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Abstract 

THROUGH AN ACIAR project on pest and disease management in Indonesia, the impact 
of stemborers Chilo sacchariphagus and C. auricilius and the top borer Scirpophaga 
excerptalis on stalk yield components was studied in fields at Pesantren Baru Sugar 
Factory, East Java. The experimental design consisted of randomised plots to compare 
natural infestation by the borers, biological treatments using the egg parasitoid 
Trichogramma spp. and a chemical treatment. Damage levels in untreated plots were 
the highest with an average of 14.5% internodes bored by Chilo spp. and 15.8 % stalks 
damaged by S. excerptalis. In comparison, the best treatment obtained with insecticides 
had only 4.6% and 3.8% damage level respectively, followed by plots treated with 
Trichogramma releases. The untreated plots had lower sucrose yield, higher fibre 
content and lower cane yield than all treated plots, which represents a loss in cane yield 
of 45.4 t/ha (–34%). Stalk height and other parameters were also affected, particularly in 
cane stalks attacked by S. excerptalis. The relationship between damage level and other 
stalk components was also investigated. Stalk weight, stalk length and sucrose were 
negatively correlated with stalk damage. Increased fibre content, resulting in less juice, 
was positively correlated with damage. These results are generally consistent with past 
studies on stem borers, particularly those on C. sacchariphagus and Eldana saccharina. 
They also confirm the severe impact of the top borer on crop yield. The high level of 
threat represented by moth borers to the Australian sugar industry stresses the 
importance of gathering more data on yield losses and pest management strategies for 
better preparedness. 

Introduction 

The stemborers Chilo sacchariphagus and C. auricilius (Lepidoptera: Crambidae) and the 
top borer Scirpophaga excerptalis (Lepidoptera: Pyralidae) are key pests of sugarcane in various 
Asian countries. In Java, Indonesia, these borers cause significant economic losses to the sugarcane 
industry. A research project is currently being undertaken in collaboration with the Indonesian 
Sugar Research Institute (ISRI) on integrated pest management (IPM), not only for Indonesia but 
also for Australia, which may face borer incursion (Magarey et al., 2010). Experiments and 
monitoring are being conducted in Java to increase knowledge on important aspects of borer 
population dynamics and bioecology (Sallam et al., 2010). Detailed information on the effects of 
stalk borers on the sugarcane crop, and particularly on the stalk components that impact negatively 
on yield, is important when assessing crop losses. Of the various approaches that may be adopted, 
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manipulation of pest pressure in the field through insecticide treatment and/or appropriate artificial 
infestation techniques is the most effective and the most accurate assessment method (Walker, 
1987). 

Sugarcane yield losses due to stemborers were successfully determined using this approach 
in Reunion Island for C. sacchariphagus Bojer (Goebel et al., 1999) and South Africa for Eldana 
saccharina (Goebel and Way, 2003). 

The methodology is currently being used in South Africa to investigate the crop loss from 
Fulmekiola serrata (Thripidae) (Way et al., 2010). Accordingly, the formal field experiment design 
that was adopted in Java consisted of naturally infested plots and plots treated with insecticide to 
suppress all infestation. 

In addition, to assess the efficacy of biological control using releases of the egg parasitoid 
Trichogramma spp., two other plots were incorporated in our trial. Here we present only the impact 
on yield components from stemborers and top borer, on which there is a paucity of detailed 
information. In this regard, we then determined how stalk weight and plant growth parameters were 
influenced by attack from these borers. 

The results presented are preliminary findings in a comprehensive program that ultimately 
aims to estimate an economic threshold for these pests that determines if and when, a certain control 
option should be used (Pedigo et al., 1986). 

Materials and methods 

Experimental design 

The experiment was conducted on a new plantation near Pesantren Baru Sugar Factory, East 
Java, over the period August 2009 to July 2010. The canefield was divided into five blocks of four 
treatments in a randomized design. Each of the 20 plots was 500 m2 in size with 20 m of cane buffer 
between plots to create an effective break against both insecticide applications and Trichogramma 
dispersion and migration. The variety used was PS 862, which is rated as intermediate/susceptible 
to Chilo spp. 

Each plot received one of the following treatments: 

• T1 and T2 plots received two different release programs of Trichogramma spp.: T1 
refered to as Tricho1 ‘factory method’ with 8 weekly releases of two species, 
T. chilonis and T. japonicum (dose: 10000 Tr./ha), from 1.5 to 4 months after 
planting; and T2 (Tricho2) ‘recommended released’ with 14 weekly releases (dose: 
100 000 Tr./ha) started at 1 month until 4.5 months. Releases were done by stapling 
cards of parasitised eggs (from the rice moth Corcyra cephalonica) on top leaves. 
Trichogramma cards were provided by the production unit located at Pesantren Baru 
Factory. 

