



Influences of different nutrients on the biological attributes of Trichogramma chilonis (Trichogrammatidae: Hymenoptera)
Abstract: Trichogramma chilonis (Trichogrammatidae: Hymenoptera), an important egg parasitoid used in biological control programs. The development period of T. chilonis was observed as lowest (9.26 -9.45 days) in vitamin C, honey- water, top and internode borer solutions and honey-water +Corcyra eggs solutions as compared to sugar solution (9.74 days).There was no detrimental effect of nutrition on development period observed in various nutrient regimes. The longevity of T. chilonis varied from 1.8 to 5.30 days. The nutrient like Vit C, INB egg solution, honey-water+Corcyra eggs solution have detrimental effects on longevity whereas top borer eggs solution supported to increase longevity of T.chilonis. The fecundity was maximum (76.30) in fed with top borer egg solutions as compared to other nutrients (29.20-47.10). The availability of INB egg solution, honey-water solution and Vit C solutions as a food source yielded maximum adult progeny (96.33-97.70%) and significantly lowest in top borer egg solution and unfed. The female progeny was observed maximum (92.80%) in INB eggs solution. The lowest female emergence (10.50%) was recorded in top borer egg solution, which is detrimental for female ratios. The nutrients i.e., solutions of honey water, sugar vit c, honey water+Corcyra and INB eggs could be the optimal food source in providing an adequate amount of nutrition required by T. chilonis in its reproduction activity. Top borer egg may have been a feeding deterrent or even toxic to T. chilonis solution was not suitable as food source for mass multiplication.

Keywords: Parasitoids, Biological attributes, Nutrition, Trichogramma chilonis 
Introduction
Parasitoids are important organisms in both natural and human-modified environments. In field, they form important components of ecological food webs, and in agriculture they can be used as biological control agents against a number of crop pests of economic importance. Adult female parasitoids have to decide how to allocate their time, mainly dedicated to host or food foraging, to minimize energy waste (Benelli et al., 2017). Food foraging is usually mediated by the exploitation of visual and olfactory cues, which can cover innately attractive stimuli (Wackers, 1994) as well as learned ones (Giunti et al., 2015). Both play a pivotal role in minimizing costs associated with food-searching activities and on adaptation to spatial and temporal variation of food availability (Giuni et al., 2015). Because of their direct implication in biological control programmes, parasitoid host-foraging behaviour has been widely investigated, but even food-foraging behaviour has a key role for biological control since nutrition affects the parasitoid reproductive attributes (Jervis and Kidd, 1986; Tena et al., 2015). Nutrition is one of the most common influences on biological attributes of parasioid.The life span, mating ability, development period, fecundity and sex ratio of parasitoids can be affected by the quality of the adult nutrition. In the field, parasitoids can rely on different hosts and non-host nutrient resources, such as floral and extra floral nectar, hemipteran honey dew and pollen and various artificial nutrients have been used in mass rearing. The nutritive requirements of the adult depend on the extent to which development of reproductive organs continue into the adult stage as gonadal demand may differ with gonadal development and sex, requirements may differ accordingly. Of the various physiological needs of egg parasitoids, one of the most important to be satisfied is the supply of nutrients needed for the development and the growth of the larvae. Unlike the species evolving at the expense of growing stages, egg parasitoids develop in closed system, independently of external nutritional support, having an exceptional physiological dynamism and a short larval life (Mellini, 1986). They need very rich and concentrated food. Nevertheless, due to a lack of basic knowledge regarding the food sources found in beneficial insects, the selection of food sources is typically reliant on trial and error (Wackers, 2005). To determine the influence and relative importance of selected sources of nutrition like; honey water solution, sugar solution, Vit C, (Ascorbic acid), honey-water solution+ Corcyra eggs, top borer eggs solution, INB eggs solution with comparison with unfed.
Materials and Methods
Laboratory strains (LS) of T. chilonis Ishii were obtained from Bio Control Laboratory, ISRI, Lucknow. A female wasp, which had mated within 24 h after emergence, was kept singly in glass vial (70 x 30 mm). The eggs of top, internode borers and Corcyra cephalonica were crushed and diluted with distilled waters (1: 1 v/v) separately as well as, honey, and Vit C also diluted in distilled water. The female was fed on honey-water solution (1:1v/v)-T1; Sugar solution- T2; Vit C (Ascorbic acid) solution- T3; Honey-water solution+ Corcyra eggs -T4; Crushed eggs solution of top borer- T5; Crushed eggs solution of internode borer - T6 by making a fine streak on internal wall of glass vials. Unfed (T6) of T. chilonis was kept as control. Corcyra cephalonica eggs (uv treated) were glued 100 eggs on a piece of trichocard (40 x 10 mm). Each female was offered these eggs on the first day for 24h and 75 eggs on subsequent days. Before introducing a fresh card of Corcyra eggs, the previous one was taken out. Daily counts on survival females, number of eggs laid by a female (fecundity) and number of progenies emerged as female/male was observed. The experiment was conducted at 25 ± 2 0C and 60 ± 5 % relative humidity with ten replications. The data (except sex ratio) were subjected to analysis of variance (ANOVA) at 5% probability.
Results and Discussion

