
Bulletin of Insectology 76 (1): 1-7, 2023 
ISSN 1721-8861       eISSN 2283-0332 

Field efficacy of Trichogramma chilonis reared on different 
factitious hosts for the management of sugarcane stem borers 

Yadavalli LALITHA1, Omprakash NAVIK1, Richa VARSHNEY1, Veeranna Nagappa PATEL2, 
Chandish Ramakrishna BALLAL1 
1ICAR-National Bureau of Agricultural Insect Resources, Hebbal, Bengaluru, Karnataka, India 
2Zonal Agricultural Research Station, Mandya, Karnataka, India 

Abstract 

The egg parasitoid, Trichogramma chilonis Ishii (Hymenoptera Trichogrammatidae), is an important biocontrol agent of lepidop-

teran pests and is generally mass-reared on the eggs of Corcyra cephalonica (Stainton) (Lepidoptera Pyralidae). In this study, eggs 

from two factitious hosts, eri silkworm (ESW), Samia cynthia ricini Drury (Lepidoptera Saturniidae), and C. cephalonica, were 

used for mass rearing T. chilonis. The field efficacy of T. chilonis reared from the two different hosts was evaluated against sugar-

cane borers, Chilo infuscatellus Snellen (Lepidoptera Crambidae) and Chilo sacchariphagus indicus (Kapur) (Lepidoptera Crambi-

dae). Weekly releases of T. chilonis reared from ESW and C. cephalonica eggs showed a similar parasitism rate and were effective 

in reducing crop damage by both sugarcane borers. We found no significant difference between the parasitism levels by T. chilonis 

reared from ESW (10.53%) and C. cephalonica (7.81%). A higher percentage of millable canes was obtained when parasitoids from 

either kind of eggs were released in a field compared to no release of parasitoids. There was no significant difference in the per-

centage of millable canes obtained from the fields with T. chilonis reared from ESW (77.99%) or C. cephalonica (70.23%). Pro-

ducing T. chilonis from ESW eggs reduced rearing costs by 50% compared to using C. cephalonica eggs. Consequently, the pro-

duction of T. chilonis using large-sized ESW eggs is more suitable for on-farm production and C. cephalonica could be used for 

commercial insectaries or research institutes. 
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Introduction 

Sugarcane, Saccharum officinarum L., is an important in-

dustrial crop cultivated in more than 90 countries of trop-

ical and subtropical regions for sugar and ethanol produc-

tion (Chinnadurai, 2017; FAO, 2020). India is the sec-

ond-largest producer of sugarcane in the world and the 

crop is cultivated in over 4.73 million hectares with a pro-

duction of 376.91 million tons and productivity of 79.60 

t/ha (FAO, 2020). In India, insect pests are a serious con-

straint in sugarcane production (Sharma et al., 2017). 

Worldwide, over 1500 insect pest species attack sugar-

cane (Long and Hensley, 1972) and 220 species in India 

(David et al., 1986) are known to attack various growth 

stages of sugarcane (Avasthy and Tiwari, 1986; Mahesh 

et al., 2016). Of these, sugarcane stem borers are of major 

concern as they reduce the crop yield, besides affecting 

the quality of juice/sugar recovery in the sugar factories 

(Easwaramoorthy, 1983). The sugarcane early stem 

borer, Chilo infuscatellus Snellen and the internode 

borer, Chilo sacchariphagus indicus (Kapur) (Lepidop-

tera Crambidae), are the key pests that cause serious dam-

age from the early stages until the harvest of sugarcane 

(Easwaramoorthy and Nandagopal, 1986; Sharma et al., 

2020). Damage by C. infuscatellus causes losses of 22-

33% and C. sacchariphagus indicus 10-35% from inter-

node formation to harvest (Yalawar et al., 2010). 

