Identification of powdery mildew fungus
on Moroccan cucurbitaceous plants

Endo T'., El Guilli M.?*, Farih A.2, Tantaoui A.?

1 - JICA Senior Volunteer at Plant Pathology Laboratory INRA.URPPV. CRRA-Kénitra
2 - Plant Pathology Laboratory. URPPV. CRRA-Kenitra. Km 9, El Menzeh - Kénitra

* Corresponding author: mguilli@yahoo.com






AL AWAMIA 125-126 Décembre 2011 / Juin 2012 121

Summary

The identification of various plant pathogens is an important issue especially in breeding
for resistant varieties and the use of fungicides. In Morocco, cucumber (Cucumis sativus L),
melon (C. melo L.), pumpkin (Cucurbita maxima Duch.), squash (C. pepo L.) watermelon
(Citrullus lanatus (Thunb.) Matsum. et Nakai), bottle gourd (Lagenaria sciceraria Standl.
var. hispida Hara) which belong to the family of Cucurbitaceae are widely cultivated. These
crops are often attacked by powdery mildew fungus which causes a lot of damage. Research
on the identification of the causal agents of this disease is rare in Morocco. The objective
of this study was to identify the species causing powdery mildew on the cucurbitaceous
crops.

The identification was carried out based on the microscopic observation of the
morphological characters of conidia, conidiophores, perithecial stage of the fungus, and
the type of germination. 85 samples collected from different regions in the country were
used confirming the existence of the characteristics of Sphaerotheca fuliginea;, there was
no instance of Erysiphe cichoracearum, E. polyphaga, or Leveillula taurica. Moreover, the
morphological characteristics of perithecial stage, which was found on only one occasion,
supported the idea that it was Sphaerotheca fuliginea.

In additional notes, 7 samples of sunflower (Helianthus annus L.) and one of tomato
(Lycopersicon esculentum L.) showing powdery mildew symptoms were collected only in
the Gharb area. From the morphological characteristics observed, the causal fungus of the
powdery mildew on sunflower is Erysiphe cichoracearum. The symptoms and the results of
the morphological observations of the causal fungus reveal that tomato powdery mildew in
Morocco is caused by Leveillula taurica (Lév.) Arn.

Keywords: Morocco, Cucurbitaceous crops, powdery mildew.
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Identification des champignons responsables
des oidiums des cucurbitacées au Maroc

Résumé

L’identification des agents causaux de maladies est trés utile pour ['amélioration génétique
des plantes et ['utilisation des fongicides. Au Maroc, le concombre (Cucumis sativus
L.), le melon (C. melo L.), la citrouille (Cucurbita maxima Duch.), la courge (C. pepo
L.), la pasteque (Citrullus lanatus (Thunb.) Matsum. et Nakai), bottle gourd (Lagenaria
sciceraria Standl. var. hispida Hara) appartenant a la famille des Cucurbitacées sont
largement cultivées au Maroc et subissent des attaques séveres par les oidiums. Les études
sur lidentification des especes liées a ces maladies sont rares. L’objectif de cette étude est
d’identifier les especes causant ces maladies au Maroc. L’identification de ces parasites
obligatoires a été basée sur [’observation microscopique des conidies et leur type de
germination, des conidiophores et les cleistotheces.

85 échantillons ont été collectés de différentes régions du pays. L’espéce responsable de
["oidium des échantillons analysés est Sphaerotheca fuliginea. Les espéces, comme Erysiphe
cichoracearum, E. polyphaga, ou Leveillula taurica n’ont pas été détectées.

Dans deux notes ajoutées a ce travail, sept échantillons de tournesol et un de tomate,
collectés uniquement de la région du Gharb, ont montré que Erysiphe cichoracearum et
Leveillula taurica (Lév.) Arn. sont respectivement les agents responsables de [’oidium du
tournesol et de la tomate

Mots clés : Maroc, Cucurbitacées, Oidium.
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Introduction

The identification of various plant pathogens is an important issue especially in breeding
for resistant varieties and response to systematic fungicides.