• T3, represented plots treated with insecticide to minimise borer infestation. These 
plots were intended to provide an indication of potential yield in an undamaged crop. 
The insecticide used was Ampligo 150 ZC (a.i. = Chlorantraniliprole 100 g/L + 
lambda-cyhalothrin 50 g/L), a broad-spectrum foliar application to control various 
moths such as leaf miners, armyworms and moth borers (fruits), among other pests. 
Applications were done using a knapsack sprayer (20 L) every 14 days from 1 to 
8 months after planting. 

• T4, untreated control (UTC) had no protection from insect pressure, representing 
plots naturally infested by moths. 
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Damage assessment at harvest 

Borer damage was determined by field examination of 100 successive millable stalks in the 
centre row of each plot. The length, diameter and weight of each stalk were recorded before it was 
split longitudinally to assess borer damage. Also noted for each stalk were: number of internodes, 
number of internodes bored, the length of borer tunnels for each damaged internode and number of 
larvae present. 

Yield assessment 

From each site, biomass yield (tonnes cane/ha) was estimated using the weight of 100 stalks 
x number of stalks/ha of each plot. Sugar parameters (quality) were determined on bundles of 
20 stalks for each of the four treatments, replicated five times. All samples were brought to the 
factory laboratory and analysed for various stalk parameters such as stalk weight, Fibre % cane, 
Brix % cane (total soluble solids in cane juice), Purity, Pol % cane (total recoverable sugar) and, 
commercially recoverable sugar content (CCS, expressed as a percentage). Sucrose yield in tonnes 
per hectare was calculated as = cane yield (t/ha) × CCS(%)/100. 

Statistical analysis 

Data were analysed with XLSTAT software (Addinsoft). Initially data were subjected to 
analysis of variance (ANOVA) to compare the effect of each treatment on all components. Then the 
relationship between the percentage of stalk internodes bored and top borer infestation (independent 
variables) were plotted against the main cane and sugar yield characteristics (dependent variables) 
to determine the correlation coefficients. Regression lines were fitted using a general linear model. 

Results 

Differences between treatments 

The methods used to manipulate borer levels were effective, with infestations being highest 
in T4 plots (UTC) and much lower in T3 plots (Insecticide) (Table 1). Differences in overall 
damage, stalk weights and heights were significant between T3 and T4 plots and for a few 
parameters between T2 and T4 (Table 2). It was thus deduced that borer damage may impact 
negatively on stalk biomass. Furthermore, the stalk density was also affected in the most infested 
plots, with a reduction of 10.9% in T4 and13.6% in T2 (Table 4). Sugar quality (CCS) and sucrose 
content were lower in T4 plots, and fibre content was significantly higher (Table 3). In T4 plots, 
yield losses in cane yield were estimated at 34.5%, based on comparison with T3 plots which 
represented a significant reduction of 46 t/ha. There was also a significant reduction in sucrose yield 
(4.2 t/ha, –39.6%) due to the effect of a reduction in cane biomass combined with inferior juice 
quality (Table 4). 

Table 1—Effect of treatments T1, T2, T3 and T4 on stalk damage by C. 
sacchariphagus and C. auricilius (stemborers) and S. excerptalis (top borer) at 

Pesantren Baru (East Java). 

Treatment 
% Stalk 

damaged 
(Top borer) 

%Stalk 
damaged 

(Stemborer) 

% Internodes 
bored 

(Stemborer) 

Length of 
tunnel bored 

(cm) 

% Stalk 
length 
bored 

T1-Tricho1 13.4 a 81.2 a 11.9 b 9.2 a 3.7 a 
T2-Tricho2 8.8 b 74.8 a 9.8 c 7.5 a 2.7 b 
T3-insecticide 3.8 c 50.2 b 4.6 d 3.3 b 1.2 c 
T4-control 15.8 a 84.8 a 14.5 a 8.9 a 4.0 a 
F 19,28 16.45 25.69 14.79 18.47 
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Pest infestation data (%) were transformed using arcsine before statistical analysis but are presented 
untransformed. For each variable, the means following by the same letter are not statistically different 
(P>0.05, Student-Newmans-Keuls) 
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Table 2—Effect of treatments T1, T2, T3 and T4 on stalk characteristics and yields. 

