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ABSTRACT

Christ, B. J. 1991. Effect of disease assessment method on ranking potato cultivars for resistance

to early blight. Plant Dis. 75:353-356.

Significant differences among several potato cultivars (Solanum tuberosum) were observed for
disease reaction to early blight, caused by Alternaria solani, in 1985, 1986, and 1988 field
trials and in a greenhouse in 1986. Over the 3 yr, several assessment methods were used to
characterize and categorize the disease reaction. Percentage of area of leaves from the middle
third of the plant canopy that was covered with early blight lesions, assessed over several
dates, provided the most information as well as a feasible method of assessing disease reaction.
Cultivar ranking varied according to the assessment method. Regardless of assessment method,
the late-maturing cultivars Katahdin and Kennebec were more resistant to A. solani than the
early-maturing cultivars Norland and Superior but not necessarily any more resistant than
the midseason-maturing cultivars Atlantic and Chieftain.

Early blight of potato (Solanum tuber-
osum L.) caused by Alternaria solani
Sorauer is the major foliar disease on
potatoes in Pennsylvania. Fungicides are
routinely applied initially when the
plants are in bloom and are continued
every 7-10 days during the growing
season to control early blight (7). The
number of fungicide applications could
be reduced by growing resistant cultivars
(4,5), but there is little information on
resistance of potatoes to early blight.

Several researchers have screened po-
tato genotypes or cultivars for resistance
to early blight (1-3,6,8-13). Most of these
researchers used different methods of
assessing the disease reaction, and culti-
vars were compared for disease reaction
on the basis of field assessments at the
end of the growing season. Holley et al
(12) made field assessments several times
after the start of the early blight epidemic
and described disease reaction to several
cultivars based on apparent infection
rates. They observed differences among
cultivars and determined that there is
rate-reducing resistance in potatoes to A.
solani. More recently, Pelletier and Fry
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(14) characterized reactions of three
cultivars based on components of resist-
ance: incubation period, lesion expan-
sion rate, and spore production. The
ranking of these cultivars was explained
by the differences in components of
resistance, particularly incubation period
and lesion expansion rate.

The objective of this study was to rank
several potato cultivars under field and
greenhouse conditions for resistance to
A. solani.

MATERIALS AND METHODS

Production of inoculum. An isolate of
A. solani was obtained from naturally
infected potatoes, maintained on V-8
juice agar, and grown at 21 C under cool-
white fluorescent diurnal light with a 12-
hr photoperiod. Six plugs of 7-day-old
cultures were transferred into 10 ml of
sterile distilled water, agitated, and
poured onto water agar to induce spor-
ulation. After 6 days of growth, the
conidia were dislodged from the agar
surface by repeatedly flooding the plates
with sterile distilled water containing five
drops of Tween 20 per 100 ml. The re-
sultant suspension was poured through
double layers of cheesecloth into a flask.
The concentration of the conidial sus-
pension was determined with a hema-
cytometer.

Cultural practices. Cultivars Belchip,
Buckskin, Chieftain, Katahdin, Kenne-
bec, Norchip, Norland, Penn 71, PA 1,
Rosa, and Superior were evaluated in
1985. In 1986, cultivars Hampton and
Monona replaced Belchip and PA 1, and

in 1988, Buckskin, Penn 71, and Rosa
were not tested because of limited supply
of seed. Certified seed of each cultivar
was cut into 57-g pieces and suberized
by storing the cut seed at 18 C for 5
days. Seed was placed at 21 C 24 hr
before planting.

Plots were established in fields pre-
viously planted in alfalfa. Fertilizer (10-
10-10 N-P-K, 89 kg/ha) and aldicarb
insecticide (Temik 15G, 5.0 kg a.i./ha)
were applied in the furrow at planting.
Seed pieces were planted by hand. The
herbicides metribuzin (Sencor SO0W, 0.56
kg a.i./ha) and metolachlor (Dual 8E,
2.02 L a.i./ha) were applied after plant-
ing but before plant emergence. During
the growing season, the insecticide azin-
phos-methyl (Guthion 25,0.77 L a.i./ ha),
oxamyl (Vydate 2L, 1.12 L a.i./ha),
permethrin (Ambush 2E, 0.15 L a.i./ha),
or fenvalerate (Pydrin2.4 EC,0.28 L a.i./
ha) was applied when necessary. Plants
were cultivated and hilled as necessary.