The development period of T. chilonis was observed (9.26 -9.45 days) in vitamin C, honey- water, top and internode borer solutions and honey-water +Corcyra eggs solutions as compared to sugar solution (9.74 days). There was no detrimental effect of nutrition on development period observed in various nutrient regimes. The development period of T. chilonis varied from 7.2 to 10.0 days in different nutrient (Kurrey, 2023). The longevity of T. chilonis varied from 1.8 to 5.30 days (Table 1 & Fig.1). Vit C, INB egg solution, honey-water+Corcyra eggs solution have detrimental effects on longevity whereas top borer eggs solution supported to increase longevity of T.chilonis. It is found that mean longevity in unfed T. chilonis to be less than 2 days at 25 0C. The availability of honey as an adult food source dramatically increases the longevity of T. chilonis at 25 0C. Saljoqi & Khattak (2007) reported that adult T. chilonis females provided with 50% honey and water lived significantly longer than unfed females or those provided with some other kind of food. Feeding has been shown to increase the longevity of Trichogramma platneri Nagarkatti (Hohmann et al., 1989). The longevity of both populations of T. maxacalii was longer when they were provided with honey than when they were not given food (Oliviera et al.,2003).In most cases, it is very important to provide food like honey because it could increase longevity (Amaya,1982).
The fecundity was observed maximum as 76.30 in fed with egg solution of top borer as compared to other nutrients (29.20 - 47.10). Nutrition is the single most important factor influencing egg production and female fecundity; the amount of resources available to the female from her own larval and adult feeding largely determines her reproductive potential (Godfray, 1994; Quicke, 1997; Thompson, 1999; Papaj, 2000; Rivero et al. 2001). Various workers found that an increase in longevity and fecundity (when it was measured) with flowers or honey as a food source, compared with water or no food (Leius, 1961; Leatemia et al., 1995; Gurr & Nicol, 2000; Johanowicz & Mitchell, 2000; Costamagna & Landis, 2004). The mean fecundity of mated females fed with honey for twenty-four hours and then allowed to oviposit for five days, was similar to unfed females (Hohmann et al., 1989). 
Parasitoid growth appeared to be regulated by the nutritional status of the host. Many adult parasitoids require nutrients in the form of nectar, pollen, or both (Leius, 1961; Van Emden, 1963; Powell, 1986; Jervis et al., 1992, 1996). Carbohydrate rich nectar provide energy, and pollen, which is often ingested with nectar, may provide nutrients for egg production in some species (Jerves et al., 1996). Sugar feeding can increase parasitoid longevity (Pielou and Glasser, 1953; Wackers, 1998, 2001; Siekmann et al., 2001) as well as fecundity (Olson & Andow, 1998: Schmale et al., 2001). Lack of suitable food sources has long been suspected to be important constraints to the success of biological control programmes (Illingworth, 1921; Hocking, 1966). Absence of nutrition causes premature death of Trichogramma wasp. Numerous studies have demonstrated the effect of food on reproductive capacity of Trichogramma (Mc Dougall & mills, 1997; Gurr & Nicol, 2000).
The availability of INB egg solution, honey-water solution and Vit C solutions as a food source yielded maximum adult progeny (96.33-97.70%) and significantly lowest in top borer egg solution and unfed (Table 1 & Fig.1). The female progeny was observed maximum (92.80%) in INB eggs solution. The lowest female emergence (10.50%) was recorded in top borer egg solution, which is detrimental for female ratios. Top borer egg may have been a feeding deterrent or even toxic to T. chilonis solution was not suitable as food source for mass multiplication. The sex-ratio of Trichogramma species can be influenced by the presence and quality of foods (Leatemia et al., 1995).Laboratory study demonstrates that parasitoids with access to sugar have greater longevity, fecundity and more female biased sex-ratios than starved parasitoids (Idris and Grafius, 1995: Dyer and Landis, 1996: Zhao et al., 1992; Stephens et al., 1998).
Table 1. Biological attributes of Trichogramma chilonis under different nutrient regimes

