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Abstract

Huge losses of marketable fruit yield and high infestation with different diseases has rendered open field tomato production uneconomical, causing whole fields to be abandoned prior to harvest in the Gangetic plains of eastern India. Therefore, an integrated approach involving physical, biological and chemical module has been formulated to manage diseases like early blight, late blight, target leaf spot, Sclerotium collar rot, and tomato leaf curl virus under control. Our results showed that major diseases prevalent in this zone could effectively be controlled in a substantial manner over the years through integration of management practices adopted both in nursery field [Seed priming with Seed Pro (Bacillus subtilis, IIHR strain) @4g/kg of seed followed by soil application of Seed Pro @10g/kg of soil while filling of plug trays and soil drenching of Seed Pro @5% after seed germination followed by covering of nursery bed with 50-mesh nylon net] and main field [Border row planting (2 rows) of maize at least 30 days before transplanting of seedlings in the main field followed by seedling dip with 0.1 % (Carbendazim 12%+ Mancozeb 63% WP) at the time of transplanting and sequential spraying with Acephate 75% WP @1.5g/l on 10 days after transplanting (DAT), Fipronil 5% SC @1.5ml/l on 20 DAT, Copper hydroxide 77% WP (2.0g/l) on 25 DAT, imidacloprid 70% WG @2g/15l on 40 DAT, Fenamidone 10%+Mancozeb 50% WDG (0.25%) two to three times from 45 DAT at 10 days intervals]. Such approach could also be beneficial for prolong tomato production and high economic return. This technology could easily be recommended in areas of the tropics where early autumn or autumn season cultivation of tomato is hampered by major diseases.
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Abbreviations:   DAT: Days After Transplanting; ToLCV: Tomato Leaf Curl Virus; PDI: Percent Disease Index; AUDPC: Area Under The Disease Progress Curve; ICBR: Incremental Cost Benefit Ratio 



Introduction

Tomato (Solanum lycopersicum L.), one of the most popular vegetable crops in the world, shares a coveted position in India as fresh vegetable and also being used as a variety of processed products such as juice, ketchup, sauce, canned fruits, puree, paste, etc. There has been a gradual increase in area under tomato cultivation in India while the productivity has been fluctuating ranging from 14.70t/ha in 1991-92 to 21.20t/ha in 2013-14 [1]. The major limiting factors towards production of optimum yield are considerable biotic stresses caused by fungi, bacteria, viruses, viroids, nematodes and insect-pests [2-5] in existing varieties and hybrids. Outdoor production of tomato is seriously impaired due to increasing infections with evolving early blight (Alternaría solani), late blight (Phytophthora infestans) populations [6] and leaf curl virus (ToLCV) diseases [7] particularly in the Gangetic plains of eastern India. ToLCV has risen to alarming proportions in the plains of India and has become a limiting factor in tomato cultivation particularly during summer crop (February to May) in southern Indian states [8,9] and autumn crop (August to December) in northern plains [10-12] and both early-autumn and autumn-winter (September to February) in Eastern India, particularly in West Bengal [13,14] causing yield loss up to 100% in favourable condition [15]. Apart from the leaf symptoms that are known as early blight, Alternaria solani can cause less economically important symptoms on tomato, including collar rot (basal stem lesions at the seedling stage), stem lesions on the adult plant, and fruit rot [16]. Yield losses up to 79% from early blight damage have been reported from Canada, India, the United States, and Nigeria [17-20]. Collar rot can cause seedling losses of 20% to 40% in the field [19]. Similarly, late blight (Phytopthora. infestans) has worldwide distribution, but most severe epidemics occur in areas with frequent cool and moist weather. This plant pathogen is one of the most devastating organisms in human history, being responsible for the devastating Irish potato famine in the 1840s, and it is arguably the most important pathogen of tomatoes causing yield loss of 91.80% [21]. Target leaf spot of tomato, caused by Corynespora cassiicola, has been reported on both greenhouse and field tomatoes in over 25 countries [22]. Epidemiologically, target leaf spot has been shown to occur at temperature above 20 °C with severe disease occurring at 32 °C
[23]	.	Disease is also promoted by high humidity and leaf wetness durations of 16-44 hours. Over the years, it has become one of the most serious foliar and fruit diseases of tomato in Florida
[24]	and has risen alarming in the Gangetic plains of West Bengal, India [25]. Sclerotium rolfsii is one of the important fungal pathogens that also cause collar rot resulting substantial yield losses (30%) in tomato [26].


