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Abstract

Pea, a major cool-season vegetable legume, suffer substantial yield and quality losses due to powdery mildew (PM), caused by the
parasitic fungus species Erysiphe. This disease can lead to yield reductions of 25-70%, affecting the quality of the produce with notable
economic impact. Resistance breeding is one of the most environmentally sustainable strategies to manage this devastating disease.
Over a period of three years, a total of 172 diverse pea accessions were field-evaluated for powdery mildew resistance (PMR), among
which 35 accessions displayed a disease score rating of 0-1, indicating a disease incidence of <1%. Notably, three accessions—IC296678,
EC865944, and EC865975 demonstrated high resistance levels against Erysiphe pisi. Histopathological observations showed that no
conidia germination occurred on the resistant lines 1C296678, EC865975 and EC865944 at both 24 and 48 hours post-inoculation,
indicating a pre-invasive type of immunity in these genotypes. To investigate the gene action and inheritance patterns of PM resistance
in EC865944 and EC865975, we utilized five cross combinations viz., EC865975 x Kashi Udai, Kashi Ageti x EC865944, EC865944 X Kashi
Nandini, EC865975 X Kashi Shakti and EC865944 x VRPM-903. Analysis of the F, population from these crosses revealed a segregation
pattern of one resistant to three susceptible, indicating the presence of a single recessive gene in both genotypes. Horticultural
characterization of these genotypes showed that both belonged to the late-maturing group of peas, characterized by a taller growth
habit, an average pod weight ranging from 5.5 to 7.5 g, and an average yield of 75 to 100 g per plant. These newly identified PMR
sources provide invaluable genetic resources, not only for Indian breeders but also for researchers globally, offering a significant step
forward in sustainable pea improvement.
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Pea (Pisum sativum L.) is one of the most important cool-
season leguminous crops worldwide, valued for its dual role
as both a vegetable and a pulse. Besides their value as food
and fodder, peas also play a significant role in ecosystem
sustainability through biological nitrogen fixation and
green manuring (Devi et al., 2023). This nutritional profile
positions peas as a promising food source to meet the
dietary needs of the more than 900 million undernourished
people worldwide (Devi et al., 2019). The world cultivated
area of green peas in 2022 was estimated to be 2.61
million hectares, with a total production of 20.94 million
tonnes. With 11.5 mt and 6.18 million tonnes of production,
respectively, China and India are the largest producers of
fresh peasin the world (FAQ, 2022). Despite a global increase
in the cultivated area and production of peas, productivity
gains have been modest over the past two decades (7.6
to 8.0 t/ha), highlighting the ongoing challenge of biotic
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and abiotic stressors despite concerted efforts aimed at
improving yields.

Among the various biotic stresses, powdery mildew (PM)
is the major fungal disease of peas, causing up to 25-70%
yield losses. This disease is caused by the obligate fungus
Erysiphe, with three distinct species, Erysiphe pisi, E. trifolii,
and E. baeumleri reported to infect peas globally (Devi et
al., 2022). The disease thrives under conditions of warm, dry
days and cool nights and poses a greater risk, particularly
when crops are grown for processing and seed production
(Smith et al., 1996). Among various management strategies,
breeding for resistance is considered the most effective
approach. Furthermore, three resistance genes—er1, er2, and
Er3—have been identified in distinct genomic locations on
the pea genome, specifically on linkage groups VI, lll, and
IV, respectively (Katoch et al.,, 2010, Devi et al., 2023) and
have shown promising resistance. Economic management
of powdery mildew can be effectively achieved by
incorporating these resistant genes into commercial
cultivars. This approach is not only the most efficient but
also environmentally sound and cost-effective. However,
resistance variability, influenced by genetic differences,
environmental conditions such as temperature and location,
and species diversity, often leads to the breakdown of
resistance (Devi et al. 2022). Thus, there is an urgent need
to explore new sources of resistance and elucidate their
mechanisms of resistance. Consequently, breeders have
continuously made efforts to identify new sources of
resistance in both cultivated and wild Pisum accessions.

