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Abstract

Ethephon treatment proved efficient in inducing resistance of
faba bean plants against both chocolate spot (Botrytis fabae Sard.) and
rust (Uromyces viciae fabae (Pers.) de Bary). Seed Soaking in 800 pg/ml
showed a significant reduction in severity of both diseases and a notice-
able increase in yield of seeds/plant. The same treatment caused a pro-
nounced reduction in percentage of browning and spreading of choco-
late spot beneath inoculum -droplets placed on the abaxial surface of
detached leaves. However, treatment with 1000 1g/ml led to lower lev-
els of both diseases. Treatments with 600 and 800 ug/ml of ethephon
showed an increase in phytoalexin accumulation in leaf tissues after 24 h
of elicitation by each of B. fabae or B. cinerea.

INTRODUCTION

Fruit ripening and plant senescence are all subject to ethylene treatment
(Abeles 1973). Stress factors, including pathogen, attack, increases the biosynthe-
sis of ethylene (Lieberman 1979). It has been reported that ethylene enhances the
synthesis and activity of different enzymes involved in defence mechanism (Daly et
al. 1970, Sheen and Diashun 1976, Boller et al. 1983, Haruyoma et al. 1988, Aly
and Afifi 1989). Ethylene production has been correlated with the induction of sev-
eral proteins that presumably function in defence response against fungal and bacte-
rial attack (Toppan et al. 1982). Hargreaves et al. (1977) found phytoalexins accu-
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mulation in tissues bearing limited lesions caused by Botrytis cinerea or B. fabae.
Wyerone acid was the predominant phytoalexin produced by leaves, particularly
during the first three days after inoculation. Ethylene treatment may induce more
phytoalexin accumulation. Induction of phytoalexin by ethylene was reported by
Chaultze and Stahmann (1969). 'On the other hand, Paradies et al. (1980) reported
that ethylene does not appear to function as elicitor recognition signal for the induc-
tion of phytoalexin. Induction of resistance in barley plants against powdery mildew
was reported by Aly and Afifi (1989). In faba bean, Aly (1989) found ethephon
treatments (800 and 1000 pg/ml) were effective against chocolate spot and Stem-
phylium blight in detached leaves and whole plant tests.

The present work was designed to test the effect of ethephon treatment in in-
ducing resistance in faba bean grown under field conditions to some fungal diseases
and its effect on yield. The effect of this treatment on phytoalexin accumulation in
relation to induction of disease resistance was also investigated.

MATERIALS AND METHODS

The field experiment was carried out at Bahtim Agricultural Research Station
during 1989-1990 growing season.

Seeds of faba bean (Giza 3 Cv.) were soaked, before sowing, in solutions of
600, 800 and 1000 ug/ml ethephon (2-chloroethylphosphonic acid) for 20 hours.
Soaking in the same volume of tap water was carried out and served as control. In
addition, a fungicidal treatment with Dithane M 45 (0.3 %) was used. Three applica-
tions were carried out at the middle of January, the 1st and mid February 1990.

Sowing was carried out in rows, each of 4 m length. Seeds were drilled in
doubles, 30 cm apart. Four replicates were specified for each treatment, each con-
sisted of 3 rows, and agricultural practices were performed as commonly practiced.

Fungal inoculation

Botrytis fabae was grown on salted faba bean extract agar medim. Spore su-
pension (105 conidia / ml.) was sprayed over the plants after sunset during the 3rd
week of January. Rust was left for natural infection.
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Disease assessment

Chocolate spot disease was assessed as percentage of leaf lamina affected.
Average values for three leaves from the flowering nodes were calculated for each
plant. Ten plants for each replicate were used. The assessment was carried out at
the medium stage of growth (at mid March). As for rust disease, it was assessed at
the beginning of April. The scale of Berneir et al. (1984). ranging from 1to 9 was
followed for disease assessment.

Inoculation of detached leaves

Leaves without any signs of damage were detached from the middle of the
flowering nodes. the abaxial surface of detached leaves were gently washed with
distilled water and dried with tissue paper before inoculation. Leaves were placed on
moistened filter paper in plastic boxes, then inoculated on their abaxial epidermis
with 20 ul droplets, containing 200 conidia of B. fabae or 200 conidia of B. cinerea.
Incubation was carried out at 18 + 2°C under fluorescent light. Data were recorded
as browning of infection sites and spreading of lesions according to Mansfield and
Deverall (1974).