Farmers used to manage leaf blight diseases with spray schedules utilizing two or more different fungicide groups or fungicide formulations containing two different chemical groups at least for 8-10 times in one growing season in order to limit the development of fungicide resistant strains of A. solani which have been reported overseas [27,28]. On the other hand, management of whitefly with the use of systemic insecticides at least for 10-12 times is a common practice among the tomato growers of eastern India.


Exclusive reliance on fungicides/insecticides as a control strategy against these biotic stresses has resulted in several undesirable effects like pesticide pollution, resurgence of secondary pests, fungicide/insecticide resistance, elimination of beneficial fauna and different human health hazards. Resistance management is a key consideration for these biotic stresses in tomatoes. The most common methods of preventing resistance to fungicides include minimizing the number of applications per season of 'at-risk' products, using fungicides with diverse modes of action and applying them in alternation or as mixtures [29,31]. It has also been reported that the use of physical barrier can protect the crop against ToLCV disease [32]. It is reported that 50 mesh screens are indeed highly efficient in excluding whiteflies in nursery but these protection alone may not sufficiently protect against leaf curl disease since some whiteflies are still able to enter main field through gaps in entrances and on personnel. Alfalfa and maize can act as barrier crops in main field against the attack leaf hopper and beet curly top virus of tomato [33]. Managing the diseases through chemicals alone is not satisfactory in view of the environmental concerns and cost benefit ratio. Autumn winter tomato cultivation in the Gangetic alluvial region of West Bengal is facing a menace due to attack of several diseases which are listed in Table 1. Therefore, an attempt has been made to manage the important diseases of tomato through an integrated approach by combining barrier crop and economic use of bioagents and chemicals in the Gangetic plains of West Bengal which is regarded as the most promising tomato growing belts in India. 


Table 1:   The status of different diseases of tomato in the Gangetic alluvial region West Bengal, India.
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Materials and Methods

Experimental site and field growing

Field experiments were conducted during early autumn- winter season over three consecutive years (2014-15 to 2016-17) under All India Coordinated Research Projects on Vegetable Crops at the research farm of Bidhan Chandra Krishi Viswavidyalaya, Kalyani, West Bengal, India situated at 23.5° N latitude and 89.0° E longitude with an altitude of 9.75 m above the Mean Sea level.


Seeds of tomato hybrid (L-37, a susceptible hybrid against most of the diseases) were sown in well prepared nursery beds separately under low cost poly house covered with 200|im UV- stabilized polyethylene film. After germination six separately prepared seed beds were covered with 50-mesh nylon net and all the nursery management practices were followed in time without disturbing the insect proof net. Twenty-five days old separately treated seedlings were transplanted to the main field previously surrounded with 2 rows of maize sown 30 days before transplanting of tomato seedlings accommodating 25 plants in individual plot measuring 3mx3m during the 1st week of September each year. Plots were divided into six treatment combinations following Randomized Block Design with four replications. All the tomato plants were staked with bamboo 
sticks and the cultural operations as scheduled for its cultivation were followed in time [34].

Treatment combinations

Covering of nursery bed with nylon mosquito net with 50 mesh was the common in all treatments.


T1: Treatment with biological control

Nursery treatment:

a.	Seed priming with Seed Pro (Bacillus subtilis, IIHR strain) @4g/kg of seed,

b.	Soil application of Seed Pro @10g/kg of soil while bed preparation, and

c.	Soil drenching with Seed Pro @5% after seed germination.