Treatment Stalk height (cm) 
Diameter 

(cm) 
Weight 

(kg/stalk) 
Cane 
(t/ha) 

Sucrose 
(t/ha) 

T1-Tricho1 246.0 bc 2.57 a 2.00 a 98.9 b 7.4 b 
T2-Tricho2 271.9 ab 2.70 a 2.11 ab 115.9 ab 9.1 ab 
T3-insecticide 
T4-control 

288.9 a 
219.5 c 

2.74 a 
2.58 a 

2.33 ab 
1.73 b 

133.8 a 
87.6 b 

10.6 a 
6.4 c 

F 6.25 1.61 4.99 4.21 5.60 
P 0.003 0.223 0.008 0.014 0.005 

For each variable, the means following by the same letter are not statistically different (P>0.05, 
Student-Newmans-Keuls) 

 
Table 3—Effect of treatments T1, T2, T3 and T4 on fibre and sucrose contents 

Treatment 
Fibre 

% cane 
Brix 

% cane 
Purity 

Pol 
% cane 

Sucrose 
(CCS) 

T1-Tricho1 11.1 a 18.2 a 76.4 ab 13.8 a 7.6 a 
T2-Tricho2 10.2 ab 18.4 a 76.8 a 14.2 a 7.8 a 
T3-insecticide 
T4-control 

9.2 b 
12.1 a 

19.4 a 
17.8 a 

77.0 a 
75.8 b 

14.9 a 
13.5 a 

8.0 a 
7.3 a 

F 6.01 2.50 2.67 1.65 1.79 
P 0.004 0.109 0.065 0.213 0.179 

For each variable, the means following by the same letter are not statistically different 
(P>0.05, Student-Newmans-Keuls) 

 
Table 4—Estimated crop losses in comparison with the best treatment (T3-insecticide) 

Treatment 
No 

stalks/ha 
Loss (%) 

Cane yield 
(t/ha) 

Loss (%) 
Sucrose yield 

(t/ha) 
Loss (%) 

T3* 57458 – 133.8 – 10.6 – 
T2 54833 4.6 115.8 13.4 9.1 14.1 
T1 49667 13.6 98.9 26.0 7.4 30.2 
T4 51167 10.9 87.6 34.5 6.4 39.6 

* Attainable yield = maximum potential of the crop without any significant impact from the moth borers. 
Loss % = T3-Tn/T3 x 100 

 
Damage and sugarcane yield relationships 

All data from the 20 plots were regressed against percentage of borer infestation (internodes 
damaged by Chilo spp. and stalk damaged by S. excerptalis). 

Apart from stalk weight and diameter, all the other yield parameters were inversely related 
to the percentage of bored internodes, particularly for sucrose variables (Table 5 and Figures 1 to 6). 

As predicted, the fibre content was found to increase with the intensity of damage for both 
stem and top borers (Figures 3 and 6). 

Impact on cane yield and stalk height components was less clear but a decrease was 
observed with borer infestation, hence explaining part of the losses indicated in Table 4. 

In that situation, loss of sucrose is also expected as a consequence of loss in biomass. In 
addition, as it is usually the case for most stemborers (Sampson and Kumar, 1983; Goebel et al., 
1999; Goebel and Way, 2003), a strong correlation was found between internodes bored and 
damaged stalk (R2 = 0.82; y = 0.22 × –0.61), suggesting that damaged stalks can be used as a 
reliable index for routine surveys. 
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Table 5—Comparison of yield and quality as functions of borer damage using the 
general linear model analysis. 

Dependant variable  Stem borer 
infestation 

(internodes) 

   Top borer 
infestation (stalks) 

 

 R2 F P  R2 F P 
Stalk components 
Stalk weight  

 
0.07 

 
1.31 

 
0.267 

  
0.048 

 
0.917 

 
0.351 

Stalk height  0.16 3.38 0.083  0.13 2.65 0.121 
Stalk diameter 
Cane yield t/ha 

0.01 
0.17 

0.16 
3.59 

0.691 
0.074 

 0.03 
0.13 

0.54 
2.61 

0.474 
0.124 

Sugar components        
CCS % cane 0.45 14.87 0.001  0.21 4.63 0.045 
Brix %cane 0.50 17.86 0.001  0.21 4.63 0.045 
Pol %cane 0.51 18.85 <0.0001  0.22 4.98 0.039 
Purity 0.37 10.46 0.005  0.15 5.74 0.032 
Fibre 
Sucrose yield t/ha 

0.37 
0.33 

10.69 
8.91 

0.004 
0.008 

0.15 
0.21 

3.19 
4.87 

0.091 
0.040 

To better understand the particular impact of the top borer and stemborers on yield, losses 
were also investigated for two main parameters (stalk height and weight) by comparing stalks in T4 
plots damaged by top borer only, stalks in T4 plots with stemborer damage but without top borer 
damage and undamaged stalks from T3 plots considered as borer-free (Table 6). On the basis of this 
data, the impact of the top borer is greater with more than 1 m reduction in stalk height (107.8 cm, 
37%) while the impact of stemborers on this component is estimated at 15,1%. In fact, the top borer 
kills the growing point (‘dead-hearts’) and then stops the cane growth, which is not the case for 
stemborers as they damage only internodes. As a consequence, stalk weight is also significantly 
affected by the top borer with a loss of 40.8%, while stemborer infestation had less impact on stalk 
weight (15%). However, top borer damaged only 15.8% of cane stalks (Table 1), which minimised 
the loss. 

