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Abstract

Subandi, M., Y. Setiati and N. H. Mutmainah, 2017. Suitability of Corcyra cephalonica eggs parasitized with 
Trichogramma japonicum as intermediate host against sugarcane borer Chilo auricilius. Bulg. J. Agric. Sci., 23 (5): 
779–786

Chillo auricilius is pest of sugarcane causing decrease of production. Biology control utilizing eggs parasite Trichogramma 
japonicum was studied. This study aims to determine the suitability of Corcyra cephalonica eggs which was parasitized with 
Trichogramma japonicum on stem borer (Chilo auricilius) and to determine number of eggs of the rice moth (Corcyra cepha-
lonica) which was most effective as alternative host. The experiment was conducted at laboratory of Agronomy Research 
Center of Sugarcane Plantation of Jatitujuh, West Java. Indonesia.  The experiment was arranged in a completely randomized 
design with a factor consisting of six levels (number of parasitized C. cephalonica egg: 150, 300, 450, 600, 750, 900 eggs. Each 
level was added with 100 more eggs of C. auricilius) and they were replicated thrice. Parameters were: Correlation between 
meteorological and larva emergence; parasitized eggs; larva emerged; and period of larva emergence. Correlation analysis and 
Anova were applied. The results showed that humidity were correlated with larva emergence (R² = 0.7147). The treatment P6 
resulted the highest parasitized (95.33%) and the lowest (3%). T. japonicum was effective parasitoid to control sugarcane borer, 
and C. cephalonica was suitable to be the alternative or the intermediate host to guaranty the availability and sustainability of 
host at all the time. 
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Introduction

It is said in these decades, that the negative side effects of in-
secticides application have increased usage of natural enemies 
appears to be very helpful in biological control programs Nikbin 
et al., (2014). Biological control of pest will avoid ecology con-
tamination of chemical pesticides, be more effi cient, be sustain-
able, do not initiate destruction to ecology, and be compatible to 
other methods of pest control (Laba and Kartohardjono, 1998; 
Maneerat and Suasa-ard (2015).  Chen et al. (2010) reported 
effi cacy of Trichogramma japonicum (Hymenoptera: Tricho-
grammatidae) against paddy pests, and found that T. japonicum 
could control the paddy plant borers effectively.

Trichogramma spp. is an important egg parasitoid of lep-
idopterous pests with effective to control the sugarcane stem 
borers. Ahmad et al. (2012) stated that the interest in these 
parasitoids (Trichogramma spp.) as biocontrol agent is evi-
dent because they kill the pest at the most critical stage (the 
egg) before the damage occurs (Goebel et al., 2010).  It was 
reported that release of Trichogramma spp. reduced the in-
festation level of sugar cane stem borer (Sattar et al., 2016).

It was reported that parasitism effi ciency of Trichogram-
ma spp. on the eggs C. Cephalonica was 93.86% (Begum et 
al., 2013).  Rearing Trichogrammaspp.using C. Cephalonica 
eggs as alternative host is agro-technically feasible. Poten-
tial for using cool-stored eggs for parasitization was evident. 
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This technique make possible the storing egg for long period 
of time (Singhamuni et al., 2015)

Rice moth Corcyra cephalonica is available in all sea-
sons that it can be best as the intermediate host in time the 
stem borer is abstain in the fi eld of sugarcane plantation. 
Famale of Trichogramma spp will oviposit their eggs in C. 
Cephalonica eggs as the alternative host. 

 Reported there is signifi cant infl uence of rice moth 
C.cephalonica on development on survival and reproduction 
of predatory phytoseiid mites (Buchori et al., 2010; Nasr et 
al., 2015). Fictitious host insect C.cephalonica eggs are used 
for production of several natural enemies like Trichogramma 
spp. (Jalali et al., 2007).

Intermediate or fi ctitious host for Trichogramma spp. 
must be available at all the time because as stated by Bu-
chori et al. (2010) that larva phase of parasitoid will only 
well develop on host of a certain phase (egg phase). If female 
parasitoid is to oviposit its eggs but at that time there is no 
host of the right phase, parasitoid will not be effective.

