b e t w e e n  p ink  ro t  and  leak resis- 

tance.  

TABLE 2--Infection incidence (%) and penetration severity (ram) in 2004 of  P h y t o p h t h o r a  

e r y t h r o s e p t i c a  (pink rot) and Pythium uWLmum (leak) on challenge inoculated 

tubers of control cultivars and potato clones f rom the North Dakota State University 

breeding program. 

RESULTS 

The con t ro l  cult ivars u sed  in this  s tudy  r eac t ed  to chai:  

lenge inocula t ions  wi th  P. erythroseptica and P. ul t imum sim- 

ilarly as in prev ious  s tudies  (Salas et  al. 2003). Atlantic 

d e m o n s t r a t e d  modera t e  r e s i s t ance  to p ink  rot, w i th  Red Nor- 

l and  m o d e r a t e l y  sus- 

cept ib le  to  the  disease 

(Table 1, 2 and  3; Fig'- 

u re  1).: S n o w d e n  and  

Russe t  Norko t ah  were  

P. erythroseptica P. ultimum highly  su scep t i b l e  to  
Selection a Incidence (%) Penetration (mm) Incidence (%) Penetration (mm) p ink  ro t  as  they  had  

ND 7818-1Y 0.0 - -  66.3 20.1 
J101K6A22 2.5 24.3 86.7 15.6 
ND 6955b-28Y 3.8 18.9 95.0 12.5 
Etb 6-5-2 10.0 17.3 48.8 12.1 
ND 6956b-13 10.0 22.1 85.0 19.4 
ND 5822C-7 21.3 20.3 75.0 21.4 
ND 6956b-53 21.3 26.9 86.3 20.9 
ND 7443Ab-181 23.8 22.1 92.5 14.4 
ND 7443Ab45 27.5 23.8 73.8 21.0 
ND 7443Ab-109 31.3 20.7 96.3 18.1 
ND 7443Ab-44 32.5 21.2 83.8 17.6 
ND 7443Ab-103 35.0 27.1 95.0 23.2 
ND 7443Ab-20 35.0 22.3 98.8 17.7 
ND 7386Ab-52 41.3 23.7 100.0 24.7 
ND 7443Ab-102 43.8 21.5 96.3 19.9 
ND 7443Ab484 45.0 22.4 96.3 24.0 
ND 7443Ab-115 46.3 24.0 81.3 19.8 
ND 7882b-7 Russ 46.3 24.7 100.0 18.2 
ND 7386Ab-4 48.8 23.5 94.9 20.7 
ND 2470-27 52.5 23.5 73.1 22.1 
ND 7386Ab-20 52.5 23.1 96.3 24.6 
ND 7443Ab-46 53.8 23.4 98.8 17.3 
ND 7443Ab-72 53.8 20. I 78.8 18.0 
ND 7387Ab-IR 60.0 23.9 93.8 25.3 
ND 7443Ab-112 61.2 23.8 95.0 17.0 
ND 8266A-2R 61.3 22.7 98.8 18.2 
ND 7443Ab-161 62.5 24.0 90.0 26.4 
ND 8266A-1R 78.8 18.9 72.5 9.1 
Atlantic 42.5 28.8 81.3 27.1 
Red Norland 67.5 29.7 96.3 29.3 
Russet Norkotah 88.8 29.7 86.3 15.7 
Snowden 87.5 30.6 32.5 19.6 

Mean b 42.1 23.7 85.6 19.8 
LSDpoo05 15.6 4.8 11.3 3.0 
Coefficient of Variation 37.6 17.7 13.2 15.2 

aNamed cultivars were added as controls for challenge inoculations; they were not grown with the clonal 
selections. 
bMean pink rot and leak incidence and penetration across all selections. 

b e e n  in the  a foremen-  

t ioned  s tudies .  Snow- 

den  w a s  m o d e r a t e l y  

r e s i s t a n t  to  leak in 

2004 a n d  2005, while  

the  o t h e r  c h e c k  culti- 

vars  r a n g e d  f rom mod- 

erately suscep t ib le  to 

suscept ib le ,  s n o w d e n  

appea red  to be  moder-  

a te ly  s u s c e p t i b l e  to 

leak in 2003. Negative 

c o n t r o l  inocula t ionS,  

tube r s  inocu la ted  wi th  

e i ther  s ter i le  wa te r  or  

wi th  modi f ied  V8 juice  

aga r  plugs,  d id  no t  

develop s y m p t o m s  of  

p ink  ro t  or  leak in any 

of  the  trials. 

