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Powdery mildew (Podosphaera xanthii) causes severe damage to pumpkin crops grown in open
fields and plastic house. Initially, we used ten accessions of pumpkin species; Cucurbita pepo (3),
C. maxima (2), C. moschata (2), and C. argyrosperma (3) to study the disease progress in different
stages of seedling development. Commercial pumpkin varieties were used as susceptible host for
inoculum management and young seedlings were inoculated by dusting powdery mildew spores
on the cotyledons, 1-true-leaf and 2-true-leaf seedling stages. Based on initial study, we further
evaluated 218 pumpkinaccessions for their resistance to powdery mildew in different seedling stages
under plastic house. Area under disease progress curve (AUDPC) and relative AUDPC (rAUDPC) was
higher in cotyledonary and 1-true-leaf than 2-true-leaf stage. Seedlings at cotyledons and 1-true-
leaf seedling stage displayed more susceptibility to powdery mildew. Based on evaluation of 2-true-
leaf stage, IT 110859 and IT 278459 from C. pepo and C. argyrosperma identified as resistant (<0.2). Of
the 228 pumpkin accessions, 21 (9.2%) pumpkin accessions consisting of C. pepo (2), C. maxima (5), C.
moschata (13), and C. argyrosperma (1) exhibited intermediate resistance (<0.4) to powdery mildew
and these accessions are useful to growers for its rational management.
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Introduction

Powdery mildew is one of the world’s most widespread and
damaging diseases of cucurbits (Kousik et al., 2008). It is caused
by several species of the Erysiphaceae including Podosphaera
xanthii (syn. Sphaerotheca fulginea) (McGrath and Thomas, 1996;
Thomas et al,, 1984). This disease acts as a sink for plant photo-
synthates causing reduction in plant growth, premature foliage
loss, and consequently a reduction in yield. The yield loss is pro-
portional to the severity of the disease and the length of time
that plants have been infected (Mossler and Nesheim, 2005). It
also results the reduced vigor of the seedlings and death of the
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seedlings in some instances (Kousik et al., 2008).

In Korea, S. fuliginea is the most prevalent pathogen of pow-
dery mildew in cucurbits (Shin, 2000). To date, seven races of P
xanthii (syn. S. fuliginea) have been identified using melon (Cu-
cumis melo L.) differentials (Cohen et al,, 2004; Pitrat et al., 1998;
Thomas et al., 1984). Variability within races 1 and 2 in P, xanthii
populations was described using 32 melon cultigens with the
potential for the existence of 28 races (McCreight, 2006). Physi-
ological races of this pathogen have not been classified for other
cucurbits because of the lack of differentials and fully resistant
germplasm (Cohen et al,, 2004). A powdery mildew isolate from
one cucurbit can infect all other tested cucurbit spp. (Hammett,
1977) and Cohen et al. (2004) has provided detail description of
the cucurbit powdery mildew pathogen and race classification
system. In the past, screening and selection studies against pow-

@This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



134 Research in Plant Disease Vol.22 No. 3

dery mildew disease were undertaken in the accessions of wa-
termelon (Thomas et al., 2005), cucumber (Block and Reitsma,
2005), bottle gourd (Kousik et al., 2008) and Cucurbita sp. (Kim et
al, 2014). Though Korean varieties of Cucurbita moschata have
good quality fruit, these are susceptible to powdery mildew
(Cho et al,, 2003). Powdery mildew is a limiting factor for pump-
kin production and it spreads throughout the field at the end
of growing season (Cohen et al.,, 2000). Screening of pumpkin
germplasm for powdery mildew is the best way in developing
new variety to prevent this disease.

National Agrobiodiversity Center of Rural Development Ad-
ministration, Korea has introduced many accessions of pumpkin
from abroad in recent years. However, little is known about
the extent of powdery mildew resistance in these collections.
Disease resistance screening in introduced germplasm is im-
portant to get resistant and tolerant germplasm for breeding
a new cultivar and controlling powdery mildew in field and
greenhouse-grown pumpkins. Cotyledonary stage is appropri-
ate for screening powdery mildew in C. melo (Cohen and Eyal,
1995) and screening for resistance at young plants stage is com-
mon and accurate method in greenhouse condition (Cohen
and Cohen, 1986). Despite the different screening methods
reported in different conditions, the right stage of screening has
not been studied yet under plastic house condition and disease
severity might also be varied in different developmental stages
of seedlings. Therefore, the objectives of this study were to study
the disease progress curve in different developmental stages of
seedling in Cucurbita species and, to screen a large number of
pumpkin accessions in different seedlings stages against pow-
dery mildew under plastic house condition.

Materials and Methods

Host management. Seeds of five pumpkin commercial
varieties (Nong-Woo Hae, Kolthan-Jee, Thanpham, Bokzhuphus,
Hoekjong Pumpkin) were purchased from market and sown in
February 25, 2015. Seedlings were transplanted at 60 cm apart
at both sides of the plastic house in April 8, 2015 and used as

susceptible hosts for powdery mildew.