Chemical insecticides usually are not effective against 

the stem borers, C. infuscatellus and C. sacchariphagus 

indicus, owing to their internal tissue feeding habit and 

the plant canopy structure that densely covers the field 

(Ananthanarayana and David, 1986; Mahesh et al., 

2016). In addition, chemical control drastically affects 

non-target organisms and poses detrimental effects to the 

environment and humans (Crowder et al., 2010). Biolog-

ical control is the alternative pest management option that 

offers sustainable sugarcane production by minimizing 

the infestation levels of sugarcane borers (Srikanth et al., 

2016). Amongst various biocontrol agents, egg parasi-

toids of the genus Trichogramma have been widely used 

in the biological control of lepidopteran pests in agricul-

ture and forestry (Smith, 1996; Zang et al., 2021) and 

successful control of the pests in the field has been re-

ported in several countries (Xu et al., 2020). Augmenta-

tive releases of Trichogramma spp. are made to suppress 

infestations by stem borers. The ease of rearing 

Trichogramma spp. on factitious hosts and their short 

generation time make mass production a feasible and af-

fordable technology compared to producing other parasi-

toids (Nagaraja, 2013). 

Mass rearing of parasitoids is crucial to produce in mil-

lions for field releases and this process involves the pro-

duction of various factitious hosts which either reared on 

artificial diets or natural diets (Parra and Coelho, 2022). 

Therefore, selection of the most suitable factitious host 

for the production of high-quality Trichogramma spp. is 

an essential prerequisite to establishing an effective 

mass-rearing process (Iqbal et al., 2020). Eggs of many 

factitious hosts have been used for rearing various 

Trichogramma spp. including, Sitotroga cerealella 

(Olivier) (Lepidoptera Gelechiidae), Antheraea pernyi 

(Guerin-Meneville) (Lepidoptera Saturniidae), Corcyra 

cephalonica (Stainton) (Lepidoptera Pyralidae), and eri 

silkworm (ESW) Samia cynthia ricini Drury (Lepidop-

tera Saturniidae) (Greenberg et al., 1998). However, for 

cost-effective production of Trichogramma, an efficient 
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alternative factitious host is needed to produce a large 

number of parasitoid in shorter period for field releases. 

Nevertheless, in India, Trichogramma chilonis Ishii (Hy-

menoptera Trichogrammatidae) is generally mass-reared 

on small-sized eggs of the factitious hosts, C. cephalo-

nica and S. cerealella. The small eggs of C. cephalonica 

support only one parasitoid per egg which makes produc-

tion expensive. Additionally, long-term storage (more 

than 2-3 weeks) of C. cephalonica eggs at low tempera-

tures can decrease their suitability for mass rearing T. chi-

lonis (Huang et al., 2013; Xu et al., 2020). Conversely, 

the large eggs of ESW are considered suitable factitious 

hosts for mass rearing Trichogramma spp. with practical 

benefits, such as a high reproduction rate with 20-60 

adults per egg (Lalitha et al., 2010; Wang et al., 2014). 

Further, the large ESW eggs are convenient to handle and 

amenable to long-term storage and transportation, thus 

reducing the production costs compared to smaller eggs 

(Wang et al., 2014). Furthermore, the ESW eggs were 

suitable for mass rearing Trichogramma dendrolimi 

Mastumura and Trichogramma ostriniae (Peng et Chen) 

and releases of these parasitoids in corn resulted in con-

trol of the Asian corn borer Ostrinia furnacalis (Guenee) 

(Lepidoptera Crambidae) in China (Shen et al., 1986; 

Wang et al., 2014). 

The biological attributes of Trichogramma spp. reared 

on suitable factitious hosts are essential for their success-

ful field performance (Greenberg, 1991; van Lenteren et 

al., 2003; Nagaraja, 2013). An earlier study on the bio-

logical attributes of T. chilonis reared on ESW or         

C. cephalonica eggs indicated that the former was a sig-

nificantly superior host (Lalitha et al., 2010). Therefore, 

our objective in the current study was to evaluate the field 

performance of T. chilonis reared from eggs of the two 

factitious hosts for the management of sugarcane stem 

borers. 

