


Study on biology of Microcephalothrips abdominalis Crawford (Thysanoptera: Thripidae) on marigold under laboratory conditions



ABSTRACT

Microcephalothrips abdominalis (Crawford), known as composite thrips, is a neotropical species now established in various regions including India, parts of Europeand the US, where it infests crops like marigold,beansand Asteraceae family plants. Severe infestations cause significant damage, such as leaf bronzing, pod quality reduction, petal discolorationand hindered seed development, significantly lowering market value. Additionally, it vectors Tobacco streak virus (TSV) to weeds and crops, amplifying economic losses in floriculture and vegetable production. The bio-ecology of Microcephalothrips abdominalis (Crawford)was investigated on marigold leaves (var. Benztall) under controlled laboratory conditions at the College of Horticulture (COH), Bengaluru, from January to February 2021. Experiment was maintained at 26 ± 2°C temperature and 70 ± 5% relative humidity. Thrips collected from field-infested marigold plants were identified as M. abdominalis through morphological traitsviz., small head narrower than prothorax, seven antennal segments (3rd/4th light-colored), fringed brown wingsand sexual dimorphism. The results indicate thatthe total life cycle averaged 16.98 ± 3.07 days, comprising egg (1.95 ± 0.41 days; bean-shaped, whitish, inserted in lower leaf surfaces), first instar larva (2.60 ± 0.41 days; tiny/whitish, 0.54 ± 0.01 mm), second instar (3.98 ± 0.97 days; yellowish, 0.82 ± 0.01 mm), pre-pupa (1.38 ± 0.53 days; dark/sluggish, upward antennae), pupa (1.97 ± 0.29 days; folded antennae, full wing pads)and adult (5.10 ± 0.46 days; male: 0.96 ± 0.04 mm, female: 1.13 ± 0.04 mm).Observations used Petri dishes with fresh leaf arenas, 40 × 40 × 40 cm cages (10 adults/plant)and 8-hour stereo microscopy for exuvial confirmation, enabling precise stage delineation.
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Introduction
	Marigold (Tagetes sp.) is a native of Mexico and South America and belongs to the family Asteraceae. 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).In India they are primarily cultivated in Karnataka, Maharashtra, Gujarat, Andhra Pradesh, Tamil Nadu, Madhya Pradesh, and Haryana. The estimated area under marigold cultivation in India is approximately 64,000 ha (Anonymous, 2017).The cultivation of marigold is easy and adapted to various climatic conditions.Plants thrive in well-drained loamy soils with pH 7.0 to 7.5, avoiding saline or acidic conditionsand respond well to standard practices like seed sowing in raised beds. Recent evaluations of hybrids, such as Benztall (often stylized as "Benz Tall"), is a tall African marigold (Tagetes erecta) variety prized for its lemon-yellow, compact ball-shaped flowers measuring 8 to 10 cm in diameter. Plants reach 90 to 100 cm (about 3 feet) in height, producing high yields suitable for long-distance shipping and market demands during festivals like Diwali in India. Maturity occurs 60-70 days after transplantation, faster than varieties like Pusa Narangi Gainda (125-136 days), enabling quicker harvests (Sathappan, 2018).
Though it is effective as a trap crop still attacked by several pests like pod borer (Helicoverpa armigera), leaf miner (Liriomyzatrifolii), Thrips (Thrips tabaci), Mites (Tetranychusurticae), Mealy bug (Planococcussp), Aphids (Aphis gossypii) and whitefly (Bemisia tabaci) (Manjunath et al., 1985).Thrips are primarily an agricultural pest and cause damage to several ornamental species as well and cause spotting, streaking and dropping off leaves and flowers (Zimmerman, 1948). Thrips belong to the insect order Thysanoptera, which encompasses over 7,700 species. This order falls within the Hemipteroid assemblage, alongside Hemiptera and Psocodea. Thysanopterans exhibit postembryonic remetaboly with two nonfeeding pupal stages and a haplodiploid genetic system, in which males develop from unfertilized eggs as haploids and females from fertilized eggs as diploids (Heming, 1973).
Many thrips species serve as effective virus vectors and agricultural pests due to traits like high reproductive rates, rapid generation times, strong mobility, affinity for hidden nichesand broad polyphagy across host plants. Thrips possess asymmetrical mouthparts adapted for piercing-sucking feeding; phytophagous species inflict severe damage by depleting the contents of epidermal and mesophyll cells (Hunterand Ullman, 1989). 
Adult thrips are small, approximately 0.5 to 1.2 mm in length. Eggs are inserted into the plant tissue. The egg stage lasts 6 to 8 days, followed by two larval stages (I instar and II instar) lasting 6 to 7 days each. The prepupal period is only 24 hours long and the pupal period lasts 2 to 3 days. Adults are pale yellow to grayish-white with incomplete dark stripes on the dorsal side abdominal segments, while larvae are white. The life cycle takes 14 to 20 days to complete. The female oviposits 60 to 200 eggs at a rate of 2 to 4 eggs per day (Seal and Klassen, 2015).