In Morocco, cucumber (Cucumis sativus L), melon (C. melo L.), pumpkin (Cucurbita
maxima Duch.), squash (C. pepo L.) watermelon (Citrullus lanatus (Thunb.) Matsum. et
Nakai), bottle gourd (Lagenaria sciceraria Standl. var. hispida Hara) which belong to the
family of Cucurbitaceae are widely cultivated. These plants are often attacked by powdery
mildew fungus which causes a lot of damage. Research studies on the identification of the
causal agents of this disease are rare in Morocco. Hirata (1968) says that Maire (et al.) and
Werner (1937) reported that there is one species of powdery mildew fungus which attack
cucurbitaceous plants in Morocco: Sphaerotheca macularis. Since Maire and Werner’s
report is not available, the writers cannot say anything about it now.

Salah (1988) says in his paper that there are three species of powdery mildew fungus on
cucurbitaceous plants in Morocco: E. cichoracearum, S. fuliginea and L. taurica (and).
Two of these species, E. cichoracearum and S. fuliginea are dominant and always found
together on the same host plant. However, since in his report there is no figure describing
the morphological characteristics. There are doubts about his findings.

Starting from December 2002, the writer had the opportunity to make observations of
the fungus on cucurbitaceous plants in Morocco, while working at INRA Plant pathology
laboratory in El Menzeh Research Station as a senior volunteer. In this report, the research
results are described.

Review of the literature

Hirata (1969) stated that four species of powdery mildew fungus attacked cucurbitaceous
plants: Erysiphe cichoracearum, E. polyphaga, Sphaerotheca fuliginea and Leveillula
taurica. According to Khan (1983) who conducted a field research, there are three species:
(, i.e .) E. cichoracearum, S. fuliginea and L. taurica. He named the powdery mildew of
cucurbits a three pathogen disease.

1 - Asia and the Middle East

In Japan, Homma (1937), Uozumi et al. (1962) and Endo (1989) reported that S. fuliginea
is found on cucurbitaceous plants. In India, firstly Rejendran (1965), says that it is F.
cichoracearum. Jhooty (1964), Khan et al. (1970), however, state that it is S. fuliginea.
After that, Shiradhana et al. (1972), Sharma (1973) and Khan (1976) say that both of the
species are responsible for the cucurbit powdery mildew. In Israel, Rayss (1947) and Rudich
et al. (1969) say that it is S. fuliginea. In Saoudi Arabia, Abul-Havia et al. (1981) report the
same thing.
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2 - Africa

In Egypt, El Kazzaz (1983) report that S. fuligine (was) is found on cucurbitaceous plants.
El-Ammari (1983, 1985, 1986) says that three species: , (i.e .) L. taurica, S. fuliginea and
E. cichoracearum, are found on cucurbits in Libya. In Sudan (Nour, 1958) and in South
Africa (Gorter, 19606), agree that it is S. fuliginea. In Nigeria (Esenam, 1973) state that it is
E. cichoracearum.

3 - Europe

In Sweden, Hammarland (1945) and Junell (1976) report that the causal fungus of cucurbit
powdery mildery is E. polyphaga. In England (Zaracovitis, 1965), in Netherlands (Boerema
et al.,1964) and in Italy (Marras et al., 1977) say that it is S. fuliginea. In Germany; at
first Roder (1937) report that it is E. cichoracearum. Then, Schlosser (1972) and Janke
et al. (1977) say that E. cichoracearum and S. fuliginea are both responsible for disease.
The same thing is reported by Nagy (1970, 1976) in Hungary and Lebeda (1983) in
Czerchoslovakia.

4 - The ex-Soviet Union

Poretzky (1923) and Szembel (1926) say that it is S. fuliginea, but Deckenbach (1924),
Deckenbach et a/ .(1927) and Rodigin (1936) say that there are two species: (i.e.) E.
cichoracearum and S. fuliginea.

5 - South and North America

In America, Reed.(1907), Millet ef al. (1931), Randal (1956) and Raabe (1966) say that it
is E. cichoracearum. In an other report, Kable et al. (1936), Ellet (1966), (1937), Grand
(1987), McGrath (1991) say that it is S. fuliginea. In Brazil, Reischeneider et al. (1985)
report that the causal fungus of cucurbit powdery mildew is S. fuliginea. In this area, no
researcher reported that two species at the same time are responsible for the disease.

