Control of Alternaria Spot Disease on Loquat ( Eriobotrya japonica Lindl.) Using Detached Fruits and Leaf-disk Assay (Eriobotrya japonica Lindl.)

^ÈfiÇ”â˘]<Ó◊¬<ÎÖ^fi3÷~]<ƒœfj÷]<öÜ⁄<Ìv�^”⁄ ÌÈŒÖÁ÷]<î]ÜŒ˘]Ê<Ö^€n÷]<Ó◊¬<ÔÊÇ√÷]<ÌœËÜõ<Ÿ^€√jâ^e<

Yacoub Batta Department of Plant Production and Protection, Faculty of Agriculture.

An-Najah National University. Nablus. Palestine.

E-mail: yabatta@najah.edu Received: (12/6/2004), Accepted: (28/8/2005) Abstract

Treatments with four types of new, slightly toxic and non-residual fungicides and two preparations ofTrichoderma harzianum were applied againstAlternaria alternata , causal organism of Alternaria leaf and fruit spot disease of loquat. Preventive and curative effects of the above-mentioned treatments were bioassessed by measuring lesion diameter of A. alternata and its sporulation density on detached loquat fruits and leaf discs. Results indicated that preventive and curative effects of the treatment with difenoconazole (Score®) and cyprodinil+flodioxonil (Switch®) applied at a rate of 0.35% (V/V) and 0.20% (W/V), respectively, significantly reduced the lesion diameter of A. alternata on treated fruits and leaf discs compared to the untreated control fruits and leaf discs. Also, application of the above-mentioned fungicides at the same rates completely inhibited the sporulation of A. alternata at preventive and curative treatment with Switch® and at curative treatment with Score® on treated leaf discs compared to the untreated control organs. Conidia of T. harzianum (strain Th_2) formulated in invert emulsion and applied at a concentration of 1.3X10^8 conidia/ml of the preparation, significantly suppressed lesion diameter of A. alternata and its sporulation density on treated fruits compared to treatment with conidial suspension of T. harzianum in sterile distilled water, and the control (blank formulation of invert emulsion or sterile distilled water only). These results should be confirmed under field conditions before large scale application.

Keywords: Alternaria alternata , Trichoderma harzianum , Difenoconazole, Cyprodinil + Flodioxonil, Metalaxyl + Mancozeb, Captan

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

70 ì~◊⁄

<^ÈfiÇ”â˘]<Ö^$Ê<—]ÖÊ_<gÈíË<ÎÑ÷]<

Alternaria alternata <ÍïÜπ]<gfäπ]<Ó◊¬<ÏÜŞÈâ<l¯⁄^√⁄<�]Üq]<‹{i <›]Ç~jâ]<±c <Ì�^ï~^e<ÿÈÚñ÷]<Íœfjπ]<Ü{m˘]Ê<Ì◊È◊œ÷]<ÌÈ€ä÷]<l]É <ÌËÜŞÀ÷]<l]ÇÈfπ]<‡⁄<ÏÇËÇq <≈]Áfi_<Ì√eÖ_<›]Ç~jâ^e <ÏÜŞÈä◊÷ <ÌÈq¯√÷]Ê <ÌÈÒ^ŒÁ÷] <Ì◊⁄^√π] <Ö^fj}] < fl# <J <Trichoderma harzianum <Å^ñπ] <ÜŞÀ÷] <‡⁄ <‡Ë4ñ† <öÜ€◊÷ <gfäπ] <ÜŞÀ÷] <^ËÇÈfiÁ“ <Å]Ç¬]Ê <DöÜπ] <ÏÇçE <öÜπ^e <Üm`jπ] <sÈä fl÷] <Ì√œe <ÜŞŒ <å^ÈŒ <Ì÷~ÇeÊ <öÜπ] <Ó◊¬ <∞ËÜŞÀ÷]<‡ËÇÈfπ]<‡⁄<ÿ”÷<ÍÒ^ŒÁ÷]<4m`j÷]<·]<^„È◊¬<ŸÁí£]<#<:÷]<sÒ^j fl÷]<lÜ„æ_<J^ÈfiÇ”â˘]<Ö^$Ê<—]ÖÊ_<î]ÜŒ_<Ó◊¬ <D0.35%<ÂÖ]Çœ⁄<àÈ“3e<∞◊€√jäπ]<DèjËÁâE< cyprodinilGflodioxonil <Ê<DÖÁ”âE< difenoconazole <k≥<:÷]<Ö^€n÷]Ê<—]ÖÊ˘]<î]ÜŒ_<Ó◊¬<ÎÁ fl√⁄<ÿ”ée<öÜπ]<ÏÇç<kñÀ}<ÇŒ<Í÷]Áj÷]<Ó◊¬<D

