Validation of Integrated Pest Management strategies for leaf hopper and thrips in Mango


Abstract
The field experiments were conducted one at in farmer field at Bannihalli village, Karimangalam block, Dharamapuri  District  during  2025 to 2026. The results revealed that minimum mean hoppers and thrips (3.22 and 4.84 Nos/ panicle ) was recorded in T2 (Module II) with 57.13 and 57.66 percent reduced hoppers and thrips population followed by T1 (Module 1) (3.92 and 6.63 Nos/ panicle ) and farmer practice (7.02 and 11.43 Nos/panicle). Yield harvested was significantly highest from  Module (T2) 52.35 kg / tree with higher BC ratio (1.42) followed by  Module (T1) 48.10 kg / tree with  BC ratio (1.1.24) and The farmers practice (Module  3)  of application of insecticide recorded  33.20 kg / tree with  BC ratio (1.12). The trap catches were found maximum population of thrips (11.29 Nos/traps) in Module II followed by Modue I (12.20 Nos/traps).
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Introduction
Mango is a major fruit crop of India and farming of mango is growing day by day. More than 200 insect pests have been recognized to invade mango (Srivastava, 1998). Out of these, nearby 12 insect pests affect different parts of mango tree. Among insect-pests of mango, hopper and thrips multifaceted and fruit fly are the major insect-pests while, leaf gall midge, inflorescence midge and fruit borer are the recently recorded as pests. Whereas, mealy bug is a pest of sporadic nature, mango hopper and thrips are thoughtful pest during flowering and fruiting stage of mango and pose heavy yield losses. In Tamil Nadu account for over 70 % of the total area under Mango (52%), In Tamil Nadu area  under mango is  3.22 lakh hectares, production 99.65 and average productivity 30.97 tonnes / ha (Gautam et al., 2025).   The major mango growing states in Indian are  Andhra Pradesh, Bihar, Gujarat, Karnataka, Maharashtra, Orissa, Tamil Nadu, Uttar Pradesh and West Bengal.  Other States where mangoes are grown include Madhya Pradesh, Kerala, Haryana, Punjab etc.   The Productivity of mango found to be declining over the years. The National average productivity is found to be as low as 10 tonnes per ha (Gautam et al., 2025) [2]. In Tamil Nadu, Krishnagiri district 40,000 hectares come under the mango cultivation. 50% of the mango has been cultivated under rainfed condition. Apart from regluar bearing the farmers of this region are practicing off season mango cultivation. Among the different constraints in mango cultivation the incidence of insect pests is one of the major concern for the farmers (Devaramane et al., 2023).  The average yield is ten tonns per ha one of the most important problem is shedding of flowers dues to hoppers and thrips infestation  and yield loss up to  thrips  61 %  and hoppers 100 % (Chaudhari  et al., 2017).
   Mango  hoppers and thrips have been ranked among the most destructive pests worldwide.  Mango hoppers are a significant and  serious and ubiquitous insect problem in the Indian Mango ecosystem throughout the year (Devaramanae et al., 2023).
Due to advancement  in orchard  management practices and indiscriminate use of agro-chemicals several insect pests have developed resistance thereby leading to high dosages of insecticides resulting in high level of toxic residue in the fruits, destruction of natural enemies and causes environmental pollution (Pawar et al., 2025).   To overcome all this, an effective hoppers management system has to be developed. Therefore there is need to managing the hoppers complex through integrated approach. Hence, different IPM modules were  evolving integrated pest management strategies for hoppers and thrips  in mango. 
An integrated pest management (IPM) approach is particularly relevant in mango because hopper and thrips populations are closely associated with flowering and panicle development, when direct feeding can affect inflorescences and subsequent fruit set. Field studies on mango hoppers have shown that both biorational products and selective insecticides can suppress hopper populations, while neem-derived products provide a useful botanical component that can reduce reliance on repeated conventional insecticide applications (Adnan et al., 2014; Singh et al., 2022; Rahman et al., 2020). In addition, the seasonal abundance of hoppers and thrips in mango orchards supports the need for monitoring-based interventions rather than routine calendar spraying, so that management measures can be synchronized with periods of increasing pest pressure (Chaudhari et al., 2017; Devaramane et al., 2023).
The use of multiple compatible tactics may also strengthen orchard-level pest management by combining population monitoring, botanical insecticides, microbial control agents, and selective synthetic insecticides. Azadirachtin and neem-based products have demonstrated activity against mango hoppers and thrips, whereas entomopathogenic fungi such as Beauveria bassiana, Metarhizium anisopliae, and Lecanicillium lecanii have been evaluated as biological components of mango pest management programmes (Rahman et al., 2020; Tumbada et al., 2018; Shanmugam et al., 2021). Sticky traps can additionally provide information on adult thrips activity, although trap catches should be interpreted as a monitoring tool rather than a direct substitute for pest counts on inflorescences because the relationship between trap captures and flower-inhabiting populations may vary with species and trap colour (Carrillo-Arámbula et al., 2022). Against this background, validation of locally adapted IPM modules under farmers' field conditions is important for determining whether pest suppression can be achieved together with acceptable fruit yield and economic returns.
