Integrated Pest Management Strategies for Improving Growth and Flower Yield of Hibiscus rosa-sinensis L.
Abstract
An appropriate Integrated Pest Management (IPM) strategy is required to manage the insect pest Hibiscus rosa sinensis without negatively impacting the environment because of pesticide residues in food, soil, water and the environment; the emergence of pesticide resistance; the resurgence of sucking pests; the outbreak of minor pests; and the widespread killing of non-target organisms like predators, parasitoids and pollinators. A field experiment was conducted during the 2023–2024 season to evaluate the effectiveness of integrated pest management (IPM) modules in enhancing vegetative growth and flower yield of hibiscus (Hibiscus rosa-sinensis L.) using a randomized block design. Foliar spraying of botanicals and insecticides was done on 3rd day and 7th day by using battery operated knapsack sprayer.  Flowers buds were harvested and from two tagged plants and counted in different treatments. This observation was recorded after spraying on every after spraying. The results revealed the superiority of the imidacloprid treatment; however, one IPM module based on neem oil and citrus oil achieved statistically comparable results, indicating the potential of eco-friendly alternatives for incorporation into integrated pest management programs. The observed improvement in vegetative growth under IPM modules may be attributed to a substantial reduction in pest infestation levels, which in turn enhances photosynthetic efficiency, minimizes assimilate loss due to pest feeding, and promotes more effective allocation of photosynthates toward vegetative growth and flower bud formation. Based on these findings, the adoption of eco-friendly IPM strategies can reduce reliance on chemical insecticides while maintaining satisfactory vegetative growth and flower production.
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Introduction
[bookmark: _GoBack]While the development of tactics such as biological control, host plant resistance, and mass trapping can be important tools in integrated pest management (IPM) programs, a considerable amount of research, time, and effort must be invested before these management options are accessible to growers. Management options that do not require specialized knowledge or application technologies may prove useful (Vargas et al., 2024). Hibiscus is originally native to Mauritius, Madagascar, Fiji, Hawaii, China and India, the ancestors of today's exotic hibiscus are now among the most extensively cultivated flowering plants in Asia, the Philippines and other tropical and subtropical regions. (Magdalita et al., 2010). According to Bailey (1949), genus hibiscus is thought to have 200 species. It is ever green shrub that is widely grown for its ornamental qualities. Regarding Taxonomy Hibiscus rosa-sinensis belongs to the Domain Eukaryote, kingdom Plantae, Phylum Spermatophyta, Subphylum Angiospermae, Class Dicotyledon, Order Malvales, Family Malvaceae, Genus Hibiscus, Species Hibiscus rosa-sinensis. (Kumar and Singh, 2020; Taylo & Magdalita, 2021; Raza et al., 2025). The most significant species in terms of ornamentation is Hibiscus rosa-sinensis; the history of its domestication is unknown, though some contend that the species originated in China and was initially raised there for its eye-catching flowers (Kimbrough, 1997; Gaikwad et al., 2025; Al-Badawy & Hussien, 2000). Though they produced an abundance of these smaller, single-coloured blooms, the blossoms were smaller than many modern hibiscuses are Hibiscus rosa-chinensis, H. lilliflorus, H.  schizopetalus, H. genevieve, H. fragilis, H. arnottianus, H. storckii, and H. kokio are these species. The future of IPM in floriculture will increasingly rely on biological control agents, such as beneficial insects, fungi, and bacteria that naturally curb pest populations. Emerging techniques include using microbial consortia combinations of beneficial microorganisms that collectively combat pests and automated systems to release predatory insects precisely where they are needed (Muhammad et al., 2024).
An appropriate Integrated Pest Management (IPM) strategy is required to manage the insect pest H. rosa sinensis without negatively impacting the environment because of pesticide residues in food, soil, water and the environment; the emergence of pesticide resistance; the resurgence of sucking pests; the outbreak of minor pests; and the widespread killing of non-target organisms like predators, parasitoids and pollinators. Hibiscus is mostly attacked by sucking pests like mealy bugs, aphids, whitefly and thrips. There is no systematic work has done to manage these pests in hibiscus. The objective of this research is to evaluate the impact of various IPM practices on the vegetative growth and flower yield of H rosa-sinensis L.
Materials and Methods
An experiment was conducted for evaluation of IPM modules against sucking pests of H. rosa sinensis L. and to evaluate pest complex by use of some botanicals in Randomized Block Design (RBD) during year 2023-2024 in the experimental plot of AICRP on Floriculture at College of Agriculture, OUAT, Bhubaneswar with eight treatments (Table 1). 
Table 1. Treatment details used in the experiment during 2023-24
	Treatments Number
	Treatment details