6 - Oceania

In Australia, Clare (1985) and Ballentyne (1963, 1974) report that it is S. fuliginea. In New
Zealand, Dingkery (1959) reports the same thing, but Boesewinkel (1979) describes three
species in his report: S. fuliginea, E. cichoracearum and E. polyphaga.

In accordance to what Hirata (1968) said, the review of the literature that has been done
reveals that, so far all over the world, there are four species of the fungus which attack the
cucurbitaceous plants.
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Table 1. Records of powdery mildew fungi on cucurbitaceous plants.
Country Reference Powdery mildew fugus
Asia and Middle East
Japan Homma (1937), Uozumi et Yoshii. (1952), Endo (1989) S. fuliginea
India Rajendran (1965) E. cichorcearum
Jhooty (1967), Khan et al. (1978) S. fuliginea
Siradhana, et al (1972), Sharma (1973), Khan (1976) 2 lfgif::;ce”r“m and 5.
Israel Rayss (1974), Rudish, et al. (1969), Abul-Hayza et al. (1981) S. fuliginea
AFRICA
Egypt El-Kazzaz (1983) S. fuliginea
L. taurica, S. fuliginea,
Libya El-Ammari et Khan. (1983, 1985, 1986) E. cichorcearum and S.
Sfuliginea
Sudan Nour (1959) S. fuliginea
Nigeria Esenam .(1973) E. cichorcearum
South Sfrica Gorter (1966) S. fuliginea
EUROPE
Sweden Hammarland.(1945), Junell (1967) E. polyphaga
United Kingdom Zaracovitis (1965) S. fuliginea
Netherlands Boerema et You Kesteren. (1964) S. fuliginea
Germany Réder (1937) E. cichorcearum
Schldsser (1972), Janke et al. (1977) 2 lf;f::;ce”’“m and 5.
Italy Marras and Corda (1977) S. fuliginea
Hungary Nagy (1970), Nagy (1979) fu lfgi:::;”e”’”m and 5
Czechoslovakia Lebeda (1983) fr;lzi:i}:lo(?z:earum and S.
SOVIET UNION
USSR Poretzky (1923), Deckenbach (1924),Szembel (1926), S. fuliginea and E.
Deckenbach, et Koreneff. (1927), Rodigin (1936), Rodigin (1936) cichorcearum
NORTH AMERICA
USA izz: e(1(91(;76)é)1\/llller et Barrett. (1931), Randall et Menzies (1956), E cichorcearum
Ez;l;l;)e;\j[?:cacl}l:;;gr(lleé ; 11?63), Ellett (1966), Kontaxis (1979), Grand, S. fuliginea
SOUTH AMERICA
Brazil Reifschneider et al. (1985) S. fuliginea
OCEANIA
Australia Clare (1958), S. fuliginea
Ballantyne (1963), Ballantyne (1963), Ballantyne (1974), S. fuliginea

Ballantyne (1974)

Boesewinkel (1979)

E. cichorcearum, E.
polyphaga and S.
fuliginea

*The Identification was based on the morphology of the conidial stage
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Materials and methods

The identification of the species of powdery mildew fungus should be carried out by
morphological observation of perithecial stage of the fungus. Since on cucurbitaceous
plants perithecial formation is so rare, and Hirata (1942, 1955), Zaracovitis (1965) and
Boesewinkel (1966) stated that morphological characteristics of conidial stage can help to
identify the species of powdery mildew fungus, the following method are employed here.

1. Sampling and host plants collected

The area where the materials were collected is shown in Fig.1. The host plants collected
are Cucumis sativus L. (4), C. melo L. (5), Cucurbita maxima Duch. (8), C. pepo L. (44),
Citrullus lanatus (Thumb). Matsum et Nakai (8), and Lagenaria siceraria Standl. var.
hispida Hara (16). The total is 85 samples. They were put into plastic bags immediately after
they had been cut off and kept in a portable cooler. Once all the samples were collected,
they were taken to the laboratory and observed during the following two days.

