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Abstract— The African stalk borer Eldana saccharina is an endemic pest of high economic importance in
sub-Saharan Africa which often causes heavy infestations in rainfed plant cane subjected to a cycle of 15-17
months. The present study aimed to reduce overall damage due to this borer by early harvesting of sugarcane
at three different periods. It involved two experiments carried out in Ferké 1 and Ferké 2 sugar estates over
17 months in rainfed plant cane, following a randomized complete block design (RCBD) with four different
treatments. Treatments were composed of three harvesting periods (T1: November 15, T2: December 15, and
T3: January 15), and a control (TO, no harvest), all in 4 replicates. The Ferké 1 experiment was planted with
the variety N21 on 25/07/2017 and harvested on 23/06/2019. That of Ferké 2 was planted on 15/06/2017 with
the variety M2592/93 and harvested on 05/12/2018. The study showed that variety N21 with high fiber
content was more tolerant to stem borer than variety M2593/92 credited with a moderate fiber content. Stem
borer infestations were significantly reduced across crop cycle following early harvesting on M2593/92, as
opposed to N21. Without early harvesting, M2593/92 was much more infested than N21, with respectively
24 and 10% of internodes bored. Borer infestations recorded were strongly dependent on crop cycle duration
and the intensity of crop water stress. Data showed that early harvesting in rainfed plant cane could be
beneficial in the prevention of heavy infestations by E saccharina.
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1. Introduction

The Stem borer Eldana saccharina Walker (Lepidoptera: Pyralidae) is an endemic pest of economic
importance in sub-Saharan Africa which often causes heavy infestations in rainfed sugarcane mainly due to
its longer growth cycle. In case of heavy infestations in sugarcane plantations, significant yield losses varying
from 5 to 10% were reported depending on varieties cultivated, nitrogen fertilizer rates, crop water stress, and
biodiversity with respect to E. saccharina natural enemies (Do Thi Khanh et al, 2012). Sugar losses due to
high infestations observed in Ferké sugarcane plantations of northern Ivory Coast in 2016-17 and 2017-18
harvesting seasons, were estimated to about 5,000 and 2,200 t i.e. 5 and 2% of total sugar production,
respectively (Péné et al, 2018). It was reported that among numerous agronomic factors which could be
responsible for borer infestations, water stress and crop cycle duration in plant cane seemed to be specific to
rainfed sugarcane. This cropping system which covers around 2,000 ha of industrial plantations (13%) and
3,500 ha of village plantations (22%) in Ferké sugarcane areas, needs to be addressed specifically in terms of
crop protection strategy against the stem borer (Konan et al, 2017a et b). Early harvesting of rainfed sugarcane
plantation for the purpose of reducing borer infestations used to be considered as a nice control strategy but
hardly applicable by farmers because of the threat of severe cane yield reduction.

Several species of lepidopteran moth borers causing such damage belong to the genus Chilo, Sesamia,
Diatraea and Eldana. E. saccharina is known as a major pest in sugarcane which larva cause galleries into
cane stalks (Dick, 1945; Leslie, 2009), especially on their lower parts (Mazodze and Conlong, 2003). These
damage levels on stem tissues being afterwards infected by fungus species (Fusarium spp.) are characterized
by a dark-red coloring of surrounding tissues of galleries (McFarlane et al, 2009). E. saccharina damage
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levels affect young and mature cane stalks (as opposed to that of other stem borer species like S. calamistis,
Chilo partellus and C. sacchariphagus on young tillers) increase with crop age, especially over 12 to 16
months of vegetation (Leslie, 1994). Insecticides were recently used in South Africa to control E. saccharina
on reported sugarcane crops as a result of the closing of sugar mills during the summer (Berry et al, 2009).
Nevertheless, this practice was not unanimously adopted by growers because of the negative impact of
pesticides on natural enemies of the borer. According to Betbeder-Matibet (1983), 95% of E. saccharina
generations are eliminated by ants, trichogramma, and arachnids. Despite this and the long list of useful
biological agents tested (Conlong, 1994), the biological control showed its limits in the decrease of stem borer
populations to an acceptable economic level. Despite a good knowledge of the insect biology (Atkinson, 1981;
Atkinson et Carnegie, 1989, Atkinson and Nuss, 1989; Keeping, 2006), much less is known on its behavior
in the field over time, on the way it colonizes a newly planted area or the following sugarcane ratoons. Number
of research studies carried out over the last 25 years focused on biological control and varietal resistance
regarding two major stem borer species, namely E. saccharina et C. sacchariphagus. If varietal resistance
became more successful, it was not the case of biological control which was more difficult to implement,
especially on E. saccharina (Conlong, 1994 cited par Goebel et al, 1992). The importance of some farming
practices such as nitrogen and silicon fertilizer applications in the control of borer populations was reported
by several authors (Paxton, 1982; Way et al, 2003; Lopez et al, 1983; Goebel et al, 2005; Kvedaras et al,
2007; Kouamé et al, 2010; Péné et al, 2016).