Materials and methods 

Sources of T. chilonis and factitious hosts 
T. chilonis (Accession No. NBAII-MP-TRI-13) was 

obtained from the Mass Production Unit, ICAR-National 

Bureau of Agricultural Insect Resources (NBAIR), Ben-

galuru, Karnataka, India. The parasitoid colony had been 

maintained using eggs of the rice moth, C. cephalonica, 

under controlled laboratory conditions of 27 ± 2 °C and 

65 ± 5% RH with a 14:10 L:D photoperiod. The initial 

culture of C. cephalonica was obtained from the Mass 

Production Unit, ICAR-NBAIR, Bengaluru, as a facti-

tious host for rearing T. chilonis. The ESW cocoons for 

mass rearing T. chilonis were collected from the Depart-

ment of Sericulture, Bangalore University, Bengaluru, 

Karnataka, India. 

Mass rearing of S. cynthia ricini and C. cephalonica 
The ESW cocoons were kept in a 30 × 30 × 30 cm in-

sect rearing cage lined internally with black long cloth 

for adult emergence. The adults were allowed to emerge 

and mate in the cage. Female ESW laid an average of 300 

eggs with 85% hatch. Freshly laid eggs oviposited on the 

cloth were dislodged, washed with distilled water, air-

dried, and kept for hatching under controlled environ-

mental conditions at 27 ± 2 °C and 65 ± 5% RH with a 

14:10 L:D photoperiod. The larvae were reared in a tray 

(Excel small, rectangular multipurpose organizing and 

storage plastic trays) on a natural diet of fresh and clean 

castor leaves provided three times per day until they pu-

pated. Rearing trays were cleaned daily. About 40% of 

the larvae produced female moths. As in the previous 

generation, cleaned cocoons were placed in an insect 

rearing cage for adult emergence. The eggs for mass rear-

ing T. chilonis were stored at 9 °C in a refrigerator for 12 

days before being used. A total of 42-50 days was re-

quired to obtain ESW eggs for rearing the egg parasitoids 

(Lalitha et al., 2010). 

The rice moth larvae were reared on a broken sorghum-

based diet (Lalitha and Ballal, 2015). The artificial diet 

contained 2.5 kg of broken sorghum, 75 g of coarsely 

powdered groundnut seeds, 5 g of yeast, and 75 mg of 

streptomycin sulphate. Approximately 4000 C. cephalo-

nica eggs (0.25 cc) were sprinkled on the thoroughly 

mixed diet and kept in 45 cm long, 30 cm wide, and 

20 cm high boxes made with 12 mm thick fine quality 

plywood. Six circular 2.5 cm diameter holes were cut 

through the lid of each box and covered both sides with 

brass mesh (150 μm pore size). The C. cephalonica rear-

ing boxes were placed in an iron rack until moths 

emerged. Each rearing box produced 6 to 14 cc (average 

12 cc) of moths (Lalitha and Ballal, 2015) with 50-85% 

emergence, depending on the season. Moths were col-

lected using a semi-mechanized device made from a vac-

uum cleaner attached to a plastic cylinder and transferred 

directly into oviposition cages. The moths were fed 

honey diluted 50% with water plus vitamin E (Evion® 

400 mg; 2 capsules/litre of 50% diluted honey) in a cotton 

swab. The loose eggs were collected from the oviposition 

cages, cleaned, and used for parasitoid rearing. The 

C. cephalonica females each produced 300-350 eggs, de-

velopment from egg to adult took 40-45 days, and the 

moths emerged from larval rearing boxes up to 120-125 

days from the day of sprinkling eggs on the diet. 

Rearing T. chilonis on factitious hosts 
T. chilonis was reared on UV-irradiated C. cephalonica 

eggs (15w UV light for one hour) and uniformly glued on to 

the surface of 17.5 × 11 cm paper tricho-cards (12 × 8 cm 

of eggs). These egg cards were exposed to female T. chi-

lonis in transparent, 2 mil thick (~ 0.05 mm), 40 × 30 cm 

polyethylene bags at 30 eggs per female until the adults 

died. Adult parasitoids were fed fine streaks of honey di-

luted 50% with water (Jalali et al., 2003). To rear T. chilo-

nis, ESW eggs were stored at 9 °C for 12 days, treated with 

potassium hydroxide (0.1%) for one minute, and air-dried. 

