


Evaluation of Integrated Pest Management (IPM) modules for the management of important insect and mite pests in marigold 



Abstract

Marigold (Tagetes sp.), a widely cultivated ornamental and medicinal plant, is economically significant in India. However, its productivity is compromised by infestations of key pests such as thrips (Thrips tabaci), mites (Tetranychus urticae), and bud borers (Helicoverpa armigera). Farmers often rely on excessive pesticide applications, leading to pest resistance, environmental pollution, and adverse effects on non-target organisms. This study underscores the importance of integrating organic amendments, botanicals, and selective pesticides in IPM modules to balance productivity and environmental health in marigold cultivation. Under the evaluation of the effectiveness of Integrated Pest Management (IPM) modules in controlling major pests in marigold crop reveals that four IPM modules were tested: Module-I (Bio-intensive), Module-II (Adaptable IPM), Module-III (Farmer practices), and Module-IV (Untreated check). Pest populations were recorded at fortnightly intervals, and flower damage and yield were assessed. Results showed that Module-II Module-II incorporated cultural practices, organic amendments, and selective chemical controls, including neem cake, vermicompost, border crops, and advanced pesticides, consistently recorded the lowest pest populations and flower damage. Thrips and mite populations averaged 4.14 per plant and 0.24 per leaf, respectively, while bud borer larvae averaged 0.31 per plant. Flower damage was significantly reduced to 3.01%, and the yield was the highest at 10.52 tons/ha. While, Module-III (Farmer practices) relied heavily on chemical applications, achieving moderate pest control with 4.66 thrips per plant, 0.27 mites per leaf, and 0.51 larvae per plant. Module-I showed lower pest control efficacy due to the exclusive use of bio-intensive measures, while Module-IV exhibited the highest pest populations and flower damage, resulting in the lowest yield (5.40 tons/ha). This study underscores the importance of integrating organic amendments, botanicals, and selective pesticides in IPM modules to balance productivity and environmental health in marigold cultivation. 
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1. Introduction
Flowers are among the best ways of sharing all our emotions such as joy, satisfaction, sense of celebration and sorrow. The depth of emotion we communicate through flowers is as ancient as human culture. The natural marigold range stretches from the Southwestern United States to Argentina with the highest density in southern central Mexico (Mir et al., 2018). The generic name Tagetes derives from the 'Tages' in the mythology, known for the beauty and the common name 'marigold' comes from the association of the Christian story "Mary's Gold" with the Virgin Mary (Kumar et al., 2018). Marigold has many important species, including five commercially grown to extinct species (Dixit et al., 2013), namely African marigold (Tagetes erecta), French marigold (Tagetes patula), Signet marigold (Tagetes tenuifolia), Sweet Scented marigold (Tagetes lucida) and Southern Cone Marigold (Tagetes minuta). In India, the African Marigold (Tagetes erecta) and French marigold (Tagetes patula) are grown commercially for adorning garlands, performing religious offerings, decoration and bedding purposes (Netam,2017). African marigold plants grow up to three feet in height and are yellow to orange in their colour. African flora takes longer than French types to flower (Dixit et al., 2013). 
Although flowers are traditionally associated with beauty, grace and respect, their use and demand trends have changed with the evolution of people's lifestyles. Marigold (Tagetes spp.) is one of the most important ornamental and medicinal flower crops cultivated widely in India due to its adaptability, year-round cultivation, and diverse uses in garland making, religious ceremonies, landscaping, and industrial applications. Apart from its ornamental value, marigold possesses significant medicinal and industrial importance owing to the presence of bioactive compounds and essential oils with insecticidal (Marques et al., 2003), nematicide, antifungal, and pharmaceutical properties (Nikkon et al., 2009). India is a major producer of marigold, with large-scale cultivation across several states, contributing substantially to farm income and the floriculture sector. However, marigold productivity and flower quality are severely affected by infestations of key insect pests such as thrips (Thrips tabaci), mites (Tetranychus urticae), and bud borers (Helicoverpa armigera), which cause significant yield losses and reduce market value.
To manage these pests, farmers often rely excessively on chemical pesticides, leading to issues such as pest resistance, pesticide residues, environmental pollution, and adverse effects on beneficial organisms (Bhattacharjee and De, 2010). Integrated Pest Management (IPM) offers a sustainable alternative by combining cultural practices, organic amendments, botanicals, and need-based selective pesticides to maintain pest populations below economic threshold levels. Evaluation of different IPM modules in marigold revealed that modules integrating organic amendments, botanicals, and selective chemical interventions were more effective in reducing pest populations and flower damage while enhancing yield compared to bio-intensive practices alone or farmer-adopted chemical practices. Therefore, the adoption of scientifically validated IPM modules is essential for sustainable marigold cultivation, ensuring higher productivity, reduced pesticide load, and environmental safety (Nandihalli, 2009).