Identification of P, xanthii and inoculum prepara—

tion, Pumpkin leaves infected with powdery mildew were

collected from farmer’s fields (Jeonju, Korea) in April 21, 2015 for
microscopic observation of the pathogen. The conidia observed
under light microscope (Leica DM5500B; Leica, Wetzlar, Germa-
ny) were oidium type and conidiospore with cylindrical fibrosin
bodies of conidia which was identified to be P, xanthii. Earlier re-
searchers (McGrath et al,, 1996; Shin, 2000) were confirmed the
pathogen to be P. xanthii, caused powdery mildew in pumpkin
based on this similar microscopic examination. Then, artificial in-
oculation of host plants seedlings were performed by manually
through dusting the sporulated leaves and P. xanthii isolates in
host plants were kept for 60 days in plastic house.

Plant materials. Initially, seeds of 10 accessions consti-
tuting three accessions (IT 278455, IT 278462, IT 278463) from
Cucurbita pepo, two accessions (IT 278453 and IT 278471) from C.
maxima, two accessions (IT 278454 and IT 278474) from C. mos-
chata and three accessions (IT 278459, IT 278460, and IT 278464)
from C. argyrosperma were sown in plug trays containing horti-
cultural soil (Bio-media Co,, Ltd,, Seoul, Korea) in June 1, 2015 to
study the disease progress in different stages of seedling. Each
accession had three seedlings and repeated six times. Pathogen
was inoculated on cotyledons through host plants netted above
the test seedlings and naturally dropped the spore from the sus-
ceptible host plants on the seedlings of each accession in June
10, 2015. Inoculation was continued naturally on test seedlings
until the majority of the plants had reached two-expanded-leaf
stage. Seedlings were maintained in the greenhouse where con-
ditions were optimal for development of powdery mildew.

Disease scoring, area under disease progress curve
(AUDPC) and relative AUDPC (rAUDPC) estimation. The
first sign of infection usually appeared as small, faintly visible
mildew colonies at 3 to 4 days after inoculation and disease was
well developed after 7 and 11 days in 1-true-leaf and 2-true-
leaf, respectively. Records on disease severity were taken on
cotyledons (3, 5, and 7 days after inoculation), 1-true-leaf (7, 9,
11, and 19 days after inoculation), and 2-true-leaf (11, 13, 15, and
19 days after inoculation) stages. Disease severity was recorded
on individual plant of each accession. Based on the powdery
mildew symptoms developed on the host plants, a 1 to 7 scale
of increasing disease severity was used (Fig. 1).

For cotyledons, 1-true- and 2-true-leaf of each accession,
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AUDPC was estimated using following formula;

(D,:+D)

AUDPC=(T-Tix | ==

Where, T is the time in days at i"" observation and D is the
estimated percentage of area of infected powdery mildew at i
observation.

Estimated AUDPCs for each interval were summed and di-
vided by total number of days multiplied by 100. rAUDPC is an
accumulated assessment of disease which lies between 0 to 1.
To calculate rAUDPC, the following formula was used.

37, | 2RL
(Trow)x100

rAUDPC=

Plant growth condition and inoculum applica—
tion. Seeds of 218 accessions consisting of 58, 44, 109, and 7
accessions from C. pepo, C. maxima, C. moschata, and Cucurbita
sp., respectively, were sown in May 18, 2015. Seedlings were
grown in 50-cell plastic plug trays filled with horticultural soil
(Bio-media Co,, Ltd.) for six days in glasshouse and then moved
to a plastic house after the cotyledons emerged. Day tempera-
ture and relative humidity was maintained at 25°C and 70%
during screening test. Inoculum was applied naturally after
seven days of seedling emergence and the process of disease
inoculation was same as the procedure mentioned in initial

disease progress study. Disease severity was recorded on coty-

ledons, 1-true- and 2-true-leaf at 10 days interval and AUDPC,
and rAUDPC was estimated using the method described above.
AUDPC and rAUDPC were estimated in different seedling stages
and accessions having rAUDPC value ranging from <0.2, <04,
and >0.5 was classified as resistant, intermediate (moderate) re-
sistant and susceptible, respectively.

Statistical analysis. Data were recorded on 1 to 7 scale
as described previously. The rating data were first converted per-
centage and weighted averages were calculated for each acces-
sion. The percentage data were subjected to calculate AUDPC
and rAUDPC using Microsoft Excel (version 10.0; Microsoft,
Redmond, WA, USA) as the formula described previously. SPSS
Statistics 17.0 (SPSS Inc,, Chicago, IL, USA) was used to analyze
correlation coefficient among cotyledon, 1-true- and 2-true-leaf
stage.