The intermediate host must be reared in well manner to 
keep it available at all the time it is needed. Generally, small 
animal as insect and moth are susceptible to the prevailing 
environmental condition as the meteorological elements 
(temperature and humidity). Sugarcane planters have to keep 
in mind and take into account the atmospheric condition to 
assure the T.japonicum is active and the sugarcane plantation 
free of  the stem borer out-break (Parveen and Sultan, 2012) 
found  that Trichogramma spp respects to rearing tempera-
ture and host egg age of the angoumo is grain moth, maxi-
mum parasitism was observed 84.3% at 28°C, while mini-
mum parasitism was 39.6% at 32°C on C.cephalonica egg.  

Outside the laboratory or in the fi eld of sugar plantation 
application of C.cephalonica is susceptible to predation. Ant 
is the predator of C.cephalonica making the fi ctitious host 
unable to function properly.  To encounter this occurrence, 
Geetha (2011) recommended some methods to escape the 
application of C. cephalonica from predation of ant by plac-
ing at least 100 eggs which were pasted in individual cards 
of size 8 x 3 cm.This technique will be the consideration 
for formulating the experimentation in laboratory. Mehen-
dale and Shinde (2014) quoted other sources that the present 
investigation was manipulation for getting good quality eggs 
through enhanced nourishment of C.cephalonica larvae. 
Thus, good quality egg parasitoid, Trichogramma spp could 
be utilized through inundative release for the management of 
many lepidopterous insect pest.

  It is very important to fi nd another host to keep the parasit-
oid T.japonicum available at all the time, but the hint of diffi cult 
life and culture of T. japonicum and the intermediate host will be 
the consideration in formulation of treatment in the experiment 

to be carried out. Application of parasitoid T.japonicumspecies 
with intermediate or alternative or fi ctitious host of rice moth 
(Corcyra cephalonica) will make the control of stem borer (C. 
auricilius) more intensive and sustainable.

Materials and Methods

The study was conducted at the Laboratory of Natural 
Pest Control of the Research Centre for Agronomy Unit II of 
Jatitujuh Sugarcane Plantation, Majalengka subistrict. Its geo-
graphical coordinates are 6° 39› 0» South, 108° 13› 0» East, 
West Java Province, Indonesia, on April 2015 until June 2015.

 Considering that placing eggs of C. cephalonicainthe 
fi eld (plantation) is susceptible to predators as the experi-
ment done by (Geetha, 2011) and (Perveen and Sultan, 2012) 
setting an experiment with treatment fresh eggs of 2 hours 
old of  C. Cephalonica eggs at density more than 100.

In this laboratory experiment were tested the treatment 
levels with more than 100 eggs of C. cephalonicaand the 
multiple of it.

Host and pest materials and treatments
Materials were parasitoid Trichogramma japonicum 

and fi ctitious/intermediate host used were eggs of Corcyra 
cephalonica, pest (eggs of Chilo auricilius) a day after the 
stem borers laid their eggs.Cards of C. cephalonica eggs 
which was parasited with Trichogramma japonicum (eggs 
of aday-old after being parasitized); sugarcane plants of 5 
month-6 month-old.  By referring to experiments conducted 
by Geetha (2011) and Parveen and Sultan (2012)  the number 
of eggs as treatment were more than 100 eggs.  Experimen-
tal design used was Completely Randomized Design with 
a factor of six levels and  they were replicated thrice. The 
treatments were eggs of C. cephalonica parasitized with 
Trichogramma japonicum,and eggs of the stem borer (Chilo 
auricilius) were:

P1 = Card1 (150 eggs of Ccparasitized with Tj with 100 
eggs of C. auricilius)

P2 = Card 2 (300 eggs of Cc parasitized with Tj with 100 
eggs of C. auricilius)

P3 = Card 3 (450 eggs of Ccparasitized with Tj with 100 
eggs of C. auricilius)

P4 = Card 4(600 eggs of Ccparasitized with Tj with 100 
eggs of C. auricilius)

P5 = Card5 (750 eggs of Ccparasitized with Tj with 100 
eggs of C. auricilius)

P6 = Card 6 (900 eggs of Ccparasitized with Tj with 100 
eggs of C. auricilius).