Extraction and determination of wyerone acid by thin layer
chromatography (TLC)

Leaf discs , 1cm, from inoculation sites and their peripheral tissues were cut
24 and 48 hours after inoculation. The leaf discs were homogenized using mortar and
pestle with diethyl ether, the ether were tipped off and the debris centrifuged at
3000 rpm for 3min. The supernatent was collected and dried in a rotary evaporator
at 35°C . The residues were washed with 10ml absolute ethanol then evaporated till
dryness. The latter residual was resuspended in absolute ethanol at the rate of 1
ml/g fresh weight of the sample for phytoalexin determination. The method of
Letcher et al. (1970) was used for separation and determination of wyerone acid.
The concentration of wyerone acid was calculated from the formula :

ug wyerone acid mi! = optical density at max (356 nm) X 9.04

Effect on growth , yield and yield component

Determination of the plant height (cm), number of branches, number of pods/
plant, number of seeds/pod, weight of 100 seeds (g) and seed yield /plants -for
each replicate -were done on randomly chosen plants. Statistical analysis was car-
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ried out using Tuker multiple range test according to Neler et al. (1985)

RESULTS AND DISCUSSION

Effect of ethephon treatment on chocolate spot and rust diseases
as compared to Dithane M45:

Results in Table (1) show that ethephon treatments at 100 and 800 ug/ml sig-
nificantly reduced chocolate spot severity. Treatments with 1000 and 800 ug/ml
reduced disease severity by about 65% and 50% , respectively. Ethephon treatment
(600 ug/ml) and Dithane M45 foliar application showed similar results and both re-
duced disease severity by about 30%

" As for rust disease, Dithane M45 foliar application showed the highest signifi-
cant reduction in disease severity. Meantime, all ethephon Treatments i.e. 600, 800
and 1000 ug/ml were less effective.

Table 1. Effect of ethephon seed soaking as compared to Dithane M45 foliar applica-
tion on chocolate spot and rust diseases of faba bean.

Disease sverity
Treatments

Ch. spot1 Rust2
Ethephon 600 ug/ml 8.30 ab3 5.10 ab
Ethephon 800 ug/ml 6.20 b 5.35ab
Ethephon 1000 ug/ml 4.28b 4.80 ab
Dithane M45 (0.3 %) 8.80 ab 4.70 ab
Control 12.30a 6.90 a

1 . Percentage of leaf lamina area affected.
2 . Rating scale ranged from (1-9) where 9 the highest susceptible .
3 . Figutes with the same letter are not significantly different.

Influence of ethephon treatments as compared to Dithane M45 fo-
liar treatments on growth, yield and yield components of faba
bean

Results in Table (2) indicated that ethephon treatment significantly reduced
plant height. Treatments with 800 and 1000ug/ml showed higher reduction followed
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by 600 ug/ml . Other agronomical characters i.e. numbr of branches, number of
pods per plant, number of seeds per pod. weight of 100 seed and seed yield per plant
showed no significant differences.

Table 2 . Influence of ethephon seed soaking and Dithane M45 foliar application treat-
ments on growth, yield and yield components of faba bean.

Plant height | Number | Weight 'T”mfe’ of 100 | yield
Treatments (cm) | of bra- of o seed plant
nches | pods/ | seeds/ (9. (9.

plant pod 3 f

Ethephon 600 ug/ml |[60.0ab [2.6a 18.7a |3.2a 61.9a |[36.6a
Ethephon 800 ug/ml [57.9¢ [3.1a 19.0a |3.3a 63.4a |[39.9a
Ethephon 1000 ug/ml  [55.5¢ [3.0a 16.2a |3.2a 60.0a |[31.3a
Dithane M45 (0.3 %0) |68.6ab |3.2a 19.6a |3.3a 59.8a |[38.1a
Control 72.a 3.4a 18.1a |3.2a 57.8a |32.6a

Figures with same letter are not significantly different

Effect of ethephon treatments on percentage of browning and
spreading of lesions of Botrytis fabae and B. cinerea on detached
leaves

Results in Table (3) indicate that all ethephon treatments reduced both per-
centage of browning and spreading of lesions of Botrytis fabae. Treatments with 800
ug/ml showed pronounced effect, specially in reducing the percentage of spreading
lesions 48h after inoculation.

Table 3 . Effect of ethephon treatments on percentage of browning and spreading of
lesions of Botrytis fabae and B. cinerea on detached leaves of faba bea.