Initially, for 12 generations of small-scale rearing, treated 

ESW eggs were glued on to 3 × 2 cm paper cards and ex-

posed for parasitism in a ratio of one female per egg in a 

55 ml glass tube (15 × 2.5 cm). Subsequently, to mass rear 

T. chilonis ESW, host eggs were glued on to 17.5 × 11 cm 

paper cards in a 12 × 8 cm area. These paper cards with 

ESW eggs were exposed to T. chilonis females in transpar-

ent, 2 mil thick (~ 0.05 mm), 40 × 30 cm polyethylene bags 

at 3 females per egg. The opening of each bag was fastened 

with a rubber band. The females were provided with fine 
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streaks of honey diluted 50% with water as food. These 

cards were maintained at 27 ± 2 °C and 65 ± 5% RH with 

a 14:10 L:D photoperiod for eight days before being used. 

The cards with ESW or C. cephalonica eggs parasitized by 

T. chilonis were used for field releases. 

Field site and parasitoid releases 
A field trial was conducted for three consecutive years 

in irrigated sugarcane fields in Madla, Mandya district of 

Karnataka, India (12°35'57"N 76°48'42"E). The sugar-

cane cultivar CO 62175 was planted in three fields each 

with an area of 4000 m2. The sugarcane setts were planted 

in red loamy soil with a spacing of 90 × 30 cm following 

the ridges and furrow method (Shukla et al., 2017). A 

recommended application of fertilizer (300:100:200 

NPK kg ha−1) was made and weeds were managed as re-

quired. These sugarcane fields were separated by a mini-

mum distance of 500 m and the space between them was 

occupied by other field crops, such as sugarcane and rice. 

The experiment was conducted in a randomized com-

plete block design with three treatments: T1) release of 

T. chilonis reared on ESW eggs; T2) release of T. chilonis 

reared on C. cephalonica eggs, and T3) no release of par-

asitoids. Each field was divided into five equal blocks as 

replicates. Weekly releases of T. chilonis were initiated 30 

days after the sugarcane was planted. A total of approxi-

mately 20,000 adults of T. chilonis reared on eggs of ei-

ther ESW or C. cephalonica were released at 20 points 

(4 points/ block) in separate fields. Before release, the egg 

cards of ESW and C. cephalonica parasitised by T. chilo-

nis were cut into 20 pieces (4 × 1.5 cm) to uniformly re-

lease the parasitoids. Parasitized eggs of ESW and        

C. cephalonica (100 eggs/host) were checked for parasi-

toid emergence to estimate the number of T. chilonis 

adults that emerged from the parasitized eggs prior to re-

lease. From each parasitized ESW egg, 7-34 adult T. chi-

lonis emerged (20.01 ± 2.55 egg) and 1-3 adults emerged 

from the eggs of C. cephalonica (1.07 ± 0.11 adults/ egg). 

For the release, one piece of an egg card of the tricho-card 

was stapled to the lower surface of a leaf at four equally 

distributed locations in each block. The T. chilonis adults 

emerged from ESW parasitized eggs on the 20 pieces of 

egg cards were (200 parasitized eggs/ card × 20 parasi-

toids/egg = 4,000 parasitoids × 5 block = 20,000 parasi-

toids). The T. chilonis adults from C. cephalonica parasi-

tized eggs were released at each of 20 equally distributed 

points in a separate field (1000 parasitized eggs/card × 4 

cards/block × one parasitoid/egg = 4000 parasitoids × 5 

blocks = 20,000 parasitoids). A total of twelve releases 

were made at weekly intervals. During the field trial, no 

insecticides were sprayed in the treatment or control plots. 