Field studies, 1985. Field plots were
planted on 14 May. Each consisted of
three rows 6.9 m long with 1.5-m breaks
between plots within rows. Each row
contained 30 seed pieces spaced 0.23 m
apart, with 0.91 m between rows. The
experimental design was a randomized
complete block with each block repli-
cated three times. On 28 July, the foliage
of a single plant in the center row of
each plot was sprayed with 10 ml of water
containing 5 X 10* conidia per milliliter
of A. solani.

The number of lesions on the inocu-
lated plant was counted 8, 11, and 13
days after inoculation. Disease severity
on the inoculated plant was also recorded
on day 13, using a scale of 0-7, with 0
= no lesions, 1 = trace to 1%, 2 = 1-5%,
3=6-10%, 4 = 11-25%, 5 = 26-50%,
6 = 51-75%, and 7 = 76-100% of foliage
covered with lesions. Disease severity
among all plants in the plot was recorded
20 days after inoculation, using the 0-7
scale. Lesion count data were subjected
to analysis of variance and mean sepa-
ration tests (LSD). Severity data were
subjected to nonparametric analysis of
variance in NPARIWAY procedure
(SAS, Cary, NC) and mean separation
(LSD).
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Field studies, 1986. Field plots were
planted on 15 May. Each contained three
rows 3.4 m long with 1.5-m breaks be-
tween plots within rows and 0.91 m
between rows. Each row contained 15
seed pieces spaced 0.23 m apart. The
experimental design was a randomized
complete block with four replications.
On 9 July, the foliage of a single plant
in the center row was sprayed with 10
ml of a suspension of 1 X 10° conidia
per milliliter.

Early blight was assessed four times
during the growing season after inocu-
lation. Each leaf on each of 10 randomly
tagged stems surrounding the inoculated
plant was assessed for percentage of leaf
area covered by necrotic lesions and
chlorosis by comparison with an illus-
trated key (15). Disease assessment for
each stem started with the lowest leaf
and proceeded up the stem.

Disease severity on an individual stem
was calculated by averaging severities of
either lesions or chlorosis over all leaves
on a stem. Severity over all 10 stems per

plot was calculated by averaging severi-
ties of lesions or chlorosis over the 10
stems. Mean disease severity for individ-
ual leaves based on location within the
canopy was calculated by averaging
severity of lesions or chlorosis over the
10 stems for each leaf location. From
the severity data, percentage of infected
leaves per stem and percentage of stems
per plot were calculated. Area under the
disease progress curve (AUDPC) (16)
was calculated using the mean severity
values per plot.

Analysis of variance was performed,
and tests that were significant were
subjected to mean separation (Waller-
Duncan k-ratio ¢ test, k = 100). Data
of severity per leaf averaged over the 10
stems per plot and over replicates for
each cultivar were fit to least-squares
linear regression models. Early blight
severity was regressed on leaf location,
with the first leaf representing the oldest
leaf located on the bottom of the plant
and leaf 20 representing the youngest leaf
with blight infection on the top of the

Table 1. Number of early blight lesions and disease severity for 12 potato cultivars in field

plots in 1985
Number of lesions’ Disease severity”

Cultivar Day 8 Day 11 Day 13 On plant In plot
Norland 48 106 106 7 7
Norchip 66 94 39 S S
Buckskin 40 38 29 4 3
Chieftain 14 30 22 4 2
Penn 71 9 17 15 4 1
Superior 8 9 17 4 4
Atlantic 8 14 14 4 3
Kennebec S 12 11 3 3
Katahdin 3 13 5 2 2
Belchip 9 27 8 2 2
PA'1 4 6 4 2 1
Rosa 3 8 7 2 1
LSD (P =0.05) 36 30 22 1 2

¥ Days after inoculation on 28 July.