Notes: Cc = Corcyra cephalonica;Tj = Trichogramma-
japonicum
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Observed and recorded data, and measurements 
� Common and scientifi c senses say meteorological ele-

ments affect the life of living thing as plant pests. To reveal 
this assumption and prediction, room temperature and hu-
midity were recorded twice a day at 06.00 AM and 15.00 
PM. Data of temperature and humidity were analyzed with 
correlation analysis. They were correlated with the emer-
gence of larva. 
� Percentage of Parasitized Chilo auriciliusegg (%)
The percentage was measured with counting the parasit-

ized eggs at 6 days after application. The counting formula 
as follow:

        A
P = ––– × 100% Pabbage and Tandiabang, (2011)
        B
Notes: P = Percentage of parasitized eggs; A = Number of 

parasitized eggs; B = Total number of eggs.
� Period of stem borer larva emergence
Period of stem borer larva emergence was recorded at the 

sixth day, because  at the average the eggs of the borer will 
hatch at the fi fth days after being laid/oviposited.
� Number of larva of stem borer 
Number of larva of stem borer per Ca rd were counted 

after all Trichogramma japonicum died. Counting was done 
under the objective of microscope.

Execution of Experiment
The experiment began with preparation of tested insects. 

Reproduction of population of borers (Chilo auricilius), 
reproduction the intermediate host (Corcyra cephalonica), 
replication population of parasitoid Trichogramma japoni-
cum, and inoculation of parasitoid Trichogramma japonicum 
to Chilo auricilius by mean of intermediate Corcyra cepha-
lonica eggs.

Preparing the Tested Insects, Reproduction of the Sug-
arcane Borers

Chilo auricilius was caught and collected from the sugar-
cane plantation at the larval stage. To avoid heterogeneity the 
stem borer were reared and reproduced in glass jars. Cutting 
of cane leaves were put and arranged inside the glass jars. 
The cane leaves were of the sugarcane plant of 5-7 months-
old. Young borers were kept in the glass jars to ensure the 
suffi cient number of eggs are always available.

Reproduction of Corcyra cephalonica
Reproduction of Corcyra cephalonica as intermediates 

host was conducted  6 weeks before the mass reproduction 
of T.japonicum. Life cycle of C. cephalonica around 5-7 
weeks and the cycle was affected by environment tempera-
ture and humidity.

The reproduction and rearing of C. cephalonicais as fol-
low: Rearing media of Corcyra cephalonica consists of bro-
ken rice and grounded corn. This mix of rice and corn were 
sterilized by mean of being roasted or dried in oven at 120°C 
for 20 minutes.  The medium was put into a container forms 
as the medium layer of around 3 cm-thick, and the volume 
was about 5 kg container-1.

Placing the Eggs or Larva of Corcyra cephalonica
Placing the eggs or larva of C.cephalonica in rearing 

container prepared with its feed, and population density 
is 2-3 eggs or larva cm-1. The larva will grow and devel-
op and become young wasp within six weeks. The young 
C.cephalonica was reared in the rearing container (glass 
jars). It is predicted within 2 months of culturing, there will 
be young C.cephalonica. The young rice moths reared in the 
container were translocated to other fresh  media. The eggs 
of C. Cephalonica must be collected every day to keep the 
eggs in fresh and healthy. Translocation and handling repro-
duction of eggs especially for the reproduction of T. japoni-
cum was performed by using brush. Parasitoid eggs must be 
sterilized by using ultra violet light as long as 20 minutes.

Preparing Cards
Cards of 8.5 cm x 4.5 cm.  Put the eggs on the card pasted 

the eggs on the card by making a thin layer of glue, so as the 
eggs steadily stick on the card. The cards with the eggs of C. 
cephalonica are ready for the media or place of T.japonicum 
reproduction (Figure 1).

Reproduction of Trichogramma japonicum
Trichogramma japonicum reproduction was prepared in sev-

eral ways. One way of them is: After cards are ready, take the 
parasitizing container and put the cards in it. Put into the card the 
starter parasitoid Trichogramma and the cards of eggs of Corcyra 
cephalonica with a proportion of 4 cards of starter parasitoid in-
oculated with 24  cards of sterile C. cephalonica eggs.
� Parasitizing container is covered with clothes black or 

dark in colour. This curtain (dark in colour) is to initiate the 
parasitoid to direct to lay eggs. The parasitoid is found of 
light then tie up with rubber string and put it on shelves fi le.
� Parasitizing process take place for 24 hours, and within 

3-4 days the parasitized eggs of Corcyra cephalonica colour 
will turn to blackish. When the colour changed, it means the 
parasitizing is success.