Pest incidence, field parasitism and sugarcane injury 
The incidence of C. infuscatellus indicated as percent 

dead hearts was recorded from 20 randomly selected 

canes from each block at fortnightly intervals commenc-

ing from 15 to 75 days after initiating the first release (45 

to 105 days after planting). C. sacchariphagus indicus in-

cidence, intensity and infestation index were assessed af-

ter discontinuing the parasitoid releases. The pest inci-

dence was assessed by counting the infested canes in 

each clump at 20 spots in each block for each treatment. 

Twenty canes in each block were randomly selected for 

destructive sampling to record the pest incidence and in-

tensity based on exit holes made by pests in each treat-

ment, and the infestation index was calculated using the 

following formulae (Geetha et al., 2009): 

Pest incidence (%) =  
(Number of injured canes) 

× 100 
(Total number of canes observed) 

Pest intensity (%) = 
(Number of injured internodes) 

× 100 
(Total number of internodes observed) 

Infestation index = 
(Percent pest incidence) × (Percent intensity) 

100 

For assessing field parasitism by T. chilonis, sentinel 

cards (4 × 1.5 cm) holding approximately 100 unparasi-

tised eggs of C. cephalonica were used both in the release 

and untreated control fields. These sentinel cards were 

stapled onto the lower surface of sugarcane leaves at six 

spots in the treatment and control plots after parasitoid 

releases. The sentinel cards were collected just prior to 

the next release and carried to the laboratory. These cards 

were kept individually in glass vials (15 × 2.5 cm) and 

held at 27 ± 2 °C and 65 ± 5% RH with a 14:10 L:D pho-

toperiod for adult parasitoid emergence. The T. chilonis 

emergence rates were calculated for sentinel C. cephalo-

nica eggs recovered from the treated and untreated control 

fields. All of the parasitoids that emerged from the C. ceph-

alonica eggs in both the treated and control fields also were 

identified. In addition, the percentage of millable canes 

from each field was estimated at the time of harvest. 

Statistical analysis 
Statistical analysis was carried out using SAS Analytics 

software (SAS Institute, 2011). The data on sugarcane 

borer incidence, pest intensity, and field parasitism by   

T. chilonis were subjected to arcsine transformation be-

fore analysis. The transformed data were analysed by 

two-way ANOVA using PROC GLM, and means ± SE 

were presented. The difference between treatments was 

compared when ANOVA was significant using Tukey’s 

post hoc significance test at a significance level of 5%. 

Results 

Field efficacy of T. chilonis reared from different hosts 
There was no significant difference in the percent para-

sitism of C. cephalonica eggs on sentinel cards by T. chi-

lonis reared from eggs of ESW or C. cephalonica 

(F = 65.13; df = 2, 171; p < 0.0001) (figure 1). The mean 

parasitism by T. chilonis reared from ESW and C. ceph-

alonica eggs was 10.53 ± 1.52% and 7.81 ± 0.77%, re-

spectively. The parasitism of ESW- reared T. chilonis 

varied from 8.08 to 13.72%, while the parasitism of        

T. chilonis reared on C. cephalonica eggs varied from 

6.64 to 9.39%. The parasitism of T. chilonis reared from 

different host eggs was significantly different between 

the years (F = 3.36; df = 2, 171; p = 0.0372) and the 

higher parasitism was recorded during second year by 

T. chilonis reared from eggs of ESW (13.73%) and 

C. cephalonica (9.39%). The interaction between treat-

ments and years had no-significant effect on the parasit-

ism of T. chilonis (F = 0.47; df = 4, 171; p = 0.756). 
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Figure 1. Mean (± SE) percent parasitism of C. cephalo-

nica eggs on sentinel cards by T. chilonis in sugarcane. 

Control = no releases of T. chilonis; ESW- T. chilonis = 

releases of T. chilonis reared on ESW eggs; Cc- T. chilonis 

= releases of T. chilonis reared on C. cephalonica eggs. 

Figure 2. Mean (± SE) percentage of dead heart caused 

by C. infuscatellus in different treatments. Control = no 

releases of T. chilonis; ESW- T. chilonis = releases of 

T. chilonis reared on ESW eggs; Cc- T. chilonis = re-

leases of T. chilonis reared on C. cephalonica eggs. 

