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Abstract
The present study was conducted during Rabi, 2023, in the pot culture yard of the Department of Entomology, Annamalai University, Chidambaram, to evaluate the bio-efficacy of five different biorationals against the invasive thrips, Thrips parvispinus (Karny). The experiment employed a Completely Randomized Design (CRD) with six treatments, including an untreated control and an absolute control, replicated five times. The efficacy of biorationals was assessed at 1, 3, 5, 7, and 14 days after application.All treatments significantly outperformed the control. Among the tested biorationals, five-leaf extracts (5%) and a combination of ginger, garlic, and green chili extracts (3%) demonstrated the highest efficacy, with the maximum thrips mortality percentage (61.21% and 60.97%, respectively). These were followed by herbal insect repellent (3%) and azadirachtin (1500 ppm). The least effective treatment was turmeric powder + lime extract (5%), which recorded a minimum mortality rate of 44.29%. The findings suggest that these eco-friendly biorationals could be potential alternatives to synthetic insecticides for managing T. parvispinus, emphasizing their role in sustainable pest management practices.
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1. Introduction
[bookmark: _Hlk187781474][bookmark: _Hlk187781572][bookmark: _Hlk187781586]India's most important, widely cultivated, and economically significant spice crop is the chilli (Capsicum annuum L.) belongs to Solanaceae family [1]. Chillies are essential for enhancing the flavour, colour, and pungency of food [2]. The origin of chilli is believed to be in Mexico, with a secondary origin in Guatemala [3]. The cultivation of chilli was first brought to India by the Portuguese in the middle of the 17th century, and since then, it has expanded quickly throughout the India[4, 5]. India is the world's leading producer of chillies, followed by China and Pakistan. The main chilli-growing states in India are Andhra Pradesh, Maharashtra, Karnataka, Orissa, Tamil Nadu, Bihar, Uttar Pradesh, and Rajasthan [6]. With an annual yield of 4363 thousand metric tonnes, chilli is grown on an area of 417.82 thousand hectares in India. In terms of producing chillies, Madhya Pradesh stands first, followed by Karnataka and Andhra Pradesh. 
[bookmark: _Hlk187781602][bookmark: _Hlk187781622][bookmark: _Hlk187782436]Tamil Nadu ranks fifth in the world chilli production with 13.81 thousand hectares under cultivation and 382.93 thousand metric tonnes (Ref.). The cultivation of chilli is predominantly concentrated in the southern states, namely Andhra Pradesh, Karnataka, Maharashtra, and Tamil Nadu, which account for 75 percent of the total chilli cultivation area in India [7]. The chilli crop faces significant yield loss ranging from 50 to 90 per cent due to insect pests[8]. Around 293 insects and mite species, are directly causing damage in the field as well as during storage in chilli[9]. The major pests affecting chilli include thrips (Scirtothrips dorsalis Hood), yellow mites (Polyphago tarsonemus latus (Banks)), aphids (Aphis gossypii Glover), tobacco caterpillar (Spodoptera litura F.), and pod borer (Helicoverpa armigera Hubner) [10]. In India, the recent invasion of Thrips parvispinus (Karny) in chilli cultivation has forced farmers to abandon the crop. T. Parvispinus (Karny) is a cosmopolitan species of quarantine importance and has been reported from Thailand to Australia [11]. The last two decades witnessed a drastic extension in the geographic distribution of 