2. MATERIAL AND METHODS:
The study was conducted at College of Horticulture, Bengaluru, Karnataka under open field conditions during February to June, 2021. To evaluate the effective management strategy against insect and mite pests of marigold, the experiment comprised of four modules and each module was laid on 4.2x3.15 m2 area. Each module was further demarcated into five compartments to serve as replications for taking observations and statistical analysis of the data. Thirty days old Seedlings of marigold var. Benztall were procured from the nursery and transplanted in the main field at a spacing of 75×45cm. All the management practices except the plant protection measures against marigold pests were followed as per the UHSB recommended package of practices (Anonymous., 2017).
Treatments were imposed in each module as per schedule in different modules for the management of insect and mite pests starting from seven DAT and observations were recorded at fortnightly intervals.

Incidence of thrips, mites and bud borers
Ten plants were randomly selected from each micro plot within each module and the population of thrips, mites and bud borers were recorded as explained in section 3.
Preparation of 5% Neem seed kernel extract
Fifty grams of neem seed kernels were gently processed in a mixer grinder until the kernels were made into to coarse powder. Later, the powder was soaked in one litre of water for a period of 12 hours overnight. Further, the extract was squeezed and filtered through a fine muslin cloth and volume was made up to ten litres to obtain 5% NSKE. 


Garlic Chilli Kerosene Extracts
50 g of green chilli and 50 g of garlic were crushed separately, and extracts were made by grinding them separately. Later, the ground chilli paste was soaked overnight in a beaker containing 50 ml of kerosene, while the garlic paste was also soaked overnight in another beaker containing 50 ml of kerosene. Both the extracts were filtered through a thin muslin cloth separately the next morning. After that, the two extracts were properly mixed in a container with 2ml of soap solution and left for 3 to 4 hours to ensure adequate binding. Finally, the mixture was filtered through a muslin cloth and diluted in one litre of water and sprayed at 5 ml of solution per litre of water.

Table 1. Details of different IPM modules evaluated
	M-I: Bio Intensive module
	1. Application of FYM @ 25 t/ha. at the time of land preparation.
2. Application of vermicompost 2.5 t/ha. at the time of transplanting.
3. Application of neem cake 2.5 q/ha - After 10 days of transplanting.
4. Application of 50 % recommended dose of fertilizer @ 150:75:75 kg NPK/ka as RDF at the time of transplanting.
5. Growing two rows of maize as a border/barrier crop one week before transplanting
6. NSKE 5% foliar spray-based on population levell of thrips and mites one week after transplanting.
7. Commercial neem-based insecticide, neem gold 5000 ppm @ 2.0 ml/l two weeks after transplanting spray for thrips and bud borer management.
8. Spraying of wettable sulphur @ 3g/l for management of mites three weeks after transplanting.
9. Spraying of Garlic - Chilli - Kerosene extract (GCK) @ 5% for thrips and bud borer management four weeks after transplanting.
10. Spraying of 100 LE HaNPV based on larval population of bud borer five weeks after transplanting.