	Treatment 
	Development period (days)
	Longevity

(days)
	Fecundity
	Adult emergence (%)
	Female emergence (%)

	Honey water solution 
	9.31 c
	4.8 b
	47.10 b
	92.00 b
	76.30 d

	Sugar solution
	9.74 a
	4.7 b 
	42.00 c
	91.29 b
	81.10 c

	Vit C 

(Ascorbic acid)
	9.26 c
	1.8 d 
	29.70 e
	96.33 a
	89.34 b

	Honey-water solution+ Corcyra eggs
	9.45 bc
	2.5 c
	30.70 e
	96.38 a
	88.42 b

	Top borer eggs solution
	9.41 bc
	5.30 a
	76.30 a
	89.04 c
	10.50 f

	INB eggs solution
	9.30 c
	2.80 c
	29.20 e
	97.70 a
	92.80 a

	Unfed
	9.59 ab
	1.50 d
	34.38 d
	88.48 c
	58.83 e


Means followed by different letters in the same column are significantly (P< 0.05)
The quality of the nutrition (as provided to adults) influenced the development, longevity, fecundity and sex ratio of the parasitoid. Honey is well known for its high nutritional values containing amino acids, vitamins, minerals and others (Ajibola et al., 2012). Harvey et al., (2012 & 2017) showed that synovigenic parasitoid wasps species Lysibia nana and Gelis agilis that had given diluted honey produced more offspring than those given only glucose solution, suggesting non-sugar constituents in honey could enhance their reproduction.
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Host eggs solution as food for parasitoids is essential to maximize female fecundity and female ratios, but top borer eggs solution supported maximum fecundity and lowest female ratios (detrimental to female progeny emerged). However, INB solutions supported maximum female ratios but lowest fecundity and lower longevity (Table 1 & Fig.1). Adult feeding (on sugar or host) can exert strong effects on parasitoid fitness parameters, such as longevity lifetime fecundity, survival searching efficiency, overall activity and other related parameters (Jervis & Kidd, 1986, 1999 Godfray, 1994; Jervis & Copland, 1996; Copland, 1996; 1999). The provision of supplementary nutrients results in an obvious effect on the lifespan and reproduction of many insects (Harvey et al., 2012; Chau et al., 2019) and also markedly enhances the rate of parasitism of many parasitoids (Vaello et al., 2018). The reproductive strategy of males is to locate and mate with as many females as possible (Majeed et al., 2018). Male wasps usually spend more time than the females flying and fanning their wings, so providing a high energy source, such as sucrose, is likely to prolong their life span and so increase their probability of mating.
The results indicate that adult longevity is improved by honey, so as a similar effect is likely to apply under field condition where plant nectar/honey dew is available. One might except that the sex-ratio might change because the quantities of nutrients provided by the usual foodstuff no longer met the proportional quantities of nutrients required for normal nutrition and sex ratio (of surviving larvae) in the geno-and /or phenotypes produced by selection and laboratory. Fecundity and longevity are frequently used as indexes of wasp quality (Klomp and Teerink, 1967, Marston & Ertle 1973, Waage & Ng 1984). Most augmentative biological control programmes release Trichogramma as pupae within their host eggs, which are timed to emerge soon after their release in the field (Hassan, 1981, King et al., 1985, Oatman and Platner, 1985). In the absence of honey (or honey dew or nectar in the field), a wasp appears to have less chance of encountering hosts because of its reduced longevity. Thus, the absence or scarcity of a carbohydrate source in the field may explain, in past, why many of the programme failed. The extent to which an indigenous female feed on honey dew or nectar in the field is not unknown nor is it known how important such feeding is to the reproductive success of the wasp under field conditions. Feeding honey or sugar syrup  to adult Trichogramma spp. increased their longevity, vigour and fecundity in the laboratory (Ashley & Gonzales, 1974; Hohmann et al,. 1989; Greenberg, 1991; Leatemia et al., 1995). Apart from that, other factors such as type of sugar, temperatures, egg load capacity, adult maturity, adult size and others could also contribute towards the variability of progenies emergence. This is agreed by several workers when the egg load of the parasitoid was found to be correlated with diet concentrations (Bezerra et al., 2019), while temperatures also affected parasitoid emergence (Silva, et al., 2020).

Conclusion

The nutrients i.e., solutions of honey water, sugar, vit c, honey water+Corcyra and INB eggs could be the optimal food source in providing an adequate amount of nutrition required by T. chilonis in its reproduction activity. Further studies are required to ensure that other nutrients (sugar rich sources i.e., floral nectar and honey dew) available in natural field conditions that sustain their life and activity, are taken into consideration in formulating better conservation technology.
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