0.20% WKVEÊ<VKVE <k√fl⁄<ÇŒ<Ìœe^ä÷]<àÈ“]3÷]<ãÀ fle<Ì◊€√jäπ]Ê<Ü“Ñ÷]<ÌÀ÷^â<ÌËÜŞÀ÷]<l]ÇÈfπ]<·d�<‘÷Ñ“Ê<H<Ç‚^é÷]<ƒ⁄<ÌfiÖ^œ⁄<^„j◊⁄^√⁄ <JÇ{‚^{é÷]<ƒ{⁄<Ì{fiÖ^œ⁄<^{„{j◊⁄^√⁄<k{€{i<:÷]<—Ö]Ê˘]<î]ÜŒ_Ê<Ö^€n÷]<Ó◊¬<öÜ€◊÷<gfäπ]<ÜŞÀ÷]<^ËÇÈfiÁ“<ÖÁ„æ<ÿ⁄^“<ÿ”éeÊ <>lÜÀfi]><ŸÁ{{◊¶<ª<Ü{ñ{v{jä⁄<ÿ{”{ée<Ì◊€√jäπ]Ê<

T. harzianum<Å^ñπ]<ÜŞÀ÷]<^ËÇÈfiÁ“<·]<‘÷Ñ“<sÒ^j fl÷]<lÜ„æ_ <gfäπ]<ÜŞÀ÷]<^ËÇÈfiÁ“<Å]Ç¬]Ê<öÜπ]<ÏÇç<ÎÁ fl√⁄<ÿ”éeÊ<kñÀ}<ÇŒ<

1.3X10^8 <conidiaKml<ÂÖ]Çœ⁄<àÈ“3eÊ <ŸÁ◊¶E<Ç‚^é÷]<ƒ⁄Ê<ÍÒ^⁄<–◊√⁄<ª<Ì◊€√jäπ]Ê<Å^ñπ]<ÜŞÀ÷]<^ËÇÈfiÁ“<ƒ⁄<ÌfiÖ^œ⁄<^„j◊⁄^√⁄<k≥<:÷]<Ö^€n÷]<Ó◊¬<öÜ€◊÷ <^„È◊¬<ŸÁí£]<#<:÷]<sÒ^j fl÷]<ÇÈ“`i<·c<JDºœ�<‹œ√⁄<ÜŞœ⁄<�^⁄<^„È÷c<Õ^ñ⁄E<Ì◊⁄^√π]<4∆<Ö^€n÷]<ƒ⁄<Ê_<DÂÇuÁ÷<>lÜÀfi]> Jƒâ]Ê<—^Şfi<Ó◊¬<sÒ^j fl÷]<‹È€√i<‹jË<·_<ÿfŒ<ÎÖÊÜï<Ü⁄_<Á‚<ÿœ£]<ÕÊÜæ<k†

Introduction

Alternaria spot disease caused by the fungus Alternaria alternata (Fr.:Fr.) Keissl is one of the most important diseases on leaves and fruits of loquat (Eriobotrya japonica Lindl.). It appears as dark-brown necrotic lesions (almost circular) on leaves and fruits (Fig.1-A) that may coalesce to form large necrotic areas. The importance of the disease is attributed to causing leaf necrosis and leaf drop under field conditions, also causing fruit spotting and rotting during harvest and postharvest stages. The latter type of damage renders the fruits unsuitable for marketing. Infections with A. alternata were reported by various investigators on other types of fruit trees and vegetable crops such as tomatoes ( Lycopersicon esculentum) (15,23), peppers ( Capsicum annum ) (9,16), potato tubers ( Solanum tuberosum ) (14), brussel sprouts ( Brassica oleracae ) (30), figs ( Ficus carica ) (4), persimmons (Diospyros virginiana ) (5, 24), and on certain weeds such as black night-shade (Solanum nigrum) (1). Moreover, A. alternata may appear along with other species of Alternaria in form of mixed infections such as A. macrospora on cotton (Gossypium hirsutum) (26, 27), A. carthami on safflower ( Carthamus tinctorius ) (21), and A. cucumerina on cucumber (Cucumis sativus) (35).