Results and Discussion

Disease severity (AUDPC) was varied in cotyledons, 1-true-
and 2-true-leaf stage in the studied Cucurbita species. Looking at
disease severity (AUDPC) and rAUDPC in C. pepo and C. maxima
accessions, it exhibited susceptibility at cotyledonary, 1-true and
even in 2-true-leaf stage but disease severity was decreased
in 1-true-leaf seedling stage (Fig. 2A, B, respectively). However,
disease severity (AUDPC) in IT 278474 of C. moschata exhibited
considerable difference in different seedling stages (Fig. 2C) as

Fig. 1. Powdery mildew scale (1-7) de-
veloped for recording disease severity in
pumpkin accessions. (A) 1=no symptoms,
(B) 2=10%, (C) 3=20%, (D) 4=30%, (E)
5=50%, (F) 6=80%, (G) 7=100%.
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Fig. 2. Disease severity (AUDPC) and rAUDPC of cotyledons, 1-true- and 2-true-leaf stage in the accessions of Cucurbita pepo (A), C. maxi-
ma (B), C. moschata (D), and C. argyrosperma (D). AUDPC, area under disease progress curve; rAUDPC, relative AUDPC.

compared to IT 278454, Disease severity was decreased linearly
in 1-true- and 2-true-leaf than cotyledonary stage. Likewise,
the accessions of C. argyrosperma exhibited decreased AUDPC
and rAUDPC at 2-true-leaf stages (Fig. 2D). Relative AUDPC in
IT 278463 exhibited decreasing disease severity trend in coty-
ledons, 1-true- and 2-true-leaf in C. pepo and similar trend was
observed in the accessions of C. maxima. IT 278474 showed con-
sistently decreased rAUDPC value indicating moderate resistant
to powdery mildew at 2-true-leaf stage while all the accessions
of C. argyrosperma had lower rAUDPC and it progressively de-
creased at different seedling stages. From the disease progress
study, IT 278474, IT 278460, IT 278464, and IT 278459 displayed
low rAUDPC value (<04) in 2-true-leaf stage indicating interme-
diate resistance to powdery mildew. In this study, we observed
high disease severity in cotyledons in all the accessions of Cu-

curbita spp. but disease severity decreased linearly until 2-true-
leaf stage in most of the accessions. Our results indicated that
susceptibility in cotyledons was not related with susceptibility in
either 1st-true and 2nd-true leaf stage under plastic house con-
dition and Cohen and Eyal (1995) reported the similar findings
in the study of C. melo. They reported that screening process
undergoes until 2-true-leaf stage if cotyledons are susceptible to
powdery mildew.

Disease severity (AUDPC) and rAUDPC in cotyledonary, 1-true-
leaf and 2-true-leaf stage of 218 accessions for powdery mildew
in different Cucurbita species are given in Table 1. The accessions
of pumpkin accessions exhibited powdery mildew susceptibility
in cotyledondary stage and rAUDPC value was ranged from 0.5
to 1.0. Likewise, rAUDPC showed susceptibility to powdery mil-
dew in 1-true-leaf stage in evaluated accessions. Of the 58 acces-
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Table 1. Evaluation of pumpkin accessions for powdery mildew resistance in different stages of seedling development in plastic house, 2015

Cotyledonary stage 1st-true-leaf stage 2nd-true-leaf stage

Accession Species
AUDPC rAUDPC AUDPC rAUDPC AUDPC rAUDPC

IT 33231 Cucurbita pepo 978.1 0.9 754.7 0.7 5184 0.5
IT 104041 C.pepo 781.8 0.8 501.8 0.5 350.0 0.4
IT104643  C pepo 968.8 0.9 583.8 0.6 500.8 0.5
IT 110859 C. pepo 510.7 0.5 483.3 0.5 200.0 0.2
IT 119029 C. pepo 775.0 0.8 614.7 0.6 500.0 0.5
IT119032  C pepo 961.8 0.9 5529 0.6 520.6 0.5
IT119042  C pepo 965.6 0.9 688.9 0.7 500.8 0.5
IT119102  C pepo 951.5 0.9 653.3 0.7 500.0 0.5
IT119114 C. pepo 993.1 0.9 614.7 0.6 505.0 0.5
IT119764  C pepo 982.8 1.0 8389 0.8 501.9 0.5
IT156573  C.pepo 1,000.0 1.0 760.6 0.8 500.0 0.5
IT203117  C pepo 1,000.0 1.0 756.9 0.8 500.0 0.5
IT203122 C. pepo 1,000.0 1.0 836.1 0.8 500.0 0.5
IT 203159 C. pepo 1,000.0 1.0 807.7 0.8 519.2 0.5
IT276393  C pepo 1,000.0 1.0 880.6 0.9 505.6 0.5
IT277918  C. pepo 1,000.0 1.0 788.9 0.8 500.0 0.5
IT277919  C pepo 1,000.0 1.0 883.3 0.9 500.0 0.5
IT 277974 C. pepo 1,000.0 1.0 943.8 0.9 525.0 0.5
IT 277980 C. pepo 1,000.0 1.0 8533 0.9 539.0 0.5
IT 278151 C. pepo 1,000.0 1.0 1,000.0 1.0 577.8 0.6
IT278152  C. pepo 1,000.0 1.0 970.6 1.0 508.8 0.5
IT278153 C. pepo 1,000.0 1.0 980.6 1.0 4194 0.4
IT 278162 C. pepo 1,000.0 1.0 9094 0.9 503.1 0.5
IT 278163 C. pepo 1,000.0 1.0 947.1 0.9 500.0 0.5
IT278164  C.pepo 1,000.0 1.0 967.6 1.0 517.6 0.5
IT 278165 C.pepo 1,000.0 1.0 1,000.0 1.0 500.0 0.5
IT278166  C. pepo 1,000.0 1.0 952.8 1.0 613.9 0.6
IT 278167 C. pepo 1,000.0 1.0 986.1 1.0 500.0 0.5
IT 278171 C. pepo 1,000.0 1.0 1,000.0 1.0 500.0 0.5
IT278172 C. pepo 1,000.0 1.0 991.7 1.0 594.4 0.6
IT278173  C.pepo 1,000.0 1.0 976.5 1.0 500.0 0.5
IT278174 C. pepo 1,000.0 1.0 1,000.0 1.0 700.0 0.7
IT278179 C. pepo 1,000.0 1.0 950.0 1.0 500.0 0.5
IT278180  C. pepo 1,000.0 1.0 969.4 1.0 5083 0.5
IT278192  C pepo 1,000.0 1.0 972.2 1.0 500.0 0.5
IT278195  C pepo 1,000.0 1.0 1,000.0 1.0 691.7 0.7
IT 278202 C. pepo 1,000.0 1.0 891.7 0.9 586.1 0.6
IT 278203 C. pepo 1,000.0 1.0 997.2 1.0 677.8 0.7
IT278248  C.pepo 1,000.0 1.0 980.6 1.0 672.2 0.7