T. parvispinus and besides India, it is now known to occur in France, Greece, Hawaii, Mauritius, Reunion, Spain, Tanzania, and Netherlands [12,  13]. In India, T. Pparvispinus was first reported on Carica papaya L. (Caricaceae) in Bengaluru [12] and later Brugmansia sp. (Solanaceae) and Dahlia rosea Cav. (Asteraceae) [14, 15]. It is also a polyphagous pest, infesting beans, eggplant, papaya, pepper, potato, shallot, and strawberry [13]. The adult thrips has been observed to gather in significant numbers on flowers, leading to extensive flower drop and causing substantial loss. A study in Indonesia found that T. parvispinus infestations reduced chilli yields by up to 23 per cent[16]. In India, T. parvispinus has caused widespread damage to chilli crops in recent years, with loss of up to 95 per cent with an average count of 18.20 thrips per flower [17]. Keeping this in view the present investigation was carried out to evaluate the different biorationals against chilli flower thrips T. parvispinus under semi field condition.
2. Materials and methods
The experiment was conducted under semi field (pot) conditions at Annamalai University, Cuddalore district, Chidambaram, Tamil Naduto evaluate the efficiency of different biorationals against chilli flower thrips. For this experiment, Seedlings of chilli (variety CO1, 30 days old), were planted in HDPE grow bags (9’’x 12’’). Three seedlings per bag were planted and thinned after establishment and one plant per bag was retained. No-choice assay was followed to evaluate the efficacy of five selected botanicals such as Five leaf extract (5%), Ginger, garlic & green chilli extracts (3%), Herbal insect repellent (3%), Turmeric powder & Lime extract (5%), and Notchi, neem & green chilli extracts (5%), which were found effective against various sucking pests in earlier study [18].At the age of 45, when the flowers initiated, the plants were covered with cylindrical mylar film cages (Fig. 1.) and infested with adults obtained from culture, using an aspirator at a rate of 50 per plant. The flowers of the chilli plants were periodically monitored for the presence of thrips. When it reached an average of 10 adults per flower, the plants were sprayed with the respective concentration of each botanical separately using an atomizer. The spray volume was 5 ml per plant. The experiments were conducted in the pot culture yard. Each treatment was replicated five times with two sprays and the experiment was conducted in Rabi, 2023. In all the bioassays, positive (1500 ppm azadirachtin) and absolute controls (No spray and water spray) were maintained. The post treatment observations on the mean number of thrips per plant on 1, 3, 5, 7 and 14 days after treatment (DAT) and pre count of the pest population before initiating the spray was also done. Population reduction over control was the response measured from the assays. Then the cumulative population reduction over absolute control was calculated. The efficacy of the biorationals wereefficacies of the biorationals were graded as per the scale mentioned below;
 
