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ABSTRACT

Six pea cultivars including those commercially
important in Egypt were tested for their susceptibil-
ity to infect with Peronospora pisi. Sugar pea was
the most susceptible cultivar to P. pisi followed by
Mange tout and Little marvel cultivars. On the
other hand, the lowest infection was found on Mas-
ter B cultivar followed by Lincoln and Relavil culti-
vars. Examination of senescent foliage of severily
mildewed plants of Sugar, the highly susceptible
pea cultivar, indicated the presence of oospores
stage of this pathogen under greenhouse and
open field conditions in Egypt. Microscopic exami-
nation indicate that the oospores were observed in
naturally and artificially infected leaflets, stems,
petioles and tenderls. Artificial inoculation with co-
nidia suspention of P. pisi on Broad bean ( Viciae
faba L) cv. Giza 153, onion (Allium cepa) cv. Giza
1 and Green bean (Phaseolus vulgaris L) cv.
Branco proved to be immune to infect by pea
downy mildew throughout the whole growing pe-
riod, as no symptoms were noticed. So, the patho-
gen causing downy mildew on pea was identified
as Peronospora viciae f.sp.pisi. Conidia survived
better at lower temperature than at higher tem-
peratures when an artificial inoculation was used in
survival tests. Conidia deposited on pea leaves
stored at lab temperature lost their viability after a
week. However, conidia deposited on pea leaves
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stored in refiigerator carried viable conidia for 3
weeks. This means that P.pisi conidia survived
best at 10°C and poorest at 25-28°C. Qospores
either stored at lab conditions or in refrigerator
recorded higher percentages of disease severity
during winter season and survived during summer
season, host - free periods, and recorded new in-
fection on pea plants after a year .This means that
conidia lost their viability during summer season
and it is not responsible for disease occurrence
from season to another. So, oospores formed in
infected pea plants are important for the survival of
the pathogen during host - free periods. Effect of
spraying different fungicides for controlling pea
downy mildew disease under field conditions in two
locations during 2007-2008 seasons indicated that
Privicure - N, Ridomil Gold plus 42.5% and Ridomil
Gold Mz 68 % were the most effective fungicides in
reducing percentage of infection and disease se-
verity of downy mildew.

INTRODUCTION

Pea (Pisum sativum L.) is one of the most im-
portant economic legume crops in Egypt for local
consumption and exportation. During the last few
years, downy mildew incited by Peronospora viciae
f.sp.pisi, has been found to attack seriously pea
plantations allover the country. This disease can
cause different kinds of damage to the crop
(Dixon, 1981). Infections of pods cause the most
serious type of symptoms, leading to disturbed
growth and brown discoloration of the pea.
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As far the authors are aware, few papers were
published on downy mildew of pea in Egypt since it
was recorded by Briton-Jones (1925). Zayan,
Sahar (1995) and Attia et al (1997) reported that
downy mildew of pea has become one of the most
important problems which face pea growers in
Egypt, especially in the northern governorates.
Control of pea downy mildew by the adoption of
some agricultural practices and fungicides was
investigated.

The present investigation aimed to study the
reaction of some pea cultivars 1o downy mildew
infection. Occurrence of oospores in naturally and
artificially infected pea tissues, host range in rela-
tion to downy mildew infection and survival of P.
viciae f. sp. pisi in pea infected tissues. Application
of fungicides for disease control was also evalu-
ated.

MATERIALS AND METHODS

Source of diseased samples and propagation
of mildew inoculum

Pea plants, heavily infected with downy mildew
pathogen, Peronospora pisi, were collected during
February - March 2007, from the farms of agricul-
tural companies in Sinai, Ismailia Governorate.
This was the original source of infection. The co-
nidia of P.pisi were then transferred to Sugar pea
plants previously grown in pots 30 cm in diameter
under greenhouse conditions. The newly infected
plants provided the conidial inoculum for further
experiments.