ICAR-IIVR, Varanasi is the leading institute working on
the genetic improvement of vegetable peas, with its major
focus on developing cultivars that are resistant to powdery
mildew. Accordingly, germplasm screening was conducted
from Rabi season 2018-19 to 2022-23, where more than
172 germplasm lines, including both existing and newly
augmented lines, as well as advanced breeding, were
field screened for powdery mildew disease under natural
epiphytic conditions and artificially. The present study
unveils two newly identified resistant exotic germplasm
lines, EC865975 and EC865944. Furthermore, in order
to utilize these germplasm in improvement programs,
understanding the inheritance of resistance sources is a
fundamental prerequisite. Hence, the present experiment
was undertaken to unravel the genetic basis of powdery
mildew resistance in the newly identified resistant lines.
Additionally, these lines were evaluated for key horticultural
traits to generate basic information essential for their
effective utilization in breeding programs.

Materials and Methods

Screening material and environments

A total of 172 diverse genotypes of peas, including the
varieties, germplasm, exotic collections, and advanced

breeding lines of peas, were screened at ICAR-Indian
Institute of Vegetable Research, Varanasi, during the
winter season (November-April) of 2018-19. These genetic
resources are also part of our ongoing breeding program
where plants were continuously evaluated for the
development of high-yielding varieties in various maturity
segments. We evaluated these lines year after year for
various economic traits, including the screening for powdery
mildew resistance (PMR) under natural epiphytic conditions.
We initially identified a total of 72 lines showing a disease
scale rating of 0-4 (during 2018-19) and again reevaluated the
resistant lines in subsequent years during 2019-20 and 2020-
21. The identified highly resistant lines were characterized
for various horticultural traits during 2022-23 along with
susceptible checks.

Artificial screening and disease scoring

Artificial screening was performed only for 35 accessions,
showing the consistent resistance response along with
the susceptible check Arkel. The artificial screening was
performed by dusting the pathogen spore on the portrays
under net house conditions to develop the disease. In order
to prepare inoculum in the form of conidia for its use in the
experiment, the completely infected leaves were selected,
and the powdery growth of the pathogen was collected
from the infected leaves with the help of a sterilized brush in
aluminum foil. The collected powdery mass was dusted on
the 28-day’-old tagged plant with the help of a sterile camel
hair brush in the evening. The scoring was done twice, once
after 7 to 10 days of inoculation and second at 15 days after
inoculation. The disease score was then noted through the
powdery mildew 0 to 9 scale (Warkentin et al., 1996). PM: 0
=noinfection; 1 = <1%; 2 = 1-5%; 3 = 5-10%; 4 = 10-20%; 5
=20-40%; 6 = 40-60%; 7 = 60—-80%); 8 = 80-90%); 9 = >90%.
Scores ranging between 0-4 were classified as resistant,
while those falling within the range of 5 to 9 were classified
as susceptible.

Histopathological studies

Naturally infected pea plants (susceptible cultivar—Arkel)
showing typical symptoms of powdery mildew were
collected, and the pathogen was confirmed by observing
conidia exhibiting taxonomic key characteristics and
identified as Erysiphe pisi using the concerned literature
(Braun & Takamatsu, 2000; Braun et al., 2002; Singh, 2018). For
histopathological studies, a clearing solution was prepared
by mixing 1:1 absolute ethanol/glacial acetic acid (v/v). Ten ml
of this mixture was taken in a petri plate. A filter paper (25 x
5 cm) with three longitudinal folds was placed in the mixture
in such a way that only the lower part of the filter paper was
dipped in the mixture and the upper part got the mixture
through diffusion. Inoculated leaf segments (1 sg. cm) were
placed on the upper part of the filter paper for 24 hrs to drain
the entire chlorophyll. The leaf segments were transferred
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to filter paper moistened with tap water for 2 hours. After
this, these segments were fixed in lacto glycerol (1:1:1 lactic
acid/glycerol/water, v/v/v) for 2 hours. The determination
of the pathogen development on resistant and susceptible
genotypes, viz., conidial germination, appressorium
formation, and mycelial elongation, was observed under a
compound research microscope (Nikon Eclipse E 200) fitted
with a camera (Nikon DS-Fi2).

