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Abstract

The causal pathogen of tomato powdery mildew disease was
identified as Leveillula taurica (Lév.) Araud according to the symptoms
and the morphological characteristics of the fungal conidiophores and
conidia -

Conidia often germinate at the basal or lateral sites forming uni-
or multi germ tubes. Conidial germination was better on tomato leaf
strips under moist atmosphere than in free water or dry conditions.

Number of conidiophores and their branching depend on the
susceptibility of tomato cultivar. Few wuni and unbranched
conidiophores in the least susceptible cv. Super strain-B and multi and
occasionally branched conidiophores in the highly susceptible cv.
Strain-B were observed. However, intermediate number of
conidiophores and conidia formed in the lower surface of the
moderately susceptible cv. Castle Rock.

Examination of conidial germination revealed that spore germ
tubes are initiated after 6 hr. from inoculation under warm and wet
conditions and their elongation extends from 12-24 hr. towards the
stomata of the upper leaf surface. Well developed symptoms appeared
7 days after inoculation under greenhouse conditions at 26°C+2 on
tomato plant leaves simuftaneously with that inoculated detached
leaves in vitro.

INTRODUCTION

Powdery mildew is an important disease which seriously attacks tomato plants
in both the open fields and under low tunnels during foliage growth particularly after
flowering through late summer and/or autumn (Nili) tomato plantations all over

Egypts

The disease often causes considerable reduction in tomato foliage and marked
reduction in the quality and quantity of harvested tomato (Cerkauskas ef a/, 2000 and
Haroun, 2002).
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Disease importancé markedly increased with the expansion in growing
tomato hybrids tolerant to white fly (Bemisia tabaci) transmitting the yellow tomato
leaf curl virus (YTLCV) during the Nili plantations in Fayoum province. Ty group
hybridé (Ty-20; Ty-70; Ty-84 and Ty-317) were the most susceptible to powdery
mildew in Fayoum, Ismailia and Sharkia provinces.

Leveillula taurica is capable of infecting all commercial tomato cultivars and

- the new hybrids to different degrees. Haroun (2002) classified the conventional and

processing tomato cvs. cultivated in Egypt into three categories i.e. highly susceptible

(Supermarmande, Strain-B, Marconi and Super green); moderately susceptible (Peto-

86 and Castle Rock) and least susceptible (UC-97/3, Cal 'Ace, Ace and Super strain-B)

cvs. The reaction of many tomato cvs. against the disease was previously investigated

( Georgiev et af , 1993; Karaseviez and Zitter , 1996; Ciccarese et a}, 1998 and Huang
Caicheng et a/, 1998).

The objective of this research was to study the conidial germination of the
pathogen in vitro and /n vivo (on leaf strips and plant leaf tissues). Also, the reaction
of three tomato cvs. differing in their susceptibility to the powdery mildew disease
infection ( Haroun , 2002) was histopathologically studied.

MATERIALS AND METHODS

Sample collection and identification of the pathogen

Leaf samples of tomato Ty-20 hybrid cultivated in Fayoum province (Tammya
locality) during autumn (Nili) plantations ( 2002) were collected. The infected leaves
were examined to describe the symptoms and morphological characteristics of the
causal organism. Minimum, maximum and average dimensions (in pum) of 50 conidia
and conidiophores and mycelium diameter were determined to identify the causal
pathogen according to El-Fiki and Fawzy (1987) KangSooWoong et. &/ (1995) and
Cerkauskas et .al. (1999).

Isolation, purification and pathogenicity
Conidia on the lower surface of seventy day-old tomato leaves (Ty-20 hybrid),
showing powdery mildew disease symptoms, were dusted on the upper surface of
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healthy Ty-20 tomato leaves (at the age of 60 days), covered with plastic cage and
the plant canopy were kept wet under greenhouse conditions at 26°C2 for two days
(Sadasivan and Ellingboe, 1962). Incubation was made under the same greenhouse

conditions until typical powdery mildew symptoms appeared.