Control of Alternaria Spot Disease on Loquat ( Eriobotrya japonica Lindl.) Using ......

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

Alternariadiseasesondifferentcropsareusuallycontrolledbysprayingwithchemical fungicides such as tebuconazole and difenoconazole to control A. macrospora on cotton (22, 28, 29), difenoconazole and metalaxyl + mancozeb to controlA. alternata on fig trees (4), difenoconazole and cyprodinil+flodioxonil to control A. alternata on persimmon fruits (5), chlorothalonil against A. alternata on tomato (13), iprodione and metiram against A. alternata on minneola tangelo ( Citrus tangelo ) (32, 33), prochloraz against A. alternata on eggplant ( Solanum melongena) (34). In addition to fungicides, few antagonistic microorganisms such as Pseudomonas putida , P. cepacia, Bacillus subtilis, Trichoderma harzianum , and yeasts ( Pichia and Candida species) were investigated as biocontrol agents against rot and decay diseases of apple (7, 8, 17, 18), plum and apricot (25), citrus (10, 11, 31), pepper (10), potato (12), pear (19), tomato (10), peach and nectarine (25), persimmon (5), fig (4), and cucumber (6). The intensive and repeated application of highly toxic and residual fungicides caused many problems such as environmental pollution and resistance of diseasecausative organisms to fungicides (20). To reduce these problems, slightly toxic and non-residual fungicides, in addition to non-pollutant bioagents could be used. The objective of the present research were: i) to test the efficacy of some new, slightly toxic and non-residual fungicides against the disease on loquat leaf discs and fruits; ii) to test the efficacy of formulated and non-formulated conidia of T. harzianum against the disease on loquat leaf discs and fruits.

Materials and Methods Plant material

Theloquatcultivarusedinthisstudywas“Akka13”.Healthymatureloquatfruits picked at harvesting stage, and leaf-discs (20mm diameter) cut from healthy young loquat leaves were used in the tests.

Fungal inocula

Thecausativefungusofthedisease

Alternariaalternata(strainAlt.3)wasisolated from infected loquat fruits (cv: Balady ) and cultured on potato dextroze agar (PDA) medium to obtain the fungus conidia to be used in subsequent inoculations (Fig.1-B and E). The antagonistic fungus Trichoderma harzianum (strain Th_2) was obtained from the Faculty of Agriculture, University of Gembloux (Belgium) and subcultured on plates with oat meal agar medium to be used against A. alternata . Young cultures

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

72 (14-day-old) of the above-mentioned fungi were used to carry out the different tests. The concentration of the conidial suspension prepared from these cultures was 5.5X10^5 conidia/ml for the strain Alt.3 and 1.3X10^8 conidia/ml for the strain Th_2.

Treatments and data analyses

Fourtreatmentswithfungicideswereusedagainstthediseaseattherecommended dosages: 0.30% (W/V) for metalaxyl+mancozeb (sold as Ridomil® MZ 63.5 WP, produced by Ciba Geigy Ltd. Co., Bazil-Switzerland, concentration of a.i.=7.5% metalaxyl + 56% mancozeb); 0.35% (V/V) for difenoconazole (sold as Score® 250 EC, produced by Novartis Ltd. CO., Bazil-Switzerland, concentration of a.i.=250 g/l); 0.35% (W/V) for captan (sold as Merpan® 50 WP, produced by Macktichim Chemical Factories, Israel, concentration of a.i=50%); and 0.20% (W/ V) for cyprodinil+flodioxonil (sold as Switch® 62.5 WG, produced by Novartis Ltd. Co., Bazil-Switzerland, concentration of a.i.=375 g/Kg cyprodinil + 250 g/Kg flodioxonil).