IT 278249 C. pepo 1,000.0 1.0 997.1 1.0 6324 0.6
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Table 1. Continued

Cotyledonary stage 1st-true-leaf stage 2nd-true-leaf stage

Accession Species
AUDPC rAUDPC AUDPC rAUDPC AUDPC rAUDPC

IT 278250 C. pepo 1,000.0 1.0 1,000.0 1.0 902.8 0.9
IT 278251 C. pepo 1,000.0 1.0 997.2 1.0 569.4 0.6
IT 278289 C. pepo 1,000.0 1.0 980.6 1.0 561.1 0.6
IT 278290 C. pepo 1,000.0 1.0 986.1 1.0 575.0 0.6
IT 278291 C. pepo 1,000.0 1.0 1,000.0 1.0 561.1 0.6
IT 278292 C. pepo 1,000.0 1.0 1,000.0 1.0 569.4 0.6
IT278310 C. pepo 1,000.0 1.0 1,000.0 1.0 650.0 0.7
IT 278311 C. pepo 1,000.0 1.0 1,000.0 1.0 800.0 0.8
IT 278407 C. pepo 1,000.0 1.0 943.8 0.9 1,000.0 1.0
IT 278409 C.pepo 1,000.0 1.0 741.2 0.7 1,000.0 1.0
IT 278414 C. pepo 1,000.0 1.0 709.4 0.7 1,000.0 1.0
IT 278425 C. pepo 1,000.0 1.0 702.8 0.7 1,000.0 1.0
IT 278426 C. pepo 1,000.0 1.0 955.6 1.0 1,000.0 1.0
IT 278427 C.pepo 1,000.0 1.0 861.1 0.9 1,000.0 1.0
IT 278447 C.pepo 1,000.0 1.0 800.0 0.8 1,000.0 1.0
IT 278449 C. pepo 1,000.0 1.0 822.2 0.8 1,000.0 1.0
IT 278450 C. pepo 1,000.0 1.0 936.1 0.9 1,000.0 1.0
IT 278451 C. pepo 1,000.0 1.0 825.0 0.8 850.0 0.9
IT 108834 Cucurbita maxima 861.1 0.9 525.9 0.5 3833 04
IT119014 C. maxima 7203 0.7 561.2 0.6 500.0 0.5
IT 202252 C. maxima 963.9 1.0 618.1 0.6 500.0 0.5
IT 202274 C. maxima 895.0 0.9 716.7 0.7 3583 04
IT 203096 C. maxima 1,000.0 1.0 7735 0.8 462.5 0.5
IT213317 C. maxima 1,000.0 1.0 708.3 0.7 500.0 0.5
IT 216909 C. maxima 1,000.0 1.0 772.2 0.8 500.0 0.5
IT 277872 C. maxima 1,000.0 1.0 647.5 0.6 441.7 04
IT 277873 C. maxima 1,000.0 1.0 688.9 0.7 500.0 0.5
IT 277874 C. maxima 1,000.0 1.0 748.6 0.7 450.0 0.5
IT 277875 C. maxima 1,000.0 1.0 8333 0.8 500.0 0.5
IT 277876 C. maxima 1,000.0 1.0 666.7 0.7 500.0 0.5
IT 277877 C. maxima 1,000.0 1.0 729.2 0.7 500.0 0.5
IT 277878 C. maxima 1,000.0 1.0 858.3 0.9 508.3 0.5
IT 277912 C.maxima 1,000.0 1.0 7333 0.7 425.0 04
IT 277952 C.maxima 1,000.0 1.0 997.2 1.0 511.1 0.5
IT 277954 C. maxima 1,000.0 1.0 966.7 1.0 516.7 0.5
IT 277970 C. maxima 1,000.0 1.0 980.6 1.0 527.8 0.5
IT 277971 C. maxima 1,000.0 1.0 991.2 1.0 5373 0.5
IT 277981 C.maxima 1,000.0 1.0 866.7 0.9 527.8 0.5
IT 278168 C. maxima 1,000.0 1.0 977.8 1.0 566.7 0.6
IT 278181 C. maxima 1,000.0 1.0 984.4 1.0 500.0 0.5
IT278182 C. maxima 1,000.0 1.0 994 .4 1.0 5694 0.6
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Table 1. Continued