Materials and Methods
Observation was made on hoppers and thirps  populations  in shoot /panicle and also adult hoppers were counted on tree trunk.  The IPM field experiments were conducted one at in farmer field at Bannihalli village, Karimangalam block, Dharmapuri District during  2025 to 2026 against hopper and thrips (var.: Imam Pasand) at Bannihalli village, Karimangam block, Dharmapuri. The IPM field experiment was laid out in a randomized block design with three treatments with seven  replications  in each replications one tree with five panicles / tree.  Yield data fruits are harvested each picking and  finally converted in to kg / tree  economics and cost benefit ratio was work out the IPM modules 
IPM Modules Details
Module (T1) - Soil application of neem cake @ 3 kg/tree (November 3rd week) + installation of blue sticky traps @ 1/tree (November 3rd week) + first spray of Azadirachtin 1500 ppm @ 5 ml/litre + followed by 15 days after first spray Beauveria bassiana oil formulation @ 5 ml/litre + followed by 15 days after second Spinosad 45 SC @ 0.5 ml/litre
 Module (T2) - Soil application of neem cake @ 3 kg/tree (November 3rd week) + installation of blue sticky traps @ 1/tree (November 3rd week) + first spray Azadirachtin 1500 ppm @ 5 ml/litre + followed by 15 days after first spray Verticillium or Lecanicillium lecanii wettable powder (WP) @ 10 g/litre + followed by 15 after days second spray Tolfenpyrad 15 EC @ 2 ml/litre. 
Module (T3) – Farmer’s practice (Spray Imidacloprid 17.8 SL 0.5 ml/litre - Four rounds of spray at 15 days interval during November to December (flowering period)  
Three spraying were imposed from flowering stage and at 15 days intervals. Population of thrips and hoppers per panicle were recorded before spraying and at 7 and 14 days after each spray.  The thrips trapped in blue sticky trap and natural enemies such as coccinellids and spiders were also recorded at 7 and 14 DAS intervals each spray at four directions of a tree.  The per cent reduction over control and yield parameters on fruit yield and BC ratio was computed and the data were statistically analysed and compared.
Results and Discussion
The field experiment conducted to evaluate integrated pest management of thrips and hoppers complex in mango (var.: Imam Pasand) at Bannihalli village, Karimangam block, Dharmapuri when the thrips and hopper population ranged from 6.98-7.13 and 15.56- 16.38 Nos./panicle, respectively (Table 1). The observations after treatment imposing revealed that Module II recorded maximum reduction in thrips and hopper population (7.58 and 3.45 Nos./panicle )  followed by Module I  (10.31 and 4.06 Nos./panicle), where as farmer’s practice recorded maximum of 12.48 and 5.88 Nos../ panicle 14 days after first spray (Table 1). Similar trend was observed after second spray.  The mean thrips and hoppers population after two sprays revealed that Module II recorded less thrips and hopper population (4.03 and 3.36 Nos./panicle) compared to Module I (4.97 and 4.35  Nos./panicle), and farmer’s practice (11.87 and 7.75 Nos./panicle) (Table 1). After three sprays the mean thrips and hopper population was 2.90 and 2.85 Nos./panicle in Module II whereas Module I recorded 4.60 and 3.30 Nos./panicle,  respectively. Maximum mean population of thrips and hoppers observed in farmer’s practice  was 4.84 and 6.63 Nos./panicle. Hence the per cent reduction farmer’s practice was found to be maximum in Module II (57.66 and 5.96%) followed by Module I (40.99 and 14.12 %). The fruit damage in mango due to thrips was minimum in Module II (5.96 %) followed by Module I (14.12%) and farmer’s practice (22.35%). The mean traps of thrips were found on par in module I (12.20 No. /trap) and Module II (11.29 No./trap).  Yield harvested was significantly highest from  Module (T2) 52.35 kg / tree with higher BC ratio (1.42) followed by  Module (T1) 48.10 kg / tree with  BC ratio (1.1.24) and The farmers practice (Module  3)  of application of insecticide recorded  33.20 kg / tree with  BC ratio (1.12) (Table 1 &2). The findings of present investigations agreement with findings of Shanmugam  et al. (2021). Spraying of Azadirachtin 1500ppm @ 4ml/liter  two times at 21 days interval reduce the mango  hoppers. Same results was reported by  Patel et al. (2025) who found that  application of  Azadirachtin 0.15 EC (1500 ppm) at 40 ml /10 liter of water  treated tree have less mango hoppers.   At 14 DAT,   T1 (Module 1)  - 4.86  Nos/ panicle ),  T2 (Module 2 ) – 4.43 Nos/ panicle) were observed.  Present results line with findings of  Shanmugam  et al. (2021) who stated that IPM modules Beavaria bassiana   and  Lecanicillium lecanii recorded higher fruit yield and also registered highest fruit setting (220.17/100 panicles) at marble stage and fruit yield (10.50 t/ha (Tumbada et al., 2018). 
Pest suppression across sequential sprays