Conidial germination i vitro
Four different spore germination techniques were employed by fixing 1 ring on
glass slide using Canada balsam (A and B) and sterilized with ethyl alcohol. The slide
was placed on V-shape glass rod in a sterilized Petri dish containing wet filter paper
(10 ml water) (C and D) . The slides were prepared as follows and shown in Figure
(1):
A) Conidia were dispersed on a piece of cellophane sheet 3 x 5 cm which covers
a ring containing water.
B) Conidia were dusted on water inside the ring .
C) Conidia were dusted on the upper epidermal strips of tomato leaf.
D) Conidia were dusted on a dry glass slide .
Average percentage of conidial germination was calculated after 24 hr at 25°C.

Stages of conidial germination in vivo

Sixty-day old Ty-20 hybrid tomato leaves were marked with a marker to
delineate the sites of inoculation then inoculated with L. faurica conidia as mentioned
before. The test plants were kept under greenhouse conditions at 26°C*2. Leaf
epidermal strips of inoculated sites { 2 cm?) were prepared (Schnathorst, 1959) at 6,
12, 18, 24 hr. and 7 days after inoculation. Each strip was placed in a drop of water
on sterilized glass slide and microscopically examined for conidial germination and

tissue penetration.

Histopathological reaction of tomato cultivars differing in their susceptibility
to powdery mildew

Transverse sections in healthy and powdery mildewed tomato leaves of highly
susceptible (Strain-B); moderately susceptible (Castle rock) and least susceptible
(Super strain-B) were made 15 days following inoculation under greenhouse
conditions at 26°C+2. Samples of tomato Jeaves (1 cm2) of each cv. were killed and
fixed in formalin acetic acid-alcohol solution (F A A), dehydrated, clarified with ethyl-
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alcohol-xylene and embedded in pure paraffin wax (M.P. 56-58°C). Then, samples
were transversally sectioned (15 microns thickness) using a rotary microtome and
double stained by safranin-light green according. to Johansen (1958). Sections were
microscopically examined for pathogen behaviour and changes in the mesophyl tissue
due to infection.

RESULTS AND DISCUSSION

Typical tomato natural powdery mildew disease symptoms were observed as
light green to bright yellow lesions on the upper leaf surface as well as powdery
fungal sporulation on the lower surface of the leaf which often coalesce in the
advanced stage. Finally, golden yellow lesions on the upper surface and necrotic
lesions were observed as the disease developed. In case of severe infection, the
whole leaf died and defoliated (Fig. 2). Leveillula taurica was isolated, propagated and
re-inoculated on leaves of (60-day old) Ty-20 hybrid. Well developed symptoms were
observed (Fig. 3).

Microscopical examination through the lower epidermal strips of infected
leaves of Ty — 20 tomato hybrid revealed that branched or unbranched
conidiophores arose from the endophytic hyphae, emerged singly or in clusters (uni or
bi or more) through the stomata of the lower leaf surface (Alexopoulos, 1952). A
conidiophore was observed bearing one conidium. Conidia are long, colourless and
cylinderical or pyriform. Its length ranged from 45 to 60 pm with an average of 52.3
um and its width ranged from 10 to 15 pm with an average of 10.8 pm. Conidiophore
lengths ranged from 70 to 250 pm with an average of 143.8 pm and its width ranged
from 5 to 10 pm with an average of 8 pm. The mycelium is septate, hyaline with a

diameter ranging from 5 to 10 pm with an average of 7.6 pm.

According to the morphological characteristics of conidia, conidiophore and
mycelium as well as the different positions of germ tubes during spore germination
(Fig. 4), the pathogen in question was identified as Leveilula taurica (Lév) Arnaud.
Figure (4) also shows the cylinderical and pyriform shapes of the conidia and their
basal and lateral germination, which completely agreed with many descriptions (Zwirn,
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1943; Yarwood, 1957; Clerk and Ayesu-Offei, 1967; Ahmed, 1969; Natour ef al,
1971;El-Fiki and Fawzy, 1987;Cerkauskas et a/., 1999 and Haroun, 2002).

As to the spore germination on different substrates , the highest germination
was observed on the epidermal strips of tomato leaves (35.2%) followed by
germination on cellophane sheet (25.4%) with a significant difference, then on dry
slides at 20 % and in water where only 13 % germination occurred (Table 1).

Table 1. Percentage of L. tfaurica conidial germination at 25°C after 24 hr from
inoculation using 4 different techniques /n vitro.