The increasing economic importance of marigold in India's floriculture sector, coupled with its vulnerability to a wide array of insect pestsparticularly thripswarrants focused research attention. Thrips not only cause direct physical damage to the floral and foliar tissues but also act as vectors for destructive tospoviruses, significantly reducing the quality and marketability of marigold flowers. Despite marigold's utility as a trap crop and its adaptability across diverse agro-climatic zones, the rising incidence and pest status of thrips underscore a critical need to better understand their biology, population dynamics, and interaction with the host plant. A comprehensive investigation into thrips behavior and lifecycle on marigold is essential for developing targeted, sustainable, and economically viable pest management strategies.
MATERIAL AND METHODS:
The biology of M. abdominals, which isthe most common and abundant species of thrips infesting marigold was studied in the Department of Entomology laboratory, College of Horticulture, Bengaluru, where the laboratory temperature ranged between 26 to 30 °C with 70 to 80 per cent relative humidity.
Maintenance of mother culture
The marigold plants var. Benztall were raised in polyethylene bags under laboratory condition for maintaining the thrips mother culture. Care was taken by placing the polyethylene bags with plants in insect-rearing cages measuring 40×40×40 cm to avoid other pest infestations. Adult thrips of M. abdominalis were collected from marigold plants in the field and were released on tocaged plants at the rate of 10 adults per plant. After 24 hours the leaves were collected randomly and observed under stereo zoom binocular microscope. The leaves with raised and punctured surface were assumed to be ovipositional markings containing eggs and were transferred to leaf arenas kept on a wet sterile cotton wad in a petriplate.
For the biology studies, 25 petriplates of diameter 4cm were maintained in which sterile wet cotton wad was placed on which fresh marigold leaves were placed in upside down condition.  The adult females which were allowed for mating for 24 hours were selected for egg laying. In each petriplate, one gravid female was placed and allowed for egg laying, after the emergence of I instar, they were transferredto a fresh petriplate. Observations were recorded at an interval of eight hours. The incubation period was noted till the emergence of I instar. After the larval emergence, 25 larvae were selected and transferred on to the fresh leaf kept in another 25 petriplates. The leaves were changed every two days and the moisture was maintained to ensure the turgidity of leaves. Each larva was observed every day and the duration of different stages were recorded till the adult emergence. The adults emerged were maintained till their death to observe the longevity of adults as well as fecundity.
For observing the eggs and fecundity of the thrips, destructive sampling was done. Ten gravid females were selected and each female was provided with the fresh leaf of marigold in separate petriplate.  Every day the leaves were collected from each petriplate and were soaked in DMSO solution for four hours during which the chlorophyll gets dissolved. Later the leaves were taken out and allowed for air drying for about 5 minutes. Such leaves were observed under stereo zoom binocular microscope for the presence of eggs. The females were provided with fresh leaf for egg laying till the death of adult female. The fecundity was calculated by counting the eggs from day one of egg laying till the death of the female adult.
The larvae were studied by transferring freshly hatched larvae onto fresh leaf arenas in petriplates. The number of larvae and days taken for completion of each instar were recorded by observing cast-off skins at every eight-hour interval under a stereo zoom binocular microscope. The I instar larva were characterized by their tiny size, whitish color, slow-moving form without wing buds, the II instar larva were confirmed by cast-off exuviae and light yellowish coloration with increased size. The pre-pupae were identified by darker color, sluggish behavior, upward-bent antennae between first and second jointsand partial wing pads to the third abdominal segment, the pupae were distinguished by fully developed wing pads and antennae folded back over the head. 
The duration of adult thrips from emergence until death was also recorded, with females featuring brown to dark brown coloration, pointed abdominal tip, larger body, longer wings and the males were pale slender, blunt abdomen, shorter wings, small head narrower than prothorax, seven antennal segments, fringed brown wings, two pairs of ocellar/postero-lateral setae and five to six postero-marginal setae pairs. 
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Fig. 1. Different stagesofMarigoldthripsMicrocephalothripsabdominalis 	(Crawford) under laboratory conditions