Infestation of Parasitoid Trichogramma japonicum to 
Chilo auricilius.

Parasitoid Trichogramma japonicum was infested to 
eggs of Chilo auricilius as host. Number of eggs of the bor-
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ers are 100 (one hundred). Cards are prepared measurement 
8.5 cm x 4.5 cm, card is cut and put into glass jar.  And then 
eggs of Corcyra cephalonica which were parasitized with 
Trichogramma japonicum in accordance with the treatments 
arrangement are put into the glass jar (which contain 100 
eggs of stem borers. Then put them into fl ask (the number 

Fig. 1. (A) Corcyra cephalonica eggs; 
(B) Trichogramma sp.starter

 (C) Corcyra cephalonica eggs parasitized 
with Trichogrammasp.

(D) and (E) Chilo auricilius eggs; 
(F) InfestationTrichogramma sp. on cane stem borer

Fig. 2. Meteorological during study, 
days without preparing period

Fig. 3. Correlation between humidity 
and larvae emergence 

Fig. 4. Correlation between temperature (mean) and 
larvae emergence

Fig. 5.  A. T.japonicum is ovipositing the borer eggs; 
B. Sign of borer eggs to 

emerge the Instar-1; C. parasitized eggs of cane borer; 
D. Instar-1 larva emerged

Fig. 6. Period of larva of Chilo auricilius emergence
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of each is in accordance with the treatments arrangement). 
Count the number of eggs of C. auricilius that are parasit-
ized and that are not parasitized. Count the larva of instar-1 
that emerges out of the eggs of C. auricilius, and count the 
length or duration of process of parasitizing of the eggs of C. 
auricilius. Data were analyzed with Anova and Regression 
to see their correlation and the possible predict.

Results and Discussions

Meteorological Effects
The most infl uencing meteorological elements to the 

experiment were humidity and temperature. Results are 
presented in Figures 2, 3, and 4. There was correlation be-
tween meteorological (temperature and humidity) and larva 
emergence of Chilo auricilius.Elements of meteorology in-
fl uenced the life of Trichogramma japonicum and the stem 
borer (Chilo auricilius) as well.

Cox et al. (1981) reported humidity limits for complete 
development of C.cephalonica rom egg hatch to adult emer-
gence were about 70% RH, highest survival and most rapid 
development occurred at 30°C–32.5°C and 70% RH. Devel-
opment was completed in the range 15%–80% RH, but few 
adults emerged at 15% RH and none at 90% RH unless a 
mould-inhibitor was present in the food.

Sapdi, (2008) reported that the activities of parasitoid 
Trichogramma japonicumwere higher at the temperature 
25°C–27°C, and (Bayram et al., 2004) revealed that in gen-
eral parasitoid Trichogramma japonicumprevailed best at 
temperature of 20°C–30°C. Oztemzi and Kornofi or (2007) 
reported with respect to parasitismrate, fl ood irrigation is a 
better system than sprinkler irrigation. Sprinkler irrigation 
directly increases humidity of the atmosphere. 

Djuwarno and Wikardi (1997) stated if Trichogramma ja-
ponicum get mal-nutrition or unsuitable nutrition, it will not 
develop a healthy larva and stop in pre-nymph stage. And the 
thickness of egg shell will also infl uence on the ability of new-
ly adult wash to oviposit their eggs. Indirectly this case will 
cause the mortality of pre-adult of Trichogramma japonicum.

Figures 3 and 4 show number of Chilo auricilius larva 
was strongly correlated with humidity (R2=0.7147) and less 
strong with temperature (R2=0.2489). (Sattar et al., 2016) 
stated that temperature rise more than 40°C in month of June 
and relative humidity below than 40% that direct hit on borer 
population. 

Percentage of parasitized sugarcane borer eggs
Analysis result presented in Table 1 shows analysis of 

percentage of parasitized sugarcane stem borer Chiloauri-
cilius, there was only treatment P6 different signifi cantly.