E l e v e n  b r e e d i n g  

se lec t ions  were  evalu- 

a ted  for  r es i s t ance  to 

p ink  ro t  and  leak in 

two  o r  m o r e  years .  

S e c o n d  g e n e r a t i o n  

p rogeny  (BC~) of tri- 

spec i e s  sonmt i c  
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hybrids (Novy and Helgeson 1994), Etb 5-31-2 and Etb 6-5-2, 

were evaluated in 2003 and demonstrated resistance to pink 

rot equal to or greater than the resistant control Atlantic (Table 

1). Etb 6-5-2 also demonstrated excellent resistance to leak, 

significantly better than the control cultivar Snowden. The 

incidence of infection and penetration ofP. erythroseptica and 

P. ul t imum was reduced significantly in Etb 6-5-2 compared to 

the moderately resistant Atlantic and Snowden, respectively 

(Table 1). Three addi- 

tional breeding clones 

tested in 2003 demon- 

strated some level of 

resistance to pink rot, 

but not to leak. How- 

demonstrated levels of resistance to pink rot equal to or 

greater than Atlantic, namely ND 7443Ab44, ND 7443Ab-181, 

J101K6A22, ND 6956b-13, ND 7818-1Y and ND 5822C-7 (Table 

2). The penetration of P. erythroseptica, once the pathogen 

gained entry into the tubers of these clones, was reduced sig- 

nificantly compared to the moderately resistant check cultivar 

Atlantic. None of these potato clones demonstrated the level 

of resistance to leak as was observed in Etb 6-5-2. However, 

TABLE 3---Infection incidence (%) and penetration severity (mm)  in  2005 of  Phytophthora  

erythroseptica (pink rot) and Pythium ulfimum (leak) on challenge inoculated tubers 

of  control cultivars potato clones f rom the North Dakota State University breeding 

program. 