“Severity scale: 0 = no lesions, 1 = trace to 1%, 2 = 1-5%, 3 = 6-10%, 4 = 11-25%, 5 =

26-50%, 6 = 51-75%, and 7 = 76-100%.

Table 2. Early blight severity and area under disease progress curve (AUDPC) values for 12

potato cultivars in field plots in 1986

Mean severity (%)*

Day 10 Day 16 Day 23

Cultivar Necrosis Chlorosis Necrosis Chlorosis Necrosis Chlorosis AUDPC?
Norland 3b” 6 ab 22a 24 a 78 a 73 a 670 a
Norchip 4a 9a 18 ab 21 ab 67b 67 a 575b
Superior 2¢ 6 ab 16 be 18 b—d 49 cd 46 bc 445 ¢
Hampton 1d 3 b-e 13 cd 18 b-d 53¢ 55b 438 ¢
Monona 1d 4 b-d 16 bc 19 a—c 44 cd 43¢ 407 cd
Katahdin 1d 5 bc 14 be 18 b-d 45 cd 48 be 399 cd
Penn 71 2¢ 3b-e 13 cd 15 cd 43d 42 ¢ 381 cd
Buckskin 1d 3b-¢e 13 cd 15cd 43d 43¢ 372 cd
Atlantic Te 2c-e 12 cd 14 cd 41d 41 ¢ 349 d
Kennebec 1d 4b 9 de 13 cd 42d 45¢ 331d
Chieftain 1d Te 4e 4e 22e 22d 174 ¢
Rosa Te 1 de 4e 6e 2le 22d 164 ¢

* Days after inoculation on 9 July.
Y Based only on ncecrotic area (16).

“Means followed by the same letter within columns are not significantly different according
to Waller-Duncan average risk test (k = 100); T
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= trace (less than 1%).

stem. Comparisons were made among
slopes and intercepts using Bonferroni
¢ statistic.

Field studies, 1988. Field plots were
planted on 31 May. Planting and exper-
imental design followed those of 1986,
except there were six replications and all
plots were surrounded by one row of the
cultivar Norland. On 26 July, a single
plant of Norland adjacent to the center
of an experimental plot was inoculated
as described above.

Disease severity was assessed four
times starting on 23 August and ending
on 14 September. Ten main stems were
randomly selected from the center row,
and five leaves in the middle third of each
stem were assessed for percentage of leaf
area covered by early blight lesions as
described above. Analysis of variance
tests were performed on the data of in-
dividual assessments as well as AUDPC.
Treatments were subjected to a mean
separation test (Waller-Duncan k-ratio
t test, kK = 100).

Greenhouse studies. Seed pieces of the
cultivars Atlantic, Belchip, Chieftain,
Katahdin, Kennebec, Norchip, Norland,
Rosa, Superior, Penn 71, PA 1, and
Buckskin were grown in 13-cm-diameter
plastic pots containing a steam-treated
mixture of peat, perlite, and soil (1:1:1,
v/v). Plants were grown at 24 = 5 C
under 12 hr of supplemental cool-white
fluorescent lamps.

Three plants of each cultivar were
inoculated by misting approximately 5
ml of a 1 X 10° conidia per milliliter
suspension onto a single plant. Each
plant was placed in a plastic bag in the
dark for 24 hr to maintain a relative
humidity of 1009%. After 24 hr, the plants
were placed in a walk-in polyvinyl
chamber in the greenhouse to maintain
a minimum of 80% relative humidity at
all times.

The locations of lesions and lesion area
were recorded for five lesions per plant
four times over a 28-day period. The
experiment was conducted three times.
Lesion area was regressed on time. Com-
parisons among slopes were made by the
Bonferroni ¢ statistic.