TwotreatmentswithTrichodermaharzianum(strainTh2)wereusedagainstthe disease: conidial suspension in sterile distilled water, and formulated conidia in invert emulsion (water-in-oil type). Concentration of the fungal conidia in the two treatments was 1.3X10^8 conidia/ml. Ingredients of the invert emulsion used in the experiment were identical to those of invert emulsion used by Batta, 2004a (7). They are: sterile distilled water (45.25%), glycerine (4.00%), water-soluble wax or Dehymuls K® (0.75%), Tween 20 (2.50%), and a mixture of 19.00% coconut oil + 28.50% soybean oil. Conidia of T. harzianum (strain Th2) harvested from 14-day-old culture of the fungus on plates with oat meal agar medium were introduced into the invert emulsion according to the technique developed by Batta, 2004a (7).

Two additional control treatments were included; one with sterile distilled water only, and the other with blank formulation of invert emulsion. The experimental treatments were distributed according to completely randomized design (CRD) with 4 to 5 replicates representing 4 fruits or 5 leaf discs per treatment. Data obtained were subjected to statistical analysis using ANOVA and DMRT.

Inoculation and assessment of treatment effect

Prior to inoculation, all discs and fruits were disinfected with 0.025% sodium

Control of Alternaria Spot Disease on Loquat ( Eriobotrya japonica Lindl.) Using ......

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005 hypochlorite and then rinsed with sterile distilled water. Inoculation of A. alternata was accomplished by depositing a 25- μl droplet of conidial suspension containing 14,750 conidia (original suspension contained 5.5X10^5 conidia/ml) on the leaf-disc center or on the fruit surface after being wounded. Treatment effect with fungicides and T. harzianum on A. alternata as preventive treatment (application at time of A. alternata inoculation), and curative treatment (application 24 h after A. alternata inoculation) was assessed. Twenty five-μl droplet of fungicide solutions (as indicated earlier) or formulated T. harzianum or its conidial suspension containing 3.25X10^6 conidia (original suspension contained 1.3X10^8 conidia/ml) was used. The droplet was deposited at the same site of A. alternata inoculation on leaf disc or fruit surface immediately after the inoculation or 24 h later. Inoculated and treated leaf discs and fruits were then incubated either in Petri-dishes ( 5 discs per dish) or in closed plastic cans (9.5cm diameter by 6.5cm deep) with one fruit per can. Incubation periods were 5 and 7 days at 22 ±2^oC for measuring the disease-lesion diameter on fruits and leaf discs, respectively, and 8 and 10 days for measuring A. alternata -sporulation density on the respective organs.

Evaluation of treatment effect on disease control

EvaluationofthetreatmentwitheachfungicideorT.harzianum-formwasdone according to their effectiveness in reducing the lesion development of A. alternata or its sporulation density on leaf discs or fruits compared to the untreated control. The lesion diameter ofA. alternata and its sporulation density on fruits were then measured 5 and 8 days after the treatment, respectively, and on leaf-discs 7 and 10 days after the treatment, respectively. Mean lesion-diameter and sporulation-density of A. alternata per lesion on each organ in each treatment were calculated. Sporulation density of A. alternata was evaluated on the basis of a scale consisting of 4 levels: level 1=no sporulation; level 2= light density (1-49 conidia); level 3= moderate density (50-199 conidia); and level 4= high density (>200 conidia).

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

74 Results

Effect of fungicides and T. harzianum on A. alternata -lesion development On detached fruits

In both preventive and curative treatment effects, significant differences were found between means of A. alternata-lesion diameter on detached fruits treated with the tested fungicides and T. harzianum as compared with the control treatment (Table 1). Means of lesion diameter in the preventive and curative functions indicated significant reduction by 86.1, 84.1, and 84.1 and 83.1% using Score® and Switch®, respectively, compared to the control with sterile distilled water only (Table 1). Also, Merpan® and Ridomil® significantly reduced lesion diameter but by only 61.5, 44.6, and 46.1 and 43.1%, respectively (Table 1). Treatments with the formulated conidia of T. harzianum in invert emulsion and conidial suspension of T. harzianum in sterile distilled water also significantly reduced lesion diameter compared to sterile distilled water control but only by 53.8, 36.9, and 35.4 and 29.2% in the preventive and curative functions, respectively (Table 1).