ever, these clones 

were  either lost or 

P. erythroseptica P. ultimum : 
Selection a Incidence (%) Penetration (mm) Incidence (%) Penetration (mm) 

JND 89280-6 1.3 
dropped from the J103-A12 5.0 

breeding program for J101K6A22 7.5 
ND 6956b-13 8.8 

other  reasons and Etb 6~5-2 10.0 

were  not  evaluated ND4710-10 10.0 
further. J 103-K7 12.5 

ND 4708-6PE 12.5 
In 2004, Etb 6-5-2 J 101-K6 17.5 

continued to display ND 7443Ab44 18.8 
ND 7402b-185 22.5 

excellent resistance to ND 7443Ab-181 26.3 

both pink rot and leak ND 7443Ab-68 27.1 
ND 5822C-7 27.5 

(Table 2). The inci- 
Etb 531-2 28.8 

dence of infection and ND 7443Ab48 31.3 

the penetration of P. ND 7818-1Y 41.3 
ND 7443Ab-34 42.5 

erythroseptica in this ND 7383Ab-ll 43.8 

clone were reduced ND7443Ab-50 48.8 

significantly compared ND 7402b-135 57.5 
ND 7443Ab-18 58.8 

to the moderately AOND95292-3 Russ 60.0 

resistant Atlantic. Inci- AOND 95249-1 Russ 62,5 
ND 7202b-38 66.3 

dence of P. ult imum ND 8229-1 66.3 

infection was signifi- ND 7291b-2Y 68.8 
ND 7333b-7 70.0 

cantiy greater in Etb 6- 
ND 8266A-1R 72.5 

5-2 than the ND 8266A-2R 81.3 

moderately resistant Atlantic 51.3 
Red Norland 73.8 

Snowden; however, Russet Norkotah 76.3 

the penetration of the Snowden 96.3 

fungus was signifi- Mean b 41.7 

cantly less in Etb 6-5-2 LSDp_005 18.2 
Coefficient of Variation 41.9 

than in the resistant 

check. Several other 

potato clones also 

41.5 78.8 20.0 
25.1 97.5 22.9 
30.3 98.8 18.8 
35.8 96.3 29.7 
24.3 72.4 22.0 
32.9 91.3 26.0 
22.9 61.3 22.9 
39.3 90.0 28.8 
32.8 88.8 15.9 
26.8 92.5 24.9 
25.0 76.3 24.2 
27.3 97.5 29.5 
24.1 96.3 18.5 
26.6 93.8 29.2 
26.1 83.8 17.4 
27.7 96.3 23.0 
26.2 97.5 26.5 
25.1 93.8 24.0 
22.7 88.8 17.1 
25.9 93.8 18.9 
24.5 96.3 26.5 
26.2 91.3 20.8 
39.2 98.8 24.9 
31.9 97.1 22.2 
26.9 92.5 27.9 
27.9 91.3 31.9 
23.5 86.3 25.0 
28.0 98.8 28.4 
26.3 71.3 16.7 
29.7 90.0 20.3 
24.6 95.0 26.4 
33.7 100.0 29.2 
33.4 91.3 27.5 
30.8 70.0 27.3 

27.7 89.8 24.O 
11.9 11.6 2.6 
33.5 13.1 11.I 

aNamed cultivars were added as controls for challenge inoculations; they were not grown with the 
clonal selections, 
bMean pink rot and leak incidence and penetration across all selections. 
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potato clone ND 8266A-1R was found to be moderately sus- 

ceptible to leak infection while apparently resisting penetra-  

t ion of  the pathogen after it had gained entry into the tuber. 

This was deemed  interest ing and the clone was retained for 

further  evaluation. As in the previous year, a number  of o ther  

clones tested in 2004 were  found to have modera te  levels of  

resis tance to pink rot  but  not  to leak and were  not  included in 

further evaluations. 

Ten potato  clones that  had been tes ted in previous years 

were  evaluated again in 2005 for resistance to pink rot and 

leak. Of  these, eight pota to  c lones  were  found to have levels of  

pink rot  resistance equal to or  significantly greater  than the 

check  cultivar Atlantic: J101K6A22, Etb 6-5-2, Etb 5-31-2, ND 

5822C-7, ND 6956b-13, ND 7443Ab-181, ND 7443Ab-44 and ND 

7818-1Y (Table 3). A number  of  other  potato  clones tested for 

the first t ime in 2005 also demonst ra ted  excel lent  resis tance to 

pink rot  and will be evaluated in future trials. 

Incidence of  P. ul t imum infection in 2005 was consider-  

ably higher  than in previous  studies (Salas et al. 2003) (Table 

3). Snowden,  which has demonst ra ted  a moderately  resistant  

to resistant  response  to leak in previous studies, gave a mod-  

erately susceptible response  in 2005. Etb 6-5-2 and ND 8266A- 

1R were  not significantly different from Snowden  but had 

infection levels significantly lower  than nearly all o ther  potato 

clones and cultivars evaluated (Table 3). Interestingly, the pen- 

etration of  P ultimum in these two clones was significantly 

less than it was in the check  cultivar Snowden.  

Incidence of infection and depth of penetrat ion of P ery- 

throseptiea and P. ultimum in eleven potato genotypes and four 

check cultivars evaluated in 2003-2005 were  tested for variance 

homogeneity using Levene's method. Homogeneity was found 

in 24 of  30 variances tested for incidence and penetrat ion of  P. 

erythroseptica and in 27 of  30 tested for P. ultimum. Therefore, 

data were  combined among years for the 11 potato clones and 

four  cultivars for f m ~ e r  analysis (Table 4). A number  of clones 

were  found with resistance to pink rot equal to or  significantly 

greater than the moderately resistant check cultivar Atlantic 

based on the incidence of  infection and penetrat ion of the 

pathogen: ND 7443Ab-44, ND 7443Ab-181, Etb 5-31-2, ND 5822C- 

7, ND 7818-1Y, ND 6956b-13, Etb 6-5-2 and J101K6A22 (Table 4; 

Figure 1A). Phenotypically, we regard the latter three of  these 

genotypes to be highly resistant to pink rot  since they demon- 

strate a combined resistance to infection and penetration of  the 

pathogen (Figure 1A). Among these potato genotypes, only Etb 

TABLE 4--Infection incidence (%) and penetration severity (mm)  f rom 2003 to 2005 of  

P h y t o p h t h o r a  e ry th rosep t i ca  (pink rot) and Pythium ultimum (leak) on challenge 

inoculated tubers of control cultivars and potato clones f rom the North Dakota State 

University breeding program. 