Cotyledonary stage 1st-true-leaf stage 2nd-true-leaf stage

Accession Species
AUDPC rAUDPC AUDPC rAUDPC AUDPC rAUDPC

IT278198 C.maxima 1,000.0 1.0 943.8 0.9 500.0 0.5
IT278204 C.maxima 1,000.0 1.0 910.0 0.9 520.0 0.5
IT278205 C.maxima 1,000.0 1.0 994.1 1.0 614.7 0.6
IT278209 C.maxima 1,000.0 1.0 941.7 0.9 5222 0.5
IT278211  C.maxima 1,000.0 1.0 1,000.0 1.0 508.8 0.5
IT278238 C.maxima 1,000.0 1.0 991.7 1.0 5444 0.5
IT278246  C.maxima 1,000.0 1.0 883.3 0.9 500.0 0.5
IT278254 C.maxima 1,000.0 1.0 975.0 1.0 716.7 0.7
IT278256  C.maxima 1,000.0 1.0 996.7 1.0 593.3 0.6
IT278257 C.maxima 1,000.0 1.0 947.2 0.9 503.9 0.5
IT278259 C.maxima 1,000.0 1.0 997.2 1.0 563.9 0.6
IT278260 C.maxima 1,000.0 1.0 9844 1.0 506.3 0.5
IT278293  C.maxima 1,000.0 1.0 963.9 1.0 5583 0.6
IT278294 C.maxima 1,000.0 1.0 1,000.0 1.0 588.2 0.6
IT278295 C.maxima 1,000.0 1.0 1,000.0 1.0 566.7 0.6
IT278297 C.maxima 1,000.0 1.0 1,000.0 1.0 5194 0.5
IT278304 C.maxima 1,000.0 1.0 1,000.0 1.0 5333 0.5
IT278320 C.maxima 1,000.0 1.0 1,000.0 1.0 5794 0.6
IT278404 C.maxima 1,000.0 1.0 7444 0.7 1,000.0 1.0
IT278423 C.maxima 1,000.0 1.0 547.2 0.5 1,000.0 1.0
IT278429 C.maxima 1,000.0 1.0 770.0 0.8 1,000.0 1.0
IT278453 C.maxima 681.9 0.7 1,000.0 1.0 448.6 04
IT278471  C.maxima 669.4 0.7 1,000.0 1.0 5029 0.5
IT105528  Cucurbita moschata 945.6 0.9 532.1 0.5 458.3 0.5
IT105554 C.moschata 1,000.0 1.0 519.0 0.5 500.0 0.5
IT105600 C. moschata 8444 0.8 540.8 0.5 500.8 0.5
IT 105608 C. moschata 800.0 0.8 446.7 0.4 3333 03
IT108899 C moschata 881.3 0.9 700.0 0.7 4833 0.5
IT 108908 C. moschata 827.9 0.8 567.6 0.6 501.5 0.5
IT108993 C. moschata 979.2 1.0 524.2 0.5 501.7 0.5
IT110852 C. moschata 908.3 0.9 517.3 0.5 500.0 0.5
IT110868 C. moschata 848.5 0.8 598.1 0.6 508.1 0.5
IT110870  C. moschata 9194 0.9 540.6 0.5 500.0 0.5
IT112905 C moschata 1,202.9 1.2 520.0 0.5 500.0 0.5
IT112971  C.moschata 992.6 1.0 537.8 0.5 500.0 0.5
IT113104 C. moschata 966.7 1.0 555.0 0.6 441.7 04
IT113159  C moschata 905.0 0.9 508.2 0.5 500.0 0.5
IT113244  C.moschata 7729 0.8 511.3 0.5 500.0 0.5
IT113318 C. moschata 916.2 0.9 5176 0.5 500.0 0.5
IT113348 C.moschata 864.6 0.9 547.5 0.5 500.0 0.5
IT119777  C.moschata 1,000.0 1.0 656.7 0.7 508.3 0.5