The general classification of preventive-treatment efficacy in a descending order was as follows: Score® or Switch®, Merpan® or formulated conidia of T. harzianum in invert emulsion, Ridomil®, conidial suspension of T. harzianum in sterile distilled water, blank formulation of invert emulsion (control treatment) or sterile distilled water only (control treatment), respectively. For the curative-treatment efficacy, the descending order was as follows: Score® or Switch®, Merpan® or Ridomil®, formulated conidia of T. harzianum in invert emulsion, conidial suspension of T. harzianum in sterile distilled water, blank formulation of invert emulsion or sterile distilled water only, respectively (Table 1; Fig.1-D). The above-mentioned classification was based on the significance of reduction level in disease-lesion diameter resulted from the treatments compared to the control.

On leaf discs

The preventive and curative effects of treatment with fungicides and T. harzianum on A. alternata -lesion development were almost similar to those obtained on fruits. Significant differences were found between means of lesion diameter on leaf-discs as a result of treatment with fungicides and T. harzianum in comparison with the control (Table 1). Means of lesion diameter in the preventive and curative

Control of Alternaria Spot Disease on Loquat ( Eriobotrya japonica Lindl.) Using ......

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005 functions indicated significant reduction by 89.5, 100, and 100 and 100% using Score® and Switch®, respectively, compared to the control with sterile distilled water only (Table 1). Also, Merpan® and Ridomil® significantly reduced lesion diameter but by only 84.9, 55.8, and 57.0 and 77.9%, respectively (Table 1). Treatments with the formulated conidia of T. harzianum in invert emulsion and conidial suspension of T. harzianum in sterile distilled water also significantly reduced lesion diameter compared to sterile distilled water control but only by 67.4, 55.8, and 59.3 and 46.5% in the preventive and curative functions, respectively (Table 1). The general classification of preventive-treatment efficacy in a descending order was therefore as follows: Switch®, Score® or Merpan®, formulated conidia of T. harzianum in invert emulsion or Ridomil®, conidial suspension of T. harzianum in sterile distilled water, blank formulation of invert emulsion (control treatment), and sterile distilled water only (control treatment), respectively. For curative-treatment efficacy, the descending order was as follows: Score® or Switch®, Ridomil®, Merpan® or formulated T. harzianum-conidia in invert emulsion, conidial suspension of T. harzianum in sterile distilled water, blank formulation of invert emulsion, and sterile distilled water only, respectively (Table 1, Fig.1C).

Effect of fungicides and T. harzianum on A. alternata -sporulation density on detached fruits and leaf discs

Treatment with fungicides andT. harzianum also caused significant reduction in A. alternata-sporulation density on detached fruits and leaf discs of loquat compared to the untreated control (Table 2). Preventive and curative treatment with Score® or Switch® significantly reduced fungus sporulation density from density level 4(>200 conidia) on untreated control fruits and leaf discs to density level 1 (0 conidia) on treated leaf discs and to density level 2 (1-49 conidia) on treated fruits. (Table 2). Also, preventive and curative treatment with formulated conidia of T. harzianum in invert emulsion significantly reduced the sporulation density from density level 4 (>200 conidia) on the control to density level 2 (1-49 conidia) (Table2).

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

76 Table 1 : Preventive and curative effect of fungicides and Trichoderma harzianum treatment on lesion development of Alternaria alternata on detached loquat fruits and leaf discs 5 and 7 days after inoculation and treatment, respectively

Means of A. alternata-lesion diameter (in mm)

on detached fruits on leaf discs

Treatments

Preventive effect ^{1)}

Curative effect ^{1)}

Preventive effect ^{1)}

Curative effect ^{1)}

S w i t c h ® (cyprodinil+flodioxonil)