	M-II: Adaptable IPM module
	1. Application of FYM @ 25 t/ha. at the time of land preparation.
2. [bookmark: _Hlk142464326]Application of neem cake @ 2.5 q/ha - after 10 days of transplanting.
3. Application of 50 % recommended dose of fertilizer @ 150:75:75 NPK kg /ha as RDF at the time of transplanting.
4. Growing two rows of maize as border crop one week before transplanting.
5. [bookmark: _Hlk142465139]Seedling dip with imidacloprid 70 WS @ 0.3 ml/l of water for five minutes for sucking pests at the time of transplanting
6. Spraying of fipronil 5 SC @ 1 ml/l for thrips management 
7. [bookmark: _Hlk142465445]Spraying of fenazaquin 10 EC @ 2ml/l for management of mites.
8. [bookmark: _Hlk142465598]Spraying of diafenthurion 50 WP @ 1g/l for the management of both thrips and mites noticed simultaneously. 
9. [bookmark: _Hlk142465637]  Spraying of 100 LE Ha NPV for management of bud  borer.

	M-III: Farmers’ practice
	1. Application of FYM @ 25 t/ha.
2. Application of recommended dose of fertilizer (RDF)
3. For early sucking pests, spray dimethoate 30 EC @ 2 ml/ l
4. For both thrips and mites, spray acephate 75 SP @ 1.5g/l
5. For mite management, spray of propargite 50 EC @ 2ml/l 
6. Spraying of spineterom 11.7 SC @ 1.00 ml/l for the management of both thrips and mites
7. For management of bud borers spray chlorantriniliprole 0.5ml/l 

	M-IV: Untreated check
	Untreated control



3. RESULTS
Effect of IPM modules on thrips, mites and bud borer in marigold
To assess the efficacy of different IPM modules the experiment was conducted in the open field at College of Horticulture, Bengaluru, Karnataka from February to June, 2021. The experiment was laid out in a complete randomized block design comprised of four IPM modules viz., bio-intensive, Adaptable IPM, farmers practice and an untreated check (control).
Except for the plant protection measures against marigold pests, all agronomic practices were carried out in accordance with the recommended package of practices. Sprays were applied according to the schedule twice in each module for the management thrips, mites and bud borer depending upon the pest incidence. Observations were made at fortnightly intervals, and the results are reported here under the headings listed below.
3.1 Effect of IPM modules on thrips population
The efficacy of different IPM modules against thrips in marigold was evaluated at fortnightly intervals from 15 to 120 days after transplanting (DAT). At 15 DAT, thrips population did not differ significantly among the modules, ranging from 3.55 to 3.69 thrips per plant. However, from 30 DAT onwards, significant differences were observed among the treatments. Module-II (Adaptable IPM) consistently recorded the lowest thrips population throughout the crop growth period, with values of 3.79, 3.98, 4.02, 4.54, 4.45, 4.48, and 4.14 thrips per plant at 30, 45, 60, 75, 90, 105, and 120 DAT, respectively, and was found to be significantly superior to all other modules. Module-III (farmer practices) ranked next best, recording thrips populations of 3.99, 4.38, 4.35, 4.99, 5.02, 5.45, and 5.38 thrips per plant during the corresponding periods. Module-I (bio-intensive) showed comparatively higher thrips populations ranging from 4.25 to 6.55 thrips per plant, while the untreated check (Module-IV) consistently recorded the highest thrips incidence, increasing from 4.72 at 30 DAT to 8.62 thrips per plant at 120 DAT. The mean thrips population over the cropping period ranged from 4.14 to 6.45 per plant, with Module-II recording the lowest mean thrips population (4.14 per plant), followed by Module-III (4.66 per plant) and Module-I (5.45 per plant), whereas the highest mean population was observed in the untreated check (6.45 per plant) (Table 2).
3.2 Effect of IPM modules on mite population in marigold 
The effect of different IPM modules on red spider mite population in marigold was assessed at fortnightly intervals from 15 to 120 days after transplanting (DAT). At 15 DAT, no significant differences were observed among the modules with respect to mite population per leaf. However, from 30 DAT onwards, significant variation in mite incidence was recorded among the treatments. Module-II (Adaptable IPM) consistently recorded the lowest mite population throughout the cropping period, with values of 0.16, 0.24, 0.21, 0.30, 0.36, 0.37, and 0.36 mites per leaf at 30, 45, 60, 75, 90, 105, and 120 DAT, respectively, and was found to be significantly superior to the other modules. Module-III (farmer practices) was the next best treatment, recording 0.18, 0.28, 0.25, 0.33, 0.38, 0.39, and 0.38 mites per leaf during the corresponding intervals. Module-I (bio-intensive) recorded comparatively higher mite populations ranging from 0.25 to 0.46 mites per leaf, while the untreated check (Module-IV) consistently exhibited the highest mite infestation, which increased from 0.36 mites per leaf at 30 DAT to 0.75 mites per leaf at 120 DAT. The mean mite population across crop growth stages ranged from 0.24 to 0.53 mites per leaf, with Module-II recording the lowest mean population (0.24 mites per leaf), followed by Module-III (0.27 mites per leaf) and Module-I (0.34 mites per leaf), whereas the highest mean mite population was observed in the untreated control (0.53 mites per leaf) (Table 3).








