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Abstract 
The saccharine sorghum has been investigated as a complementary source of raw material for ethanol production, 
especially during the sugarcane off-season, however, it has been susceptible to the attack of the sugarcane borer 
Diatraea saccharalis. The objective of this work was to verify the effect of sorghum cultivars on D. saccharalis’ 
biological parameters. Cultivars, BRS 506, BRS 509 and BRS 511 were used to determine duration and survival 
rates of eggs, larvae, pre-pupae and pupa phases, along with larval weight and adult longevity. D. saccharalis 
completed its biological cycle in all treatments, however, when fed with dry extracts of BRS 509 cultivar, the net 
reproduction rate, the intrinsic rate of increase and the finite rate of increase was superior from the others. BRS 
506 was the cultivar that negatively affected D. saccharalis’ biological parameters, with possible antibiosis effect. 
Based on this study, the sorghum cultivars evaluated are not recommended for a grain production system, since 
D. saccharalis’ larvae presented good development when fed with its dry extract incorporated into the diet.  
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1. Introduction 
The current scenario of Brazilian bioenergy production, from a sustainable perspective, necessarily involves the 
diversification of raw materials (Barcelos et al., 2016). Thus, one of the most promising alternatives of 
renewable sources for ethanol production is the saccharine sorghum [Sorghum bicolor (L.) Moench] mainly 
because it has a high content of soluble carbohydrates and increased stem yield, very similar to sugarcane. The 
saccharine sorghum can be cultivated in regions where sugarcane is not well adapted, planted in rotation with 
other annual crops and it can potentially be sown in non-cultivated areas (Emygdio, 2010). 

The sugarcane borer, Diatraea saccharalis (Fabricius, 1794) (Lepidoptera: Crambidae), is a major pest of 
sugarcane, corn, rice and sorghum crops. After hatching, early-instar larvae scrape the leaf limb migrating 
internally to the base of the sheath, in which they penetrate the stem, and as it feeds on the parenchyma, it starts 
to form galleries in the plant, causing direct damages due to the consumption of plant tissues, and indirect 
damages, related to the further entry of opportunistic microorganisms. These damages in some regions of Brazil, 
can correspond to 30% of the total grain production (Mendes et al., 2012, 2014). 

Once larvae penetrate the stem, its control becomes difficult, not only because of the insect’s behavioural 
characteristics, but also, because of the low availability of insecticides registered for sorghum crops (Agrofit, 
2018). Hence, host-plant resistance to D. saccharalis emerges as an economically and environmentally effective 
control measure, mostly because it reduces costs related to pest control and therefore is one of the key factors for 
sorghum to be established as an alternative to sugarcane in the ethanol industry.  

Previous studies have shown that sorghum cultivars have varied levels of resistance to D. saccharalis, therefore, 
there is a need to detect which genotypes are resistant and a need to clarify what type of resistance is involved 
(Boiça Jr. et al., 1997; Cruz, 2016).  

Given the above, this study aimed to investigate the effect of three saccharine sorghum cultivars on biological 
parameters of D. saccharalis. 
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2. Materials and Methods 
The experiments were conducted at the Bioefficiency Centre of Embrapa Clima Temperado- Low Lands 
Experimental Station, located in the county of Capão do Leão/RS. For the study of Diatraea saccharalis’ 
biological parameters, an artificial diet was incorporated with dry extracts of saccharine sorghum cultivars BRS 
506, BRS 509 and BRS 511, these cultivars were chosen mainly because of their importance and wide use in the 
south of Brazil (Reunião Técnica Anual do Milho 62ª & Reunião Técnica do Sorgo 45ª, 2017).  

The artificial diet described by Hensley and Hammond (1968) was used (Table 1) and we then added shredded 
leaves and stems according to Bortoli et al. (1989). 

 

Table 1. Composition of artificial diet to Diatraea saccharalis according to Hensley and Hammond (1968) 

Ingredients Amount 

Wheat germ (Walmon Lot: 18112014) 15.0 g 

Soy protein (Walmon Lot: 13102014) 54.0g 

Sugar 52.5g 

Salts of Wesson (Walmon) 7.5g 

Ascorbic acid (Synth) 1.9 g 

Pure iron chloride (Walmon Lot: 232) 0.4 g 

Vita Gold (Tortuga) 0.4 g 

Nipagin (Antarctic) 3.0 g 

Tetracycline (Med.) 0.13 g 

Vitamin solution (Rezenflex) 11.3 ml 

Formaldehyde (Synth) 0.75 ml 

Agar (Dynamic) 11.3 g 

Water 900.0 ml 

 

Flat-bottom glass tubes (8.5 cm × 2.5 cm) were filled with 1/3 of the diet above according to the methodology 
proposed by Parra (1999). The controls consisted on glass tubes containing diet without dry extracts. In each of 
the control tubes, one first instar larva was inoculated (total of 130 tubes). In the other treatments, two first instar 
larvae were inoculated (totalizing 200 tubes). All tubes were closed with hydrophobic cotton and kept under 
controlled laboratory conditions (25±2 °C, 70±10% RH, and a photoperiod of 14h10 [L:D]) (De Conti, 2012).  