Methods of conidial germination % of germinated conidia
Epidermal strips 35.2
Cellophane sheet 25.4
Dry slide 20.0
Water 13.0
L.S.D. at 1% level 8.2
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Fig. 1. Four different spore germination techniques for

conidial germination of L. taurica .

A: Conidia were dispersed on a piece of cellophane

sheet which covers a ring containing water.

B: Conidia were dusted on water inside a ring.
C: Conidia were dusted on the upper epidermis of

tomato leaf.

D: Conidia were dusted on a dry glass slide.

Fig. 3. Symptoms of tomato powdery mildew

disease on Ty-20 hybrid 15 days after artificial

inoculation under greenhouse conditions at 26°C £2 .

Upper leaf surface Lower leaf surface
Fig. 2. Natural symptoms of
tomato powdery mildew disease in field
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Fig. 4. Conidial shapes and different
positions of germ tubes.

1- Pyriform shape.  2- Cylindric shape
3- Basal germination. 4 — Lateral germin.

5-Uni--germ tube.  6-Multi - germ tubes
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In this respect, Zwirn (1943),Yarwood (1957), Nour (1958),Clerk and Ayesu-
Offei (1967), Zaher (1970), Osman (1977)and Caesar and Clerk (1985) obtained
higher percentages of germination when conidia were dusted on dry slides and
maintained in moist air than conidia submerged in drops of water and they stated
that optimum temperature suitable for conidial germination ranged between 25 and
28°C.

Microscopical examination of the early stages of L. taurica spore germination
on tomato leaf epidermal layers after 6, 12, 18, 24 hr indicated the following stages :
1) The initial germination of conidia started after 6 hr. Similar result was obtained by
Mohamed (1994) and El-Kafrawy(1997).

2) The germ tube elongation started after 12-18 hr. Similar result was obtaind by
Caesar and Clerk ( 1985 ) and El-Kafrawy, (1997).

3) The positive direction towards stomatal pores occurred within 18-24 hr. (Fig. 5).

Typical symptoms of powdery mildew were realized , seven days later, and
conidiophores and conidia were microscopically distinguished (Fig. 6).

In the highly susceptible cv., the fungus grew intercellularly and the mycelium
was clearly noticed between the cells of the spongy mesophyl tissue forming many
tiny globular haustoria. At the begining, the size of host cells was not altered then, by
the development of the disease, a gradual decrease was noticed and the cells became
malformed. The cytoplasm and the plastids aggregated around the haustoria. The
fungus emerged through the stomata of the lower leaf surface. The conidiophores
were long, single or in clusters, septate and bear one mature conidium each (Fig. 7,
8). It was also observed that the numbers of conidiophores and conidia were
intensified in the more susceptible host (cv. Strain-B). Few conidiophores and conidia
were noticed in the least susceptible cv. Super-strain B (Fig. 9). Moderate numbers of
conidiophores and conidia were found in the transverse sections of the moderately
susceptible cv. Castle Rock (Fig. 10). Malformation of the mesophyi cells was clearly
observed in the infected leaves of the highly susceptible cv. Strain-B. (Fig.11).
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Fig. 6. Conidiophores emerging from stomata
(200 X). Notice the ovate , clavate and cylindric
Fig. 5. Conidial germination on conidia , seven days after spore dusting .
tomato upper Leaf surface strips in vitro.
1- Initiation of conidial germination after
6 hr.
2-Germ tube elongation after 12-18 hr.
3-Positive  direction of germ tube
towards the stomata.

Fig. 7. Long single septate conidiophore Fig. 8. Single branched conidiophore of
bearing one mature pyriform or cylindric Leveillula taurica.(200X)
conidium . (200 X)



AWAD N.G.H. et al. 1083

Fig. 9. Transverse sections in the leaves of the least susceptible tomato cv. Super srain- B .
(A) Infected ieaf (400X) . (B) Healthy leaf (200X) .
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Fig. 10. Transverse sections in tomato leaves of the moderately susceptible cv. Castle Rock .
(A and B) : Infected leaves (200 X) . (C) : Healthy leaf (100X) .

®) ® ©
Fig . 11. Transverse sections in the leaves of the highly susceptible tomato cv . Strain -B
(200X) .