RESULTS
	The life cycle of marigold thrips (M. abdominalis) consisted five stages: egg, larva (two larvae), pre-pupa, pupa, and adult.
Egg: Eggs are bean-shaped and whitish with a delicate chorion, are laid on the lower surface of leaves near the midrib. Incubation lasted 1.33–2.67 days, averaging 1.95 ± 0.41 days.
Larval: Larvae emerged during morning (9:00 AM) or evening (5:00 PM) and had two larvae. I instar was tiny, whitish and wingless, lasting 2.00–3.25 days (mean: 2.60 ± 0.41 days). Male larvae measured 0.52–0.55 mm (mean: 0.54 ± 0.01 mm), while females were 0.58–0.62 mm (mean: 0.60 ± 0.01 mm) in length (Table 2). II instar was yellowish, larger, and wingless, lasting 3.00–5.75 days (mean: 3.98 ± 0.97 days). Male body length was 0.79–0.82 mm (mean: 0.79 ± 0.01 mm), and female body length was 0.85–0.88 mm (mean: 0.86 ± 0.01 mm).The total larval duration ranged from 5.00–9.00 days, averaging 6.58 ± 1.38 days (Table 1).
Table 1: Biology ofMicrocephalothrips abdominalison marigold under laboratoryconditions (N=25) during 2021-22.
	Stage
	Developmental period in Days

	
	Range 
	Mean ± SD 

	Egg
	1.33 - 2.67
	1.95 ± 0.41

	I instar
	2.00 - 3.25
	[bookmark: _Hlk142461509]2.60 ± 0.41

	II instar
	3.00 - 5.75
	[bookmark: _Hlk142461520]3.98 ± 0.97

	Total larval period
	5.00 - 9.00
	6.58 ± 1.38

	Pre pupa
	0.67 - 2.00
	[bookmark: _Hlk142461536]1.38 ± 0.53

	Pupa
	1.67 - 2.67
	[bookmark: _Hlk142461550]1.97 ± 0.29

	Adult
	4.50 - 5.75
	[bookmark: _Hlk142461560]5.10 ± 0.46

	Total life cycle
	13.17 - 22.09
	16.98 ± 3.07












Table 2. Morphometric measurement of thrips (M. abdominalis)

	Stage
	Morphometric measurement length (mm)