Table 2. Evaluation of IPM modules for the management of thrips, Microcephalothrips abdominalis
	Modules
	Number of thrips per plant

	
	15 DAT
	30 DAT
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	105 DAT
	120 DAT
	Mean

	Module-I
(Bio intensive)
	3.58
(1.90)
	4.25
(2.06)c
	4.98
(2.23)c
	5.28
(2.30)c
	5.98
(2.44)c
	6.35
(2.52)c
	6.59
(2.56)c
	6.55
(2.55)c
	5.45
(2.33)

	Module-II
(Adaptable IPM)
	3.55
(1.89)
	3.79
(1.95)a
	3.98
(2.01)a
	4.02
(2.00)a
	4.54
(2.13)a
	4.45
(2.10)a
	4.48
(2.11)a
	4.33
(2.07)a
	4.14
(2.03)

	Module-III
(Farmer practices)
	3.69
(1.91)
	3.99
(1.99)b
	4.38
(2.10)b
	4.35
(2.08)b
	4.99
(2.24)b
	5.02
(2.24)b
	5.45
(2.33)b
	5.38
(2.31)b
	4.66
(2.15)

	Module-IV
(Untreated check)
	3.59
(1.89)
	4.72
(2.17)d
	5.64
(2.38)d
	5.99
(2.44)d
	6.25
(2.50)d
	8.25
(2.87)d
	8.50
(2.91)d
	8.62
(2.93)d
	[bookmark: _Hlk142463352]6.45
(2.53)

	SEm±
	-
	0.04
	0.03
	0.03
	0.01
	0.04
	0.05
	0.04
	

	CD at 5%
	NS
	0.12
	0.09
	0.09
	0.04
	0.12
	0.16
	0.12
	


*DAT - Days after transplanting
* NS – Non significant
* Figures in the parentheses are square root transformed values


 (
37
)
* Figures with same alphabetical super scripts are statistically non-significant

Table 3. Evaluation of IPM modules for the management of red spider mite, Tetranychus urticae
	Modules
	Number of mites per leaf

	
	15 DAT
	30 DAT
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	105 DAT
	120 DAT
	Mean

	Module-I
(Bio intensive)
	0.03
(1.72)
	0.25
(0.51)c
	0.32
(0.57)c
	0.30
(0.54)c
	0.38
(0.62)c
	0.45
(0.67)c
	0.46
(0.45)c
	0.44
(0.66)b
	0.34
(0.58)

	Module-II
(Adaptable IPM)
	0.03
(1.72)
	0.16
(0.40)a
	0.24
(0.49)a
	0.21
(0.45)a
	0.30
(0.55)a
	0.36
(0.60)a
	0.37
(0.36)a
	0.36
(0.59)a
	0.24
(0.49)

	Module-III
(Farmer practices)
	0.03
(1.72)
	0.18
(0.42)b
	0.28
(0.52)b
	0.25
(0.50)b
	0.33
(0.57)b
	0.38
(0.62)b
	0.39
(0.38)b
	0.38
(0.61)ab
	0.27
(0.52)