140

Research in Plant Disease Vol.22 No. 3

Table 1. Continued

Cotyledonary stage 1st-true-leaf stage 2nd-true-leaf stage

Accession Species
AUDPC rAUDPC AUDPC rAUDPC AUDPC rAUDPC

IT155179 C. moschata 964.3 1.0 690.8 0.7 500.0 0.5
IT 156558 C. moschata 1,000.0 1.0 566.3 0.6 500.0 0.5
IT 156583 C. moschata 977.5 1.0 5445 0.5 500.0 0.5
IT 156584 C. moschata 612.5 0.6 500.0 0.5 500.0 0.5
IT 156586 C. moschata 935.0 0.9 586.0 0.6 500.0 0.5
IT 156587 C. moschata 9722 1.0 596.9 0.6 500.0 0.5
IT 170510 C. moschata 991.7 1.0 7328 0.7 500.0 0.5
IT 170516 C. moschata 910.7 0.9 609.3 0.6 500.0 0.5
IT 173658 C. moschata 876.7 0.9 558.7 0.6 500.0 0.5
IT 186360 C. moschata 880.0 0.9 507.0 0.5 500.0 0.5
IT 186363 C. moschata 920.0 0.9 730.0 0.7 500.0 0.5
IT 186369 C. moschata 956.3 1.0 5925 0.6 500.0 0.5
IT 188215 C. moschata 985.3 1.0 750.0 0.8 500.0 0.5
IT201526 C. moschata 1,000.0 1.0 5244 0.5 275.0 03
IT 202230 C. moschata 870.8 0.9 5744 0.6 4833 0.5
IT 202237 C. moschata 830.0 0.8 553.0 0.6 500.0 0.5
IT 202243 C. moschata 991.7 1.0 525.8 0.5 441.7 0.4
IT 202245 C. moschata 1,000.0 1.0 662.1 0.7 500.0 0.5
IT 202263 C. moschata 1,000.0 1.0 622.2 0.6 500.0 0.5
IT 202267 C. moschata 991.7 1.0 568.6 0.6 475.0 0.5
IT 202269 C. moschata 1,000.0 1.0 596.9 0.6 500.0 0.5
IT 202271 C. moschata 925.0 0.9 650.0 0.7 475.0 0.5
IT 202281 C. moschata 1,000.0 1.0 5279 0.5 500.0 0.5
IT 202291 C. moschata 1,000.0 1.0 830.6 0.8 500.0 0.5
IT 202295 C. moschata 1,000.0 1.0 539.7 0.5 4833 0.5
IT 202299 C. moschata 961.8 1.0 643.5 0.6 500.0 0.5
IT 202301 C. moschata 1,000.0 1.0 624.2 0.6 500.0 0.5
IT203135 C. moschata 954.5 1.0 677.7 0.7 500.0 0.5
IT 203140 C. moschata 1,000.0 1.0 722.2 0.7 547.2 0.5
IT 207208 C. moschata 1,000.0 1.0 810.0 0.8 550.0 0.6
IT 208505 C. moschata 1,000.0 1.0 705.9 0.7 500.0 0.5
IT 208511 C. moschata 1,000.0 1.0 7125 0.7 500.0 0.5
IT 208513 C. moschata 1,000.0 1.0 680.6 0.7 500.0 0.5
IT 277901 C. moschata 1,000.0 1.0 741.7 0.7 502.8 0.5
IT 277902 C. moschata 1,000.0 1.0 8324 0.8 500.0 0.5
IT 277903 C. moschata 1,000.0 1.0 554.2 0.6 500.0 0.5
IT 277905 C. moschata 1,000.0 1.0 620.0 0.6 466.7 0.5
IT 277907 C. moschata 1,000.0 1.0 637.5 0.6 500.0 0.5
IT 277908 C. moschata 1,000.0 1.0 809.4 0.8 466.7 0.5
IT 277909 C. moschata 1,000.0 1.0 625.0 0.6 4833 0.5
IT277911 C. moschata 1,000.0 1.0 725.0 0.7 466.7 0.5




Research in Plant Disease Vol. 22 No. 3 141
Table 1. Continued

Cotyledonary stage 1st-true-leaf stage 2nd-true-leaf stage

Accession Species
AUDPC rAUDPC AUDPC rAUDPC AUDPC rAUDPC

IT 277922 C. moschata 1,000.0 1.0 7429 0.7 500.0 0.5
IT 277923 C. moschata 1,000.0 1.0 1,000.0 1.0 500.0 0.5
IT 277924 C. moschata 1,000.0 1.0 927.8 0.9 500.0 0.5
IT 277925 C. moschata 1,000.0 1.0 1,000.0 1.0 527.8 0.5
IT 277928 C. moschata 1,000.0 1.0 913.9 0.9 552.8 0.6
IT 277929 C. moschata 1,000.0 1.0 941.7 0.9 500.0 0.5
IT 277930 C. moschata 1,000.0 1.0 856.7 0.9 500.0 0.5
IT 277932 C. moschata 1,000.0 1.0 961.1 1.0 563.9 0.6
IT 277933 C. moschata 647.1 0.6 9235 0.9 500.0 0.5
IT 277934 C. moschata 980.4 1.0 995.8 1.0 502.8 0.5
IT 277935 C. moschata 1,000.0 1.0 9824 1.0 500.0 0.5
IT 277936 C. moschata 1,000.0 1.0 950.0 1.0 5333 0.5
IT 277937 C. moschata 1,000.0 1.0 822.2 0.8 350.0 0.4
IT 277940 C. moschata 1,000.0 1.0 997.2 1.0 500.0 0.5
IT 277941 C. moschata 1,000.0 1.0 927.8 0.9 500.0 0.5
IT 277942 C. moschata 1,000.0 1.0 991.7 1.0 500.0 0.5
IT 277944 C. moschata 1,000.0 1.0 986.1 1.0 500.0 0.5
IT 277945 C. moschata 1,000.0 1.0 963.9 1.0 500.0 0.5
IT 277946 C. moschata 1,000.0 1.0 766.7 0.8 250.0 0.3
IT 277946 C. moschata 1,000.0 1.0 766.7 0.8 250.0 0.3
IT 277947 C. moschata 1,000.0 1.0 976.5 1.0 486.8 0.5
IT 277948 C. moschata 1,000.0 1.0 975.0 1.0 550.0 0.6
IT 277953 C. moschata 1,000.0 1.0 986.1 1.0 500.0 0.5
IT 277956 C. moschata 1,000.0 1.0 897.1 0.9 500.0 0.5
IT 277957 C. moschata 1,000.0 1.0 950.0 1.0 500.0 0.5
IT 277958 C. moschata 1,000.0 1.0 973.3 1.0 500.0 0.5
IT 278140 C. moschata 1,000.0 1.0 675.0 0.7 425.0 0.4
IT 278143 C. moschata 1,000.0 1.0 997.2 1.0 500.0 0.5
IT 278149 C. moschata 1,000.0 1.0 790.6 0.8 500.0 0.5
IT278156 C. moschata 1,000.0 1.0 908.3 0.9 416.7 04
IT 278157 C. moschata 1,000.0 1.0 955.6 1.0 500.0 0.5
IT 278158 C. moschata 1,000.0 1.0 930.6 0.9 5333 0.5
IT 278159 C. moschata 1,000.0 1.0 900.0 0.9 500.0 0.5
IT278187 C. moschata 1,000.0 1.0 1,000.0 1.0 500.0 0.5
IT 278188 C. moschata 1,000.0 1.0 969.4 1.0 5222 0.5
IT 278200 C. moschata 1,000.0 1.0 922.2 0.9 505.6 0.5
IT 278201 C. moschata 1,000.0 1.0 952.8 1.0 513.9 0.5
IT278212 C. moschata 1,000.0 1.0 980.6 1.0 516.7 0.5
IT 278213 C. moschata 1,000.0 1.0 902.9 0.9 541.2 0.5
IT278214 C. moschata 1,000.0 1.0 691.7 0.7 300.0 0.3
IT 278216 C. moschata 1,000.0 1.0 950.0 1.0 410.0 0.4
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Table 1. Continued