RESULTS AND DISCUSSION

Field studies. In 1985, lesions were first
observed 6 days after inoculation but
were less than 5 mm in diameter. By day
8, lesion size ranged from 5 to 20 mm,
depending on the cultivar; lesions on
Norland were the largest. By day 11, large
expanded lesions (>15 mm) were
observed on Norland, Norchip, Atlantic,
Kennebec, Superior, and Buckskin,
whereas lesions on Rosa and Belchip
remained small and unexpanded. There
were significant differences among cul-
tivars for the number of lesions (Table
1). Lesion number increased between
day 8 and day 11, which could have been
due to variation in length of time for
germinating spores to successfully col-



onize and produce symptoms. The symp-
toms observed were on inoculated plants
only. No early blight lesions from natural
infections were observed before inocu-
lation, and potatoes had not been planted
in this area for at least 5 yr. By day 13,
lesions were coalescing and the number
of lesions usually had decreased. The
differences in number of lesions among
cultivars may indicate that infection
efficiency differs among cultivars, and
this may be one component of resistance
to A. solani.

Disease severity on inoculated plants
differed significantly among cultivars
(Table 1). This was expected because of
the differences in number of lesions.
There were also significant differences in
overall disease severity of the plots
among cultivars. Buckskin had a large
number of lesions and a high severity
on the inoculated plant but had a low
severity for the overall plot (Table 1).
Microclimatic differences within the
foliage of the different cultivars could be
an important factor in the observed dif-
ferences between plant and plot disease
severity, but the differences observed in
infection efficiency could account for
these variations. There were five group-
ings of cultivars based on disease severity
in overall plots. In order of decreasing
severity, these were: 1) Norland; 2) Nor-
chip; 3) Buckskin, Superior, Atlantic,
and Kennebec; 4) Chieftain, Katahdin,
and Belchip; and 5) Penn 71, Rosa, and
PA 1. Ranking of the cultivars differed
according to the method of assessment.

Counting lesions was time-consuming
and not feasible for screening large
numbers of genotypes to A. solani. The
scale used to assess severity on the plant
and severity of the plot was simple but
did not account for the variation
observed within a single cultivar. Because
more information was needed on how
to characterize the disease reaction, more
detailed assessments were made in 1986.

In 1986, there were significant differ-
ences among cultivars for severity over
all assessments and for AUDPC values
(Table 2). Norland had the highest
severity of early blight lesions on the last
two assessments and had the highest
AUDPC value. Norchip was signifi-
cantly different from other cultivars for
AUDPC value but was not always
different from Superior for lesion
severity. On the basis of AUDPC values,
the cultivars could be grouped into six
categories: 1) Norland; 2) Norchip; 3)
Superior and Hampton; 4) Penn 71,
Monona, Katahdin, and Buckskin; 5)
Atlantic and Kennebec; and 6) Chieftain
and Rosa. AUDPC values were highly
correlated with severity at the third
assessment period (r = 0.96).

The amount of chlorosis observed on
leaves with early blight lesions differed
significantly among cultivars. Not all
chlorosis was associated with early
blight, but there was a high positive cor-

relation of necrotic lesion severity with
severity of chlorosis at the second and
third assessment (r = 0.96 and 0.99,
respectively). Chlorosis was least severe
in Chieftain and Rosa, which also had
the lowest lesion severity.

The percentage of stems per plot and
leaves per stem with visible early blight
lesions varied significantly among cul-
tivars (Table 3). By 16 days after inocu-
lation, most cultivars had 1009 stems

infected per plot, and percentage of
leaves infected per stem provided a better
measurement for ranking cultivars. Per-
centage of stems infected was not a good
indicator of the amount of early blight
because all stems had leaves with necrotic
lesions, except early in the epidemic, e.g.,
at 10 days after inoculation.