Method of inoculation

The pathogen is an obligate parasite which can
only grow on living plant tissues. Spores of the
pathogen collected from surface of the tendrils,
stems, pods and under surface of the leaflets with
hair brush and suspended in distilled water were
used for artificial inoculation. Fresh spore suspen-
sions (10° spores /ml distilled water) were applied
on healthy plants using hand atomizer. However,
check plants were sprayed with sterile water. In-
oculated and non-inoculated plants were covered
with polyethylene bags for the duration of 24 hrs
and observed until disease assessment was un-
dertaken.

Reaction of cultivars susceptibility and host
range

Seeds of six pea (Pisum sativum L.) cultivars
named : Master B., Sugar, Mange tout, Little Mar-
vel, Lincoln and Relavil used in this study were

kindly obtained from Vegetable Department, Horti-
culture Research Institute, Dokki, Giza.. Seeds of
the host range included: Broad bean (Viciae faba
L) cv. Giza 153, Onion (Allilum cepa) cv.Giza 1 and
Green bean (Phaseolus vulgaris L) cv. Branco
were obtained from commercial suppliers. The
experiment was carried out under greenhouse
conditions. Seeds of each cultivar were sown in
clay soil in pots, 30 cm in diameter, each seeded
with 8 seeds. Four pots were set for each particular
cultivar. The seedlings were inoculated three
weeks after sowing as previously mentioned. Data
were recorded at different plant ages till the mildew
reached its maximum (when plants became 75 -
days old).

Disease assessment

Reaction of varietal susceptibility was deter-
mined according to. The disease severity key for
downy mildew of pea described by Falloon et al
1995 as the following categories:

0 = No downy mildew.

1 = Less than one quarter of blade under surface
mildewed.

2= More than one quarter, but less than one half of
the undersurface of blade mildewed.

3 = More than one half, but less than three quar-
ters of blade undersurface mildewed

4 = More than three quarters of blade surface mil-
dewed.

The percentage of disease severity for each
particular treatment was calculated by using the
following formula:

% of disease severity = Sum of (nxv)
5N X100

Where: N = Number of leaflets in each category.
V = Numerical value of each category
N = Total number of leaflets in sample

The percentage of disease severily was deter-
mined on the lower surfaces and the average was
calculated.

Survival of Peronospora viciae f. sp. pisi the
causal of pea downy mildew disease

The diseased parts of pea plants were stored in
paper bags at lab conditions (25 -28°C and can
raise up till 35°C) during summer season and in a
refrigerator (10°C).

Conidia of the pathogen deposited on pea in-
fected tissues, stored at lab conditions or in refrig-
erator were collected one, two, three and four
weeks intervals after storage with hair brush and
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suspended in distilled water were used for artificial
inoculation during October 2006 as mentioned
before. Moreover, oospores embedded in infected
tissues stored at lab conditions or at refrigerator
were extracted in a blender and sieved through a
muslin sheet. Spore suspehsions, 10° oospores
per ml distilled water, were applied on Sugar pea
plants at different intervals.

Artificial inoculation with oospores and patho-
gen mycelium stored at lab conditions or in refrig-
erator were repeated and applied on pea plants
40-50 days - old, cv. Sugar, previously grown in
pots 30 cm .in diameter under greenhouse condi-
tions during October 2007. The percentage of dis-
ease severity was determined according to Fal-
loon et al (1995) on the lower blade surfaces and
the average of four replicates was calculated.

Chemical control

Field experiments were carried out in two loca-
tions: EL- Wasfia and Seuz Canal University, Fac-
ulty of Agricultural Farm, Ismailia Governorate dur-
ing 2007-2008 where downy mildew is severe and
caused great losses in the two locations during the
last few years. The experiments in both two loca-
tions were carried out in the end of October 2007.
In each location plots of 4x5m (each consisted of 4
rows) were sown with pea seeds cv. Sugar pea.

One month after sowing, the growing plants in
the two locations were sprayed four times at 12
days intervals. Each fungicide was sprayed using
the recommended dose (Table.3). Control treat-
ment consisted of plots sown with pea seeds and
the emerged plants were not sprayed with any
fungicide, but with water only. Three replicated
plots were used for each treatment. Disease inci-
dence and average percentage of disease severity
were recorded 3 days after the last spray.