	Module-IV
(Untreated check)
	0.03
(1.72)
	0.36
(0.60)d
	0.44
(0.66)d
	0.56
(0.75)d
	0.62
(0.78)d
	0.71
(0.85)d
	0.72
(0.71)d
	0.75
(0.85)c
	0.53
(0.73)

	SEm±
	-
	0.94
	1.18
	0.01
	0.99
	1.11
	1.10
	1.12
	

	CD at 5%
	NS
	2.82
	3.54
	0.03
	2.97
	3.33
	3.31
	3.37
	


*DAT - Days after transplanting
* NS – Non significant
* Figures in the parentheses are square root transformed values
* Figures with same alphabetical super scripts are statistically non-significant 
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Table 4. Evaluation of IPM modules for the management of bud borer, Helicoverpa armigera
	Modules
	Number of larvae per plant

	
	15 DAT
	30 DAT
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	105 DAT
	120 DAT
	Mean

	Module-I
(Bio intensive)
	0.20
(0.44)
	0.52
(0.72)c
	0.68
(0.83)c
	0.54
(0.74)c
	0.66
(0.81)c
	0.69
(0.83)c
	0.71
(0.84)c
	0.67
(0.81)c
	0.58
(0.64)

	Module-II
(Adaptable IPM)
	0.20
(0.44)
	0.20
(0.51)a
	0.32
(0.57)a
	0.29
(0.54)d
	0.32
(0.57)a
	0.38
(0.61)a
	0.40
(0.62)a
	0.36
(0.59)a
	0.31
(0.58)

	Module-III
(Farmer practices)
	0.19
(0.44)
	0.40
(0.64)b
	0.54
(0.73)b
	0.48
(0.69)b
	0.59
(0.77)b
	0.62
(0.79)b
	0.64
(0.79)b
	0.60
(0.77)b
	0.51
(0.61)

	Module-IV
(Untreated check)
	0.20
(0.44)
	0.80
(0.90)d
	2.36
(1.53)d
	1.23
(1.11)d
	2.84
(1.68)d
	3.02
(1.74)d
	3.17
(1.78)d
	3.34
(1.79)d
	2.12
(1.91)

	SEm±
	-
	1.281
	0.01
	0.02
	0.02
	0.03
	0.02
	0.02
	

	CD at 5%
	NS
	0.009
	0.04
	0.06
	0.07
	0.10
	0.03
	0.03
	


*DAT - Days after transplanting
* NS – Non significant
* Figures in the parentheses are square root transformed values
* Figures with same alphabetical super scripts are statistically non-significant 






Table 5. Evaluation of IPM modules on flower damage due to Helicoverpa armigera.
	Modules
	Per cent flower damage

	
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	105 DAT
	120 DAT
	Mean

	Module-I
(Bio intensive)
	3.17
(1.78)b
	3.45
(1.86)c
	4.25
(2.07)c
	4.66
(2.15)c
	4.70
(2.16)c
	4.65
(2.15)c
	4.14
(1.99)

	Module-II
(Adaptable IPM)
	2.98
(1.72)a
	2.98
(1.72)a
	3.64
(1.91)a
	3.85
(1.96)a
	3.89
(1.97)a
	3.74
(1.93)a
	3.01
(1.82)

	Module-III
(Farmer practices)
	3.02
(1.73)a
	3.26
(1.80)b
	3.89
(1.97)b
	4.02
(2.01)b
	4.06
(2.01)b
	4.00
(2.00)b
	3.71
(1.87)

	Module-IV
(Untreated check)
	3.78
(1.94)c
	4.56
(2.13)d
	5.12
(2.26)d
	5.68
(2.28)d
	5.76
(2.40)d
	5.82
(2.41)d
	5.12
(2.20)

