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ABSTRACT

	 Sugarcane moth borers, Chilo infuscatellus Snellen, Chilo sacchariphagus (Bojer), Chilo 
tumidicostalis (Hampson), Scirpophaga excerptalis (Walker), and Sesamia inferens (Walker) are 
important and destructive insect pests attacking sugarcane crops in the sugarcane planting areas in central 
Thailand. In sugarcane fields, they are controlled by the endoparasitic wasp, Cotesia flavipes Cameron 
(Hymenoptera: Braconidae) which is an effective larval parasitoid of the sugarcane moth borers. In the 
present investigation, population trends of the sugarcane moth borers and C. flavipes were analyzed in 
four districts of Thailand in three successive years (2009–2011 sugarcane planting seasons). Sugarcane 
moth borers occurred throughout the studied planting locations. The population trends of the insect pests 
and their parasitoid, C. flavipes, were synchronized early in each planting season when the sugarcane 
was in the sprout emergence stage, and throughout the end of each season. The sugarcane plants gave 
rise to fluctuations reminiscent of the parasitism of the parasitoid C. flavipes, indicating the phenology 
of the plant and insect host generating mechanisms, respectively.
Keywords: population trends, sugarcane moth borers, natural enemies, Cotesia flavipes Cameron

INTRODUCTION

	 Planting technology is being applied to 
sugarcane cropping to increase yields. However, 
Thai sugarcane farmers are facing problems in 
cropping practices. One of these is insect pest 
damage which is a major burden causing yield loss; 
for example, in Thailand, during the 2007–2010 
sugarcane planting seasons, sugarcane moth 
borers caused considerable economic damage 
to the Thai sugarcane industry (Suasa-ard et al., 
2010). More than 120 species of insect pests 
have been associated with sugarcane including 
sap feeding, leaf feeding and stem borers (Suasa-

ard and Allsopp, 2000). Among these, sugarcane 
moth borers are considered to be the dominant 
insect pests both in damage level and distribution. 
They belong to five species—four are in the 
family Crambidae: Chilo infuscatellus Snellen, 
C. sacchariphagus (Bojer), C. tumidicostalis 
(Hampson), Scirpophaga excerptalis (Walker); 
and one is in the family Noctuidae: Sesamia 
inferens (Walker) (Lewanich, 1975; Suasa-
ard, 1982; Suasa-ard, 2000; Suasa-ard, 2010). 
Generally sugarcane insect pests present in 
different phenological cycles of sugarcane 
(Suasa-ard et al., 2009; Cheavegatti-Gianotto et 
al., 2011). The larvae bore into either the shoots 
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or stalks of sugarcane depending on the borer 
species, producing severe economic loss to both 
the quantity and quality of the sugarcane (Sallam 
et al., 2010; Goebel et al., 2011). Effective control 
measures of these insect pests are being sought.
	 Nonetheless, most sugarcane farmers 
conventionally apply insecticides to control these 
insect pests. Although, adverse side effects usually 
exist and sustainable control of the insect pests 
cannot be achieved, the famers continuously and 
indiscriminately use this practice because of the 
convenience of application. Moreover, the target 
insect pests develop insecticide resistance to the 
chemicals. Chemical treatments, for long term 
use, are generally ineffective and expensive. 
Considering the longer term viewpoint with regard 
to environmental preservation and biodiversity 
conservation, biological control represents an 
acceptable preference (Goebel et al., 2010). 
Applications of parasitoids, insect predators and 
entomopathogenic microorganisms have been 
administered to control sugarcane insect pests in 
various countries, including Thailand (Fuchs et al., 
1967; Gifford and Mann, 1979; Mohyuddin, 1991; 
Katrina et al., 2000; Sétamou et al., 2002; Suasa-
ard et al., 2008; Nadeem and Hamed, 2011).
	 The koinobion larval parasitoid Cotesia 
flavipes (Cameron) (Hymenoptera: Braconidae) 
which attacks medium and large-sized larvae of 
gramineous stem borers in several countries in Asia 
(Overholt and Smith, 1990; Ngi-Song et al., 1995), 
has been used to accomplish biological control of 
sugarcane borers (Alam et al., 1971; Mohyuddin, 
1991; Suasa-ard and Charernsom, 1992) such as 
C. partellus (Swinhoe) (Lepidoptera: Crambidae) 
in Kenya (Jiang et al., 2004); Diatraea saccharalis 
Fabricius (Lepidoptera: Crambidae) in Florida, 
USA (Gifford and Mann, 1967), Texas, USA (Fuchs 
et al., 1979) and Mexico (Mahmoud et al., 2011); 
and Diatraea grandiosella Dyarand and Ostrinia 
nubilalis Hübner (Lepidoptera: Crambidae) in 
Illinois, USA (Alleyne and Wiedenmann, 2001). In 
Thailand, this parasitoid species is considered to be 
one of the most effective parasitoids for biological 