List 1: Efficacy grading of teh biorationals as per the scale.

	Per cent population reduction
	Efficacy Grading

	10 -20
	No Efficacy

	21-30
	Very Less Efficacy

	31-40
	Less Efficacy

	41-50
	Moderate Efficacy

	51-60
	Good Efficacy

	61-70
	High Efficacy

	>71
	Very High Efficacy
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[image: ]Fig. 1. Layout and a view of efficacy studies against T. parvispinus on chilli
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In addition to the bio-efficacy, symptoms for phytotoxicity (leaf tip injury, wilting, vein clearing, necrosis, epinasty and hyponasty), were also recorded and rated as per the scale given below
List 2 :Symptoms for phytotoxicity rated as per the scale
	Rating
	Phytotoxicity (%)

	0
	0 (No phytotoxicity)

	1
	1-10

	2
	11-20

	3
	21-30

	4
	31-40

	5
	41-50

	6
	51-60

	7
	61-70

	8
	71-80

	9
	81-90

	10
	91-100



Statistical analysis
In management studies, treatments were replicated five times and Completely Randomized Design (CRD) was performed to test for significant differences among treatments. The means of treatments were compared using the Least Significant Difference (LSD) at a probability level of 0.05 and by Duncan’s multiple range test (DMRT).
3. Results and discussion
3.1 Effects of certain biorationals against T. Parvispinus during Rabi, 2023
	The results on the effect of plant extracts against the invasive thrips
(T. parvispinus) on cChilli (Co.1) are given in the Table 1. Before the first spray, the incidence of thrips ranged from 11.92 to 12.24 adults per flower, and statistically no significant difference among the treatments before initiation of the treatment.
First Spray
	At 1 day after treatment (DAT), the five-leaf extract @ 5% and Ginger + garlic + green chilli extracts @ 3% recorded the lowest thrips incidence of 5.56 and 5.60 adult thrips/flower, respectively which was followed by Notchi + neem + green chilli extracts @ 5% (6.32), herbal insect repellent @ 3% (7.04), Azadirachtin @ 1500ppm (7.08), tTurmeric powder + lime extract @ 5% (8.52) and untreated control (12.72). At 3 DAT, the same trend was observed and the thrips population ranged from 4.60 to 6.68 adult thrips/flower when compared to the untreated control (13.32). Similar to that of 1 DAT, the treatments with five leaf extract @ 5% and Ginger + garlic + green chilli extracts @ 3% recorded the lowest thrips incidence of 4.60 and 4.64 thrips/flower respectively, followed by Notchi + neem + green chilli extracts @ 5% (5.08). The similar effect was observed in the 5 DAT (Table 1). 
At 7 DAT, thrips population gradually raised in all the treatments (Table 1). Thrips population ranged from 4.96 to 7.36 thrips/flower and when compared to the untreated control (14.12). Among the treatments lower thrips population was found in the Ginger + garlic + green chilli extracts @ 3% and five leaf extract @ 5% with the average of 4.96 and 5.00 thrips/flower, respectively. However, the highest thrips population was noticed in the Turmeric powder + lime extract @ 5% (7.36 thrips/flower) next to the untreated control (14.12). An increase in the thrips population was noticed from 7 DAT and continued up to 14 DAT. When compared to all the treatments, the overall mean population of thrips was lower in five leaf extract @ 5% (5.30 thrips/flower) and Ginger + garlic + green chilli extracts @ 3% (5.34) followed by Notchi + neem + green chilli extracts @ 5% (6.01), Azadirachtin @ 1500ppm (6.58), Turmeric powder + lime extract @ 5% (7.62) and Untreated control (13.67). It was found that all the treatments were superior to the untreated control.The efficacy grading of the first spray, the five leaf extracts @ 5% and Ginger + garlic + green chilli extracts @ 3% scored the high efficacy with the 61.21 and 60.97% percent reduction over control. Notchi + neem + green chilli extracts @ 5%, Azadirachtin @ 1500ppm and Herbal insect repellent @ 3% expressed the good efficacy. Turmeric powder + lime extract @ 5% exhibited the moderate efficacy with 44.29% percent reduction over control.
Second spray
	Before the second spray of botanicals, the thrips incidence ranged from 7.68 to 14.48 thrips/flower (Table 2). At 1 DAT, the thrips infestation was found to be in the range of 5.52 to 14.72 thrips/flower. Among all the treatments, thrips population was lower in the Ginger + garlic + green chilli extracts @ 3% and five leaf extract @ 5% treated plants with the average of 5.52 and 5.56 thrips/flower respectively. Thrips population was found to be high in the absolute control with the average of 14.72 thrips/flower. A similar trend was observed in 3, 5 and 7 DAT.