When severity was regressed on leaf
location, there was a significant differ-
ence among cultivars for both slope and

Table 3. Percentage of stems and of leaves with early blight symptoms for 12 potato cultivars
in field plots in 1986

Percentage with early blight symptoms’

Stems per plot Leaves per stem

Cultivar Day 10 Day 16 Day 23 Day 10 Day 16 Day 23
Norland 70 ab” 100 a 100 2l a 72 a 97 a
Norchip 78 a 100 a 100 15 a-d 60 b 97 a
Superior 73 ab 100 a 100 18 ab 52¢ 95 ab
Hampton 45 de 100 a 100 9 c-f 33ef 81 ef
Monona 68 a—c 97 a 100 14 a-d 48 cd 86 c-e
Katahdin 63 a-d 100 a 100 13 b-e 36e 82d-f
Penn 71 73 ab 100 a 100 16 a—c 45d 86 c-e
Buckskin 55 b-e 95 a 100 10 c-f 36e 88 cd
Atlantic 38e 97 a 100 6 ef 36e 90 be
Kennebec 39e 97 a 100 8 d-f 28 g
Chieftain 50 c-e 92 a 97 13 b-e 28 f 79 f
Rosa 40 e 80 b 97 S5f 17g 54 h

¥ Days after inoculation on 9 July.
“Means followed by the same letter within columns are not significantly different according
to Waller-Duncan average risk test (k = 100).

Table 4. Least squares linear regression data for average early blight severity against leaf location
for 12 potato cultivars in field plots in 1986

Cultivar Intercept" Slope* RY
Norland 121.4 a* —58a 0.95
Norchip 1150b —52a 0.97
Superior 104.3b —6.1 a 0.94
Hampton 10390 —6.1a 0.94
Monona 929b —5.7a 0.91
Katahdin 100.2 b —55a 0.96
Penn 71 91.2b —54a 0.88
Buckskin 95.0b —54a 0.95
Atlantic 92.1b —55a 0.87
Kennebec 9541 —5.7a 0.91
Chieftain 522¢ —33b 0.79
Rosa 55.4c¢ —3.5b 0.78

“Intercept of regression line.

*Regression coefficient, or slope, of regression line.

¥ Coefficient of determination, an estimate of the amount of variation explained by the model.

" Intercepts or slopes followed by the same letter are not significantly different (P = 0.05)
according to Bonferroni ¢ statistic.

Table S. Early blight severity and area under disease progress curve (AUDPC) values for nine
potato cultivars in field plots in 1988

Mean severity (%)*

Cultivar Day 36 Day 42 Day 50 AUDPC?
Norland 13 a* 60 a 100 a 919 a
Norchip 6b 10b 3lc 236 b
Monona S be 10b 30c 233 be
Superior 3cd 7b 39b 228 b-d
Atlantic 2d 6b 24 cd 152 c-¢
Chieftain 3cd 6b 19 ef 145 de
Hampton 1d 4b 17 ef 105 e
Katahdin 2d 3b 17 ef 99 e
Kennebec 2d 3b ISf 98 e

*Days after inoculation on 26 July.

¥ After Tooley and Grau (16).

" Means followed by the same letter within columns are not significantly different according
to Waller-Duncan k-ratio test (k = 100).
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intercept of the regression lines (Table
4). Cultivars were separated into three
groups on the basis of intercept and into
two groups on the basis of slope. The
best regression models were for severity
data on leaves five to 15 only. Over
cultivars, the leaves with severity closest
to the regression line were those in the
middle third section of the stem, i.e.,
leaves five to 15.

Assessment of severity or percentage
of leaf area covered by early blight lesions
required less time than counting lesions
or infected leaves and provided a method
for assessing differences among culti-
vars and ranking cultivars. Assessment
of early blight severity several times over
the disease epidemic is required to calcu-
late AUDPC values. Comparison of cul-
tivars based on the differences in epi-
demics calculated by AUDPC provided
more information for ranking cultivars.
A single assessment at the end of the sea-
son may be confounded by cultivars that
require a long growing season or by other
pest problems. To simplify the assess-
ment and amount of data collected, only
leaves located in the middle third of the
plant canopy should be evaluated. In
order to evaluate this approach, only five
Jeaves in the middle third of the plant
canopy on each of 10 main stems were
assessed in 1988.