2.50 a ^{2)} 2.75 a ^{2)} 0 a ^{2)} 0 a ^{2)}

Score® (difenoconazole) 2.25 a 2.50 a 1.80 ab 0 a

Merpan® (captan) 6.25 b 9.00 b 2.60 b 7.60 c

Formulated conidia of T. harzianum in invert emulsion

7.50 bc 10.25 c 5.60 c 7.60 c

R i d o m i l ® (metalaxyl+mancozeb)

8.75 c 9.25 b 7.40 c 3.80 b

Conidial suspension of T. harzianum in sterile distilled water

10.50 d 11.50 d 7.00 c 9.20 c

Blank formulation of invert emulsion (control treatment) 15.50 e 15.50 e 14.20 d 14.20 d

Sterile distilled water only (control treatment) 16.25 e 16.25 e 17.20 e 17.20 e

1) The preventive treatment against the disease was done immediately after inoculation with the disease-causative organism (A. alternata). Five leaf-discs (20mm diameter) or 4 fruits which represent 5 and 4 replicates of the above organs, respectively, per treatment were used. The curative treatment against the disease was done 24h after disease-causative organism inoculation. Five leaf-discs (20mm diameter)

Control of Alternaria Spot Disease on Loquat ( Eriobotrya japonica Lindl.) Using ......

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005 or 4 fruits which represent 5 and 4 replicates of these organs, respectively, per treatment were used.

2) Means of disease-lesion diameter within the column (in each type of effect and in each organ) followed by different letters are significantly different at p<0.05 according to ANOVA table and Duncan’s multiple range test (DMRT).

Table 2 : Preventive and curative effect of fungicides and Trichoderma harzianum treatments on sporulation density of Alternaria alternata on detached loquat fruits and leaf discs 8 and 10 days after inoculation and treatment, respectively

Means of A. alternata-sporulation density on the lesion surface ^{1)}

on detached fruits on leaf discs

Treatments

Preventive effect ^{2)}

Curative effect ^{2)} Preventive effect ^{2)}

Curative effect ^{2)}

Switch® (cyprodinil+flodioxonil)

2 2 1 1

Score® (difenoconazole) 2 2 2 1

Merpan® (captan) 2 2 2 2

Formulated conidia of T. harzianum in invert emulsion

2 2 2 2

Ridomil® (metalaxyl+mancozeb)

3 3 2 2

Conidial suspension of T. harzianum in sterile distilled water

2 2 3 3

Blank formulation of invert emulsion (control treatment)

4 4 4 4

Sterile distilled water only

(control treatment)

4 4 4 4

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

78 1) Sporulation density was measured according to the following scale: 4= high density (>200 conidia); 3= moderate density (50-199 conidia); 2= light density (1-49 conidia); and 1= no sporulation (0 conidia).

2) The preventive treatment against the disease was done immediately after inoculation with the disease-causative organism ( A. alternata ). Five leaf-discs (20mm diameter) or 4 fruits which represent 5 and 4 replicates of these organs, respectively, per treatment were used. The curative treatment against the disease was done 24h after the disease inoculation. Five leaf-discs (20mm diameter) or 4 fruits which represent 5 and 4 replicates of these organs, respectively, per treatment were used.

Control of Alternaria Spot Disease on Loquat ( Eriobotrya japonica Lindl.) Using ......

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

Discussion

Under the local conditions, loquat growers usually apply traditional fungicides that are known for their residual effects, when the disease appears in their fields on loquat trees. In addition to their inefficacy, no specific spraying program for traditional fungicides was followed by the growers during application of these fungicides (personal communication). Previous studies have indicated that systemic fungicides with no residual effect such as difenoconazole, cyprodinil+flodioxonil, and metalaxyl+mancozeb were effectively applied against A. alternata on fig leaves and persimmon fruits (4, 5) and against A. cucumerina on cucumber (6). In the present study, application of the same non-residual systemic fungicides especially difenoconazole, and cyprodinil + flodioxonil, also, significantly reduced the disease infection or disease-lesion diameter on loquat leaves and fruits. Score® (at a rate of 0.35% V/V) and Switch® (at a rate of 0.20% W/V) were recommended to be used in the disease control. To avoid development of resistance to these fungicides, alternation of treatment with T. harzianum-conidia formulated in invert emulsion (concentration 1.3X10^8 conidia/ml) was suggested in this study. The development of resistance to systemic fungicides applied against A. alternata on other crops was reported in other countries (20). For example, A. alternata f.sp. Kikuchiana on pears and A. alternata f.sp. mali on apple were found resistant to Iprodione and polyoxin (12). The same type of resistance was also developed to fenitin hydroxide, fenitin acetate, and tebuconazole when applied, respectively, against A. macrospora on cotton in India and Israel (2, 3, 22, 28, 29).