Table 6—Comparison of losses (height/weight) from damaged and undamaged 
stalks by the top borer S. excerptalis. 

Stalk samples 
 

n Height 
(cm) 

Loss 
(cm) 

Weight 
(kg/stalk) 

Loss 
(kg/stalk) 

Undamaged stalks (T3) 
Stalks without TBD (T4) 
Stalks with TBD (T4) 

481 
420 
80 

288.9 
245.3 
181.5 

– 
43.6 (15.1%) 

107.0 (37.0%) 

2.33 
1.98 
1.38 

– 
0.35 (15.0%) 
0.95 (40.8%) 

TBD = Top Borer Damage; Loss % = T3-Tn/T3 x 100 

 
Fig. 1—Relationship between stemborer damage and cane yield 

(confidence interval= 0.95%). 
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Fig. 2—Relationship between stemborer damage and sucrose yield 

(confidence interval= 0.95%). 
 

 
Fig. 3—Relationship between stemborer damage and 

fibre content (confidence interval= 0.95%). 
 

 
Fig. 4—Relationship between top borer damage and 

cane yield (confidence interval= 0.95%). 
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Fig. 5—Relationship between top borer damage and sucrose yield 
(confidence interval= 0.95%). 

 

 

Fig. 6—Relationship between top borer damage and fibre content 
(confidence interval= 0.95%). 

 

Discussion 

Two types of impact of borers on the yield components have been highlighted in this trial. 
The first type led to a clear loss in quality of sugar and its components. It is also confirmed that 
percent fibre increased with higher levels of bored internodes, which is a consequence of borings 
and reduction of water uptake that would be reflected by lower juice levels. 

Our results are consistent with previous studies on other stalk borers such as Diatraea 
saccharalis (Hensley, 1971; Gonzalez et al., 1977; Ogunwolu et al., 1991; White et al., 2008), 
Eoreuma loftini (Legaspi et al., 1999; Reay-Jones et al., 2005), Chilo sacchariphagus (Rajabalee et 
al., 1990; Goebel et al., 1999) and Eldana saccharina (Sampson and Kumar, 1983; Goebel and 
Way, 2003, 2006). 
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The second impact was on sugarcane biomass, but this type of loss appeared to be more 
difficult to estimate. We found that this component is mainly affected by the top borer S. 
excerptalis. Though the relationship is less strong than with sucrose, regression analysis indicated 
that cane yield is affected significantly by the presence of dead-hearts on mature cane, which is the 
typical ‘signature’ of this borer. The disturbances to plant growth are reflected by a significant 
reduction of the stalk height. 

In addition to these losses on mature cane, there is a reduction of stalk density in the field, 
which suggest that both moth borers have also caused the death of younger canes. A similar 
observation was made for C. sacchariphagus in Reunion (Goebel et al., 1999) which seemed to 
have a stronger impact on cane yield than the Chilo species present in Java. However, in Reunion it 
was shown that the earlier the infestation by this borer, the bigger the impact on cane. 

Loss in cane weight is not easy to discern and requires a specific study with samples taken 
within the same population of stalks. Past studies on crop loss were usually based on single stalks 
collected in fields with different degrees of damage (Rajabalee et al., 1990; Way, 2001). Though 
this method allows detection of sucrose yield losses, reduction in stalk biomass couldn’t be 
determined because the samples were taken at different location in the field, increasing the 
variability in weight between stalks collected. 

This issue of variability has already been addressed in our studies on E. saccharina (Goebel 
and Way, 2003, 2006). This experiment confirms the importance of comparing stalks from the same 
location to minimise the biases due to different growing conditions (variability of soil types, 
fertilisers, etc.) and stalk age. In addition, moth borers tend to attack stalks that have suffered from 
stress (drought, soil deficiency, etc.). For example, to reduce the variability in stalk weight, it is 
advised to take a minimum of 25 consecutive stalks as a sample unit in the same row (Hall, 1986). 

Our experiment has also facilitated the comparison between plots by using a full insecticide 
protection (expected to guarantee ‘minimal borer infestation’). As in previous experiments 
conducted in Reunion and South-Africa, we have been able to create different levels of infestation, 
which is important to get reliable results on crop losses. 

Finally, this study has clearly shown the importance of considering all aspects of yield, from 
the quality (sucrose) to the quantity of sugarcane (biomass) produced. On the basis of these results, 
we will be able to set up an economic threshold for the Indonesian industry which will certainly be 
different according to the type of borer encountered. 

A further investigation will be to examine the feasibility of developing a reliable model for 
predicting regional crop losses after borer attack has occurred. 
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