control of sugarcane moth borers (Suasa-ard and 
Charernsom, 1999; Suasa-ard and Permniyomkit, 
2000; Suasa-ard et al., 2006; Suasa-ard, 2010). 
For the standpoint of a biological control strategy, 
gaining a perspective of the ecology, in particular 
population trends of insect pests and their natural 
enemies, is a prerequisite.
	 In spite of the number of pesticide 
applications, the cryptic habit of the damaging 
larvae protects them from the toxic effect of 
insecticides. Further an understanding of the host 
plant, the insect host and parasitoid relationships 
is one of the key components for the augmentative 
biological control approach with regard to 
sugarcane moth borers. Additionally, there has 
been inadequate reporting in the Thai literature 
on this subject; all reports are from other countries 
(Botelho et al., 1980; Van Hamburg and Hassell, 
1984; Tanwar and Varma, 2002; Khan et al., 2013; 
Muhammad et al., 2014). Hence, this research 
aimed to explore the population trends of sugarcane 
moth borers and their larval parasitoid C. flavipes 
in large scale sugarcane planting regions in three 
successive years (2009–2011 sugarcane planting 
seasons).
	

MATERIALS AND METHODS

Study sites
	 Sugarcane planting areas were sampled 
in four districts in four provinces from the 
central region of Thailand: Tha Muang district in 
Kanchanaburi (14o0′12′′N 99o33′0′′E), U-Thong 
district in Suphanburi (14o22′32′′N 99o53′32′′E), 
Kamphaeng Saen district in Nakhon Pathom 
(13o59′2′′N 99o59′38′′E) and Takhli district in 
Nakhon Sawan (15o42′48′′N 100o08′07′′E). Each 
study plot covered at least 1.6 ha. This study 
lasted over three years (2009–2011) covering 
three sugarcane planting seasons. The variety of 
sugarcane planted in the experimental trials was 
LK 92-11.
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Sampling scheme
	 The incidence of sugarcane moth borer 
larvae and C. flavipes, was determined using 
systematic sampling with a random start. Initially, 
samples of populations of the sugarcane moth 
borers larvae were taken after bud sprouting and 
rooting (sugarcane seedlings aged 1 mth), with 
100 samples per plot (1.6 ha), 10 stools per row 
and 10 rows per plot taken in each sampling. The 
sampling unit assigned was one stool per sample. 
Data on the number of sugarcane moth borer larvae 
and cocoons of C. flavipes were recorded monthly 
until the sugarcane was harvested at approximately 
9 mth.

Collections of samples of sugarcane moth 
borers and C. flavipes
	 Samples of infested sugarcane stalk 
were assembled from fields, placed in synthetic 
containers and later transferred to laboratory of 
the National Biological Control Research Center, 
Central Regional Center (NBCRC, CRC). The 
sample stalks were cut off with a sharp knife. The 
numbers of sugarcane moth borer larvae were 
recorded and were held in a cylindrical box, 21.5 
cm in diameter and 10.5 cm in height; with a lid 
covered with polyester gauze for ventilation. The 
collected larvae were fed with pieces of young 
sugarcane stalk. Subsequently, the parasitoid 
larvae developed inside the sugarcane moth borer 
larvae, emerged and became cocoons, and were 
then gathered on a plate, 5.5 cm in diameter and 1 
cm in height. The old stalks, provided as the food 
source for the developing larvae were replaced 
with new stalks every 3 d.