The study aimed to reduce E. saccharina infestations in rainfed sugarcane plantations by early harvesting at

different periods.

2. Materials and methods

2.1. Site characteristics

The study was carried out on two sugarcane plantations L1-005 and P7-014, at Ferké 1 and Ferké 2 sugar
mills, in northern Ivory Coast (9°20° — 9°60° N, 5°22° — 5°40’ O, 325 m a.s.l.). The prevailing climate is
tropical dry with two seasons: one, starting from November to April, is dry and the second, from May to
October, is wet. The dry season is marked by the northern trade wind which blows over mid-November to late
January. The rainfall pattern is unimodal and centered on August and September which total amount of rainfall
reaches almost half of the average annual rainfall (1200 mm) with an average daily temperature of 27 °C.
Average maximum and minimum daily air temperatures are 32.5 and 21 °C, respectively. To meet sugarcane
crop water requirements, the total amount of irrigation water required reaches 700 mm/year [11-13]. Both
Ferké sugar mill plantations cover around 15 500 ha with 10 000 ha under irrigation and 3500 ha of rainfed
village plantations, lie mainly on shallow or moderately deep soils built up on granites. Main soil units
encountered are ferralsols and temporally waterlogged soils in valley bottoms of Bandama and Lokpoho river
basins with a sandy-clay texture.

2.2. Experimental design

Both experiments were carried out over 17 months on plant cane following a randomized complete block
design (RCBD) with four different treatments comprising three early harvesting dates (T1: November 15, T2:
December 15, and T3: January 15), and a control (T0, no harvest), all in 4 replicates. Each sugar mill plantation
was equipped with a weather station where parameters required to determine crop ETO like solar radiation,
average daily air temperature, relative air moisture, and wind speed were measured. Rainfall data were
recorded from rain gauges L1-003 and P7-021 located close to Ferké 1 and Ferké 2 experiments, respectively.
The experiment in Ferké 1 was planted on 25/07/2017 with the variety N21 and harvested on 23/01/2019. The
experiment in Ferké 2 was planted on 15/06/2017 with the variety M2592/93 and harvested on 05/12/2018.
Each plot was composed of 10 rows of 10 m long with 1.50 m of row spacing. Doses of fertilizer and herbicide
were applied according to usual practices in commercial plantations. NKP fertilizer (16-8.5-23) was applied
mechanically at the routine rates of 500 kg/ha in rainfed plant cane. Pre-emergence herbicide based on
pendimethalin combined with clorimuron-ethyl (3.5 I/ha) was achieved mechanically two days after planting.

2.3. Agronomic traits
Data were collected at harvest from eight central rows for the number of millable stalk number per ha, cane
yield, juice quality traits (sucrose, purity, and recoverable sucrose), fiber content, and internodes bored by E.
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saccharina.

At harvest, the cane production of the eight central rows of each plot was weighed separately to determine
crop yield. Moreover, 50 millable stalks were randomly chosen within every plot and split longitudinally with
a machete to determine the percentage of internodes bored (%INB) or cane damaged (% SD).

Thirty millable cane stalks were sampled per plot for sucrose analyses in the laboratory. Prior to sample
crushing operations in the laboratory for sucrose analyses, every stalk was cut into 3 pieces of almost equal
length while separating them in basal, median and top parts. This allowed to randomly reconstitute 3 batches
of 10 stalks for a better homogenization of the initial field sample by permutation of the pieces so that each
reconstituted stalk was composed of parts coming from 3 different cane stalks. Eventually, only one batch of
10 reconstituted stalks over 30 (1/3 of initial sample) were crushed for a series of sucrose analyses to determine
the sucrose content (Pol%C), fiber content (Fiber %C), juice purity (Purity %C) and recoverable sucrose
(SE%C). Equipment used comprised a Jefco cutter grinder, a hydraulic press (Pinette Emideceau), a digital
refractometer BS-RFM742 and a digital polari-meter SH-M100. Methods used in the determination of
required technological parameters were reported by Hoarau (1970). The recoverable sucrose was calculated
as follows (Péné et al, 2016; Hugot, 1999):

SE %C = [(0.84 x Pol%C) (1.6 -60/Purity) - (0.05 x Fib %C)] with:
Purity %C = (Pol juice/Brix) x 100 and Pol juice = Pol factor x Pol read.
Pol%C = Factor n x Pol juice

The Pol Factor depending on Brix value (amount of soluble dry matter in juice measured with a refractometer)
is provided by the Schmidt table relative to a polarimeter for 26 g of glucose. The fiber content and the factor
n were provided by a table depending on the weight of the fiber cake obtained after pressing 500 g of cane
pulp resulting from the crushing operation of every sample of cane stalks.