Tabel 1 show the percentage of parasitized bor-
er eggs as stated by (Rauf, 2000) that parasitism rate 
Trichogramma japonicum were 68.4% up to 94.8%, and 
the percentages were classified as high. The treatment 
P1-P6  show that the more parasitized eggs of Corcyra 
cephalonicaapplied the higher percentage of parasitized 
stem borers. The most effective and highest parasitism 
of Trichogramma japonicum is the treatment P6 with 
95.33%. It means the parasitism rate of Trichogramma 
japonicum against the stem borers Chilo auricilius eggs 
was high and affective.

The percentage level of effectiveness of Corcyra 
cephalonica was more or less the same with the levels 
reported by previous studies of Trichogramma parasitoid 
effectiveness. In this case reported application of Tricho-
gramma parasitoid could lower the stem borer infestation 
to 1.25% level (Saljogi and Walayati, 2013). Ahmad et 
al. (2012) quoted some reports that Trichogramma is an 
important egg parasitoid with effective control against of 
the sugarcane stem borers worldwide, in Canada and the 
former USSR it reduced the damage up to 70% to 92% on 
sugarcane, and in Asia, it reduced the incidence of pests in 
sugarcane by early shoot borer from 43% to 82%. While 
Goebel et al. (2011); Goebel et al. (2013) reported that 
Trichogramma released could drop the stem borers infes-
tation to minimum level of 9.8%, though it is higher than 
insecticide dropping down to level 4.6% but it is still low-
er than untreated control dropping to level of 14.4% stem 
borer infestation. Padmasri and Sudh rani (2014) reported 
the decrease of infestation of cane borers to 70.70% in 
2011, and 53.87% in 2012. 

Percentage of the Sugarcane Borers Chilo auricilius 
Larvae Emerged

There was signifi cant different in number of the borers 
(Chilo auricilius) larva emerged as presented in Table 2.

Table 1
Percent of Parasitized Sugarcane Borer Eggs (Chilo 
auricilius)
Treatments Percent of Parasitized Egg 

Chilo auricilius  (%)
P1(1 Card) 53.00 a
P2(2 Card) 64.33b
P3 (3 Card) 72.33 b
P4 (4 Card) 76.67b
P5 (5 Card) 77.67b
P6 (6 Card) 95.33 c

Note: Differences between means at P ≥ 0.05 are indicated by different letters 
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The treatment of P6 showed less number of larva 
emerged as a result of more eggs were parasitized as 
shown in Table 1 and Table 2. Percentage of larva of 
borers emergence was 3% indicated that the rice moth 
(C.cephalonica) applied was suitable and affective as in-
termediate host for T. japonicum parasitoid life in absent 
of the stem borer eggs.  

Figure 5 illustrates the dynamic of T.japonicum : ovi-
positing eggs , emergencing, Parasitizing, Eggs of Cane 
Borer. 

Number of C. cephalonica affected number of larvae 
of C. auricilius emerged was also reported by Susniahti 
and Susanto, (2005) noted that number of larvae devel-
oped in the second generation was affected by C. cepha-
lonica  eggs age.

Parasitism of parasitoid was infl uenced with the in-
teraction between parasitoid and its host. Detailed that 
the interaction depended on the egg age, process of host 
selection by parasitoid, and quality of host egg nutrition 
(Susniahti and Susanto, 2005).

Period of Chilo auricilius Larva Emergence
Egg of Chilo auricilius survived from parasitoid of 

Trichogramma are white (milky white), then turn violet 
and more transparent. After hatching the egg outer shell  
turn red in colour.  Eggs usually hatch in the morning, and 
the 2 cm long of larva emerge. The size captive of head is 
bigger than the body.  

Figure 6 shows the period of Larva of Chilo auricilius 
Emergence. The fi rst instar larva of sugarcane borers be-
gan to emerge at the sixth days till the 10th day. The big-
gest number of emergence was at the seventh days. The 
appearance of the borer larvae is shown in Annex.

Noted the number of cane borers emerged or hatched 
from eggs of Chilo auricilius is depended on the egg re-
sistances to parasitoid. Beginning from the development 

of egg to embryo, mitoses, blastulation and gastulation 
phases. Embryo developed within 72 hours. At the same 
time embryonal cells and organ are developing inside the 
egg, the parasitoid larva are also developing. They com-
pete each other in nutrition.   Physiological process of an 
egg goes so rapidly. Nutrition is utilized to supply energy 
for the metabolism of both parasitoid and the borer (Sus-
niahti and Susanto, 2005).