No previous study was found dealing with the effect of treatment with fungicides or antagonistic bioagents on the sporulation density of A. alternata . In the present study, a direct relationship between the treatment effect with fungicides or T. harzianum on A. alternata -lesion diameter or its sporulation density could be deduced since all tested fungicides andT. harzianum-preparations which significantly reduced the disease-lesion diameter reduced also the sporulation density of the fungus. Consequently, the tested fungicides: difenoconazole and cyprodinil+flodioxonil completely inhibited the fungus sporulation on leaf discs when applied against the disease preventively or curatively. Also, formulated T. harzianum in invert emulsion significantly reduced the fungus sporulation. Finally, the above-mentioned results obtained on the fungus sporulation are important from epidemiological viewpoint since inhibition of the fungus sporulation greatly affects the disease overwintering

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

80 and development in the next season. Finally, the results obtained on efficacy of the tested fungicides and T. harzianum conidia formulated in invert emulsion against the disease-lesion development and its sporulation using detached fruits and leaf-disk assay should be tested under field conditions on loquat trees. Recommended dosages of the effective fungicides and T. harzianum used in the study should be confirmed under field conditions since the disease attacks the leaves and fruits at harvest and postharvest stages. Alternation of fungicidal sprays and formulated T. harzianum treatments is recommended to avoid development of disease resistance to fungicides.

References:

1. Eisenberg DM., Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M, Kessler RC. 1998. Trends in alternative medicine use in the United States : results of a follow up national survey. Journal of American Medical association 280, (1990 – 1997)1569 – 1575.

2. Berman BM, Swyers JP, Kaczmarczyk J.. Complementary and alternative medicine: herbal therapies for diabetes. J Assoc Acad Mino Phys 10,(1999):10– 14.

3. Hunt LM, Arar NH, Akana LL. Herbs, prayer, and insulin: use of medical and alternative treatments by a group of Mexican-American diabetic patients. J Fam Pract 49: (2000). 216–223.

4. Cragg, GM, NewmanDJ, Snader KM. Natural products in drug discovery and development. Journal of Natural products. 60, (1997). 52-62.

5. Soejarto DD. Biodiversity prospecting and benefit sharing: perspectives from the field. J. of Ethnopharmacology 51, (1996). 1 – 15.

6. Soejarto DD, Fransworth NR. Tropical rain forests: Potential source of new drugs? Perspectives in Biology and Medicine. 32, (1989). 244-256.

7. Fransworth NR, Soejarto DD, Potentil consequences of plant extinction in the United States on the current and future availability of prescription drugs. Economic Botany 39, (1985). 231 – 240.

8. Silva F, Abraham A. The potentiality of the Israeli flora for medicinal purposes.

Fitoterapia 52, (1981). 195 – 200.

9. Ali-Shtayeh MS, Yaniv Z, Mahajna J. Ethnobotanical survey in the Palestinian area: a classification of the healing potential of medicinal plants. J. of Ethnopharmacology 73, (2000). 221 – 232.

Control of Alternaria Spot Disease on Loquat ( Eriobotrya japonica Lindl.) Using ......

An-Najah Univ. J.Res.(N. Sc.),Vol. 19, 2005

10. Said O, Khalil K, Fulder S, Azaizeh H. Ethnopharmacological survey of medicinal herbs in Israel, the Golan Heights and the West-Bank region. J. of Ethnopharmacology 83, (2002).251 – 265.

11. Eddouks M, Maghrani M, Lemhardi A, Ouahidi M.-L, Joud H.

Ethnopharmacological survey of medicinal plants used for the treatment of diabetes mellitus, hypertension, and cardiac diseases in the south-east region of Morrocco (Tafilalet). J. of Ethnopharmacology 82, (2002). 97 -103.