The progressive reduction in thrips and hopper numbers across the spray sequence indicates that the integrated modules provided cumulative suppression during the flowering period. The lower pest counts recorded in Module II after the first, second, and third sprays are consistent with the principle that combining botanicals or microbial agents with a later selective insecticide can maintain control over successive pest generations while reducing dependence on a single active ingredient. Comparable field evaluations have reported substantial reductions in mango hopper populations following IPM programmes that used sequential insecticide or biorational components (Bana et al., 2015; Singh et al., 2022; Shanmugam et al., 2021). Neem-derived products have also shown measurable activity against mango hoppers, and microbial agents such as B. bassiana have demonstrated suppressive effects under experimental conditions (Adnan et al., 2014; Rahman et al., 2020). These comparisons support the present pattern, while differences among studies in cultivar, pest density, climate, product formulation, and spray timing should be considered when interpreting relative efficacy.
Overall pest reduction and fruit damage
The lower mean thrips and hopper densities and the smaller proportion of thrips-damaged fruit in Module II suggest that pest population suppression was translated into reduced crop injury. This relationship is biologically plausible because hopper and thrips injury is concentrated around tender shoots, panicles, flowers, and young fruits, where sustained feeding can impair reproductive development. Field studies in mango have similarly linked effective hopper management with improved fruit set or yield, although the magnitude of response varies among orchards and management programmes (Bana et al., 2015; Shreenivasa et al., 2020; Singh et al., 2022). Botanical-based management of mango thrips has also produced meaningful reductions in infestation across different mango-growing locations, indicating that neem-derived interventions can contribute to thrips suppression within a broader IPM programme (Munj et al., 2024). The present results therefore favour interpretation of Module II as a promising integrated option under the tested conditions rather than as a universally superior programme for all mango production environments.
Sticky-trap monitoring and ecological interpretation
The broadly similar mean thrips trap catches recorded in Modules I and II indicate that sticky traps captured adult activity in both treatments even when direct panicle counts differed. This distinction is important because trap catches represent movement and attraction of flying adults, whereas panicle counts more directly reflect insects occupying the crop tissue at the time of observation. Research in mango agroecosystems has shown that sticky-trap colour significantly influences thrips captures and that trap counts may show only a weak or non-significant relationship with thrips density in inflorescences (Carrillo-Arámbula et al., 2022). Consequently, trap data are most informative when interpreted together with direct crop inspection, pest phenology, and treatment history. The monitoring component used in the present modules is nevertheless consistent with the surveillance-based logic of IPM, in which pest detection supports better-timed interventions and may help avoid unnecessary sprays (Devaramane et al., 2023; Chaudhari et al., 2017; Carrillo-Arámbula et al., 2022).
Fruit yield and economic performance
The higher yield and benefit-cost ratio obtained with Module II are important because practical IPM adoption depends not only on biological control of pests but also on economic performance at the farm level. The yield advantage over the farmers' practice suggests that improved protection during flowering and early fruit development may have contributed to better retention of marketable fruit, although the present experiment does not isolate the contribution of each individual component of the module. Similar mango IPM demonstrations have reported higher yields and returns when integrated practices were adopted instead of prevailing farmers' practices (Shreenivasa et al., 2020), and multi-spray hopper management programmes have likewise shown that effective pest suppression can be accompanied by improved fruit yield (Bana et al., 2015; Singh et al., 2022). The biological and economic responses observed here therefore support further validation of Module II across seasons, cultivars, and locations before broader recommendations are made, particularly because pest pressure, input prices, and yield response may vary among production systems.
Conclusion
 Present study suggests that at the flowering stage of mango crops, hoppers and thrips can cause heavy damage and resulting in considerable yield loss. It was concluded that for efficient thhe mean thrips and hopper population was recorded minimum in  4.84 and 3.22 Nos./panicle in Module II followed by Module I (6.63 and 3.92 Nos./panicle) and farmer’s practice  (11.43 and 7.02 Nos./panicle). The per cent reduction of thrips and hopper farmer’s practice was found to be maximum in Module II (57.66 and 40.99%) followed by Module I (54.13 and 44.16 %). The fruit damage in mango due to thrips was minimum in Module II (5.96%) followed by Module I (14.12%) and farmer’s practice (22.35%). The mean trap catches of thrips were found on par in module I (12.20 No. /trap) and Module II (11.29 No./trap). Therefore, the use of IPM modules  can successfully include in Integrated Pest Management for controlling hoppers and thirps in mango orchards.
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Table 1.Evaluation of IPM modules for the management of mango thrips and hopper complex during 2025-2026 at  Dharamapuri Distict (RRS, Paiyur)