2.4 Statistical analyses

The quantitative data recorded in this study were subjected to the analysis of variance using statistical
procedures described by Gomez and Gomez (1984) and reported by Shitahum et al (2018) using R software
package version 3.5.1. Differences between means of treatments were determined from Duncan’s test.

3. Results and discussion

3.1 Climatic conditions over plant crop

As expected, both experiment sites presented a similar rainfall patterns with a per-humid season taking place
from June to September where weather conditions used to be favorable for planting of rainfed sugarcane or
its main growth stage. The dry season taking place two or three months after planting of rainfed sugarcane
tends to be suitable for borer infestations due to crop water stress. In contrast, the later dry season was
beneficial for crop ripening before harvest.

In Ferké 1 experiment, total rainfall and reference evapotranspiration (ETo) recorded across crop cycle gave
1912 and 2188 mm, respectively. Total rainfall deficit over crop growing season from November 2017 to May
2018 was 764 mm and the average daily temperature across crop cycle varied from 25.2 to 34.5 °C.

In Ferké 2 experiment, total precipitation and reference evapotranspiration (ETo) recorded across crop cycle
gave 2071 and 2197 mm, respectively. Total rainfall deficit obtained over crop growing season from October
2017 to May 2018 was 613 mm whereas the average daily temperature across crop cycle varied from 25.3 to
30.1°C.

As reported by several authors (Conlong, 1994; Goebel et al, 2008; Parra et al, 2010), climate is one the most
important factors determining spatio-temporal variations of stem borer infestations in sugarcane. An average
temperature of 27°C with an air moisture content of about 80 % is required for the breeding of E.sacharina
(Conlong, 1994). Therefore, climatic conditions of both sites investigated, particularly during the rainy season
which lasts more than 6 months, were quite favorable for completion of the biological cycle of several borer
generations. Nevertheless, the period of heavy rainfall occurred from June to August 2018 might have been
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harmful to pest population dynamics because of the high percentage of eggs and larva being flushed away by
the rainwater.
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Figure 1. Prevailing climate in the Ferké 1 experiment (field L1-005), Ivory Coast.
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Figure 2. Prevailing climate in the Ferké 2 experiment (field P7-014), Ivory Coast.

3.2. Stem borer infestations as influenced by early harvesting

In Ferké 1 experiment, early harvesting of rainfed sugarcane plant crop did not reduce significantly borer
infestations (P=5%), although a higher damage level of about 10% INB was obtained on the control treatment
plots (TO) compared to 8% for the average of early harvest treatment plots (Table 1). In contrast, these
infestations were significantly reduced by 64% (P<5%) compared to the average of early harvest treatment
plots (Table 2). Although not significantly (P=5%), December and January early harvestings seemed to be
beneficial in controlling infestations over the following crop cycle. Higher infestations rates occurred in Ferké
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2 experiment with 12.6% INB on average compared to that of Ferké 1 (8.3%INB), in relation to varietal
susceptibility to stem borer. On the control treatment of Ferké 2 experiment, without early harvesting,
infestations observed reached as much as 24% INB compared to 10% for that of Ferké 1. Variety N21
cultivated in Ferké 1 experiment with its high fiber content (15.5%) seemed much tolerant to E. saccharina
than M2593/92 used in Ferké 2 experiment with a moderate fiber content (13.6%) in line of findings reported
by several investigators (keeping, 2006; Konan et al, 2010, Péné et al, 2016). In rainfed plant crop, regardless
the sugarcane variety, , stem borer infestations were strongly dependent on the crop cycle duration and the
intensity of crop water stress, as reported by different authors (Sharma et al, 2005; Kvedaras et al, 2007;
McFarlane et al, 2009). That’s why early harvesting in rainfed plant cane could be beneficial in the prevention
of heavy borer infestations. It was also reported by several authors that sugarcane crop was more susceptible
to borer infestations than ratoons, especially in the presence of nitrogen rates higher or equal to 100 kg/ha
(Lopez et al, 1983; Way et al, 2003; Goebel et al, 2005; Péné et Coulibaly-Ouattara, 2019). Higher damage
levels observed particularly in the control treatment plots of Ferké 2 experiment (24% INB) did not
significantly affect cane and sugar yields in contrast of findings reported by different authors (Leslie, 2009;
Goebel et al, 2010; Péné et al, 2016; Péné et al, 2019, Péné and Coulibaly-Ouattara, 2019). Similarly, they did
not significantly affect fiber content of sugarcane in contrast of observations reported by Goebel et al (2000).
Nitrogen fertilizer application at planting could be an additional factor of stem borer infestations from Sesamia
calamistis (African pink specie) at tillering stage as well as E. saccharina at early boom stage, as N rates
used to be high in order to compensate lower fertilizer use efficiency over the three months of sugarcane
growth under heavy rainfall conditions. That is why fertilizer application in rainfed sugarcane could be
preferable at the beginning of the rainy season in March or April, at least 6 months after planting. Similar
finding was reported by different authors (Bikila et al, 2014; Forestieri, 2017; Otto et al, 2019).