	SEm±
	0.05
	0.06
	0.08
	0.07
	0.09
	0.02
	

	CD at 5%
	0.16
	0.16
	0.27
	0.22
	0.29
	0.23
	


*DAT – Days after transplanting
* Figures in the parentheses are square root transformed values
* n=10plants/replication
3.3 Effect of IPM modules on larval population of bud borer   
The effect of different IPM modules on bud borer larval population in marigold was recorded at fortnightly intervals from 15 to 120 days after transplanting (DAT). At 15 DAT, no significant difference in larval population was observed among the modules. However, from 30 DAT onwards, significant differences were recorded, with larval populations ranging from 0.20 to 0.80 larvae per plant at 30 DAT. Module-II (Adaptable IPM) consistently recorded the lowest larval population throughout the cropping period, with values of 0.20, 0.32, 0.29, 0.32, 0.38, 0.40, and 0.36 larvae per plant at 30, 45, 60, 75, 90, 105, and 120 DAT, respectively, and was found to be significantly superior to all other modules. Module-III (farmer practices) was the next best treatment, recording larval populations of 0.40, 0.54, 0.48, 0.59, 0.62, 0.64, and 0.60 larvae per plant during the corresponding observation periods. Module-I (bio-intensive) showed comparatively higher larval populations ranging from 0.52 to 0.71 larvae per plant, while the untreated check (Module-IV) consistently recorded the highest larval infestation, which increased from 0.80 larvae per plant at 30 DAT to 3.34 larvae per plant at 120 DAT. The overall mean larval population ranged from 0.31 to 2.12 larvae per plant, with Module-II recording the lowest mean population (0.31 larvae per plant), followed by Module-III (0.58 larvae per plant) and Module-I (0.51 larvae per plant), whereas the highest mean larval population was observed in the untreated control (2.12 larvae per plant) (Table 4).
3.4 Effect of IPM modules on flower damage due to H. armigera
The effect of different IPM modules on flower damage caused by Helicoverpa armigera in marigold was assessed at fortnightly intervals from 45 to 120 days after transplanting (DAT). Significant differences in per cent flower damage were observed among the modules at all observation periods. Module-II (Adaptable IPM) consistently recorded the lowest flower damage throughout the cropping period, with values of 2.98, 2.98, 3.64, 3.85, 3.98, and 3.74 per cent at 45, 60, 75, 90, 105, and 120 DAT, respectively, and was found to be significantly superior to all other modules. Module-III (farmer practices) ranked next, recording flower damage of 3.02, 3.26, 3.89, 4.02, and 4.00 per cent during the corresponding stages. Module-I (bio-intensive) showed comparatively higher flower damage ranging from 3.17 to 4.70 per cent, while the untreated check (Module-IV) consistently recorded the highest flower damage, which increased from 3.78 per cent at 45 DAT to 5.82 per cent at 120 DAT. The mean per cent flower damage across crop growth stages was lowest in Module-II (3.01%), followed by Module-III (3.71%) and Module-I (4.14%), whereas the highest mean flower damage was observed in the untreated control (5.12%). (Table 5).
4. Discussion
The present investigation on the evaluation of IPM modules for the management of thrips, mites, and bud borers in marigold, conducted at the College of Horticulture, Bengaluru, from February to May 2022, clearly demonstrated that all the IPM modules were significantly superior to the untreated check in reducing pest populations and minimizing yield losses. Although pest incidence was non-significant at the initial stages of crop growth, marked differences among the modules became evident from 30 DAT onwards. Among the modules, Module-II (Adaptable IPM) consistently recorded the lowest populations of thrips, mites, and Helicoverpa armigera throughout the cropping period, followed by Module-III (farmer practices). The untreated check (Module-IV) invariably harbored the highest pest population and recorded maximum flower damage, while Module-I (bio-intensive) showed moderate suppression, indicating that bio-intensive practices alone were insufficient under high pest pressure. The superior performance of Module-II is reflected in its lowest mean thrips population (4.14 per plant) (Fig. 1), mites population (0.24 per leaf) (Fig. 2), bud borer incidence (0.31 larvae per plant) (Fig. 3), and  flower damage (3.01%) (Fig. 4), along with the highest yield (10.52 t/ha), emphasizing the effectiveness of integrating cultural practices, organic amendments, botanicals, and selective insecticides.