[bookmark: _GoBack]	At 14 DAT, less thrips population was observed in five leaf extract @ 5% (1.00 thrips/flower) and Ginger + garlic + green chilli extracts @ 3% (1.04) followed by Notchi + neem + green chilli extracts @ 5% (2.32), herbal insect repellent @ 3% (2.72) and Azadirachtin @ 1500 ppm (2.64). It was found that five leaf extract@ 5% and Ginger + garlic + green chilli extracts @ 3% was superior to the other treatments with the percent reduction of 78.18 and 78.13%, respectively when compared with the absolute control.The efficacy grading of the second spray, the five leaf extracts @ 5% and Ginger + garlic + green chilli extracts @ 3%scored the very high efficacy with 78.18 and 78.13% percent reduction over control. Notchi + neem + green chilli extracts @ 5%, Herbal insect repellent @ 3% and Azadirachtin @ 1500ppm scored the high efficacy with the 70.85, 67.27 and 67.61% percent reduction over control. Turmeric powder + lime extract @ 5% exhibited the good efficacy with 59.26% percent reduction over control (Table 2). The order of efficacy was Five leaf extracts @ 5% and Ginger + garlic + green chilli extracts @ 3% >Notchi + neem + green chilli extracts @ 5% > Herbal insect repellent @ 3% and Azadirachtin @1500 ppm > Turmeric powder + lime extract @ 5%.	Comment by Devyan Nitharwal: Unit	Comment by Devyan Nitharwal: Unit (mention what these figures represents
Phytotoxicity effect on the plants
In addition to the efficacy, symptoms for phytotoxicity on the treated plants were observed and the data presented in Table 3. The observations indicated that Five leaf extracts @ 5%, Ginger + garlic + green chilli extracts @ 3%, Herbal insect repellent @ 3%, Turmeric powder + lime extract @ 5%, Notchi + neem + green chilli extracts @ 5%, Azadirachtin @ 1500ppm had not caused any phytotoxic symptoms like leaf tip injury, wilting, vein clearing, necrosis, epinasty and hyponasty on the chilli.
4. Discussion
	The incidence of thrips was observed from 46 days after transplanting, when the flowering begins. Before the first biorational application, thrips incidence ranged from 11.92 to 12.24 adult thrips per flower, and there was no significant difference among the treatments. The results from Yulianti [19] stated that the T. parvispinus were found to predominantly infest chilli plantations in the surrounding West Java region, with an average population of 8.18–19.22 thrips/plant. The above study is in consonance with the present findings. At 1 DAT, the fFive leaf extract @ 5% and Ginger + garlic + green chilli extracts @ 3% recorded the lowest thrips incidence of 5.56 and 5.60 thrips/flower, respectively which is followed by other treatments. At 3 and 5 DAT, the same trend was observed as the 1 DAT. An increase in the thrips population was noticed from 7 DAT and continued up to 14 DAT. After the first spray, the five leaf extracts @ 5% and Ginger + garlic + green chilli extracts @ 3% scored the high efficacy with the 61.21 and 60.97% percent reduction over control (Fig. 2). At 1 DAT of second spray, the thrips infestation was found to be in the range of 5.52 to 14.72 thrips/flower. Among all the treatments, thrips population was lower in the Ginger + garlic + green chilli extracts @ 3% and five leaf extract @ 5% treated plants (Fig. 2). Similar trend was observed in 3, 5, 7 and 14 DAT. After the second application, it was found that Five leaf extract @ 5% and Ginger + garlic + green chilli extracts @ 3% was scored very high efficacy and superior to the other treatments with the percent reduction of 78.18 and 78.13%, respectively (Fig. 2).
Naresh chandraChandra [20] found that botanical extracts are highly efficient to manage the Onion thrips, T.tabaciin an environment friendly way without the usage of harmful pesticides. Rani and Sivaraman [21] reported that Ffive leaf extracts (5%) and Ginger + garlic + green chilli extracts @ 5% were effective against rice stem borer, Scirpophaga incertulas (Walker) with the 66.66 and 100 percent larval mortality, respectively. Praveenkumar and Kandibane[22] found that Five leaf extracts (10%) and Garlic + chilli extract extracts (5%) were effective against spotted pod borer, M. vitratain blackgram. The above studies are in consonance with the present findings. Nishanthini and Kandibane [23] observed the similar effect of the fFive leaf extracts (10%) and Garlic + chilli extract extracts (5%) against rice stem borer, S. incertulas. Padaliya et al. [24] and Prema et al.[25] evaluated the different botanical extracts, and reported a good efficacy against Scirtothrips dorsalis and T.palmi in cotton. These reports are found to support with the present findings.