Identification of specimens
	 The specimen identification was carried 
out under the stereoscopic binocular microscope 
and the samples of the identified insects were 
deposited in the collection of the NBCRC, CRC, 
Kamphaeng Saen, Nakhon Pathom province, 
Thailand. The major characteristics applied to 
identify the larvae of sugarcane moth borers and 

the adults of C. flavipes followed the descriptions 
given by Butani (1956) and Suasa-ard (1982), 
respectively. Later confirmation of the insect 
species was carried out by Associate Professor 
Dr. Kosol Charernsom a taxonomic entomologist 
in the Department of Entomology, Kasetsart 
University. 

Statistical analysis
	 The collected data on sugarcane moth 
borer larvae and the cocoons of the larval 
parasitoid, C. flavipes covered a wide range 
and so data transformation using log (N+1) 
was undertaken (Fletcher et al., 2005) before 
implementation of the graphical work to determine 
the population trends.

RESULTS

Population trends of sugarcane moth borers 
and the larval parasitoid, C. flavipes
	 Population trend data in the first crop 
(new stalk crop, 2009) and the second crop (first 

ratoon crop, 2010) were recorded during February 
to September 2009 and 2010. However, data on 
the third crop (second ratoon crop, 2011) were 
initially recorded in March 2011, rather than in 
February as in 2009 and 2010, because of the 
delayed harvest due primarily to the mega flooding 
that occurred from November 2011 to January 
2012 on the central plain of Thailand including 
the experimental areas. 
	 In the 2009 cropping season, at the 
sampling site in Kamphaeng Saen district, Nakhon 
Pathom province (Figure 1), after the emergence of 
sprout sugarcane, the population of the sugarcane 
borers surged abruptly in March (tillering initiation 
stage). Afterwards, the population oscillated 
slightly throughout the cropping season. Similarly 
the population of C. flavipes, at the beginning of 
the planting season also increased considerably in 
parallel with its host populations. Nevertheless, 
the peaks of the population of the parasitoids were 
bimodal. The first peak was in April–May and the 
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second peak was in July–August. 
	 Analyses of the data of both the borers 
and the parasitoids in the 2010 and 2011 cropping 
seasons at the Kamphaeng Saen district, Nakhon 
Pathom province sampling site indicated similar 
results to the 2009 cropping season.
	 Interestingly, the other cropping seasons 
(2009–2011) and sampling site locations—U-
Thong district, Suphanburi province (Figure 
2a); Tha Muang district, Kanchanaburi province 
(Figure 2b); and Takhli district, Nakhon Sawan 
province (Figure 2c)—exhibited similar outcomes. 
Additionally the average populations of both the 
borers and the larval parasitoid at the four sampling 
locations in the 3 yr period also were comparable 
(Figure 2d) with the 2009–2011cropping seasons 
at the Kamphaeng Saen district, Nakhon Pathom 
province sampling sites (Figures 1 and 2).

DISCUSSION

	 The fact that all the cropping seasons 
and locations studied presented similar population 
trends of sugarcane moth borers and their 
parasitoid might have been due to the availability 
of oviposition and food sources for the hatching 
larvae (Figures 1 and 2). The adults moths started to 
lay their eggs as soon as bud sprouting and rooting 
commenced on the sugarcane plants. Generally the 
eggs of the moths took 7–9 d to hatch. This simply 
synchronized with the phenology of the plant. 
The effects of host plant phenology impact the 
development and dissemination of insect species 
(Bale et al., 2002; Karuppaiah and Sujayanad, 
2012). The findings of the current study revealed 
that the fluctuations in the population density of 
these borers was dependent upon the phenology 
of the sugarcane which were similar to those 
reported on C. flavipes that had parasitized C. 
infuscatellus (Khan et al., 2013; Muhammad et 
al., 2014), and D. saccharalis (Rossi and Fowler, 
2002). The population of C. flavipes developed as a 
numerical response to the population of sugarcane 
moth borers in the field (Price, 1975). To some 