Main field treatment: Seedling dip with Seed Pro @5% and three sprays with Seed Pro @1.0% at 10 days interval starting from 45 days after transplanting (DAT).


T2: Treatment with fungicides


i.	Nursery treatment: Seed treatment with Captan 50% WP (2g/kg)+drenching with Fosetyl Al 80% WP @0.1% immediately after germination+spray with Copper hydroxide 77% WP (2.0g/l) at 3-5 leaf stage.


ii.	Main field treatment: Seedling dip with 0.1% (Carbendazim 12%+Mancozeb 63% WP)+spray with Copper hydroxide 77% WP (2.0g/l) on 25 DAT+spray with Fenamidone 10%+Mancozeb 50% WDG (0.25%) two to three times from 45 DAT at 10 days intervals.

T3: Treatment with Insecticides


Main field treatment: Spray with Acephate 75% WP @1.5g/l on 10 DAT+spray with Fipronil 5% SC @1.5ml/l on 20 DAT+spray with Imidacloprid 70% WG @2g/15l on 40 DAT.

T4: Treatment with fungicides and insecticides

i.	Nursery treatment: Seed treatment with Captan 50% WP (2g/kg) + drenching with Fosetyl Al 80% WP @0.1% immediately after germination + spray with Copper hydroxide 77% WP (2.0g/l) at 3-5 leaf stage.


ii.	Main field treatment: Seedling dip with 0.1% (Carbendazim 12% + Mancozeb 63% WP) + spray with Acephate 75% WP @1.5g/l on 10 DAT + spray with Fipronil 5% SC @1.5ml/l on 20 DAT + spray with Copper hydroxide 77% WP (2.0g/l) on 25 DAT + spray with imidacloprid 70% WG @2g/15l on 40 DAT + spray with Fenamidone 10% + Mancozeb 50% WDG (0.25%) two to three times from 45 DAT at 10 days intervals.

T5: Integrated management


i.	Nursery treatment:

a.	Seed priming with Seed Pro @4g/kg,

b.	Soil application of Seed Pro @10g/kg of soil while
potting, and


c.	Soil drenching with Seed Pro @5% after seed
germination.

ii.	Main field treatment: Seedling dip with 0.1 % (Carbendazim 12%+Mancozeb 63% WP)+spray with Acephate 75% WP @1.5g/l on 10 DAT + spray with Fipronil 5% SC @1.5ml/l on 20 DAT+ spray with Copper hydroxide 77% WP (2.0g/l) on 25 DAT+spray with imidacloprid 70% WG @2g/15l on 40 DAT + spray with Fenamidone 10% + Mancozeb 50% WDG (0.25%) two to three times from 45 DAT at 10 days intervals.


T6: No spray (control)

Experimental data recording

Marketable fruits (excluding disease and insect damage fruits) of the periodical harvests from the individual plot were counted and weighed to express marketable fruit yield per plot (kg) and then it was converted to marketable fruit yield (quintal) in hectare. The number of pickings of marketable fruits was also counted in individual treatment.


The severity of different diseases (ToLCV, early blight, late blight, target leaf spot and Sclerotium collar rot) was recorded from all the individual plot by visual observation and based on different disease grading scales. Ten plants were selected for each treatment and target leaf spot and early blight disease severity was assessed from 40 days after transplanting (DAT) up to 100 DAT at 15 days intervals by using 0-5 scale [35], tomato late blight by 0-9 scale [36], and tomato leaf curl by using 0-5 scale [37]. Percent disease index (PDI) was calculated by using the following formula [38].
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Relative spread of the disease was calculated among the different generations using the area under the disease progresscurve (AUDPC), following the standard method [39] as follows:
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Y is the AUDPC, Xi is the disease incidence ofthe ith evaluation,
and X i+1 is the disease incidence of the i + 1st evaluation,ti+1 - ti is the number of days between two evaluations.