Subsequently, daily assessments of the following biological variables were made: larval phase (duration and 
viability), pre-pupal (duration and viability), pupal (duration, 24 h old weight (g), viability, sex ratio and 
deformations) and adults (pre-oviposition and oviposition duration, fecundity and longevity). To determine the 
number of instars, the cephalic capsule width was measured in groups of 10 larvae, using a stereoscopic 
microscope connected to a micrometer eyepiece. 

The experiments were conducted in a completely randomized design. The data was submitted to variance 
analysis (ANOVA), and the mean values obtained by ANOVA were compared using Tukey's test (p ≤ 0.05) and 
the pupal weight using Kruskal Wallis’ test, both through the statistical software Genes (Cruz, 2010). 
Time-related variables were analysed through Survival Analysis, a statistical method commonly used to evaluate 
survival data in laboratory studies (Lee, 1992). The fertility life table described by Silveira Neto (1976) was 
plotted using the following data: duration of the development period (egg-adult), total viability, sex ratio, 
pre-oviposition period, number of eggs per day and daily mortality of females and males. From the biological 
data obtained, we estimated the average duration of one generation (T), the net reproduction rate (Ro), the 
intrinsic rate of increase (rm) and the finite rate of increase (λ). 

3. Results and Discussion 

The mean duration of the larval stage was 26 days on the three sorghum cultivars and 34.6 days on the control, 
which differed significantly from the other treatments (Table 2). The results showed that cultivars extracts, when 
incorporated into the diet affected D. saccharalis’ larval growth when compared to the control whose phase was 
longer (Melo & Parra, 1988). The reduction in the larval phase may indicate that the dry extract favoured the 
insect’s development (Nava & Parra, 2005). On the other hand, it can also indicate non-preference or an 
antixenosis effect, which is characterized by lower food consumption, resulting in insects with low viability 
(Vendramim & Guzzo, 2009). 
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Table 6. Duration and viability of Diatraea saccharalis’ egg phase in artificial diet and sorghum in laboratory, 
Pelotas-RS 

Cultivar Duration (days) Viability (%) 

BRS 506 5.7±0.25ab1 47.5±5.31b 

BRS 509 4.5±0.53b 52.8±8.14b 

BRS 511 5.0±0.20b 72.0±8.34a 

Control 7.0±0.51a 58.3±9.26b 

CV% 16.8 79.3 

Note. 1Means values in a column followed by different lowercase letters are significantly different on the basis of 
ANOVA with Tukey Test (P < 0.05). 

 

Egg’s viability ranged from 47.5 to 72.0% (Table 6), similar values are also obtained in natural conditions 
(67.5%) (Guevara & Windl, 1980), however this viability can be considered low since sugarcane is D. 
saccharalis’ preferential host. Although this species is polyphagous, out of the 17 Gramineae evaluated in Porto 
Rico, the oviposition preference was on maize, sugarcane and sorghum, and the same with the most attractive 
and acceptable species for first instar larvae (Quintana-Muniz & Walker, 1970). 

The average duration of each generation (T) was higher for the control and when sorghum dry extracts were 
added, it was higher on BRS 511 cultivar. The net reproductive rate (Ro) was 2.98 when larvae were fed in 
artificial diet + BRS 511, 8.54 for artificial diet + BRS 509, 1.20 for artificial diet+ BRS 506 and 4.82 for 
artificial diet without sorghum extracts, showing that the ability to generate female offspring per females at the 
end of the generation (Ro) was higher for insects fed on BRS 509. The intrinsic rate of increase (rm) was 
positive, evidencing a population increase, especially higher when fed with BRS 509 cultivar (0.050), the same 
happened to the finite rate of increase (λ) on which BRS 509 had 1.051 females/day. Similar values of T and λ 
were found by Lima (2011), however the rm and Ro were higher (Table 7). These values indicate that, although 
the cultivars are not D. saccharalis’ preferential hosts, they may cause an increase in the insect’s population. 

 

Table 7. Average duration of one generation (T), net reproductive rate (Ro), the intrinsic rate of increase (rm) and 
finite rate of increase (λ) of Diatraea saccharalis, fed in artificial diet + sorghum extracts, Pelotas-RS 

Cultivar T (days) Ro rm λ 

BRS 506 41.5 1.20 0.004 1.004 

BRS 509 42.9 8.54 0.050 1.051 

BRS 511 44.0 2.98 0.025 1.025 

Control 59.0 4.82 0.027 1.027 

 

Sorghum dry extracts when incorporated to artificial diet, enabled D. saccharalis’ development, however more 
studies are needed, especially testing natural diets. Based on this study, it’s not recommended to use these 
cultivars when there is a history of D. saccharalis occurrence, mostly becauseeven though they interfered in the 
biological parameters, the insects completed their development in all cultivars.  

4. Conclusions 
The tested saccharine sorghum cultivars when incorporated to artificial diet, prove to be adequate for D. 
saccharalis’development. 
BRS 511 cultivar provides higher viability to all phases of D. saccharalis’ development. 
BRS 506 cultivar has an antibiosis effect on D. saccharalis. 
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