Number of P. erythroseptica P. ultimum 
Selection ~ Years Evaluated Incidence (%) Penetration (mm) Incidence (%) Penetration (mm) 

J101K6A22 2 4.2 27.3 93.6 17.5 
Etb 6-.5-2 3 8.0 21.1 49.9 16.6 
ND 6956b-13 2 9.4 28.2 90.6 24.6 
ND 7818-1Y 2 20.6 26.2 81.9 23.3 
ND 5822C-7 2 24.4 23.2 84.4 25.3 
Etb 5-31-2 2 25.0 29.5 85.8 16.0 
ND 7443Ab-181 2 25.0 24.6 95.0 22.0 
ND 7443Ab-44 2 25.6 23.8 88.1 21.2 
ND 7386Ab-20 2 55.8 26.9 97.5 24.0 
ND 8266A-2R 2 71.3 26.2 94.4 19.2 
ND 8266A-1R 2 75.6 22.6 71.9 12.9 
Atlantic 3 43.0 27.6 85.0 26.3 
Red Norland 3 64.0 32.0 98.0 29.4 
Russet Norkotah 3 82.0 34.0 85.5 23.0 
Snowden 3 86.0 31.5 57.5 24.3 

Mean b 43.2 27.4 82.9 22.0 
LSDp_~, u~ 12.7 7.0 11.6 3.3 
Coefficient of Variation 42.2 28.6 20.2 21.3 

aNamed cultivars were added as controls for challenge inoculations; they were not grown with the clonal 
selections. 
bMean pink rot and leak incidence and penetration across all selections. 

6-5.2 demons t ra ted  

resistance to leak sinti- 

lar to the moderately 

resistant check cultivar 

Snowden (Table 4; Fig- 

ure 1B). Again, based 

on combined infection 

and penetrat ion of  file 

pathogen,  it appears  

that resistance to leak 

in Etb 6-5-2 is slightly 

greater  than that level 

of resistance found in 

Snowden  over  the 

three years these two 

genotypes were evalu- 

ated together  (Figure 

1B). 

Inc idence  of  

infect ion and penetra- 

t ion was  not  corre-  

lated for ei ther  pink 

rot  (r = 0.43; P = 0.146) 
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FIGURE 1. 
Responses of  tubers of  various potato clones (n = 11) and cultivars (n = 4) to challenge inoculations of  the pink rot  pathogen, Phy- 
tophthora erythroseptica (A) and the leak pathogen Pythium ultimum (B). Vertical and horizontal divisions of  each graph represent  
postulated resis tant  and susceptible reactions of  each potato  genotype to pink rot  (A) and leak (B) based on the incidence of  infec- 
tion (%) (y-axis) and penetrat ion of  the pathogen (mm) (x-axis).  
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or leak (r = 0.25; P = 0.401), suggesting that resistance to infec- 

tion and resistance to penetration of the pathogens once they 

have gamed entry is inherited independently. This is clearly 

illustrated by the fact that two clones, ND 8266A-1R and ND 

8266A-2R, express a moderately susceptible to susceptible 

response to leak based on incidence of infection but a resistant 

response based on penetration (Table 4). The lack of relation- 

ship between pink rot and leak resistance among 11 clones 

and four cultivars was demonstrated using Chi square analysis 

(Z '~ = 6.5; P = 0.952). 

D I S C U S S I O N  

A considerable amount of effort is being placed globally 

on the development of genetic resistance to both the foliar and 

tuber rot phase of late blight (Douches et al. 1997; Douches et 

al. 2002; Park et al. 2005; Platt and Tai 1998). One could argue 

that in the United States, tuber rots caused by P. erythrosep- 

tica and P. u l t imum are economically more important on a 

yearly basis. Although late blight tuber rot infections tend to 

be acute and spectacularly devastating when they occur, in 

most production years few growers experience economic loss 

from this phase of the disease. Pink rot and leak are chronic 

diseases, present every year in nearly every potato production 

region. Storage rot surveys conducted in each of the past nine 

years in ND and MN indicate that pink rot and leak are of 

nearly equal importance, with one or the other being more 

important in any single year (Taylor and Gudmestad, unpub- 

lished data). Yet to our knowledge, the studies reported here 

represent the first attempt of a potato breeding program to 

evaluate and develop genetic resistance simultaneously to 

both of these storage rot diseases. 