Economic analysis

The incremental cost benefit ratio (ICBR) over the control was worked out considering the existing price of inputs, hired labour wages, interest on working capital for half life of total crop duration (5 months) @12.5% per year (as per the Commission for Agricultural Costs and Prices, Ministry of Agriculture and Farmers Welfare, Government of India), and the existing farm gate price of tomato fruits.

Statistical analysis

The data on marketable fruit yield (q/ha) collected from different treatment combinations were analyzed by the method of analysis of variance [40]. The percent data on the incidence of different diseases were transformed into their respective angular values before analysis. Data were analyzed using Statistical Analysis Systems software STPR.3

Results and Discussion

Effect of treatments on disease incidence
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Figure 1:    Effect of treatments on different disease severity (%) of tomato at 100 DAT over three years.



Different disease incidences like ToLCV, target leaf spot, Sclerotium collar rot, early blight, late blight were recorded at 40, 55, 70, 85 and 100 days after transplanting and fruit yield was calculated from cumulative harvest. The results of percent disease severity of different diseases at 100 days after transplanting (DAT) are presented in Table 2. In general all the treatment combinations had substantial positive effects on the reduction of percent disease incidence over control (Figure 1). Three years pooled data on the incidence of ToLCV disease are presented in Table 2. The relationship between pooled AUDPC and three years pooled yield data indicated that higher yield in T5 corresponds with lower AUDPC of ToLCV (Figure 2). The lowest disease incidence of 24.68% was recorded in plots receiving integrated management (T5) followed by the plots (T4) treated with fungicides and insecticides (28.52%). Among the management practices, the maximum reduction in ToLCV disease was found in integrated management T5(55.65%) followed by T4(48.75%) and T3(46.29%) over the control. Effective restriction in vector population at various growth stages of the crop is crucial for successful implementing viral disease control programs. Since the restricted initially at the seedling stage by covering of insect proof net followed by heating back from the barrier crop which was 90-100cm in height by this time. It has been reported that whiteflies have significantly higher wing beat frequencies than aphids, with a range from 166 to 224Hz. (i.e. times per sec.), while aphid wing beat frequencies ranged from 81 to 123 Hz [41]. This evidence clearly indicated that whiteflies are poor fliers and the maximum number of whiteflies concentrated at near ground level. This was further confirmed in a study on cotton field in Turkey that whiteflies could fly at a height of 60-80cm [42]. In this backdrop, the integrated management practices involving neonicotinoids (T5) could reduce whitefly populations substantially in tomato plots in advance of their mass migrations, if any that were thought to occur in the fall following systemic chemical protection of such tomato plots in sequential spraying. Imidacloprid is the first nicotinoid used to control whiteflies [43,44] in many crops. Our results agreed well with the observations of previous workers [45-47], who recommended neonicotinoid group of insecticides (thiomethoxam, imidacloprid and dinotefuron) to reduce whitefly populations in order to save tomato plants against leaf curl virus diseases. Nicotinoids are derived from naturally occurring nicotine compounds that block postsynaptic nicotinergic acetylcholine receptors [48,49]. They have low mammalian toxicity, minimum non target species effects and have a broad range of efficacy [50]. Nicotinoids are good at controlling phloem feeding insects because of their high water solubility and good residual activity, which makes them great systemic insecticides [51-53].


[image: ]

Figure 2:   Relationship between AUPDC of tomato leaf curl disease and yield of tomato (pooled basis).