The findings of the present study are in close agreement with earlier reports highlighting the benefits of integrated approaches involving organic amendments, botanicals, border crops, and selective pesticides for effective pest management. Studies by Varma and Supare (1997), Rao and Ahmed (1986), Tatagar et al. (2011), and Giraddi and Verghese (2007) demonstrated significant reduction in thrips and mite populations through the combined use of vermicompost, neem-based inputs, and border crops. Similarly, the effectiveness of selective insecticides such as thiamethoxam, imidacloprid, indoxacarb, spinosad, emamectin benzoate, chlorfenapyr, and fenazaquin against sucking pests and bud borers has been well documented (Jarnade and Dethe, 1994; Nandihalli, 2009; Ravikumar et al., 2016; Chavan et al., 2017). Although Module-III achieved reasonable pest suppression through intensive chemical use, such approaches may increase the risk of resistance development and environmental contamination. The reduced pest pressure and higher yield in Module-II can be attributed to the synergistic effects of organic amendments, botanicals, seedling treatments, border cropping, and need-based application of newer, safer pesticide molecules. Overall, the results underscore the necessity of adopting adaptable IPM modules to achieve sustainable pest management, reduced pesticide dependence, and residue-free flower production in marigold cultivation.
By identifying the vulnerable stages of these pests and reducing the frequent application of toxic pesticides, the findings of the current study on the seasonal incidence of insect pest and their natural enemies could aid in the development of appropriate pest control strategies that will aid in the preservation of biological control programmes. This clearly demonstrates the necessity for thorough research on marigold for the IPM module, particularly with high-value organic inputs, safer and newer pesticide molecules to produce flowers that are free of chemical residue.
5. Conclusion
[bookmark: _Hlk142468823]Among the different Integrated Pest Management (IPM) modules evaluated against thrips, mites, and bud borers in marigold, Module-II (Adaptable IPM) proved to be the most effective. This module comprised the application of FYM (25 t ha⁻¹), neem cake (2.5 q ha⁻¹), recommended dose of fertilizers (150:75:75 kg NPK ha⁻¹), two rows of maize as a border crop, seedling dip with imidacloprid 70 WS (0.3 ml l⁻¹), and need-based applications of fipronil 5 SC (1 ml l⁻¹), fenazaquin 10 EC (2 ml l⁻¹), diafenthiuron 50 WP (1 g l⁻¹), and Helicoverpa armigera NPV (100 LE ha⁻¹). Module-II recorded the lowest pest incidence with mean populations of 4.14 thrips plant⁻¹, 0.24 mites leaf⁻¹, and 0.31 bud borer larvae plant⁻¹, along with the minimum flower damage (3.01%). This was followed by Module-III (Farmer’s practice), which registered moderate pest suppression with 4.66 thrips plant⁻¹, 0.27 mites leaf⁻¹, 0.51 larvae plant⁻¹, and 3.71 per cent flower damage. Module-I (Bio-intensive IPM) was comparatively less effective, while Module-IV (Untreated control) recorded the highest pest populations and flower damage (6.45 thrips plant⁻¹, 0.53 mites leaf⁻¹, 2.12 larvae plant⁻¹, and 5.12% flower damage). Overall, Module-II was identified as the most effective IPM strategy, resulting in the lowest pest incidence, minimum flower damage, and the highest net returns and benefit–cost ratio, followed by Module-III.
[bookmark: _GoBack]









                  









              Fig. 1. Comparison of mean population of thrips per plant between the modules











Fig. 2. Comparison of mean population of mites per leaf between the modules

Fig. 3. Comparison of mean population of H. armigera per plant between the modules


Fig. 4. Comparison of mean flower damage between the modules
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M-I	M-II	M-III	M-IV	5.4450000000000003	4.1425000000000001	4.65625	6.4450000000000003	Modules
Thrips per plant

M-I	M-II	M-III	M-IV	0.32874999999999999	0.25374999999999998	0.27750000000000002	0.52375000000000005	Modules
Mites per  leaf

M-I	M-II	M-III	M-IV	0.58374999999999999	0.30875000000000002	0.50749999999999995	2.12	Modules
H. armigera per plant

M-I	M-II	M-III	M-IV	3.97571428571429	3.3185714285714298	3.51571428571429	4.8371428571428599	Modules
Flower damage