	T1
	YST + Alternate spray of neem oil (1500 PPM Azadirachtin) @3ml/litre and Horticultural oil @10ml/litre

	T2
	YST + Alternate spray of neem oil (1500 PPM Azadirachtin) @3ml/litre and Apple cedar vinegar @10ml/litre

	T3
	YST + Alternate spray of neem oil (1500 PPM Azadirachtin) @3ml/litre and Diatomaceous earth (Kaolin)

	T4
	YST + Alternate spray of neem oil (1500 PPM Azadirachtin) @3ml/litre and Isopropyl alcohol @10ml/litre

	T5
	YST + Alternate spray of neem oil (1500 PPM Azadirachtin) @3ml/litre and citratus oil @2.5ml/litre

	T6
	YST + Alternate spray of neem oil (1500 PPM Azadirachtin) @3ml/litre and insecticidal soap @10g/litre

	T7
	Farmers practice (Imidacloprid 17.8 SL) @0.3ml/litre

	T8
	Control (untreated check)


Note: YST - Yellow sticky trap
Spraying schedule: Foliar spraying of botanicals and insecticides was done on 3rd day and 7th day by using battery operated knapsack sprayer. All the botanicals and insecticides were sprayed by diluting insecticides with spray fluid at the rate of 500 litres/ha. Care was being taken while handling the pesticides and also to avoid drift loss. 
Preparation of experimental plot: Primary tillage operations were done in summer season in the experimental area. Well drained sandy loam, fairly fertile, well-prepared soil is preferred for its growth and development. Well decomposed manure was added to the soil to improves its structure and health. Application of neem cake @1kg/m2 in soil to improve nutrients status of the soil. weeds, grasses and others agricultural residues were pulled up. Raise soil beds were prepared and covered with mulching sheets which to conserve soil moisture, reduced the weed growth and lower the soil temperature.
Weeding and Hoeing: Hand weeding and hoeing were done continuously to keep the plot weed free during the whole planting season. The crop was grown using polythene mulch to reduce growth of weeds.
Installation of Yellow sticky traps: Yellow sticky traps are target to white fly, aphids, thrips and other flying insects. Size of sticky traps 10cmx10cm to be installed randomly in each plot of total replications
Observation on vegetative characters of hibiscus plant 
Plant height: The height of two tagged plants from each treatment were measured using a meter scale from the ground to the tip of the plant. There observations values were recorded in centimetres.
Number of branches: The number of primary, secondary and tertiary branches in each tagged of two plants were counted and recorded.
Harvesting: Hibiscus flowers were fully developed buds chosen to plucking in evening time only in case flowers like to harvest in morning time and to avoid the heat stress by the sun. Hibiscus flowers shelf life is only one day or 24 hours.   
Yield of flowers buds: Flowers buds were harvested and from two tagged plants and counted in different treatments. This observation was recorded after spraying on every after spraying.
Statistical Analysis: The values of the observed data to study vegetative characters and yield data was also analysed and standard error ie.SE(m)± and Critical Difference (CD) at 5% level were calculated following the standard procedure of RBD. The data obtained were analysed to draw a purposeful conclusion.  
Formula for assessment of yield improvement over control

Results
[bookmark: _Hlk177220719]Plant height: A notable variation in plant height between the treatments were observed. The plant height parameter showed an observed range (241.83 cm to 279.25 cm). The maximum plant height was observed in T7 (farmers practice spraying of imidacloprid 17.8 SL @0.3ml/litre) followed by the height of T5 (YST +alternate spray of neem oil (1500 ppm azadirachtin and citratus oil @2.5ml/litre had (279.25cm) of plant height which at par. Then next treatment is followed by T4 (YST +alternate neem oil 1500 ppm + isopropyl alcohol by the plant height (270.16cm). The minimum plant height was observed in untreated control plot (241.83cm) (Table 2).
Number of primary branches: There was a notable variation in number of primary branches between the examined treatments. The number of primary branches parameter showed an observed range (6 to 13). The maximum was observed in T7 (farmers practice - imidacloprid 17.8 SL @0.3ml /litre) had primary branches (13.0) followed by T5 (YST +alternate spray of neem oil 1500 ppm azadirachtin and citratus oil @ 2.5 ml/ litre) had primary branches (11.66) which is at par. Then next treatment is followed by T4 (YST +alternate spray of neem oil 1500 ppm azadirachtin and isopropyl alcohol by number of primary branches (9.0). The least number of primary branches (6.0) were observed in untreated control (Table 2).
Number of secondary branches: The number of secondary branches an observed range (27.33 to 41.16 secondary branches per plant). The greater number of secondary branches was observed in T7 (farmers practice spraying of imidacloprid 17.8 SL @0.3ml /litre) had 41.16 secondary branches followed by T5 (YST +alternate spray of neem oil (1500 ppm azadirachtin) + citratus oil@ 2.5ml/litre) had secondary branches (37.16) which is at par. The next is followed by T4 (YST +alternate spray of neem oil 1500 ppm azadirachtin + isopropyl alcohol @10ml/litre) by number of secondary branches (33.83). The least number of secondary branches (27.33) seen in untreated control (Table 2).
Number of tertiary branches: A significant variation in number of tertiary branches between the examined treatments. The number of tertiary branches parameter showed an observed range (46.16 to 57.66 tertiary branches per plant). The greater number of tertiary branches was observed in T7 (farmers practice spraying of imidacloprid 17.8 SL @0.3ml/litre) had tertiary branches (57.66) followed by T5 (YST + alternate spray of neem oil 1500 ppm azadirachtin and citratus oil @ 2.5 ml /litre) had 55.16 tertiary branches which is at par. Then next is followed by T4 (YST +alternate spray of neem oil 1500 ppm azadirachtin and isopropyl alcohol @10ml /litre) by number of tertiary branches (33.83). The lowest tertiary branches (46.16) were observed in untreated control (Table 2).
Table 2. Effect of IPM modules on plant height in H. rosa-sinensis L. during 2023-24
	Treatment
	Plant height (cm)
	No. of primary branches
	No. of secondary branches
	No. of tertiary branches