As it was illustrated in Figure 5 and 6 means the pe-
riod emergence of cane borers was in accordance with the 
report (Anderson and Nguyen, 2012) that the larva of C. 
auricilius emerged at the 5th or 6thdays. Sattar et al. (2016) 
explained that egg to larval development of Trichogram-
ma spp. was completed within the period of 5-7 days. 
However there were some eggs hatching later caused by 
some factors as the infl uences of parasitoid and competi-
tion between the parasitoid and the host (sugarcane bor-
ers) resulted in late emergence of larvae. Ayvasi at al. 
(2008) reported that increased parasitoid density caused 
an increase in the rate of parasitism, and increasing para-
sitoid density also caused a reduction in the rate of stem 
borer emergence.

Conclusion

The eggs of rice moth (Corcyra cephalonica) parasitized 
with Trichogramma japonicum was suitable to be the host of 
parasitoid which was proved with the affective parasitism on 
stem borers (Chilo auricilius). Treatment P6 at 900 eggs of 
Corcyra cephalonica caused the lowest emergence of stem 
borer larva (3%) and th e highest parasitized eggs (95.33%.). 
Sugarcane planters and group of farmers may keep T. japoni-
cum all the time by mean of rearing the rice moth as the inter-
mediate host in the time or period when the sugarcane plant 
is not available in the plantation (period when the cane is 
harvested). This laboratory study should be adjusted in vari-
ous environmental characteristic.  

Acknowledgements 
Our acknowledgements are to all the management and 

staff of Laboratory of Natural Pest Control of Research 
Centre for Agronomy of Majalengka of West Java. 

  
References

Ahmad, S., M. Ashfaq, M. U. Hasan and S. T. Sahi, 2012. 
Potentialof parasitoid Trichogramma chilonis (Ishii) 
(Hymenoptera:Trichogrammatidae) against the sugarcane 
steam borer, Chilo infuscatellus (Lepidoptera: Pyralidae) 
under fi eld conditions. International Journal of Biodiversity 

Table 2
Percentage of number of the stem borers larvae emerged 
(C.auricilius)
Treatments Number of C. auriciliuslarvae 

emerged (%)
P1 (1Card) 42.33 c
P2 (2 Card) 26.67 b
P3 (3 Card) 14.00b
P4 (4 Card) 7.33 a
P5 (5 Card) 5.67 a
P6(6 Card) 3.00 a

Note: Differences between means at P ≥ 0.05 are indicated by different letters



785Suitability of Corcyra Cephalonica Eggs Parasitized with Trichogramma Japonicum as Intermediate Host...

and Concervation, 4 (1): 36-38. 
Ahmad-Ur-Rahman, S. and W. K. Walayati, 2013. Manage-

ment of sugarcane stem borer Chilo infuscatellus (Snellen) 
(Lepidoptera: Pyralidae) through Trichogramma chilonis 
(Ishii) (Hymenoptera: Trichogrammatidae) and selective 
use of insecticides. Pakistan J. Zool., 45 (6):1481-1487.

Ali Özpinar, S. Uzun and S. A. Hassan, 1999. A research on 
selection of the most effective species or strains of 7 Tricho-
gramma for biological control against Ostrinia nubilalis 
Hübner. Tr. J. of Agriculture and Forestry, 23 (1):83-86.

Anderson, S. and L. T. Nguyen, 2012. Gold-fringed rice borer 
(Chilo auricilius). 
http://www.padil.gov.au (Accessed15 December 2014)

Ayvasi, A., E. Karasu, S. Karaborklu and S. Yilmaz, 2008. 
Dispersal ability and parasitization performance of egg para-
sitoid Trichogramma evanescens Westwood (Hymenoptera: 
Trichogrammatidae) in fi eld and storage conditions. Turk. J. 
Biol., 32 (2): 127-133.

Bayram, A., G. Salerno, E. Conti, E. Wajnberg, F. Bin and 
S. Kornosor, 2004. Sex allocation in Telenomus busseolae, 
a solitary parasitoid of concealed eggs: The infl uence of 
host patch size. Entomologia Experimentalis et Applicata, 
111(2):141-149.

