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Oviposition behaviour of sugarcane adapted strain of Trichogramma chilonis Ishii (Trichogrammatidae: Hymenoptera)

    

Abstract: 
The present study investigates the oviposition behaviour and associated biological attributes of a sugarcane-adapted strain internode borer, Chilo sacchariphagus indicus and top borer Scirpophaga nivella of Trichogramma chilonis under controlled laboratory conditions. Key parameters including fecundity, development period, adult emergence, female emergence and sex ratio were assessed over a five-day oviposition period. Results revealed a significant decline in fecundity from day one (29.7 eggs/female) to day five (7.1 eggs/female), indicating that peak reproductive output occurs immediately post-emergence. The development period remained statistically unchanged across days, ranging from 8.37 to 8.67 days, suggesting that the timing of oviposition does not influence immature development. Adult emergence varied between 83.4% and 89.9%, with the highest emergence recorded on the first day. Female emergence exhibited a gradual decline from 80.5% on day two to 64.1% on day five, with the highest sex ratio (4.2:1) observed on day two. These findings highlight the importance of early oviposition in maximizing reproductive efficiency and female-biased progeny, which are critical for effective biological control. The results demonstrated a progressive decline in fecundity from 28.5 eggs/female on day one to 6.8 eggs/female by day five. The development period remained relatively constant across all days, ranging from 8.37 to 8.67 days, suggesting minimal influence of oviposition timing on immature development. Adult emergence showed a narrow range (85.5–88.2%), with the highest emergence recorded on the first day. A clear decline in female emergence was observed from 81.3% (day one) to 66.6% (day five), indicating reduced reproductive efficiency with female age. The sex ratio remained female-biased throughout the oviposition window, peaking at 4.4:1 on the first day and declining to 2.2:1 by the fifth day. 
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Introduction
 	The use of egg parasitoids in biological control has gained considerable attention as an eco-friendly alternative to chemical pest management in agriculture. Among them, Trichogramma chilonis Ishii (Hymenoptera: Trichogrammatidae) is widely utilized due to its broad host range, adaptability and effectiveness against numerous lepidopteran pests (Hassan, 1993; Li, 1994). In sugarcane agroecosystems, key pests such as internode borer, Chilo sacchariphagus indicus (internode borer) Scirpophaga excerptalis (top borer) and Chilo infuscatellus (early shoot borer) pose significant yield threats and T. chilonis has shown potential in suppressing these pest populations when appropriately adapted and deployed (Kumar et al., 2013). Oviposition behaviour is a critical determinant of parasitoid success, influencing host selection, parasitism efficiency, progeny survival and ultimately the effectiveness of field-level biological control (Godfray, 1994; Vinson, 1998). The sugarcane-adapted INB strain of T. chilonis has been selectively reared on sugarcane pest eggs to improve its host recognition and parasitism efficiency under crop-specific conditions. However, the oviposition dynamics of this strain such as host egg acceptance, discrimination, fecundity and diel rhythms remain underexplored. Understanding the oviposition behaviour of the sugarcane adapted strain of T. chilonis (INB strain) is essential for refining mass-rearing protocols and optimizing release strategies for field-level pest suppression. This study aims to evaluate the oviposition performance of the sugarcane-adapted INB strain of T. chilonis under controlled conditions, with implications for its use in integrated pest management (IPM) in sugarcane cultivation.
Materials and Methods
 Sugarcane adapted strain of Trichogramma chilonis was collected from parasitized eggs of internode borer, Chilo sacchariphagus indicus (Kapur) and top borer, Scirpophaga excerptalis in the month of March 2024. The newly emerged male and female of T. chilonis were used directly in the experiment to prevent any aging factor from influencing the results. Any adults that seemed to be inactive or week were discarded. The individual male and female was kept singly in glass vials (70 x 30 mm). The female was fed on streaks of honey water solution (1:1v/v). Trichocard was cut into small pieces (40 x 10 mm) and 100 eggs of Corcyra cephalonica (uv treated) was glued on each Trichocard. Each pair of male and female of T. chilonis was offered these eggs on the first day for 24h and about 75 eggs on subsequent days till death for both strains. Daily observation on number of surviving females, the number of eggs laid by each female, development period, adult emergence and sex ratio was recorded. The experiment was conducted in the laboratory 28 ± 2 °C and 65 ± 5 per cent relative humidity with ten replications.
Results and Discussion
The oviposition behaviour of the sugarcane-adapted internode borer strain of T. chilonis exhibited a declining trend in fecundity over successive days. The highest fecundity (29.7 eggs) was recorded on the first day of oviposition, which steadily decreased to 7.1 eggs by the fifth day.
Table 1. Oviposition behaviour of sugarcane adapted strain of Trichogramma chilonis (INB strain)
	Oviposition (days)
	Fecundity
	Development period (days)
	Adult emergence (%)
	Female emergence (%)
	Sex ratio (F:M)

	1
	29.7 e
	8.50 a
	89.9 b
	79.4 c
	3.9:1

	2
	20.9 d
	8.67 a
	88.1 b
	80.5 c
	4.2:1

	3
	15.1 c
	8.37 a
	85.4 a
	76.8 b
	3.4:1

	4
	10.8 b
	8.47 a
	83.4 a
	74.6 b
	3.6:1

	5
	7.1 a
	8.67 a
	84.5 a
	64.1 a
	1.9:1


  Means followed by different letters in the same column are significantly different (P<0.05)
This trend is consistent with earlier findings by Kumar et al. (2013) and Smith (1996), who reported that peak oviposition in T. chilonis typically occurs within the first 24–48 hours of adult emergence. The declining fecundity may be attributed to physiological aging and depletion of mature oocytes with time. The Development period remained relatively stable, ranging from 8.37 to 8.67 days. This aligns with observations made by Hassan (1993) and Singh & Jalali (1993), indicating that the duration of immature development in T. chilonis is relatively stable under constant laboratory conditions. Adult emergence varied between 83.4% and 89.9%, with the highest percentage observed on the first day and a slight decline in second days. (Table 1 & Fig. 1).