Cotyledonary stage 1st-true-leaf stage 2nd-true-leaf stage

Accession Species
AUDPC rAUDPC AUDPC rAUDPC AUDPC rAUDPC

IT278219  C. moschata 1,000.0 1.0 961.1 1.0 5194 0.5
IT278220 C.moschata 1,000.0 1.0 980.6 1.0 500.0 0.5
IT278221  C.moschata 1,000.0 1.0 980.6 1.0 508.3 0.5
IT278222 C moschata 1,000.0 1.0 8324 0.8 400.0 04
IT278321 C.moschata 1,000.0 1.0 888.9 0.9 1,000.0 1.0
IT278410 C. moschata 1,000.0 1.0 700.0 0.7 1,000.0 1.0
IT278411  C.moschata 1,000.0 1.0 619.4 0.6 854.2 0.9
IT278419  C.moschata 1,000.0 1.0 605.6 0.6 1,000.0 1.0
IT278432 C.moschata 972.2 1.0 888.9 0.9 863.7 0.9
IT278452 C.moschata 1,000.0 1.0 8324 0.8 1,000.0 1.0
IT213839  Cucurbita sp. 1,000.0 1.0 748.6 0.7 500.0 0.5
IT213842  Cucurbita sp. 1,000.0 1.0 710.7 0.7 500.0 0.5
IT213847  Cucurbita sp. 1,000.0 1.0 750.0 0.7 500.0 0.5
IT214762  Cucurbita ficifolia 875.0 0.8 693.7 0.6 500.0 0.5
IT215283  Cucurbita sp. 963.9 0.9 672.2 0.6 500.0 0.5
IT278218  Cucurbita sp. 1,000.0 1.0 802.9 0.8 500.0 0.5
IT278430  Cucurbita sp. 1,000.0 1.0 609.3 0.6 500.0 0.5

AUDPC, area under disease progress curve; rAUDPC, relative AUDPC.

sions of C. pepo evaluation, IT 110859 had lower AUDPC (200.0)
and rAUDPC (0.2) indicating resistance to powdery mildew at
2-true-leaf stage. But IT104041 and IT 278153 were identified as
moderate resistant accessions in C. pepo. Out of 44 accessions
evaluated in C. maxima, five accessions (IT 108834, IT 202274, IT
277872, 1T 277912, and IT 278453) showed moderate resistant
(<0.4). Likewise, out of 109 accession of C. moschata tested,
12 accessions had exhibited intermediate resistance against
powdery mildew and remainder accessions were observed as
susceptible (>0.5). The relative AUDPC <0.2 was considered nec-
essary for a genotype to be classed as resistant and one acces-
sion (IT 110859) had identified the resistant among Cucurbita sp.
evaluated. Similarly, of the seven accession of Cucurbita sp., all
were rated as susceptible. A recent study of two-hundred forty-
eight accessions of pumpkin germplasm reported three acces-
sions of C. maxima, and one accession of C. moschata were resis-
tant (Kim et al,, 2014). Similarly, in the study of Davis et al. (2001),
they did not found resistant to S. fuliginea in 111 watermelon
accessions. Kousik et al. (2008) evaluated 234 germplasm of
Lagenaria siceraria for tolerance to powdery mildew by dusting

powdery mildew spores of melon race 1 on the cotyledons but
they reported none of the L. siceraria accessions were immune
to powdery mildew.