Pink rot and leak have historically been managed quite 

effectively through the use of mefenoxam-based fungicides 

(Taylor et al. 2004; Wicks et al. 2000). Unforttmately, resistance 

to mefenoxam in P. erythroseptica and P. ul t imum has been 

reported (Taylor et al. 2002) and appears to be getting more 

widespread and important in many potato production areas 

(GA Secor and NC Gudmestad, unpublished). This has ted to 

the development and use of other fimgicide chemistries, such 

as phosphorous acid (Johnson et al. 2004). Phosphorous acid 

applied to the foliage is much more costly than mefenoxam- 

based fungicides and is active only against P. e~Tthroseptica, 

providing no control of P. ul t imum (Johnson et al. 2004). 

Clearly, in the absence of new fungicides for the control of 

pink rot and leak, the development of genetic resistance to 

these two storage rots is critically important. The use of culti- 

vats with genetic resistance to pink rot and leak has multiple 

advantages. Resistant cultivars would provide an additional 

management tool in areas where these diseases are a chronic 

problem and could potentially reduce the level of inoculum in 

the soil over time. Resistant cultivars also would reduce the 

need for mefenoxam applications and thus potentially limit the 

development of resistance to the fungicide in production areas 

with mefenoxam-sensitive P. erythroseptica populations. 

Additionally, such cultivars could reduce disease incidence in 

areas having mefenoxam-resistant populations, where applica- 

tious of the fungicide are no longer effective. 

In previous work by our group, commercially available 

potato cultivars grown in the United States were evaluated for 

susceptibility to both pink rot and leak. Within the group of 34 

cultivars evaluated, most cultivars possessed varying levels of 

susceptibility to these two storage rots (Salas et al. 2003). No 

cultivar was immune to either pink rot or leak and no cultivar 

possessed genetic resistance to both diseases. However, we 

demonstrated that Atlantic has moderate resistance to pink 

rot, while Snowden has moderate resistance to leak. In that 

work, we also clearly demonstrated that genetic resistance is 

expressed as resistance to infection and to penetration of each 

pathogen and that these traits are not necessarily linked. The 

studies reported here confn-m those earlier findings. We 

acknowledge that resistance to tuber infection is probably the 

most important characteristic of genetic resistance to both P. 

erythroseptica and R ult imum. However, the rate at which 

each pathogen penetrates, colonizes and decays potato tubem 

is also likely to be important. When potato tubers rot rapidly 

due to penetration by these storage rot pathogens, excessive 

moisture is released from the decaying tubers that induces 

anaerobic conditions in the healthy tubers near them, thereby 

inducing bacterial soft rots. Based on observations in com- 

mercial potato storages, we believe that "slow rotting," due to 

partial resistance to the pink rot and leak pathogens in the 

form of reduced penetration of potato tubers, can be the dif- 

ference between effectively managing a storage rot problem 

and not being able to do so. Partial resistance to plant 

pathogens is recognized as an important component of effec- 

tive disease management for a number of diseases including 

rusts (Dowkiw et al. 2003; Koimer and Liu 2001; Leonard 2002) 

and Phytophthora-caused diseases (Dorrance et al. 2001; 

Thabuis et al. 2001; Vega-Sanchez et al. 2005). Therefore, we 



158 AMERICAN JOURNAL OF POTATO RESEARCH Vol. 84 

feel that the evaluation of genetic resistance to P. erythrosep- 

tica and P. u l t imum must be done by evaluating both the resis- 

tance to infection and the penetration of the pathogen, which 

represents partial resistance. We found no relationship 

between incidence of infection and penetration for P. ery- 

throseptica and P. u l t imum among the potato genotypes and 

cultivars tested over multiple years. This also was the case 

with the cultivars evaluated in our previous work (Salas et al. 