Figure 1: Areas explored
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Morphological observations of conidial stage

Relatively, young powdery mildew colonies were taken off using a piece of Scotch tape and
observed under the microscope. The observations were focused on the mode of conidial
formation, absence or presence of fibrosin bodies and conidial size.

20 conidia were measured in each sample. The method used by Hirata (1942) was employed
to observe the morphology of germ tubes. This method consisted in putting epidermis of
onion bulb (15 X 15 cm) in 80 % alcohol, after washing it with water; it was used as a
material for conidial germination. Conidia were put on the epidermis of onion bulbs that
was floating on distilled water in Petri-dish which was kept at a temperature of 24°C. After
24 hours, germination type of conidia was checked.

Results

From the 85 samples collected, perithecial stage was formed on only one sample. The results
of morphological observations of conidial stage are shown in Table 2 and Fig.2.

It is clear from Table 2 that all the materials observed have the same morphological
characteristics, i.e. conidia are formed on conidiophores in chain, hyaline, ellipsoidal,
more or less cylindrical in shape, and including conspicuous fibrosin bodies. As far as
conidial size is concerned, there is no difference between the samples collected, and the
average size is 34.5 x 20.0 um. The germ tubes of conidia, as indicated in Fig.2, are forked,
simple and curved. These characteristics are similar to the description of S. fuliginea given
by Hirata (1943, 1955).

The results of morphological observations of perithecial stage are given in Fig.3 and Fig.4.
In table 3, there are comparisons between results found by different researchers.

Perithecia were found in relatively old mildew colony, forming groups, as illustrated in
Fig.3. Perithecium is globous in shape, brown to dark brown, its diameter size is 90-113
pmS5 (av. 99.3 pm). Perithecial wall cell is large and variable in shape, 35.8 x 22.5 um,
and it has appendages variable in number. The appendage is myceloid, hyaline but dark
brown at the base, its length is variable and has 1 to 3 septa. Only one ascus is included
in perithecium. Ascus is ovate in shape, hyaline, and its size is 71.3x 55.3 pm, including
8 ascospores when matured. Ascospore is ellipsoidal, single celled and hyaline, its size is
18.5 X 14.8um.
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Fig.2. Morphology of conidial stage of powdery mildew fungus on cucurbitaceous plants.

2) Conidiophores with chain of conidia, 3) Mature conidia including fibrosin bodies in mature conidia,
4 &S5) germinating conidia
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Fig.3. Perithecial formation of powdery mildew on cucubitaceous plant.
1)  Pumkin field where perithecia were found, 2) perithecia formed on stem and petiole of host
plant, 3) Perithecia enlarged
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Fig.4. Morphology of perithecial stage of powdery mildew fungus on cucurbitaceous plants
1) Perithecia, 2) appendage, 3) perithecia and discharged ascus 4) Ascus including
8 ascospores, 5) ascospore
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Table 2. Morphological characteristics of conidial stage of powdery mildew fungus on cucurbitaceous plants in Northern parts