Inheritance of resistance

In our repeated experiment for 3 years, we identified two
exotic collections (EC865975 and EC865944) showing a
highly resistant response. To know whether these materials
carry recessive/dominant gene(s), we conducted the
inheritance study of these lines (EC865975 and EC865944)
by utilizing the five cross combinations, viz., EC865975 x
Kashi Udai, Kashi Ageti x EC865944, EC865944 x Kashi
Nandini, and EC865975 x Kashi Shakti and EC865944
X VRPM-903. The accessions EC865944 and EC865975,
sourced from Banaras Hindu University, Varanasi, belong
to the late maturity group. In contrast, the genotypes
maintained at ICAR-IIVR, including Kashi Ageti, Kashi
Udai, Arkel (check), and AP-3 are classified under the early
maturity group, while Kashi Shakti and VRPM-903 fall
into the mid-maturity group. The emasculation of female
parents was done a day before the flower opening, and
pollinations were performed with freshly dehisced anthers
the following day. The crosses were attempted during the
year 2019-20 (based on the first year of testing itself). The
F,s were raised during Rabi, 2020-21. A fraction of F, seeds
were selfed to get F, seeds under pot culture conditions
in a greenhouse during 2021-22. The number of plants of
parental lines and F, progenies ranged from 25 to 30. All
the parents, F s, and their F,s population, along with the
resistant and susceptible check, were grown in subsequent
year into two sets; one set under open field conditions,
while the other set was grown in plastic portrays for artificial
screening under a protected structure at a temperature of
21-25°C. Each plant was tagged and numbered for disease
scoring. Data on the inheritance of resistance were then
tested for goodness of fit by chi-square test.

Results and Discussion

Initial screening of germplasm

The initial screening against the powdery mildew disease
resistance started with a set of 172 accessions of peas under
natural epiphytotic conditions. Figure 1 shows the screening
of these germplasm at ICAR-IIVR under natural epiphytic
conditions with the susceptible lines. Initial evaluation
categorized the genotypes into 3 (disease scale; 0 = no
infection), 32 (0-1), 35 (2-5), and 102 accessions as (5-9). In the
second year (2019-20), a total of 71 accessions were selected
and again reevaluated under field conditions.

S (EC865919)

Figure 1: The representative field view of suceptible and resistant
accession grown together under natural epiphytic conditions where
EC865919is suceptible genotype while EC865975 is showing resistant
response (2018-19).

The genotypes, viz., EC865944, 1C296678 and EC865975 were
identified as highly resistant with a disease score rating of
0. The phenotypic appearances of these three genotypes
are given in Figure 2. While, EC865929, EC865925, EC865943,
EC865982, EC866032, EC71944, EC6621,1C208366,1C208378,
VRP-147, VRP-186, VRP-322, VRP-351, VRP-345, VRP-314, VRP-
343,VRP-310, VRP-304, VRP-370, VRP-358, VRP-306, VRP-311,
NDVP-12, VRP-90, VRP-27, VRPD-3, VRPD-2, VRPSel-17, Kashi
Samridhi, Arka Sampoorna, Arka Karthik, and Kashi Samrath
were classified as resistant with a disease score rating of
0-1. Further, the lines, viz., EC865951, EC86603, EC865994,
1C395609, HUDP-15, VRPSel-17, Arka Ajeet, EC1199, VRPMR-
10, CHP-2, VRP-166, VRP-321, VRP-305, VRP-339, VRP-703,
VRP-354, VRP-701, VRP-378, No-6, EC-97280, VRP-152, VRP-
150, VRPR-1, VRPD-2, VRPD-3, VRP-308, VRP-171, VRP-32,
VRP-83, VRP-77, VRP-39, VRP-215, PC-531, VRP-61, VRP-168,
and VRP-96 were recorded with disease rating of 2-4 under
natural field screening. Finally, we narrowed down the
material to around 35 lines (0-1; < 1%) and reconfirmed the
resistance response through artificial screening. We want
to share that these genotypes belonged to a diverse group,
including five varieties, eight exotic and three indigenous
collections, two multiple disease-resistant genotypes, and
17 other genotypes. Surprisingly, all these materials were
from mid- and late-season groups. We would further like to
share that the line IC296678 was augmented from NBPGR,
New Delhi, and is already being registered for powdery
mildew resistance. Our present findings further validated the
resistance in 1C296678 under ICAR-IIVR, Varanasi conditions.