[bookmark: _Hlk131756850]Table 1. Effects of certain botanicals against T. parvispinus on chilli after first spray during Rabi, 2023
	Sl. No.
	Treatment
	Number of adult thrips/flowers/plant
	Mean
	Percent reduction over control

	
	
	PTC
	1 DAT
	3 DAT
	5 DAT
	7 DAT
	14 DAT
	
	

	[bookmark: _Hlk187781803]T1
	[bookmark: _Hlk183530078]Five leaf extracts @ 5%
	11.92 (3.45)
	5.56 (2.36)a
	4.60 (2.14)a
	3.60 (1.90)a
	5.00 (2.24)a
	7.76 (2.79)a
	5.30
	61.21

	T2
	[bookmark: _Hlk183530097]Ginger + garlic + green chilli extracts @ 3%
	12.04 (3.47)
	5.60 (2.37)a
	4.64 (2.15)a
	3.80 (1.95)a
	4.96 (2.23)a
	7.68 (2.77)a
	5.34
	60.97

	T3
	[bookmark: _Hlk183530123]Herbal insect repellent @ 3%
	12.20 (3.49)
	7.04 (2.65)c
	5.56 (2.36)c
	5.04 (2.24)c
	6.08 (2.47)c
	9.32 (3.05)c
	6.61
	51.67

	T4
	[bookmark: _Hlk183530155]Turmeric powder + lime extract @ 5%
	12.04 (3.47)
	8.52 (2.92)d
	6.68 (2.58)d
	5.64 (2.37)d
	7.36 (2.71)d
	9.88 (3.14)d
	7.62
	44.29

	T5
	[bookmark: _Hlk187781764]Notchi + neem + green chilli extracts @ 5%
	11.96 (3.46)
	6.32 (2.51)b
	5.08 (2.25)b
	4.44 (2.11)b
	5.48 (2.34)b
	8.72
(2.95)b
	6.01
	56.06

	T6
	[bookmark: _Hlk183530134]Azadirachtin @ 1500ppm
	12.12 (3.48)
	7.08 (2.66)c
	5.64 (2.37)c
	5.00 (2.24)c
	5.96 (2.44)c
	9.20 (3.03)c
	6.58
	51.90

	T7
	[bookmark: _Hlk187781778]Untreated control 
(water spray)
	12.20 (3.49)
	12.64 (3.56)e
	13.28 (3.64)e
	13.68 (3.70)e
	14.04 (3.75)e
	14.40 (3.79)e
	13.61
	0.47

	T8
	[bookmark: _Hlk187781791]Absolute control
	12.24 (3.50)
	12.72 (3.57)e
	13.32 (3.65)e
	13.72 (3.70)e
	14.12 (3.76)e
	14.48 (3.81)e
	13.67
	-

	SE.d
	NS
	0.03
	0.04
	0.04
	0.03
	0.03
	

	CD (P=0.05)
	NS
	0.05
	0.09
	0.07
	0.06
	0.06
	

	CV
	NS
	1.39
	2.48
	2.22
	1.66
	1.43
	



* DAT – Days after Treatment; PTC – Pre-treatment count
[bookmark: _Hlk150978187]Values in parentheses are square root transformed values.
Values with different alphabets differ significantly
Table 2. Effects of certain botanicals against T. parvispinus on chilli after second spray during Rabi, 2023
	Sl. No.
	Treatment
	Number of adult thrips/flowers/plant
	Mean
	Percent reduction over control

	
	
	PTC
	1 DAT
	3 DAT
	5 DAT
	7 DAT
	14 DAT
	
	

	T1
	Five leaf extracts @ 5%
	7.76    (2.79)
	5.56 (2.36)a
	4.08 (2.02)a
	2.88 (1.70)a
	1.84 (1.36)a
	1.00 (1.00)a
	3.07
	78.18

	T2
	Ginger + garlic + green chilli extracts @ 3%
	7.68    (2.77)
	5.52 (2.35)a
	3.96 (1.99)a
	2.92 (1.71)a
	1.96 (1.40)a
	1.04 (1.02)a
	3.08
	78.13

	T3
	Herbal insect repellent@ 3%
	9.32    (3.05)
	7.24
(2.69)c
	5.48 (2.34)c
	4.08 (2.02)c
	3.52 (1.88)c
	2.72 (1.65)c
	4.61
	67.27