Statistical analysis

The collected data were statistically analyzed
using two factors completely Randomized block
Design. Treatments were compared at 0.05 and
0.01 level of probabilty LSD (Steel and Tor-
rie1960).

RESULTS AND DISCUSSION
1- Symptomatology

Downy mildew causes different kinds of symp-
toms on pea plants .Typical symptoms of the dis-
ease were observed in the surveyed cultivated
areas.

Systemic infection in seedlings causes stunted
growth with conidia sporulation, which often covers
a major part of the plant surface .Later in the sea-
son, top systemic symptoms can develop with
stunting and sporulation occurring over the entire
surface of the top of plants. Taylor et al (1990)
showed that systemic infection could originate from
leaf infection. They also induced systemic infection
by inoculating conidia into the apical bud of young
plants.

Local infection on leaves or tendrils develop
from conidia present on the plant surface. Pod
infection causes yellow lesions on the pod surface
(Fig. 1). Pod infection often causes distorted pods,
seed abortion and brown discoloured small peas.
Pod infection directly affected pea quality. Oo-
spores are formed within the yellow lesions ob-
served on infected pods, leaflets, stems, petioles
and tenderls. Leaves of infected plants were ini-
tially slightly chlorotic, especially near the central
vein. Within 2to 3 days, a characteristic gray, furry
growth was evident on the lower leaf surface and
sometimes on the upper.leaf surface .Basal leaves
were severely affected.

Microscopic observations revealed conidio-
phores branching two to five times. Conidiophores
ended with sterigmata bearing single conidia (Fig.
2) .Conidia were elliptical and grayish in mass. ltis
well known that Peronospora produce sporangia
do not contain zoospores, and germinate by germ
tubes (Show, 1981). P. viciae also produces oo-
spores, which have a typical reticulate pattern of
the exosporium.

2- Reaction of some pea cultivars to infect by
downy mildew

Six pea cultivars including the commercially im-
portant in Egypt were inoculated with Peronospora
pisi three weeks after sowing. The percentage of
mildew infection on the six cultivars was estimated
at different growth periods.

Results presented in Table (1) indicate that
these cultivars differed in their susceptibility to
downy mildew infection. It is also clear that infec-
tion increased with the increase of plant age. How-
ever, no symptoms were noticed on plants of 21 -
days old. The first symptoms were observed when
the plants reached 25 days after sowing. Sugar
pea was the most susceptible to Peronospora pisi
followed by Mange tout and little marvel cultivars.
On the other hand, the lowest infection by downy
mildew during the growing period was found on
Master B cultivar followed by Lincoln and Relavil
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Fig. 1. Typical symptoms of downey mildew developed on tendrils (A), leaflets (B,C,D), stem (E)
and pod (F) of pea plants naturally infected with Peronospora vicia f.sp.pisi.

Table1. Percentage of infection with downy mildew on different pea cultivars and host range
plants grown under greenhouse conditions

Inoculated plant : species and Percentages of infection at different plant ages (days)
vitrities 21 o5, . 98 45 55 65 75
Sugar pea 0.0 5.2 10.5 14.4 221 314 452
Mange tout 0.0 3.4 6.8 11.6 13.5 255 39.5
Little marvel 0.0 2.1 3.7 59 10.2 14.5 278
Relavil 0.0 1.4 29 49 8.5 12.4 18.5
Lincoln 0.0 1:2 2.7 34 6.5 9.6 13.5
Master B 0.0 0.0 0.0 0.7 0.9 11 1.4
Viciae faba cv. Giza 157 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phaseolus vulgaris cv. Branco 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Allium cepa cv. Giza 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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cultivars. It may be concluded that variation in sus-
ceptibility among the tested pea cultivars in this
investigation and those tested by various authors
my be due to the genetic structure of the different
tested cultivars or to the variation among the
pathogens strains, beside the chemical composi-
tions of the cultivars under study. Results of the
relative susceptibility of pea cultivars under study
are of interest.