(A and B) : Infected leaves . (C) : Healthy leaf

Notice : The malformation of the spongy mesophyl cells due to severe infection



Jury

AWAD N.G.H. et al. 1085

REFERENCES

. Ahmed, K.G.M. 1969. Studies on powdery mildew of artichoke. M.Sc. Thesis,

Dept. of Agric. Bot., Fac. of Agric., Ain Shams Univ.

. Alexopoulos, C.J. 1952. Introductory Mycology, pp. 244-245, John Willey and Sons,

Inc., New York. Chapman and Hall, Ltd., London.

. Caesar, J.C. and G.C. Clerk. 1985. Germinability of L. taurica conidia obtained from

water stressed pepper plants. Can J. Bot ., 63 (10): 1681-1684.

. Cerkauskas, R.F.; J. Brown; G. Ferguson and S. Khosla, 1999. First Report of

Powdery Mildew of Greenhouse Pepper Caused by Leveillula taurica in Canada.
Plant Dis. D-1999-0524-01.N.

. Cerkauskas, R.F.; L. Leopold and G. Ferguson, 2000. Control of Powdery mildew

in greenhouse cucumbers, peppers and tomatoes. Phytopathology , 90 : 512.

. Ciccarese, F.; M. Amenduni; O. Schiavone and M. Circulli, 1998. Occurrence and

inheritance of resistance to powdery mildew (Oidium lycopersici) in Lycopersicon
species. Plant Pathology, 47 (4) : 417-419. (c.f. Rev. Plant Pathol. 1998, 77 (11)
9321.

. Clerk, G.C. and E.N. Ayesu-Offei , 1967. Conidia and conidial germination in L.

taurica (Lév) Arn. Ann. Bot.,N.S., 31: 749-754. (c.f. Rev. Appl. Mycol. 47-3-1968).

. El-Fiki, A.LL. and R.N. Fawzy.1987. Incidence of Oidiopsis taurica on castor bean

plant in Egypt. Annals of Agric. Sci. Moshtohor, 25 (2): 807-817.

. El-Kafrawy, A.A. 1997. Studies on powdery mildew of pepper. Ph.D. Thesis, Fac. of

Agric., Minufiya Univ., A.R.E.

10. Georgiev, P., D.Angelov, L. Krasteva and L. Stamova. 1993. Reaction of different

tomato varieties to powdery mildew causal agent S. fufiginea f. ycopersicum.
Proceedings of XII" European meeting on tomato genetics and breeding. Plovdiv,
Bulgaria. 27-31 July, 1993, 55-58.



1086 HISTOPATHOLOGY OF POWDERY MILDEWED TOMATO LEAVES
AS AFFECTED BY HOST SUSCEPTIBILITY

11. Haroun, S.H. 2002. Studies on powdery mildew disease on tomatoes in Egypt.
Ph.D. Thesis, Fac. of Agric., Moshtohor, Zagazig Univ., Benha Branch, A.R.E.

12. Huang Caicheng , T. Groot, F. Meijer-Dekerns, R.E. Niks and P.Lindhout 1998.
The resistance to powdery mildew (Oidium lycopersicum in Lycopersicon species
is mainly associated with hypersensitive response. Europ . J . Plant Pathol ., 104
(4) 399-407. [c.f. Rev. Plant Pathol., (1998) 77 (11) 9315].

13. Johansen, D.A. 1958. Plant Microtechniques, Mc Graw-Hill Book Co., New York.

14, KangSooWoong, Kwon Jinhyeuk, Shin Wonkyo and Kim Keekyn 1995. Occurrence
of powdery mildew on tomato caused by Oidiopsis taurica Arnaud- (Leveiliula
taurica) in Korea. Korean J. Plant Pathol., 11 (4): 380-382. (c.f. Rev. Plant Pathol.,
74 (1): 445, 1995).

15. Karaseviez, D.M. and T.A. Zitter. 1996. Powdery mildew occurrence on
greenhouse tomato plants in New York. Plant Disease , 80 (6): 709. (c.f. Rev.
Plant Pathol., 1995, 76 (1), 453.