Effect of T. chilonis releases on pest damage incidence 
Significantly lower cane damage by C. infuscatellus 

was recorded in the fields where T. chilonis reared from 

the eggs of ESW and C. cephalonica were released 

(F = 26.73; df = 2, 216; p < 0.0001) (figure 2). The para-

sitoids reared from ESW and C. cephalonica were equally 

effective in reducing the incidence of dead heart caused 

by C. infuscatellus. Similarly, a significantly lower num-

ber of injured canes (F = 16.40; df = 2, 81; p < 0.0001), 

injured internodes (F = 18.71; df = 2, 81; p < 0.0001) and 

infestation index (F = 9.47; df = 2, 81; p = 0.0002) were 

recorded for C. sacchariphagus indicus in the fields 

where releases were made with T. chilonis reared from the 

two different host eggs. T. chilonis reared from different 

host eggs showed similar efficacy in reducing the damage 

caused by C. sacchariphagus indicus in sugarcane (figure 

3). A significantly lower incidence of cane injury, per-

centage of injured internodes and infestation index were 

recorded for sugarcane during the second year compared 

to the first and third years (table 1). 

Figure 3. Mean (± SE) injured canes (%), injured inter-

nodes (%) and infestation index of C. sacchariphagus 

indicus in different treatments. Control = no releases of 

Trichogramma; ESW- T. chilonis = releases of T. chi-

lonis reared on ESW; Cc- T. chilonis = releases of 

T. chilonis reared on C. cephalonica eggs. 

Table 1. Mean (± SE) percentage of injured canes and internodes, and the infestation index of C. sacchariphagus 

indicus in sugarcane fields following releases of T. chilonis reared from two different hosts. 

Treatment 

Year 1 Year 2 Year 3 

Injured 

canes 

(%) 

Injured 

internodes 

(%) 

Infestation 

index 

Injured 

canes 

(%) 

Injured 

internodes 

(%) 

Infestation 

index 

Injured 

canes 

(%) 

Injured 

internodes 

(%) 

Infestation 

index 

ESW- T. 
chilonis 

66.00 ± 7.33 a 5.18 ± 0.75 a 3.91 ± 0.93 a 20.00 ± 7.30 a 1.23 ± 0.56 a 0.60 ± 0.36 a 72.00 ± 9.98 a 7.90 ± 1.93 a 7.24 ± 2.04 a 

Cc- T. chilonis 68.00 ± 6.80 a 7.70 ± 1.81 ab 6.14 ± 2.07 ab 20.00 ± 7.30 a 1.12 ± 0.48 a 0.54 ± 0.29 a 76.00 ± 4.99 a 9.76 ± 1.08 a 7.80 ± 1.26 a 

Control 92.00 ± 3.27 b 10.60 ± 0.91 b 9.58 ± 0.67 b 76.00 ± 6.53 b 7.50 ± 1.14 b 6.54 ± 1.05 b 84.00 ± 4.99 a 10.98 ± 1.60 a 9.40 ± 1.78 a 

df 2, 27 2, 27 2, 27 2, 27 2, 27 2, 27 2, 27 2, 27 2, 27 

F 5.01 5.85 6.00 16.91 20.21 25.27 0.50 1.63 0.96 

p 0.01 0.007 0.007 <0.0001 <0.0001 <0.0001 0.61 0.21 0.39 

Different letters indicate significant difference between the different treatments using Tukey's test (P < 0.05). 
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Millable canes and cost benefit analysis 
The percentage of millable canes was significantly dif-

ferent between the treated and untreated fields (F = 8.94; 

df = 2, 81; p = 0.0003). However, there was no significant 

difference in the percentage of millable canes obtained 

from the fields where releases were made of T. chilonis 

reared on host eggs of ESW or C. cephalonica (figure 4). 