Begum, K., , S. N. Alami, M. Z. Alam, R. U. Miah, M. I. Mian 
and M. M. Hossain, 2013. Development of an affective  
mass, rearing method for Trichogramma evanscens and T 
chilonis using two  different hosts. Bangladesh J. Entomol , 
23(1): 79-88.

Boedijono, W.A. and Soehartawan, 1974. Pembiakan massal 
penggerek batang tebu Chilo auricilius. Pertemuan Tenis 
tengah Tahun BP3GI : 1-6.

Buchori, D., P. Hidayat, Ameilin  and B. Sahari. 2010. Spe-
cies distribution of Trichogramma and Trichogrammatoidea 
Genus (Trichogrammatoidea: Hymenoptera) in Java. Dept. 
of Plant Protection, IPB J ISSAAS, 16 (1): 83-96.

Chen, H.F., S.S. Huang, Y.Z. Zhang,  X. Zeng and Z.H. Huang, 
2010. Control effi cacy of Trichogrammajaponicum against 
Chilosuppressalis and Chilaraeaauricilia. Ying Yong Sheng 
Tai Xue Bao, 21 (1):743-748.

De Robertis, E.D.P. and E.M.F. De Robertis Jr, 1980. Cell and 
Molecular Biology. Sunders College. Philadellphia, 539 p.

Djuwarso. T. and E.A. Wikardi, 1997. Perbanyakan Tricho-
gramma sp. parasitoid telur Cricula trifenestrata Helf pada 
jambu mente. Jurnal Littri, 3 (3): 78-86.

Geetha, N., 2011. Fate of the released trichocards in sugarcane 
vis-a-vis ant predation. Journal of Biological Control , 25 
(4) :270-279. 

Goebel, F.R., E.M. Achadian and P. Mcquire.  2013. The eco-
nomic impact of sugarcane moth borers in Indonesia. Proc. 
Int. Soc. Sugar Cane Technol, 28:1-8.

Goebel, F.R., E. Achadian, A. Kristini, M. Sochib and H. Adi.  
2011. Investigation of crop lossess due to moth borers in 
Indonesia. Proc. Aust. Soc. Sugarcane Technol, 33:1-9.

Goebelh, F. R., E. Roux, M. Marquier, J. Frandon, H. D. Thi 
Khanh and E.Tabone, 2010. Biocontrol of Chilo sacchar-
iphagus (Lepidoptera: Crambidae) a key pest of sugarcane: 
lesson from the past and future prospect. Sugarcane Interna-

tional , 28(3): 128-132.
Jalali, S. K. , T. Venkatesan, K. S. Murthy, J. Rajarat-

nam, Rabindra and Y. Lalitha. 2007. Vacuum packaging 
of Corcyra cephalonica (Stainton) eggs to enhance shelf life 
for parasitization by the egg parasitoid Trichogrammachilo-
nis. J. Biological Contro, l4 (1): 64-67.

Laba, W. and A. Kartohardjono, 1998. Pelestarian Parasitoid 
dan Predator dalam Pengendalian Hama Tanamanan. Jurnal 
Litbang Pertanian, XVII (4).

Maneerat, T. and W. Suasaard,  2015. Population Trends of 
Sugarcane Moth Borers and Their Larval Parasitoid , Cotesia 
fl avipes Cameron (Hymenoptera:Braconidae) in Growing 
Sugarcane Plantations. Kasetsart J. Nat. Sci. , 49(3): 403-
412.

Muzammil, S., S. S. Mehmood, M. R. Khan and S. Ahmad, 
2016. Infl uence of Egg Parasitoid Trichogramma chilonis 
Ishii on Sugarcane Stem Borer (C infuscatellus Snellen) in 
Pakistan. Pakistan J. Zool, 48 (4): 989-994.

Nasr, A.-E. K., F. M. Momen, A.-E. M. Metwally, M. Ges-
raha, A. AAbdallah and K. M. Saleh, 2015. Suitability of 
Corcyra cephalonica Eggs (Lepidoptera:Pyralide) fer the 
Development Reproduction and Survival of Four Predatory 
Mitesof the Family Phytoseiidae (Acari: Phytoseiidae). Ge-
sunde Pfl anzen, 67 (4): 175-181.

Nikbin, R., A. Sahragard and M. Hosseini, 2014. Age-specifi c 
functional response of Trichogramma brassicae (Hymenop-
tera: Trichogrammatidae) parasitizing different egg densities 
of Ephestia kuehniella (Lepidoptera: Pyralidae). J. Agr. Sci. 
Tech., 16 (1): 1205-1216.