In a screening of a large set of germplasm in pea
against the powdery mildew, Rana et al. (2013) identified
64 accessions resistant in field screening for two years.
However, only fourteen accessions showed resistance under
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Figure 2: Plant morphology of identified resistant lines viz., IC296678,
EC865944 and EC865975

artificial screening. These studies suggest that there is a low
frequency of resistance against the PM disease in the natural
population of peas. Thus, the identified sources of resistance
against PM may serve as useful genetic material for plant
breeders for breeding for resistance against PM in peas.

Histopathological studies

Histopathological studies were also conducted for IC296678,
EC865944, and EC865975 along with the susceptible
check EC865962. There was no conidial germination on
the resistant entries 1C296678, EC865975, and EC865944
after 24 and 48 hours after inoculation. The conidia on
the moderately resistant entry EC865925 showed less
germination in comparison to the susceptible entry
EC865962. The appressorium formation was also observed
in the susceptible entries (Figure 3). The result of the
experiment suggests that there was no spore germination
on 1C296678, EC865975, and EC865944 and represents a type
of pre-invasive immunity against the PM. Artificial screening
on the detached leaf of pea is a widely used method for the
identification of susceptible and resistant lines in pea and
for confirmation of pathogenicity (Tiwari et al. 1997, Thomas
and Kenyon 2004; Rana et al. 2012; Rana et al. 2023).

Inheritance study

To understand the nature of gene action in the newly
identified PMR accessions EC865975 and EC865944, we
undertook a genetic study for devising further breeding
program strategies to use them as donor parents. The
inheritance of powdery mildew was worked out by utilizing
the five cross combinations, viz.,, EC865975 x Kashi Udai; Kashi
Ageti x EC865944; EC865944 x Kashi Nandini (early maturity
group); and EC865975 x Kashi Shakti and EC865944 x VRPM-
903 (mid-maturity group) on a total F, plant population of 908
plants. The parental lines Kashi Udai, Kashi Shakti, Kashi Ageti,
VRPM-903, and Arkel are highly susceptible to the powdery
mildew. The segregation pattern of the F, population of these
five crosses revealed a ratio of 1 resistant to 3 susceptible,
thereby indicating the presence of a single recessive genein
the donor parents (Table 1). Further, the plants of EC865975
were showing complete resistance with a zero disease score

a
d
g

Figure 3: Depicting the conidia germination of powdery mildew
on the different test entries where (a): No observed germination of
conidia on the leaf of resistant genotype EC865975 after 24 h; (b): No
observed germination of conidia on the leaf of resistant genotype
EC865975 after 48h; (c): No observed germination of conidia on the
leaf of entry resistant genotype EC865944; (d): No observed germinated
conidia (just after inoculation) on the susceptible genotype EC865962;
(e): Germinated conidia after 24 h on the susceptible test genotype
EC865962; (f): Germinated conidia after 48 h on the genotype
EC865962; (g): No observed germinated conidia (just after inoculation)
on moderately resistant entry EC865925; (h): Germinated conidia on MR
genotype EC865925 after 24h after inoculation; (i): Germinated conidia
on MR genotype EC865925 after 48h after inoculation.

over the years. Previous researchers have investigated the
inheritance of powdery mildew resistance and reported
different types of inheritance in the pea accessions, including
single recessive (Ledn et al. 2020; Harland 1948), single
dominant (Fondevilla et al. 2007; Bobkov and Selikhova
2021), and duplicate recessive gene actions (Kumar and Singh
1981). Further, to date, three resistance genes (er], er2, and
Er3) have been known to impart resistance to plants with
varying degrees. Of these three genes, two are recessive and
one is dominant and widely used in the breeding program.
Gene er] provides complete to moderate levels of resistance
to all plant parts compared to providesed resistance that
is confined only to leaves, which is location-specific and
reported to be influenced by temperature and leaf age so that
complete resistance is expressed only at a temperature of 25°C
(Fondevilla et al. 2006). In addition, the resistance gene er2 is
found to be harbored by a few resistant pea accessions only
(Devietal., 2022). The Er3 generesearchiis stillin the blooming
phase, with limited information available.