	  T1
	267.91
	8.00
	32.83
	49.5

	  T2
	245.75
	6.33
	28.16
	47.83

	  T3
	264.50
	7.00
	30.83
	46.5

	  T4
	270.16
	9.00
	33.83
	53.16

	  T5
	275.00
	11.66
	37.16
	55.16

	 T6
	247.66
	6.66
	29.16
	47.5

	  T7
	279.25
	13.00
	41.16
	57.66

	  T8
	241.83
	6.00
	27.33
	46.16

	  Sem±  
	5.64
	0.570
	1.39
	1.233

	CD (p=0.05)
	17.05
	1.73
	4.21
	3.71



Number of flower buds: Treatment T7 (farmers practice-imidacloprid 17.8 S @0.3ml/litre) showed the highest percent flower bud improvement of 90% over control. This was followed by the T5 (YST+ alternate neem oil 1500 ppm azadirachtin @3ml/litre and citratus oil @2.5 ml/litre)  which showed the percent flower bud improvement  of 68% and the third highest was found in T4 (YST+ alternate neem oil 1500 ppm azadirachtin @3ml/litre and isopropyl alcohol @ 10 ml/litre) was 48%.The least percent improvement of flower buds observed in T2 (YST+ alternate neem oil 1500 ppm azadirachtin @ 3ml /litre and apple cider vinegar @10 ml/litre) is 8.1% improvement in number of flower buds. Percent improvement in number of flower buds over untreated control plot is in the following order: T7 (90%) ˃ T5 (68%) ˃ T4 (48%) ˃T1 (36%) ˃T3 (29%) ˃T6(13%) ˃T2 (8.1%) (Table 3).
Table 3. Effect of IPM modules on number of flower buds in Hibiscus rosa-sinensis L. during 2023-2024
	Treatment
	January
	February
	March
	April
	May
	June
	July
	August
	Mean