Table 2:       Effect of different treatments on different disease severity (%) of tomato at 100 DAT over three years.
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The pooled data on target leaf spot disease incidence revealed that the minimum incidence (10.61%) was also found in integrated management practices (T5) followed T4(13.63%) and T2 (16.16%). The reduction of disease incidence over control was found maximum in case of T5(60.23%) followed by T4(48.91%) and T2(39.43%). The treatment combinations involving fungicides (Fenamidone 10% + Mancozeb 50% WDG) having both systemic and contact action gave better reduction of disease over other treatment combinations. Our results agreed well with the earlier observations [22]. The application of bio-control agent, Seed Pro (Bacillus subtilis) (TJ and treatment with only insecticides (T3) did not substantially reduce target spot disease incidence with respect to control. The lack of efficacy in bio-control agent which is extremely safe to humans and the environment makes them unlikely candidate for use against target leaf spot disease in tomatoes as reported earlier [54].


The disease incidence of Sclerotium collar rot was recorded only in 2014-15 but no incidence was found in 2015-16 and 2016-17 (Figure 1). The minimum disease incidence (1.62%) and the maximum reduction (62.92%) of disease were found in treatment combinations involving bioagents (T1) followed by integrated management practices (T5). Substantial antagonistic activity of bio antagonistic against collar rot pathogen of tomato has also been observed [55]. It is reported that Bacillus subtilis controls Sclerotium rolfsii by 92% under greenhouse condition in peanut [56]. Bioagents secreted an array of chemically diverse antimicrobial secondary metabolites and hydrolytic enzymes such as proteases, cellulases, chitinases, lipases etc. which may have a possible role in enhancing the host growth and vigor, increasing antagonistic microbial activity and enabling them to resist the attack of this pathogen [57-59].


The disease incidence of early blight as influenced by different treatment combinations during 2014-15 and 201617 is presented in Figure 1. Data on disease incidence revealed that all treatment combinations reduced the disease intensity significantly as compared to control. The minimum disease incidence (6.50%) and the maximum disease reduction (56.46%) were recorded in integrated management practices (T5) followed by sole application of fungicides (T2) and combined application of fungicides and insecticides (T4). The above treatment combinations involved Mancozeb as one of the fungicides which was found to be effective for the management of early blight in tomato as reported by many workers [60-62]. Spray program based on only a protective fungicide is less effective than those that incorporated with systemic product in controlling early blight of potato [63]. Because the protective fungicide do not enter the leaf and a significant proportion of the products may be washed from the leaves by the heavy dew drops or rain fall; whereas, the systemic/translaminar fungicide is effective when applied both before and after infection, therefore timing is less critical than products with limited post-infection activity.


The disease incidence of late blight was recorded during 2015-16 due to favourable weather condition prevailing this year but no incidence was found in 2014-15 and 2016-17 (Figure 1). The minimum incidence of this disease was recorded in integrated management practices (T5) involving the fungicide combination of both systemic and contact action followed by T4 and the percent reduction of disease also followed the same trend. Earlier study also revealed that combination of fenamidone and mancozeb (Sectin) was found effective against late blight of tomato [64]. The use of sole bio-control agent was not effective against late blight of tomato as reported earlier [65].


Therefore, use of integrated approaches involving biocontrol agent application in nursery bed followed by seedling dip with fungicides and sequential spray combinations with both fungicides and insecticides could reduce the incidence of different diseases of tomato substantially in the Gangetic plains of West Bengal.