Variation in the susceptibility among different
pea cultivars to downy mildew are of great impor-
tance as they provide basis for national crop im-
portant program of breading for disease resistance
(Attia et al 1997). Improved resistance against this
disease is therefore desired. Stegmark (1991)
indicated that a significant genetic variation among
pea lines was found for infection of seedlings with
downy mildew in greenhouse tests.

3- Host range in relation to downy mildew in-
fection, at 75 - days after sowing

Artificial inoculation with spore suspension of
Peronospora pisi on the host range which included
Broad bean (Viciae faba L) cv Giza 153, onion
(Allium cepa) cv. Giza 1 and green bean Bean
(Phaseolus vulgaris L.} cv. Branco proved to be
immune to downy mildew infection throughout the
whole growing period, as no symptoms appeared
Table (1). It may be concluded that variation in
susceptibility among the tested plants in this inves-
tigation may be due to the variance in genetic
structure among the different tested cultivars.
Stegmark (1994) reported that forma specials pisi
can only infect Pisum species and not species of
the genus Viciae within the tribe viciae. So, the
pathogen caused downy mildew on pea was identi-
fied as Peronospora viciae f .sp.pisi.

4- Occurrence of Qospores of Peronospora pisi
in naturally and artificially infected tissues

Due to the importance of the perfect stage in
the life cycle of the downy mildew, investigations
were carried out under greenhouse conditions to
elucidate this point.

Examination of senescent foliage of severely
mildewed plants (artificially and naturally infected)
of the highly susceptible pea cultivar Sugar was
carried out by the light microscope .Results ob-
tained indicate the presence of oospores stage
(Fig. 2) of this pathogen under greenhouse and
open field conditions in Egypt . Microscopic exami-
nation indicate that the oospores were observed in

naturally and artificially infected leaflets, stems,
petioles and tenderls. Stegmark (1994) explained
the disease cycle of downy mildew on pea and
mentioned that oospores in the soil are the primary
inoculum early in the season and oospores can
survive for a long time in the soil.

5- Survival of Peronospora viciae f.sp.pisi the
causal of pea downy mildew

Data presented in Table (2) indicate that co-
nidia survived better at lower temperature than at
higher temperature when an atrtificial inoculation
was used in survival tests.

It is also clear that conidia deposited on pea
leaves stored at lab temperature lost their viability
after a week. However, conidia deposited on pea
leaves, stored in refrigerator carried viable conidia
for 3 weeks. This means that P.pisi conidia sur-
vived best at 10° C and poorest at 25-28 °C+5.

On the other hand, viability of P.pisi oospores
decreased very little after exposure to high tem-
perature under lab conditions compared with those
stored in refrigerator .1t is also clear that Oospores
either stored at lab conditions or at refrigerator still
survive during summer season, host free periods,
and recorded new infection on pea plants during
October 2007. This means that conidia loose its
viability during summer season and it is not re-
sponsible for disease occurrence from season to
another. So, Oospores deposited in pea infected
plants are important for the survival of the patho-
gen during host - free periods. It is well known that
the pathogen disperses by conidia formed on in-
fected host tissues which survived better at cool
temperature than at higher temperature. These
results are in agreement with those reported by
Bashi and Aylor (1983) who found that P. de-
structor conidia survived best at 10 °C and poorest
at 35 °C .These results are also in agreement with
those reported by Pegg and Mence (1970) who
reported that P. viciae infected pea leaves could
produce conidia up to 6 weeks after infection and
sporulating lesions carried viable conidia for 3
weeks .In the same time, Wu et al (2000) reported
that Bremia lactucae produces oospores, secon-
dary spread of the disease in the field exclusively
results from infection by air - borne conidia .