	T1
	6.9
	10.1
	11.4
	12.3
	12.5
	12.9
	13.3
	14.3
	11.7

	T2
	5.5
	7.6
	7.9
	9.0
	9.5
	10.9
	11.3
	12.3
	9.3

	T3
	6.5
	8.7
	9.8
	11.9
	12.4
	12.8
	13.2
	13.5
	11.1

	T4
	7.1
	10.9
	12.0
	13.7
	14.1
	14.3
	14.7
	15.7
	12.8

	T5
	8.0
	12
	13.0
	15.6
	16.0
	16.6
	17.0
	18.0
	14.5

	T6
	5.7
	8.1
	8.5
	10.3
	10.7
	11.3
	11.5
	12.3
	9.8

	T7
	9.1
	13.5
	14.8
	17.6
	18.1
	18.9
	19.3
	20.1
	16.4

	T8
	5.3
	6.8
	7.5
	8.1
	9.2
	9.9
	10.3
	11.3
	8.6

	Sem±
	0.515
	0.629
	0.861
	0.9
	0.876
	0.89
	0.91
	0.75
	

	CD (p=0.05)
	1.56
	1.91
	2.63
	2.94
	2.65
	2.7
	2.76
	2.27
	



Discussion
[bookmark: _Hlk177850683][bookmark: _Hlk177897106]Plant height: In this study, the observation of variation for the character plant height was (241.83cm) to (279.83cm) in this experiment. Farmers practice spraying of imidacloprid 17.8 SL @0.3ml/litre (279.83cm) was best treatment to increase the plant height and followed by soil application of neem cake +YST +alternate spray of neem oil (1500 ppm azadirachtin) and citratus oil @2.5 ml/litre (275 cm). Divakar (1997) who supported those results found that 7.5g per kg of imidacloprid in okra seed to increase the plant height of plants. Similarly, Rohini et al. (2012) which also found imidacloprid 17.8 SL @ 0.4ml/L were found to increase the plant height of plants in cotton. The research finding of Biswas et al. (2010) concluded that lemon grass oils @ 1.25 ml/litre were used to increase the plant height and yield in okra. The results from Mukherjee et al. (2020) concluded that lemongrass oil @2mg/litre was also increased plant height and yield of okra crop.
[bookmark: _Hlk177898857][bookmark: _Hlk177851019]Number of branches: In this experiment the range observed for number of primary branches varied from untreated plot (6 primary branches per plant) to farmers practice (spraying of imidacloprid 17.8 SL @0.3ml/litre) were (13 primary branches per plant) and secondary branches, the variations of observed varied from untreated plot (27.33 secondary branches per plant) to farmers practice spraying of imidacloprid 17.8 SL @0.3ml/litre (41.16 secondary branches per plant). The tertiary branches varied from untreated plot (46.16 tertiary branches per plant) to farmers practice spraying of imidacloprid 17.8 SL @0.3ml/litre (57.16 tertiary branches per plant). Hossan et al. (2015) reported that number of branches gradually increased by imidacloprid 200 SL @1ml/litre in tomato. Similarly, Gurunath et al. (2017) also concluded in safflower crop same finding results outcomes. The results findings of Biswas et al. (2010) and Mukherjee et al. (2020) supported that lemon grass oil was also increased the number of branches in okra crop.
 Number of flower buds: In this study, the observed for number of flower buds was taken in during this January to August in year 2024.The range observed for number of flower buds varied from untreated plot (8.6 number of flower buds/plant) to farmers practice spraying of imidacloprid 17.8 SL @0.3ml/litre (16.4 number of flower buds /plant). Kumar, R. (2018) who found that imidacloprid 17.8 SL@ 0.3 ml/L to maximum the yield in tomato. Similarly, results findings Gurunath et al. (2017) in safflower and Hossan et al. (2015) in tomato. Accordingly, Mukherjee et al. (2020) concluded that lemon grass oil @2mg/litre and Biswas et al. (2010) @ 1.25 ml/litre were used to increase the highest yield in okra crop.
Conclusion
Among all IPM modules (farmers practice imidacloprid 17.8 SL @0.3ml/litre already performed highly effective against sucking pests like mealybug, aphid, whitefly, thrips and also beneficial insects like coccinellid beetles in hibiscus with respect to maximum values for vegetative characters like, plant height, number of primary branches, secondary branches tertiary branches and yield of number of flower buds. Based on the results of this investigation, it can be concluded that the IPM module comprising soil application of neem cake + YST along with alternate sprays of neem oil (1500 ppm azadirachtin @ 3 ml/litre) and citratus oil (@ 2.5 ml/litre) proved most effective in enhancing vegetative traits such as plant height and number of branches, as well as improving flower bud yield, compared to all other evaluated treatments.
Further research is required to validate the effectiveness of IPM modules under diverse agro-climatic conditions and across different seasons.
Summary
[bookmark: _Hlk178259450]Among the IPM modules of treatments analyzed, there were notable differences in every vegetative characteristic. The maximum plant height was observed (279.25 cm) followed by (soil application of neem cake +YST+ alternate spray of neem oil (1500ppm azadirachtin @3ml/litre and citratus oil @2.5 ml/litre) had plant height (275 cm) which is at par. The number of branches like primary branches (13.0), 41.6 secondary branches (41.16) and tertiary branches (57.6) were observed in (farmers practice Imidacloprid 17.8 SL @0.3ml/litre) were statistically at par to IPM module treatment (soil application of neem cake +YST+ alternate spray of neem oil 1500ppm azadirachtin @3ml/litre and citratus oil @2.5 ml/litre) it recorded as primary branches (11.66), secondary branches (37.16) and tertiary branches (55.16).
The maximum number of flowers buds were observed in farmers practice imidacloprid 17.8 SL @0.3ml/litre) mean of (16.4 number of flowers buds/plant) causing 90 % improvement over untreated control followed by which is at par (soil application of neem cake +YST+ alternate spray of neem oil 1500ppm azadirachtin @3ml/litre and citratus oil @2.5 ml/litre) with mean of (14.5 number of flowers buds plant) causing 68% improvement over untreated control.
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