Our study identified one accession as resistant and 19 acces-
sions as moderately resistant based on the evaluation of 2-true-
leaf seedling stage. Our result did not show any resistant acces-
sion to powdery mildew at cotyledonary and 1-true-leaf stage
exhibiting their susceptibility. In the study of Takada et al. (1974),
they reported that inoculation of the first true leaf of 2-true-leaf
plants was effective for screening resistant individuals. How-
ever, Cohen (1993) reported that preliminary screening can be
done at cotyledonary stage using leaf disk assay. But our study
employed cotyledon, 1-true- and 2-true-leaf stage to screen the
pumpkin accession and disease severity decreased at 2-true-leaf
stage in most of the accessions. Considering the management
of powdery mildew in the field, presently, registered fungicides
are available to control the powdery mildew of cucurbits. How-
ever, environmental concerns, difficulty in achieving adequate
coverage, likelihood of the pathogen developing resistance to
chemicals used for control and shifts in virulence of the organ-
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ism mean that total reliance upon chemical means of control is
insufficient (McGrath, 2001). Therefore, the best method to con-
trol powdery mildew can be the use of resistant varieties with
only occasional use of chemical control if necessary (Thomas et
al., 2005). Generally, breeding for resistance is based on a system
of inoculation of plants with pathogen and selection of the re-
sistant individual (Cohen and Cohen, 1986). In addition, many
difficulties arise for selecting the resistance in field condition.
Infection in the field is not uniform and different pathogens and
various races of pathogens may also infect the plant. Powdery
mildew development in the field is dependent to a great extent
on environmental condition and excessive high temperature
limits the development of the disease (Aust, 1986; Schnathorst,
1965). But in this study, we screened the pumpkin accessions
at plastic house condition under 25°C which is optimum condi-
tion for disease development but screening for resistance to
powdery mildew in greenhouse condition in three to four leaves
stage might be the best method. From our study, we identified
few accessions as moderate resistant and use of these moder-
ately resistant varieties by combining with minimum spray of
fungicide in greenhouse and field-grown pumpkins might be
helpful to growers for the effective control of powdery mildew.
A correlation study was done in the disease severity of cotyle-
donary, 1-true- and 2-true-leaf stage and results are presented
in Table 2. Disease severity of cotyledons inoculated with S.
fuligena was moderately correlated (r=0.686**) with 1-true- and
2-true-leaf (r=402**). Similarly, disease severity between 1-true-
leaf stage and 2-true-leaf stage were moderately correlated
(r=0.358*). The moderate correlation indicates that the disease
severity in cotyledons may not necessarily be associated with
1-true- and 2-true-leaf stage and low correlation between
1-true- and 2-true-leaf stage observed in the experiment further

support this point. Previously, Pryor and Whitaker (1942) had
studied about the correlation of powdery mildew develop-
ment at the various stages of muskmelon plant development.
They reported that resistance against Erysiphe cichoracearum in
young plants in the greenhouse was not always associated with
resistance in the field but we accomplished our study in plastic
house condition and this suggests us to undertake our experi-
ment at field condition for 3- and 4-leaf stages to corroborate
the results. However, they reported a high degree of correlation
between disease severities on cotyledons leaves and stems of
the same plant in the greenhouse experiment. In the study of
Ferriere and Molot (1988), they observed that muskmelon coty-
ledons were so susceptible to the fungus and cotyledons could
not be used for screening for resistance and screening at 3-leaf
stage can provide the best information on the resistance or sus-
ceptibility of genotypes to the disease.

To conclude, our results clearly demonstrated that there are
significant and valuable source of powdery mildew resistance
in pumpkin collections. We studied the disease progress in dif-
ferent seedling stages of Cucurbita species. Powdery mildew
affected higher in cotyledons than 1-true- and 2-true-leaf stage.
Most of the accessions showed high disease severity in all seed-
ling stages except few accessions. The initial study of disease
progress established the method for screening of powdery mil-
dew at 2-true-leaf stage and only the cotyledonary and 1-true-
leaf stage cannot be used to screen against powdery mildew
under plastic house condition. Out of 228 accessions screened
against powdery mildew using 2-true-leaf stage, altogether two
and 21 accessions from different Cucurbita species were identi-
fied as resistant and intermediate resistant, respectively and
these germplasm could be used for the effective management
of powdery mildew in open field and plastic house condition.

Table 2. Disease severity (AUDPC) of powdery mildew incited by Podosphaera xanthii in cotyledonary, 1-true- and 2-true-leaf stages of

seedlings of pumpkin accessions

Variable Cotyledonary stage 1-true-leaf stage 2-true-leaf stage
Cotyledonary stage 1.0 0.686%* 0.402%*
1-true-leaf stage - 1.0 0.358*
2-true-leaf stage - - 1.0

Statistical analysis by Pearson’s correlation coefficient.
AUDPC, area under disease progress curve.
*P<0.05, **P<0.01.
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Besides, screening of pumpkin accessions against powdery mil-
dew in 3- and 4-leaf stage in field condition is recommended to
confirm this finding.
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