No significant difference was recorded in the percentage 

of millable canes between the three years of field trials 

(F = 2.14; df = 2, 81; p = 0.112). The interaction between 

treatments and years also had no significant effect on the 

percentage of millable canes (F = 0.40; df = 4, 81; 

p = 0.807). The cost of T. chilonis reared from ESW eggs 

was lower than for the regular laboratory host, C. cepha-

lonica, used in parasitoid production. The total produc-

tion cost of 20,000 parasitoids was reduced by over 50% 

when T. chilonis was mass-reared on ESW eggs (table 2). 

Discussion 

Trichogramma spp. are important biocontrol agents for 

the management of various lepidopteran pests, utilised 

through augmentative biological control or as a compo-

nent of supporting Integrated Pest Management (IPM) 

programmes (Smith, 1996; Parra and Coelho, 2022). The 

success of these egg parasitoids is linked to selection of 

suitable factitious host eggs and their large scale rearing 

to produce millions of parasitoids (Nagaraja, 2013; Parra, 

and Coelho, 2022). In this study, we have used S. cynthia 

ricini and C. cephalonica eggs as factitious hosts in the 

mass rearing of T. chilonis. The ESW was easily reared 

on castor leaves and the large-sized eggs supported the 

development of an average of 20 parasitoids per egg, 

while the eggs of C. cephalonica reared on an artificial 

diet sustained the development of 1 to 3 parasitoids per 

egg. Greenberg et al. (1998) reported that ESW eggs sup-

port the development of an average of 25 Trichogramma 

spp. adults per egg with the emergence of 27-60 parasi-

toids per egg. However, most commercial insectaries in 

India mass produce Trichogramma spp. on C. cephalo-

nica eggs because of the availability of a standardized 

rearing system and artificial diet (Lalitha et al., 2010; Na-

garaja, 2013). The mass rearing facilities require a fully 

equipped laboratory with scientific knowledge available 

and a moderate infrastructure (Wang et al., 2014). The 

simple rearing protocols developed for producing ESW 

eggs (Lalitha et al., 2010) requires only a laboratory with 

minimum mass rearing inputs. Therefore, ease of rearing 

and the large ESW eggs produced more T. chilonis para-

sitoids in less time and at a lower cost in comparison to 

Figure 4. Mean (± SE) percentage of millable canes ob-

tained from sugarcane fields that received T. chilonis 

reared from two different host eggs. Control = no re-

leases of T. chilonis; ESW- T. chilonis = releases of T. 

chilonis reared on ESW eggs; Cc- T. chilonis = releases 

of T. chilonis reared on C. cephalonica eggs. 

C. cephalonica. Furthermore, use of the ESW is advanta-

geous because the eggs can be stored for a longer period 

and remain viable for producing T. chilonis. Wang et al. 

(2014) reported that the use of ice for quick freezing 

ESW eggs helps to store them for 6 months and they re-

main viable for production of Trichogramma. The 

Trichogramma parasitized eggs can be stored at 3-5 °C 

for 50 days. 

In the current study, we evaluated the performance of  

T. chilonis reared from eggs of the ESW and compared 

with the performance of parasitoids reared from C. ceph-

alonica eggs. The effectiveness of Trichogramma spp. is 

dependent on their establishment in the field and parasit-

ism of target host eggs (Du et al., 2018; Sharma et al., 

2020). Sentinel egg cards are placed in the field to assess 

the prevailing populations of released parasitoids (Sharma 

et al., 2020). In our study, the presence of parasitized eggs 

on sentinel cards placed in sugarcane fields verified the 

presence of significant populations of the released parasi-

toids reared from both factitious hosts. We found no sig-

nificant difference in the parasitism of T. chilonis obtained 

from either of the factitious hosts. The parasitism of 

T. chilonis on unparasitized sentinel C. cephalonica eggs 

has been reported in several studies, with recovery rang-

ing from 1.86 to 66.48% in sugarcane (Thirumurugan et 

Table 2. Production cost of T. chilonis reared from host eggs of ESW and C. cephalonica (Cc). 