	T4
	Turmeric powder + lime extract @ 5%
	9.88    (3.14)
	8.52 (2.92)d
	7.64 (2.76)d
	5.64 (2.37)d
	3.80 (1.95)d
	3.08 (1.75)d
	5.74
	59.26

	T5
	Notchi + neem + green chilli extracts @ 5%
	8.72    (2.95)
	6.76 (2.60)b
	4.92 (2.22)b
	3.76 (1.94)b
	2.76 (1.66)b
	2.32 (1.52)b
	4.10
	70.85

	T6
	Azadirachtin @ 1500ppm
	9.20    (3.03)
	7.20
(2.68)c
	5.44 (2.33)c
	4.00 (2.00)c
	3.52 (1.88)c
	2.64 (1.62)c
	4.56
	67.61

	T7
	Untreated control 
(water spray)
	14.40 (3.79)
	14.68 (3.83)e
	13.28 (3.64)e
	13.64 (3.69)e
	14.08 (3.75)e
	14.40 (3.79)e
	14.02
	0.45

	T8
	Absolute control
	14.48 (3.81)
	14.72 (3.84)e
	13.36 (3.66)e
	13.72 (3.70)e
	14.12 (3.76)e
	14.48 (3.81)e
	14.08
	-

	SE.d
	0.03
	0.04
	0.04
	0.03
	0.03
	0.04
	

	CD (P=0.05)
	0.06
	0.08
	0.09
	0.06
	0.06
	0.08
	

	CV
	1.43
	2.00
	1.92
	2.06
	2.26
	3.32
	



* DAT – Days after Treatment; PTC – Pre-treatment count
Values in parentheses are square root transformed values.
Values with different alphabets differ significantly

Table 3. Phytotoxicity studies on the botanical extracts on chilli during Rabi, 2023
	
SI.
No.
	Treatments
	Phytotoxicity rating *
(Rabi,2023)

	
	
	LTI
	W
	VC
	N
	E
	H

	
1.
	Five leaf extracts @ 5%
	0
	0
	0
	0
	0
	0

	
2.
	Ginger + garlic + green chilli extracts @ 3%
	0
	0
	0
	0
	0
	0

	
3.
	Herbal insect repellantrepellent @ 3%
	0
	0
	0
	0
	0
	0

	
4.
	Turmeric powder + lime extract @ 5%
	0
	0
	0
	0
	0
	0

	
5.
	Notchi + neem + green chilli extracts @ 5%
	0
	0
	0
	0
	0
	0

	
6.
	Azadirachtin @ 1500ppm
	0
	0
	0
	0
	0
	0

	
7.
	Untreated control
(water spray)
	0
	0
	0
	0
	0
	0

	8.
	Absolute control
	0
	0
	0
	0
	0
	0


* LTI- Leaf tip injury, W- Wilting, VC- Vein clearing, N- Necrosis, 
E- Epinasty, H- Hyponasty

[image: ]
Fig 2. Effect of botanicals against T. parvispinus on chilli during Rabi, 2023
5. Conclusion 
The present study demonstrates the efficacy of various biorational treatments in managing T.parvispinus on chilli (CO 1) under pot culture conditions. Among the tested treatments, five leaf extract @ 5% and Ginger + garlic + green chilli extracts @ 3% consistently exhibited superior thrips suppression, achieving the highest percent reduction over the untreated control in both sprays. Notchi + neem + green chilli extracts @ 5%, Azadirachtin @ 1500 ppm, and Herbal insect repellent @ 3% also showed significant efficacy, while Turmeric powder + lime extract @ 5% provided moderate control. Importantly, none of the treatments caused phytotoxic effects, indicating their safety for plant health. The findings highlight the potential of these plant-based formulations as effective, eco-friendly alternatives to chemical insecticides for the sustainable management of T. parvispinus. Further field validation is recommended to confirm their efficacy under different agro-climatic conditions and optimize application strategies for integrated pest management (IPM) programs.
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