Padmasri, M. S., 2014. Effectiveness of Trichogramma chilonis 
against Sugarcane inter node borer. IOSR Journal of Agri-
culture and Veterinary Science, 7 (1): 56-58. 

Rauf, A., 2000. Parasitism of the Rice White Stem Borer. Scir-
pophaga innotata (Walker)(Lepidoptera:Piralide) during the 
outbreak of the pest in the beginning 1990. Bul. Hama dan 
Penyakit Tumbuhan, 12 (1):1-10

Sapdi, 2008. Functional response of parasitoid Trichogramma 
pretiosum on Corcyra cephalonica egg. The effect of host 
density and temperature. Department of Crop Protection, 
Faculty of Agriculture, Syiah Kuala University of Banda 
Aceh. J. Floratek, 3 (1): 50-55 

Sattar, M., S. S. Mehmood, M. R. Khan and S. Ahmad, 2016. 
Imfl uence of eggs parasitoid Trichogramma chilonis (Ishii) 
on sugarcane stem borer (C. infuscatella Snellen) in Paki-
stan. Pakistan J. Zool, 48 (4): 989-994.

Schimdt, J.M., 1994. Host recognition and acceptance by 
Trlchogramma. In: Wajnberg and SA Hassan (Eds.). CAB 
Int., pp. 165-200.

Sevcan, Ö. and S. Kornofi or, 2007. The Effects of Different 
Irrigation Systems on the Inundative Release of Tricho-
gramma evanescens Westwood (Hymenoptera: trichogram-
matidae) against Ostrinia nubilalis Hubner (Lepidoptera: 
Pyralidae) in the Second Crop Maize. Turk. J. Agric. For., 
31 (2007) :23-30. 

Shahbaz, A., M. Ashfaq, M.-ul-Hassan and S. T. Sahi, 2012. 
Potential of parasitoid Trichogramma chilonis (Ishii) (Hy-
menoptera: Trichogrammatidae) against the sugarcane stem 



786 Muhammad Subandi; Yati Setiati; Neneng Hayatul Mutmainah

borer, Chilo infuscatellus (Lepidoptera; Pyralidae) under 
fi eld conditions.  International Journal of Biodiversity and 
Conservation, 4 (1): 36-38.

Singhamuni, S. A., K. Hemachandral and U. G. Sirisena, 
2015. Potential for mass rearing of the egg parasitoids, 
Trichogramma chilonis and T. achaeae (Hymenoptera: 
Trichogrammatidae) on corcyra cephalonica eggs. Tropical 
Agricultural Research, 27(1): 1-12.

Susniahti, N. and S. Susanto, 2005. Effect of irradiated eggs 
ages of Corcyra cephalonica (Stainton) development of 
Trichogramma japonicum (Ash) parasitoids. Agricultura, 
16: 181-187.

Tewee, M. and W. Suasaard, 2015. Population trends of sugar-
cane moth borers and their larval parasitoid, Cotesia fl avipes 
Cameron (Hymenoptera: Braconidae) in growing sugarcane 

plantations. Kasetsart J (NatSci), 49 (3): 403 - 412 .
Tinata, P.S, 2012. Viability Test of Trichogramma Spp. 

(Hymenoptera:Trichogrammatidae) at Various Levels of 
Temperature and Storage Duration at the Laboratory. Jurnal 
Online Agroekoteknologi, 1 (1):147-158

Vinson, S.B., 1994. Physiological interaction between egg para-
sitoids and their hosts. In: Wajnberg and S.A. Hassan (Eds.). 
CAB Int., pp. 201-214.

Yunus, M., Shahabuddin, D. Buchori and P. Hidayat, 2004. 
Parasitism capacity and health characteristics of Tricho-
gramma japonicum (Ashmead) in rice fi eld in Central Su-
lawesi Island. Aripin M. et.al. (Ed.) Entomology in the En-
vironment and Social Change. Proceeding of the Indonesian 
National Entomology Association (PEI), Bogor, 5 Oktober 
2004. Bogor: PEI., pp. 385-396. 

Received May, 21, 2017; accepted for printing September, 14, 2017



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