Species 
Diet & host 

eggs cost ($) 1 

Parasitoid rearing 

cost ($) 

Total cost 

($) 

Total parasitoids/ 

tricho-card (No.) 2 

Cost/20,000 

parasitoids ($) 

ESW-T. chilonis 0.29 0.19 0.48 64,000 0.15 

Cc-T. chilonis 0.27 0.07 0.34 20,000 0.34 
(1) Cost of castor leaves and cost of nucleus egg culture of ESW; (2) Parasitoids emerged from one tricho-card (ESW 

eggs/ tricho-card = 3200; C. cephalonica eggs/ tricho-card = 20000); Tricho-card size: 17.5 × 11 cm; surface area 

used for host eggs on cards 12 × 8 cm. 
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al., 2006; Geetha et al., 2009; Sharma et al., 2020). Fur-

thermore, the field releases of T. chilonis reared from 

both factitious hosts significantly reduced the percentage 

of dead heart incidence by C. infuscatellus and canes and 

internodes by C. sacchariphagus indicus. We recorded a 

relatively low infestation of C. sacchariphagus indicus 

during the second year due to the higher parasitism by   

T. chilonis to the target pest. This shows that the T. chi-

lonis reared from ESW eggs are effective in parasitizing 

the host eggs and reducing crop damage. Earlier studies 

also suggested the suitability of ESW eggs for mass rear-

ing T. dendrolimi and T. ostriniae (Wang et al., 2014), 

and the releases of these parasitoids were effective in 

controlling Asian corn borer, O. furnacalis, on corn in 

China (Feng et al., 1977; Shen et al., 1986; Wang et al., 

2014). Further, multiple releases of T. chilonis reared 

from the routine host, C. cephalonica, were also effective 

in reducing the crop damage by stem borers of sugarcane 

in different parts of India (Thirumurugan et al., 2006; 

Geetha et al., 2009; Sharma et al., 2020), and these para-

sitoids were mass-reared and released by following 

standardized production and release methods (Nagaraja, 

2013; Lalitha and Ballal, 2015). 

The weekly releases of T. chilonis reared from eggs of 

either host produced a higher percentage of millable 

canes than in the non-released field. We found no signif-

icant difference in the percentage of millable canes ob-

tained from fields that received parasitoids reared from 

ESW or C. cephalonica eggs. The higher percentage of 

millable canes obtained in the parasitoid released field 

was due to the higher parasitism of target pest eggs by   

T. chilonis. Similar results were reported on improved 

cane yield following inundative releases of T. chilonis 

against borer pests of sugarcane (Rachappa and Naik, 

2000; Geetha et al., 2009; Geetha and Balakrishnan, 

2010; Visalakshi et al., 2016; Prabakaran et al., 2020). In 

this study, the increase in millable canes obtained in the 

field where parasitoids reared on ESW eggs were re-

leased showed the potential of mass rearing T. chilonis 

on large host eggs at the farm-level, as the ESW eggs are 

a by-product of silk production. Therefore, the farm-level 

production of T. chilonis on ESW eggs may be encour-

aged to produce a large number of parasitoids in less time 

and at a lower production cost to obtain sustainable cane 

yield. Augmentative releases of T. chilonis in sugarcane, 

rather than applying insecticides, can maintain stem bor-

ers below the action threshold and conserve natural en-

emy biodiversity (Snyder, 2019). 

Conclusions 

This study demonstrates the utilization and suitability of 

ESW eggs as a factitious host for mass rearing T. chilonis 

for the management of sugarcane borers. The large-sized 

eggs are a by-product of silk production and can be uti-

lized to produce more parasitoids in less time with mini-

mum inputs and lower production costs than on C. ceph-

alonica eggs. T. chilonis reared from ESW were efficient 

in parasitizing the target pest and reducing crop damage 

with an improved millable cane yield, and were compa-

rable to the parasitoids reared from the laboratory host, 

C. cephalonica. This suggests the suitability of ESW 

eggs for farm level production of T. chilonis, and the 

C. cephalonica eggs are more viable for the production 

of parasitoids at commercial insectaries or institutions. 

Future research should focus on large-scale production of 

parasitoids on ESW eggs and their validation as biocon-

trol agents to support Integrated Pest Management to re-

duce the crop damage. 
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