2003). In fact, some clones such as ND 8266A-1R and ND 

8266A-2R expressed a differential response to leak based on 

incidence of infection and penetration. This phenomenon 

should be investigated in more detail. 

Based on the data reported here, it is apparent that there 

is substantial resistance to pink rot that can be exploited and 

used in the development of resistant cultivars. Three clones, 

Etb 6-5-2, J101K6A22, and ND6956b-13, were classified as 

highly resistant to pink rot. It is likely that wild species in the 

background of Etb 6-5-2 (S. etuberosum and S. berthaultii) 

and J101K6A22 (S. bulbocastanum) are contributing to their 

high levels of pink rot resistance. Furthermore, since 

JI01K6A22 is a parent of ND6956b-13, it is likely that the 

source of pink rot resistance in this breeding selection is also 

derived from S. bulbocastanum and is indicative that resis- 

tance is hic'~dy heritable. 

S. bulbocastanum has previously been shown to con- 

tribute a gene, RB, that confers resistance to late blight caused 

by Phytophthora infestans (Song et al. 2003). J101K6A22 is 

derived from the S. bulbocastanum accession that the RB gene 

was cloned from, and was previously repogced as being highly 

resistant to late blight (Helgeson et al. 1998). S. berthaultii 

also was identified as a source of resistance to late blight, with 

resistance being conferred by gene Rpi_b~,. (Rauscher et al. 

2006). It is plausible that the genes for resistance to P. infes- 

tans identified in S. bulbocastanum and S. berthaultii may 

also provide resistance to closely related P. erythroseptica, 

therefore contributing to the pink rot resistance observed in 

J101K6A22, ND6956b-13, and Etb 6-5-2. With respect to the 

pink rot and leak resistance displayed by Etb 6-5-2, S. etubero- 

s u m  cannot be directly tested as the putative source of these 

resistances in that it is non-tuberbearing. 

While several breeding clones were identified with mod- 

erate to high resistance to pink rot, only Etb 6-5-2, tested in 

multiple years, had a level of resistance to leak that was equal 

to or greater than that found in the moderately resistant culti- 

vat Snowden. Etb 6-5-2 resists infection by P. u l t imum equiv- 

alently to Snowden, but the penetration of the pathogen after 

entry is significantly less in Etb 6-5-2 than in this moderately 

resistant cultivar. In our proposed model, Etb 6-5-2 is moder- 

ately resistant to pink rot infection but also expresses partial 

resistance to P. u l t im um  in the form of reduced penetration 

after infection. Etb 6-5-2 also demonstrated significant levels 

of resistance to pink rot. This clone was significantly more 

resistant to infection than the check cultivar Atlantic; how- 

ever, penetration of the fungus was similar in both genotypes. 

We evaluated a number of somatic hybrid backcross 

derivatives during the course of the studies reported here. 

Somatic hybrids of Solanum etuberosum and So lanum 

berthaultii and their backcross derivatives have been demon- 

strated previously to be excellent sources of resistance to 

potato viruses such as potato virus Y (PVY) and potato leaf roll 

virus (PLRV) as well as to the green peach aphid (GPA), Myzus  

persicae. Two BC2 individuals, Etb 6-21-3 and Etb 6-21-5, were 

reported to possess multiple resistances to PVY, PLRV and 

GPA (Now et al. 2002). Etb 6-21-3 was evaluated for resistance 

to pink rot and leak in 2003 and found to be moderately sus- 

ceptible and susceptible, respectively, to these two diseases. 

Another somatic hybrid derivative, Etb 5-31-5, previously 

reported to possess resistance to PVY (Novy et al. 2002) was 

found to be resistant to pink rot and susceptible to leak. How- 

ever, Etb 6-5-2 was found to be highly resistant to pink rot and 

to possess resistance to leak equal to the level of resistance in 

Snowden. We feel that Etb 6-5-2 represents an excellent source 

of resistance to both pink rot and leak that can be utilized by 

potato breeding programs throughout the United States. Etb 6- 

5-2 is freely available for all breeders to use. Further research 

should be performed to identify additional sources of resis- 

tance to these important potato tuber rot diseases. 
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