Survival of oospores population of Peronospora
viciae f.sp.pisi embedded in pea plant tissue stored
at lab conditions or in refrigerator indicates that
surviving oospores decreased to less than 3% af-
ter a year (Table 2). Olofsson (1966) reported that
oospores of downy mildew of pea in Western
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Fig. 2. Artifical inoculation with Peronospora viciae f. sp. pisi on leaflets and leaves of Sugar pea
cv. (A), conidiophores and conidia (B, C and D), and abundant Oospores in infected pea
stem tissues (E) and Oospores showing outer thick wall (F) and magnified oospores show-

ing the clear envelope sheet surrounding it. (G).
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Table 2. Survival of conidia and Oospores of P. viciae f.sp.pisi deposited on and in pea
leaves stored at lab conditions and in the refrigerator for different periods

Artificial inoculation on pea plants during
October
October 2006
Inoculation Stored under 2007
ith iti T
with conditions of Average % of discase severity after storage for
One . Two Three Féur o
week weeks weeks weeks ne year
Conidia Lab 25-28°C#5 8.1 0.0 0.0 0.0 0.0
Refrigerator10°C 12.3 7.7 41 0.0 0.0
Oospores Lab25-28°Ct5 91 9.3 8.7 6.8 1.7
Refrigerator10°C 9.2 9.8 9.5 8.7 2.3

Table 3. Effect of spraying different fungicides for controlling pea downy mildew disease under
field conditions during 2007-2008 secasons in two locations EL-Wasfia and Suez Canal

Univ. Farm)

% of infection % of disease severity
The t'ested Recommended EL-S(EUmv R EL V'S.C.Y'Univr S
fungicides dose /100L.water Wasfia Farm Mecan Wastia Farm Mean
Privicure — N 250mi 16.0 12.0 14 7.3 4.2 575
Ridomil Gold 200g 17.3 12.3 15 6.7 53 6
Plus 42.5 %
Ridomil Gold 200g 17.6 12.7 15.15 7.5 55 6.5
MZ 68%
Acrobat copper 2509 19.7 13.2 16.5 8.5 57 7.1
46% WP
Folio Gold 537.5 300ml 19.1 13.5 16.3 8.7 57 7.2
Dithane M-45 250g 20.2 13.8 17.05 8.8 6.3 7.6
Control = 643 399 518 | 469 361 415
LSD at 0.05 Fungicides =3.42 Fungicides =0.77
Location = 1.82 Location = 0.41
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Europe can survive for 10-15 years in the soil.
Stegmark (1994) reported that oospores can sur-
vive for a long time and infections are common in
south Sweden where a 6 year crop rotation is
common practice. Oospores of P. destructor in
onion debris showed good viability after 25 years
of outdoor storage ( Mckay , 1957).

6- Effect of spraying different fungicides for
controlling pea downy mildew disease un-
der field conditions in two locations during
2007-2008 season

Data presented in Table (3) indicate that all
tested fungicides showed significant reduction in
both percentage of infection and the disease se-
verity as compared with the untreated control.

Privicure-N, Ridomil Gold Plus 42.5 % and Ri-
domil Gold Mz 68 % were the most effective in
reducing percentage of infection and disease se-
verity of downy mildew. While considerable reduc-
tion in percentage of infection and disease severity
took place with Acrobat copper 46% WP and Folio
Gold §37.5. Dithane-M-45 was the least effective
fungicides when compared with the tested fungi-
cides or untreated plants. This agrees with resuits
obtained by Attia et al (1997) who reported that
Ridomil-Mancozeb 72%, Privicure-N and Sandofan
M-8 were the most effective fungicides against pea
downy mildew in Egypt. It could be concluded that
application of fungicides can reduce disease inci-
dence and disease severity.

It is also clear that the percentage of infection
and disease severity was higher in EL- Wasfia ,the
first location compared with S.C.Univ — Farm, -the
second location .The high relative humidity at EL-
Wasfia may favours greatly the development of
pea downy mildew disease under field conditions
when compared with the second location which
little bit dry than EL- Wasfia.

Therefore, the results of this investigation may
help pea growers to minimize the substantial
losses caused by P. viciae f. sp. pisi Sydow.
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