extent, the larval parasitoid, C. flavipes, was able 
to regulate the moth borer population.  
	 The up-down cycle in the population of 
the insect host (the sugarcane moth borer) was 
reliant upon the phenology of the host plant (the 
sugarcane) being damaged and the insect host 
influenced the number of parasitoids (C. flavipes), 
unmasking the tritrophic level of plant-insect-
parasitoid interactions (Leutourneau, 1988).
	 A number of studies have addressed the 
attraction of the parasitoid to its insect host in a 
tritrophic system (for example, Dicke, 1994; De 
Moraes et al., 1998; Prütz et al., 2004; Colazz et al., 
2004; Gross et al., 2005; Cappuccino, 2008; Erb 
et al., 2010; Büchel et al., 2011). One of the main 
factors was the volatile compounds that arouse 
the parasitoids. Examining plant-insect and host-
parasitoid interactions in tritrophic interactions 
has been of considerable interest (Dicke, 1994; De 
Moraes et al., 1998). The presence of the larval 
parasitoid, C. flavipes in this study might be due to 
the volatile compounds released by the sugarcane 
plant (after the emergence of the stalk in the bud 
sprouting and rooting stage and it being damaged 
by the moth borers) which incited the oviposition 
of the larval parasitoid, C. flavipes. 
	 Some experiments have been conducted 
to scrutinize these relationships. The egg parasitoid, 
Trissolcus basalis (Wollaston) (Hymenoptera: 
Scelionidae) responded to the volatiles emitted 
by leguminous plants induced by the feeding 
and oviposition activity of the green stink bug, 
Nezara viridula (L.) (Heteroptera: Pentatomidae) 
(Colazz et al., 2004). Erb et al. (2010) pointed 
out that herbivore-infested plants emitted volatile 
compounds that were very attractive to parasitoids; 
their findings also revealed that the parasitoid 
Cotesia margniventris (Cresson) (Hymenoptera: 
Braconidae) strongly preferred the volatiles of 
plants infested with its host Spodoptera littoralis 
(Boisduval). Furthermore, the study of Büchel 
et al. (2011) indicated that not only the feeding 
injury on elm made by the insect herbivore, the 
elm leaf beetle Xanthogaleruca luteola (Müller) 
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Figure 2	 Population densities of sugarcane moth borers and the larval parasitoid, Cotesia flavipes 
Cameron (Hymenoptera: Braconidae) in sugarcane fields at: (a) U-Thong district in Suphanburi 
province (b) Tha Muang district in Kanchanaburi province (c) Takhli district in Nakhon Sawan 
province and (d) Average population of insects at all four locations from February 2009 to 
September 2011. (See sugarcane phenology in Figure 1.)

a

b

c

d

2009	 2010	 2011	

2009	 2010	 2011	

2009	 2010	 2011	

2009	 2010	 2011	
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(Coleoptera: Chrysomelidae), but also the leaf 
beetle egg deposition which also made a wound, 
were able to release volatile compounds that 
attracted the eulophid parasitoid, Oomyzus 
gallerucae (Fonscolombe) (Hymenoptera: 
Eulophidae). Hence, it is possible that after the 
sugarcane borers laid their eggs on the sugarcane 
which also caused some wounding, this may have 
emitted some volatile compounds to attract the 
larval parasitoid C. flavipes to lay eggs on the 
larvae of its host as soon as they emerged on the 
sugarcane plants.

CONCLUSION

	 The results of the research highlighted 
the field population trends of sugarcane moth borer 
larvae and their natural enemy, C. flavipes, in four 
provinces and three consecutive planting seasons 
(consisting of the new stalk crop in 2009, the first 
ratoon crop in 2010 and the second ratoon crop in 
2011). Plant phenology might be a crucial factor 
affecting the populations of sugarcane moth borers 
and the parasite. The larval parasitoid C. flavipes 
appeared to regulate the sugarcane moth borer 
population in the field, which suggested there is 
good scope for it to augment the biological control 
of sugarcane moth borers.
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