 Though the decline was statistically at par on 3-5th days, it suggests that eggs laid earlier (Heiningen, 1985). Female emergence followed a similar trend, decreasing from 80.5% on the second day to 64.1% on the fifth day. A higher percentage of female progeny early in the oviposition period is advantageous for biocontrol programs, as female Trichogramma are responsible for host parasitism. This pattern may be linked to the ability of females to allocate fertilized eggs (females) earlier, while unfertilized (male) eggs are laid later due to sperm depletion or physiological stress (Wajnberg, 2004).  The sex ratio remained female-biased, with the highest value recorded on the second day (4.2:1). However, as oviposition progressed, the proportion of females decreased, reaching the lowest sex ratio (1.9:1) on the fifth day. This trend is supported by Wajnberg (2009), who noted that female-biased progeny is produced early in the reproductive phase due to higher egg quality and resource availability. Consoli et al. (2010) emphasized that female-biased sex ratios are essential for maximizing biological control efficacy in the field. 



The oviposition behaviour of the sugarcane-adapted top borer strain of Trichogramma chilonis showed a declining trend in fecundity over successive days. The highest fecundity (28.5 eggs) was recorded on the first day of oviposition, which gradually decreased to 6.8 eggs by the fifth day. This trend mirrors the general oviposition dynamics reported in Trichogramma spp., where the maximum egg-laying capacity occurs within the first 24–48 hours post-emergence due to higher physiological vigor and a readily available pool of mature oocytes (Bigler et al., 1986 and Wajnberg, 1993). Reduced fecundity on later days may also result from declining sperm availability and physiological senescence (Kfir and Hamburg, 1988). The Development period remained relatively stable across all oviposition days, ranging from 8.37 to 8.67 days. This indicates that the timing of oviposition does not affect immature development under controlled environmental conditions. Similar findings were reported by Singh & Jalali (1993) and Hassan (1993), who noted minimal developmental variation in T. chilonis reared on Corcyra cephalonica eggs across time periods. Adult emergence varied between 85.5-88.2% with the highest emergence observed on the first day and a slight decline in later days. Slightly higher emergence on the first day may be attributed to more favourable internal physiological state of the female parasitoid. As reported by Smith (1996), egg quality and host-parasitoid synchrony strongly influence successful emergence. Female emergence showed a decreasing trend, with the highest percentage (81.3%) recorded on the first day, gradually reducing to 66.6% on the fifth day. This is consistent with studies by Pandey & Singh (1998), who observed a strong female bias early in the oviposition period, which later shifts toward males. This pattern is often a result of diminishing sperm reserves, suboptimal host conditions, or stress-induced alterations in sex allocation strategies (Wajnberg, 2006 and Godfray, 1994). The sex ratio remained female-biased, with the highest value (4.4:1) observed on the first day and the lowest (2.2:1) on the fifth day. These findings indicate that early oviposition days result in higher fecundity, female emergence and a more pronounced female-biased sex ratio, while later oviposition days exhibit a decline in these parameters (Table 2 & Fig. 2).
Table 2. Oviposition behaviour of sugarcane adapted top borer strain of Trichogramma chilonis
	Oviposition (days)
	Fecundity
	Development period(days)
	Adult emergence (%)
	Female emergence (%)
	Sex ratio (F:M)

	1
	28.5 e
	8.40 a
	88.2 b
	81.3 e
	4.4:1

	2
	18.6 d
	8.67 a
	87.0 b
	77.7 d
	3.8:1

	3
	15.2 c
	8.37 a
	86.4 ab
	74.0 c
	2.9:1

	4
	9.5 b
	8.57 a
	86.5 ab
	71.6 bc
	2.5:1

	5
	6.8 a
	8.47 a
	85.5 a
	66.6 a
	2.2:1


Means followed by different letters in the same column are significantly different (P<0.05)

The findings suggest that early oviposition days result in higher fecundity, female emergence and a more pronounced female-biased sex ratio, while later oviposition days show a decline in these parameters. 

Conclusion
Overall, the results demonstrate that the sugarcane adapted strain of T. chilonis exhibits optimal oviposition, fecundity and female-biased sex ratios within the first 2 days post emergence. This has significant implications for timing parasitoid release and optimizing mass production. Limiting exposure of females to hosts during peak oviposition days could enhance the efficiency and cost-effectiveness of biological control programs targeting sugarcane pests.
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Fig 1. Oviposition behaviour of sugarcane adapted strain of Trichogramma chilonis (INB strain)
Fecundity	1	2	3	4	5	29.7	20.9	15.1	10.8	7.1	Development Period (days)	1	2	3	4	5	8.5	8.6	8.3000000000000007	8.4	8.6	Adults Emergence (%)	1	2	3	4	5	89.92	88.07	85.39	83.35	84.45	Female emergence (%)	1	2	3	4	5	79.382000000000005	80.481999999999999	76.769000000000005	74.587999999999994	64.096999999999994	



Fig 2.Oviposition behaviour of sugarcane adapted top borer strain of Trichogramma chilonis
Fecundity	1	2	3	4	5	28.5	18.600000000000001	15.2	9.5	6.8	Development Period (days)	1	2	3	4	5	8.4	8.6	8.3000000000000007	8.5	8.4	Adults Emergence (%)	1	2	3	4	5	88.19	86.99	86.43	86.54	85.47	Female emergence (%)	1	2	3	4	5	81.31	77.745999999999995	73.963999999999999	71.647000000000006	66.620999999999995	