Horticultural characterization of identified lines
along with parents and checks

Since higher yield is always a top priority for the breeders, it
isimportant to characterize these lines for various economic
traits. The 10 genotypes evaluated in this study showed
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Table 1: Evaluation of F, population to study the inheritance of resistance against powdery mildew of pea caused by Erysiphe pisi

Cross F,Reaction Fo’lz;e;‘rsviidF ) £ segregation's Fitr'ress’ X X2 _Tab
2 Susceptible Resistant ratio (S:R)  Cal (p=0.05)

EC865975 x Kashi Udai S(6) 147 118 29 3:1 2.17
Kashi Ageti x EC865944 S(6) 192 140 52 3:1 0.44
EC865944 x Kashi Nandini S(6) 245 175 70 3:1 1.66 3.841
EC865975 x Kashi Shakti S(7) 130 104 26 3:1 1.73
EC865944 x VRPM-903 S(7) 194 150 44 3:1 0.55

*Reaction rating of F, plants is given in parentheses

Table 2: Horticultural characteristics of resistant lines and checks
Genotypes Traits— prp PL PW PH pPP 10-PW 100-SW PP ypp
AP3 41.0¢ 8.3% 1.4° 79.7¢ 9.7¢ 70.7° 57.3° 8.8° 62.7%
Arkel 34.0¢ 7.64 1.4 34.0¢ 5.3f 62.0° 50.0°¢ 7.1¢ 29.0¢9
EC865975 78.3° 5.5 1.32 200.32 17.3° 55.0¢ 15.7f 7.0 75.0<¢
1C296678 80.7° 6.1¢ 1.0° 94.3b 8.7¢ 43.7¢ 37.3¢ 6.1¢ 31.09
EC865944 80.0° 7.5¢ 1.3? 88.0° 22.8° 48.3 42.0¢ 6.59% 100.7°
Kashi Ageti 40.0¢ 8.52 1.4 38.0¢ 13.0¢ 74.3° 52.0° 8.3 81.7b
Kashi Nandini 32.0¢ 8.2%¢ 1.4° 33.7¢ 7.2¢f 72.3° 56.0° 7.4 41.7%
Kashi Shakti 62.7° 7.9b<d 1.3° 58.0¢ 8.3¢ 72.0° 48.3¢ 8.2b 49.3¢f
Kashi Udai 33.3¢ 7.8 1.3° 36.0¢ 6.5¢ 74.3° 52.0° 7.3¢ 41.7%
VRPM-903 56.3¢ 8.2%¢ 1.42 60.7¢ 13.6¢ 75.3° 50.0°¢ 8.5% 96.7%

Where mean followed by the same superscripts are not significantly different (p < 0.05); DTF: Days To Flower; PL:Pod Length (cm);PW: Pod Width
(cm);PPP: Pods/Plant (No.); 10-PW: 10 Pod Weight (g); 100-SW;100-seed weght (g); SPP: Seeds/Pod (no.) and YPP: Yield/Plant (g)

significant variation for various horticultural traits Table 2.
Genotypes exhibited significant variation in flowering time,
with Kashi Nandini (32.0 days) and Arkel (34.0 days) being the
earliest in flowering. In contrast, EC865975 (78.3 days) and
EC296678 (80.7 days) showed delayed flowering. Pod length
and width were found to be small in EC865975, while it was
identified as the tallestamong all genotypes. The genotypes,
although they have alow 10-pod weight, are statistically at par
with AP-3. The genotype EC865944 was also identified among
the late-flowering group, with a medium-tall growing habit
and a high pod yield/plant contributed mainly by a high pod
number. Thus, both these genotypes have equal opportunity
for PMR gene introgression with high resistance and pod yield.

Conclusion

We identified three resistant lines, including one previously
registered resistant material reconfirmed from the
germplasm augmented by NBPGR, New Delhi. Additionally,
two exotic lines, EC865944 and EC865975, were also
identified as novel sources of powdery mildew resistance
governed by a single recessive gene.
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