16. Mohamed, S.A. 1994. Virulence of L. faurica (Lév) Arn., on some pepper
cultivars and its control. Minufiya Agric. Res., Vol. 19 No. 6 (1): 2883-2902.

17. Natour, R.M. , A.H. El-Behadli and M.G. Majeed. 1971. Occurrence of L. taurica
in Irag. Plant Dis. Reptr. 55 (2): 192.

18. Nour, M.A. 1958. Studies on L. igurica (Lév) Amn. and cther powdery mildews.
Trans. Brit. Mycol. Soc., 41, : 17-38.

19. Osman, H.A. 1977. Studies on L. laurica the incitant of powdery mildew in
Solanaceaous plants. M.Sc. Thesis, Fac. of Agric., Minufiya Univ., A.R.E.

20. Sadasivan, Nair K.R. And A.H. Ellington. 1962. Studies on the germination of
conidia spores of powdery mildew of wheat, Phytopathology, 52: 745.



AWAD N.G.H. et al. 1087

21. Schnathorst, W.C. 1959. Growth of Erysiphe cichoracearum on isolated lower
epidermis and spongy tissue of lettuce. Phytopathology 49: 304-308.

22. Yarwood, C.E. 19.57. Powdery mildews. Botany Review, 32: 235-301.

23. Zaher,E.A.1970.Studies on the powdery mildew incited by Leveillula taurical
Lev.) Arn. M.Sc. Thesis, Fac. Agric.,Cairo Univ., Egypt.

24. Zwirn, H.E. 1943. Studies on Leveillula taurica (Lév) Amn. Palest. J. Bot. J. Ser.
III, pp. 52-53. (c.f. Rev. Appl. Mycol. 24, 476, 1954).



1088 HISTOPATHOLOGY OF POWDERY MILDEWED TOMATO LEAVES
AS AFFECTED BY HOST SUSCEPTIBILITY

B bty Llaal) plilaal) il (3 gY A e Agag pdd cluad

Lt Jilall AL, Q3 vl

Gt ol il 338 Jedisa ¢ page Lia gz s (AU
diaall L dw CGiada

pema— 5 = Lol il il S pe- il ol sl a0 2gma

Leveillula taurica ablakall e 82 (alall (el Gusall phadll iy wi 0
ALy 5 el piliasly G )iy gal Bliay il Ly A e Ly 5 (LéV.) Amaud
B N B

FEPP NN FAFRETC T § TR IS PG RIS WA SRR PN
JEPTS AR F I WA (KRG JUREW A I B PP PR SE PR PRI BN
RECEURE PR I SN AR PRI

B g im oSl ALl s G6 e Lo i 5305 oS Jalsnd e 0355 adieg
(2 —cusbs sppme Yoo} Calia¥l O o de il ey o sl U Jol ol o O 230 (4S5
0525 Ao TaD LN 5 (0 - ) Ciinal e Lgaany i 6 lgie € 3ae (555 LS
Lous fia (g JulS) Ciinall (§5Y il el e 3335 50 ol sally o 2l n Ja i farie
. A Al

a3 pell i 15 bW canld of 2 S0 o8l al il a5 Sy Kol il o f

i Agaiadela YA YA Ll (8 ety (s 0ed oo el ¥ aay ke 1 26 31 iy 1
PBLabll s Gl le o pall Al o1 el 1 ¢ e Y s sbel el 333
Fof ol GTFa Y £ o1 O 3 da e Appall gl cinl Giad Gl Y
 Tilana 11 LYY Jal ye Al 53 i 5 Lo 33 o5 (s 5

Dl prbosa 5 5y 5S0a0 CilinaSl) Qa3 Y1 clelail Aoy H500 Al il G
g g ¢ Lglals 28R Clandd o S e U i) iy ud g add LD 5
LU o 3 e pan T g LS Lo o5 LDUAN 08 g B (28 (BLa Jon b L)
. Slasall 038 Jan ol pumall Leilaniudl g

83 jia Ganiha it gy (il geld) g8 (o ill L3540 o gal g i L B o
of o8 Adle iy ciibeal alua) S 5 5any A S R Jandy Claand B Wle 5 Al
S g ae WA 38 05 Gapiny Aladll Ciluall B ) LS 235 L4 oS0 ol gl 200
< (o = O iall) LD ALE Gl