In 1988, there were significant differ-
ences among the cultivars (Table 5). On
the first assessment date, 28 days after
inoculation, only Norland had severity
of 19%; all other cultivars had less than
1%. By the second assessment, 36 days
after inoculation, all cultivars except Hamp-
ton had early blight severity greater than
1% (Table 5). Severities and AUDPC
values were lower than in 1986, partially
because of an unusually dry growing
season with high temperatures during
June through August. The epidemic did
not start until the end of August after
a period of heavy rainfall and low
temperatures, even though early blight
lesions were observed in early August on
the inoculated plants of Norland. The
rankings of Hampton and Chieftain were

changed. Severities and AUDPC values
of Hampton were lower than expected
on the basis of cultivar rankings in 1986,
and those of Chieftain were higher. These
changes may have resulted from plant
maturity affecting early blight severity,
especially since the epidemic was delayed
and did not start until 12 wk after
planting. In 1988, planting was delayed
because of a wet period in May. Drought,
combined with abnormally high
temperatures, delayed the early blight
epidemic.

Greenhouse studies. Rate of lesion de-
velopment differed significantly among
cultivars (Table 6). Lesions developed
faster on Norland, Norchip, and Atlantic
than on other cultivars, but these
differences were not always significant.
The rate of lesion development varied
for some cultivars among the three trials,
possibly because the trials were con-
ducted at different times of the year and
temperatures and day lengths may have
influenced the results. There were sig-
nificant differences among cultivars for
early blight severity, which was not
always associated with the rate of lesion
development.

Norland was the most susceptible
cultivar over all field and greenhouse ex-
periments. Norland matures in a shorter
growing period than the other cultivars.
Its leaves divert nutrients to tubers and
senesce earlier than those of any other
cultivar, providing an environment con-
ducive to A. solani.

The cultivars examined in these trials
fall into the following maturity classifi-
cations: Norland, very early maturing;
Monona, Norchip, and Superior, me-
dium early maturing; Atlantic and Chief-
tain, medium maturing, Katahdin and
Kennebec, medium late maturing; Bel-
chip, Hampton, PA 1, Penn 71, and
Rosa, late maturing; and Buckskin, very
late maturing. Maturity classification is
important. Cultivars that require a long
growing season were not always the least
susceptible to A. solani. For example,
Buckskin is very late maturing but was
not the most resistant cultivar. Hampton,

Table 6. Rates of early blight lesion development and severity for 12 potato cultivars in the

greenhouse

Slope of regression of lesion size on time (mm’ per day)
Cultivar Expt. 1 Expt. 2 Expt. 3
Atlantic 0.63 a* 0.81a NTY
Norland 0.71a 0.36 b Lt
Norchip 0.43 ab 1.35a 0.28 b
Chieftain 0.36 ab NT 0.15b
Kennebec NT 0.25b 0.28 b
Belchip 0.25 be 0.29b 1.21 a
Superior 0.25 be 0.12¢ 0.17b
Katahdin 0.22 be 0.38b NT
Buckskin NT NT 0.06 b
Penn 71 NT 0.10 ¢ NT
PA 1 0.06 ¢ 0.08 ¢ NT
Rosa 0.02¢ 0.04 ¢ 0.10b

*Values are means of three replications. Means followed by the same letter within columns
are not significantly different according to Bonferroni ¢ statistic.

¥ Not tested.
’ Regression not performed.
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also a late-maturing cultivar from 1986
data, was susceptible and ranked with
cultivars that are early to medium in
maturity. Hampton was less susceptible
in the 1988 test and was comparable to
the late-maturing Katahdin and Kenne-
bec. It may be best to group genotypes
of like maturity when evaluating early
blight reaction. These cultivars also
varied in resistance to late blight, but
there was no apparent relationship be-
tween late blight resistance and early
blight reaction.

Further research is needed to charac-
terize disease reaction of potatoes to A4.
solani. The next step would be to
examine early blight severity on foliage
of several cultivars and its effect on size,
number, dry matter content, and dry rot
of tubers. Some cultivars may be more
tolerant to early blight than others. An
index could be developed that would take
both disease severity and apparent toler-
ance into account in evaluating reaction
to early blight.
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