	IPM Modules
	PTC
	I spray*#
	II spray*#
	III spray*#
	Mean
Thrips / panicle
	% ROF
	% Thrips Fruit damage ***
	Mean
Hoppers  / panicle
	

% ROF
	Mean trap catches
(thrips / trap)

	
	PTC
thrips / panicle
	PTC
Hoppers  / panicle
	Mean
Thrips / panicle**

	Mean
Hoppers  / panicle**
	Mean
Thrips / panicle**

	Mean
Hoppers  / panicle**
	Mean

Thrips / panicle**
	Mean
Hoppers  / panicle**
	
	
	
	
	
	

	Module (T1)
	19.17
	5.85

	10.31
	4.06
	4.97
	4.345
	4.60
	3.33
	6.63
	40.99
	14.12

	3.92
	44.16
	12.20

	Module (T2)
	18.66
	5.12

	7.580
	3.45
	4.03
	3.36
	2.90
	2.855
	4.84
	57.66
	5.96

	3.22
	54.13
	11.29

	Module (T3)
	19.63
	5.91

	12.48
	5.88
	11.87
	7.75
	9.94
	7.44
	11.43
	
	22.35
	7.02
	
	-



PTC- Pretreatment count;    DAS- Days after spraying, ROF- Percent reduction over Farmer’s practice
*Mean of Seven replications,
 ** Figures in parentheses are square root transformed values; In a column, means followed by a common letter(s) are not significantly different by DMRT (P=0.05).
*** Figures in parentheses are arcsine transformed values
#  7 and 14 DAS mean of   I, II, and III sprays














Table 2. Yield and Economics of IPM modules for the management of mango hoppers and fruit yield  (2025-2026)  
	Tr. No
	IPM Modules 
	First experiment* 

	
	
	Yield  (kg/tree )
	
BC ratio

	
Module (T1)
	Soil application of  neem cake @ 3 kg / tree (November 3rd week)   + installation  of blue sticky traps @  1/  tree  (January 2023 & 2024  first week)  +  first spray  of Azadirachtin  1500 ppm @ 5 ml / litre + followed by 15 days  after first spray  Beavaria bassiana, IIHR oil formulation @ 5 ml /  litre +    followed by 15 days after second spray Spinosad 0.5 ml / litre
	48.10
	1.24


	Module (T2)
	Soil application of  neem cake @ 3 kg / tree (November 3rd week)  + installation  of blue sticky traps @ 1  / tree  (January 2023 & 2024  first week)  +  first spray Azadirachtin  1500 ppm @ 5 ml /  litre   + followed by 15 days after first spray   Verticillium or  Lecanicillium lecanii  wettable powder (WP)   @ 10g / litre + followed by 15 after days second spray  Tolfenpyrad 15 EC  @  2 ml / litre 
	52.35
	     1.42


	Module (T3)
	 Farmer’s practice (Spray Imidacloprid 17.8 SL 0.5 ml/litre - Four rounds of spray at 15 days interval during November to December (flowering period)  

	33.20
	1.12

	
	CD  (0.05)
	4.38
	-

	
	SEd
	22.95
	-



* Mean of  seven  replications