Ethephon B. fabae B. cinerea
treatment 24h 48h 24h 48h
Sl Br.3 | Spr4 | Br. | Spr. Br3 | Spr.4| Br. | Spr.
0 72.2| 57.0| 96.6| 87.2 17.1 0.0 23.4| 153
600 57.0| 27.4| 82.0| 47.6 8.0 0.0 | 20.9 0.0
800 47.2| 28.7| 77.0| 28.0 11.0 0.0| 20.4 0.0
1000 57.3] 28.1 79.5]| 33.3 8.6 0.0 | 10.0 0.0

1. Inoculum droplets 20ul each containing 200 conidia.
2. Inoculum droplets 20ul each containing 200 conidia
3.Percentage of browning beneath the inoculum droplet.
4. Percentage of spreading lesions.
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All ethephon treatment reduced percentage of lesions browning and restricted
spreading of B. cinerea 24 and 48h after inoculation. -

Effect of ethephon treatments on the elicitation of wyerone acid
by Botrytis fabae and B. cinerea

Ethephon seed treatments showed a slight effect on the accumulation of wye-
rone acid elicited by each of. B. fabae or B. cinerea. Treatments with 600 and 800
ug/ml showed an increase in wyerone acid conentration 24h after inoculation by ei-
ther of B. fabae or B. cinerea. Meanwhile, 48h after inoculation wyerone acid con-
tent showed no clear differences between tissues of treated or untreated plants
(Table 4).

Similar trend of the results was shown in leaf tissues inoculated with B. ci-
nerea. As for 1000 ug/ml ethephon treatment, general reduction in wyerone acid
level was detected 24h and 48h after inoculation with B. Cinerea and 48h after inoc-
ulation with B. fabae.

Elthephon treatmen proved its efficiency in inducing resistance of faba bean
against both chocolate spot and rust diseases. The higher and significant effect was
found with chocolate spot disease, the most effective treatments was seed soaking
in 800 ug/ml.

Table 4. Effect of ethephon treatment on the elicitation of wyerone acid1 by Botrytis
fabae and B. cinerea.

Ethephon treatment B. fabae 2 B. Cinerea3
ug/ml
24 H 48 H 24 H 48 H
0 225 31.9 29.0 35.0
600 29.8 29.9 36.5 38.1
800 27.3 30.2 34.6 36.2
1000 24.0 28.2 24.2 28.7

1. ug/g fresh weight.
2. Inoculum droplets, 20ul each containing 200 conidia.
3. Inoculum droplets, 20ul each containing 200 conidia.
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This concentration was significantly effective in controlling chocolate spot
disease more than the recommended fungicidal treatment (Dithane M45) . The ob-
tained results for chocolate spot were in complete accordance with those obtained
by Aly (1989) . Our results concerning wyerone acid accumulation in response to B.
fabae or B. cinerea indicated that 600 and 800 ug./ml ethephon treatment caused a
slight increase, 24h after inoculation. Wyerone acid content showed negligible in-
crease after 48 hours. These results indicate that wyerone acid did not play a prin-
cipal role in restricting the infection of B. fabae. It could be attributed to the ability
of B. fabae to metabolize wyerone acid into less toxic products (Mansfield and De-
verall 1974). Other defence mechanism could be involved in reducing disease sever-
ity in the treated plants. It has been reported that ethylene stimulated the accumula-
tion of hydroxyproline rich glycoprotein in the cell wall which is considered a
common defence mechanism against pathogens in dicots (Toppan et al. 1982 and Roby
et al. 1985). Treatment with ethylene or ethylene induced oxidative enzyme activit
ies including peroxidase, PO and polyphenol oxidase PPO (Sheen and Diochun 1976,
Horuyama et al 1988 and Aly and Afifi 1989). The increase in PO activity enhances
lignification in response to infection which may restrict the penetration (Ride 1983)
. On the other hand, activity of PPO and PO oxidize phenolic compound into their oxi-
dized products. Deverall and Wood (1961) reported that oxidized phenolics inacti-
vate pectic enzymes of B. fabae, such inhibition of cell wall degrading enzyme may
affect the rate of coloniztion by the fungus and subsequetly tissue maceration. Re-
cently, it was found that ethylene treatent increased chitinase activity (Roby et al.
1985) and gluconase activity (Mouch and stachelin 1989). Both enzymes have been
implicated in defence reaction of plants against potential pathogens (Abeles et al.
1971 and Boller et al. 1983).

Generally , e.thephon application minimized severity of chocolate spot and rust
diseases of faba bean plants and to some extent increased seed yield.
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