of Morocco
30-Ras Ain chkaf 14/10/2003 Cucurbita pepo In chain + 35.5X19.8 S. fuliginea
31-Ras Ain chkaf 14/10/2003 Cucumis sativus In chain + 34.8X19.3 S. fuliginea
32-Moulay Yacoub 14/10/2003 Cucumis sativus In chain + 34.8 X 20.0 S. fuliginea
33-Moulay Yacoub 14/10/2003 Cucurbita pepo In chain + 34.3X20.5 S. fuliginea
34-Moulay Yacoub 14/10/2003 Lagenaria siceraria In chain + 34.8 X 19.8 S. fuliginea
35- Dokarate 14/10/2003 Cucurbita pepo In chain + 35.3X20.5 S. fuliginea
36-Marjate Oued Allal 14/10/2003 Cucurbita pepo In chain + 33.3X20.3 S. fuliginea
37-Agadir, Ait Melloul 22/10/2003 Lagenaria siceraria In chain + 35.5X20.3 S. fuliginea
38-Agadir, Ait Melloul 23/10/2003 Cucumis sativus In chain + 34.8 X 20.5 S. fuliginea
39-Taroudant 23/10/2003 Lagenaria siceraria In chain + 36.3 X20.5 S. fuliginea
40-Sebt Guerdane 23/10/2003 Cucurbita pepo In chain + 36.0 X 19.8 S. fuliginea
41- Chichaoua 24/10/2003 Lagenaria siceraria In chain + 35.0 X 20.1 S. fuliginea
42- Chichaoua 24/10/2003 Cucurbita pepo In chain + 36.0 X20.3 S. fuliginea
43-Sidi Bou Othmane 24/10/2003 Lagenaria siceraria In chain + 34.0 X 19.8 S. fuliginea
44- Sidi Bou Othmane 24/10/2003 Cucurbita pepo In chain + 36.8 X 20.1 S. fuliginea
45-Benguerir 24/10/2003 Cucurbita pepo In chain + 35.3X20.5 S. fuliginea
46-Marrakech, Tferiat 18/11/2003 Cucurbita pepo In chain + 36.5 X204 S. fuliginea
47-El Jadida, Walidia 02/12/2003 Cucurbita pepo In chain + 343X 19.5 S. fuliginea
48-El Jadida, Walidia 02/12/2003 Cucurbita pepo In chain + 35.5X20.3 S. fuliginea
49-El Jadida, Walidia 02/12/2003 Cucurbita pepo In chain + 34.8 X20.3 S. fuliginea
50-El Jadida, Walidia 02/12/2003 Cucurbita pepo In chain + 35.0X21.0 S. fuliginea
51-El Jadida, Walidia 02/12/2003 Cucurbita pepo In chain + 34.8 X20.5 S. fuliginea
52-El Jadida, Walidia 02/12/2003 Lagenaria siceraria In chain + 36.8 X21.3 S. fuliginea
53-El Jadida, Walidia 02/12/2003 Cucurbita pepo In chain + 35.8X20.5 S. fuliginea
54-El Jadida, Walidia 02/1272003 ! Tn chain + 353 X215 S. fuliginea
55-El Jadida, Walidia 02/12/2003 Cucurbita maxima In chain + 36.8X21.5 S. fuliginea
56-El Jadida, Walidia 02/12/2003 Lagenaria siceraria In chain + 348 X2I1.0 S. fuliginea
57-Ahfir 11/12/2003 Cucurbita pepo In chain + 35.5X203 S. fuliginea
58-Nador 1171272003 Cucurbita maxima In chain + 37.0X21.8 S. fuliginea
59-Nador 11/12/2003 Cucurbita pepo In chain + 36.3X2I1.0 S. fuliginea
60-Saidia 11/12/2003 Cucurbita pepo In chain + 36.5X204 S. fuliginea
61-Taourirt 13/12/2003 Cucurbita pepo In chain + 378 X2I.5 S. fuliginea
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Table 3. Morphological characteristics of perithecial stage of powdery mildew fungus on Cucurbita pepo L.

. Ascus Ascospores
BT 0S M.MMMMM.E
Author perithencium P Appendage
wall cell Number Size (um) Number Size (um)
(pum)
(nm)
90-113 30-48x20-28 . 56-76x53-61 16.21x13-16
Present Fungus av.99.3 av3s.gx22s | Myeeloid ! Av.71.3x55.3 8 av.18.5x14.8
Homma (1937) 84-98 27-31x16-17 | Flexuous 1 65-71x35-58 6-8 16-21x11-14
Uzomi et Yoshii (1952) 80-130 24-25x12-36 myceloid 1 54-72x42-60 6-8 14-22x12-17
Khan et Khan (1970) 86-140 Hypha-like 1 55-77x43-63 8 18-22x12-18
Siradhana et Chandhari 90-180 Myeeloid | 51-75x50-68 6-10 11-20x9-16
(1972) av.123.6 Y av.61.8x57.9 av.14.6x11.2
Sharma (1973) 87-109 Hypha-like 1 59-75x47-56 8 16-22x13-16
74-117 80-93x44-59 19-24x10-14
Marras et Corda (1977) av.05.8 Rather great Flexuous 1 v 76.9%62 6 8 av 18 8x14.4
Endo. (1989) 80-116 15-50x13-32 | : i-_wwx&- g 13.23x11.19
o av.99.3 av31.7x21.0 yeelo av.18.7x14.9
av.81.2x62.6