Effect of treatments on marketable fruit yield

Marketable yield of each treatment was calculated after several pickings in three consecutive years and presented in Table 3. The pooled data showed that fruit yield was significantly more in all treatment combinations (319.70 to 425.50q/ha) compared to control (239.03q/ha) indicating the positive effects of different treatments on increase in yield of tomato. The maximum fruit yield (425.50q/ha) was obtained in plots receiving integrated management practices (T5) followed by T4 (386.56q/ha) and T3 (356.29q/ha). The percentage increase in marketable yield over control ranged from 33.74% (T1) to 78.01% (T5). The integrated management practices (T5) could significantly reduce the incidence of different diseases of tomato at right stages that result prolonged harvest of the crop (Figure 3), and ultimately increase the maximum tune of marketable fruit yield compared to other treatment combinations. On the other hand, susceptibility of the crop against different diseases in untreated control exhibited weak growth of the crop resulting very less number of pickings (Figure 3). Good control of tomato diseases like early blight [66], late blight [67], collar rot [68] and target leaf spot [22] with increased yield was obtained with combination products of fungicides and other integrated effects of biological factors. Our results also corroborated with earlier observations [69] who reported that the combined effect of the covering the seeding in the nursery with insect proof net and spraying with fungicide in the field resulted in significant increase in tomato yield, but the effect of the fungicide application alone gave insignificant increase in yield. On the other hand, sequential spraying of neonicotinoid group of insecticides in treatments T5 and T4 in the main field along with physical barriers in nursery and main field also reduced substantial vector (Bemisia tabaci) population which ultimately results less incidence of ToLCV disease and high marketable fruit yield. Our results find support with the observations of previous workers [45,70] who suggested prophylactic applications of imidacloprid is to be done to reduce early B. tabaci population and leaf curl virus outbreaks in tomato resulting high yield. 


Table 3:     Effect of different treatments on fruit yield and economics of tomato over three years.
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Figure 3:   Number of fruit pickings as affected by different treatments.





Economic analysis

The cost of cultivation was computed separately considering different treatment combination on the basis of existing prices of inputs, hired labour wages (Rs.225/- per man days), farm gate price of tomato fruit (Rs.5000/- per quintal), interest on working capital for half life period of total crop duration (5 months) (@12.5% per year) at the time of this study and presented in Table 3. It revealed that the cost of tomato production was highly influenced by different treatment combinations. To identify and judge the cost effectiveness of the respective treatments, incremental cost benefit ratio (ICBR) i.e. the ratio between change in return and change in cost over control treatment in absolute terms for the respective treatment combinations were computed subsequently.


From the three years pooled data it was observed that the maximum excess return (Rs.93.23667/-) was obtained with integrated management practices (T5) followed by combined treatment with fungicides and insecticides (T4) (73,768.33/-). The minimum excess return was recorded in T1 (Rs.40,338.33/- ). Similarly, the incremental cost benefit ratio was found to be the maximum in integrated management practices (T5) (1:5.71) followed by T3(1: 5.51) and the minimum ICBR was recorded in T2(1:4.61). This was happened due to high excess yield recorded in integrated management practices with minimum difference in excess cost involved as compared to other promising treatments. The comparison of ICBR among different management practices in tomato disease was also cited [71-75].

Conclusion

Therefore, it can be concluded from the present study that major tomato diseases prevalent in the Gangetic plains of eastern India, more particularly in West Bengal could effectively be reduced in a sustainable manner through integration of physical, biological and chemical management practices adopted both in nursery and main field. Farmers who find difficulty to grow tomato during early-autumn season of this zone to fetch high market price, could easily be grown the crop by adopting the technologies involving seed priming with Seed Pro @4g/ kg of seed followed by soil application of Seed Pro @10g/kg of soil while filling of plug trays and soil drenching of Seed Pro @5% after seed germination followed by covering with 50- mesh nylon net of nursery bed supplemented with border row planting (2 rows) of maize at least 30 days before transplanting of seedlings in the main field followed by seedling dip with 0.	1.	(Carbendazim 12%+Mancozeb 63% WP) at the time of transplanting and sequential spraying with Acephate 75% WP @1.5g/l on 10 DAT, Fipronil 5% SC @1.5ml/l on 20 DAT, Copper hydroxide 77% WP (2.0g/l) on 25 DAT, imidacloprid 70% WG @2g/15l on 40 DAT, Fenamidone 10% + Mancozeb 50% WDG (0.25%) two to three times from 45 DAT at 10 days intervals for better management of tomato diseases, enhancement of fruit yield and assurance of high economic return. Mass adoption of this technology among the tomato growers could make a dent for increasing tomato productivity of the country as a whole.
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