	
	Male
	Female

	
	Range
	Mean ± SD
	Range
	Mean ± SD

	I instar
	0.52 - 0.55
	0.54 ± 0.01
	0.58 - 0.62
	0.60 ± 0.01

	II instar
	0.79 - 0.82
	0.79 ± 0.01
	0.85 - 0.88
	0.86 ± 0.01

	Adult
	0.90 - 1.00
	0.96 ± 0.04
	1.08 - 1.23
	1.13 ± 0.04

	Wing span
	0.38 - 0.42
	0.40 ± 0.01
	0.39 - 0.46
	0.43 ± 0.02


Pre-Pupa: The II instar larvastopped feeding, moulted into a sluggish, darker pre-pupa with upward-pointing antennae and partially developed wing pads extending to the third abdominal segment. This stage lasted 0.67–2.00 days with a mean of 1.38 ± 0.53 days (Table 1).
Pupa: Pupae were sluggish with folded-back antennae and fully developed wing pads. Pupation occurred at the tips of folded leaves. This stage lasted 1.67–2.67 days, with a mean of 1.97 ± 0.29 days (Table 1).
Adult: Male is minute, pale, slender, and soft-bodied, measuring 0.90–1.00 mm in length (mean: 0.96 ± 0.04 mm). Wing length is 0.38–0.42 mm (mean: 0.40 ± 0.01 mm).Femaleswere larger and brown to dark brown with pointed abdominal tip, measuring 1.08–1.23 mm in length (mean: 1.13 ± 0.04 mm). Wing length is 0.39–0.46 mm (mean: 0.43 ± 0.02 mm) (Table 2).Adult longevity ranged from 4.50–5.75 days, with an average of 5.10 ± 0.46 days.The complete life cycle spans 13.17–22.09 days, averaging 16.98 ± 3.07 days (Table 1).
Discussion
The average incubation period of the egg was1.95 ± 0.41 days. The present finding is relatively shorter as compared to Duraimurugan and Jagadish(2011) while the findings are confirmatory with the results obtained by Kumar et al. (2022), Seal et al. (2010), Kandakoor et al. (2012) and Seal and Klassen, (2015) who reported the egg duration ranged from 7 to 9 days and 6 to 8 days respectively. The present findings of  larval duration was in confirmation with Chandra and Verma (2010), Sealetal.(2010)whoreported8to10 days, Seal and Klassen (2015) who reported 6 to 7 days for completion of both larvae, Kumar et al. (2022) who reported the first and second instar larval period varied from 2 to 3.25 days and 3.75 to 5.25 days, respectively,and were relativelylongercomparedtothe findingsofDuraimurugan and Jagadish (2011) who reported first instar and second instar larvalperiod of 1 to 2.25 and 2.25 to 3.75 days, respectively also, Kandakoor et al. (2012)reported 1 to 2.5 and 2.25 to 4 days, respectively.Prepupal and pupal periods were reported to last 0.75 to 2.00 and 3.5 to 5.00 days, respectively, by Kandakoor et al. (2012) and 0.75 to 1.50 and 3.25 to 4.75 days, respectively,by Duraimurugan and Jagadish (2011). The pupal durations have been reported to be a little bit longer, which is contrary to the current findings. However, Sealet al. (2010) observed that S. dorsalis pupal stage lasted for 2.6 to 3.3 days, which is very similar to the current finding. The pupal period lasting for 2 to 3 days and the prepupal period (24 h) described by Seal and Klassen (2015) support the current study similarly, the findings are confirmatory with the results obtained by Kumar et al. (2022) who recorded pupaldurationrangingfrom0.75to 1.00 and 1.75 to 2.25 days, respectively.The results pertaining to adult longevity and developmental periods are inagreement with Kandakoor et al. (2012) and Duraimurugan and Jagadish (2011) whoreported developmental period from egg hatching to adult emergence ofS. dorsaliswas about 10.25 to 17.25 days which excludes adult longevity from emergence todeath.SealandKlassen(2015) and Kumar et al. (2022) reportedtotallifecycleof14.5 to 20.25daysfor S.dorsalis,whichsupportsthepresentfindings.
Conclusion
This study elucidates the laboratory biology of Microcephalothrips abdominalis (Crawford) on marigold (Tagetes erecta var. Benztall) under controlled conditions (26 ± 2°C, 70 ± 5% RH), revealing a total life cycle of 16.98 ± 3.07 days. The developmental durationsegg (1.95 ± 0.41 days), first instar larva (2.60 ± 0.41 days), second instar larva (3.98 ± 0.97 days), pre-pupa (1.38 ± 0.53 days), pupa (1.97 ± 0.29 days)and adult (5.10 ± 0.46 days)along with sexual dimorphism in morphometrics (female adults: 1.13 ± 0.04 mm; male adults: 0.96 ± 0.04 mm), provide critical baseline data on thisthrips species. 
The rapid life cycle and polyphagous nature of M. abdominalis, coupled with its capacity to vector Tobacco streak virus (TSV), underscore its threat to marigold production in India, where the marigold supports floricultural economies in states like Karnataka. Understanding these bio-ecological parameters enables precise timing for interventions, such as targeted applications of entomopathogenic fungi, predatory mites, or biorational insecticides during vulnerable larval and pupal stages. Future field studies should integrate these laboratory insights with population dynamics, host resistance screening and microbial degradation approaches to foster integrated pest management (IPM) strategies, minimizing chemical inputs and sustaining marigold yields for religious, ornamentaland export markets.
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