*Shown in the figure in the report
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Discussion and conclusion

Homma (1937) said that it is possible to recognize conspicuous fibrosin bodies in conidia
of Sphaerotheca fuliginea, but it is impossible in Erysiphe cichoracearum. Hirata (1942,
1955) stated that the germ tubes of conidia of S. fuliginea have a shape which characterizes
the species. It is forked, simple and curved. In contrast, the germ tubes of conidia of E.
cichoracearum are always simple. Therefore, it is easy to distinguish between S. fulignea
and E. cichoracearum from the shape of the germ tubes of conidia. Boesewinkel (1980)
reported that it is possible to identifity the species of powdrey mildew fungus from the
morphological charcteristics of conidial stage and described how to identify the species
of Erysphaceae based on the morphology of the imperfect states. According to this report,
the size of conidia of E. cichoracearum is 32-40 X 15 X 18um, whereas that of Erysiphe
polyohaga is 25.8-26.7 X 16.5 um, and its germ tubes develop conspicuous appressorium.

The present survey will focus on the conidial stage of the fungus to identify the species,
since it is difficult to out the perithecial stage. In accordance with the literature above
mentioned, the following four points will be checked :

(1) Production of conidial singly or in chain

(2) Presence or absence of conspicouous fibrosin bodies

(3) S. fuliginea germination type of conidial and appressorial formation
(4) Size and shape of conidia

Observations of all the used materials (used) confirmed the existence of the characteristics
of S. fuliginea ; there was no instance of E. cichoracearum, E. polyphaga, or L. taurica.
Moreover, the morphological characteristics of perithecial stage, which was found on only
one occasion, supported the idea that it was S. fuliginea.

To conclude, it has been found out that in Morocco only one species of fungus, S. fuliginea ,
occurred on cucurbitaceous plants, e .g. cucumber, melon, watermelon, pumpkin, etc. Earlier
report in Russia by Poretzky (1923), Deckenbach.(1924), Szembel (1926), Deckenbach et
Koreneff. (1927) and Rodigin (1936) stated that the powdery mildew fungus which attacks
cucurbitaceous plants is S. fuliginea. In these reports, identifications were always based on
the morphological characteristics of perithecial stage. The same findings were reached by
Homma (1937) in Japan and Rayss (1947) in Israel.

After 1950, Uozumi et Yoshii. (1952), Dingley (1959), Nour (1959), Nagy (1970), Khan
and Khan. (1970), Siradhana et Chandhari. (1972), Sharma (1973), Khan (1976), Marras
et Corda. (1977), Kontaxis (1979), Abul-Hayia et Trabulsi. (1981), EI-Ammari et Khan.
(1985), Grand (1987), Endo (1989) and Mc Grath (1991) reported the same results as the
above mentioned.
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Fourthermore, although S. fuliginea and E. cichoracearum are different species, they are
found together at the same time. This finding has been reported by Deckenbach (1924),
Deckenbach et al. (1927) and Rodigin (1936) in Russia and by Nagy (1970, 1975) in
Hungary, Schldsser (1972) and Janke (1977) in Germany, Siradhana et al. (1972), Sharma,
(1973) and Khan (1976) in India, Lebeda (1983) in Czechoslovakia, El-Ammari et al.
(1986) in Libya. From the reports cited above, the evidence is not rare that S. fuliginea and
E. cichoracerarum are found together on cucurbitaceous plants.

In addition, El-Ammari et al. (1983) reported that Leveillula taurica attacks cucurbitaceous
plants in Libya, which is a country near Morocco. Khan (1983) stated that there are (theree)
three species as cusal fungus of cucurbit powdery mildew, S. fuliginea, E. cichoracearum
and L. taurica. (and) The latter (last) one may become a major pathogen in the future, but
the scope of its damage cannot be prediticted yet. So far, the evidence reached from this
research is that only one species of powdery mildew fungus attacks cucurbitaceous plants in
Morocco. However, other species may be found out if the research is carried on.
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