Treatments Purity % Pol%C Fiber CYield RSucrose SYield SNbx103 INB

%C (t/ha) %C (t/ha) (/ha) (%)
TO 78.5 12.7 16.2 68.4 8.1 55 73.4 9.7
Tl 81.9 13.8 154 65.9 9.3 6.2 68.3 7.8
T2 82.1 13.1 15.6 81.2 8.8 7.1 63.7 8.1
T3 81.9 13.4 15.0 77.8 9.0 7.1 64.6 7.5
Mean 81.1 13.3 155 73.3 8.8 6.5 67.5 8.3
CV (%) 3.0 6.3 6.5 16.3 9.9 20.9 18.4 34.6
SD 2.4 0.8 1.0 12.0 0.9 14 12.4 2.9
Replications 0.26 ns 0.31ns 0.44ns 0.29ns 0.29ns 0.25ns 0.38ns 0.70ns
Treatments 0.19ns 0.33ns 0.44ns 0.28ns 0.32ns 0.33ns 0.69ns 0.70ns

Table 1. Mean values of agronomic traits investigated in plant crop of rainfed sugarcane regarding Ferké 1
experiment.

3.3. Cane and sugar yields as influenced by early harvesting

In both experiments, sugar yields were not significantly affected by early cane harvesting (P=5%) although
cane yields were significantly reduced by 21% (P<5%) with the harvesting of Ferké 2 experiment in
November (Table 2). Similarly, in Ferké 1 experiment, cane yields regarding the November harvesting were
reduced by 3.6% although not significantly (P=5%). Moreover, in this experiment, cane yields obtained on
December and January early harvestings increased surprisingly by 19 and 14%, respectively, although not
significantly (P=5%). December and January early harvestings might have enhanced cane stalk elongation of
the following crop cycle, as lower millable stalk numbers/ha were observed (63 700 and 64 600/ha) although
not significantly compared to that of the control treatment TO without early harvesting (73 400/ha). This
finding looks contradictory to the general belief about early harvesting in rainfed plant cane which was
supposed to be harmful to cane and sugar yields although seen as beneficial to crop protection against stem
borer infestations by reducing significantly crop cycle as well as the number of borer generations as reported
by Goebel et al (2012).
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Treatments Purity % Pol%C Fiber CYield RSucrose SYield SNbx103 INB

%C (t/ha) %C (t/ha) (/ha) (%)
TO 78.9 10.7 136 80.1 a 6.8 5.5 922 242a
T1 80.5 11.3 136 632 b 7.4 4.7 80.4 11.2b
T2 81.6 11.7 13.7 75.2ab 7.8 6.0 90.3 7.2b
T3 79.5 11.0 135 74.2ab 7.1 5.3 88.5 7.8b
Mean 80.1 11.2 13.6 73.4 7.3 5.3 87.9 12.6
CV (%) 1.6 4.3 4.3 9.3 5.9 12.8 13.4 33.7
SD 1.3 0.5 0.6 6.8 0.4 0.7 11.8 4.2
Replications 0.06 ns 0.40ns 0.82ns 0.15ns 0.25ns 0.35ns 0.53ns 0.06ns
Treatments 0.06 ns 0.70ns 0.96 ns 0.05* 0.06ns 0.20ns 0.54ns 0.01**

Table 2. Mean values of agronomic traits investigated in plant crop of rainfed sugarcane regarding Ferké 2
experiment.

3.4. Integrated management of E. saccharina

The intensity of E saccharina infestations is highly variable from one field to another and from one year to
another depending on numerous factors among which the most important are climate, natural enemies, and
cropping conditions (Goebel et al, 2008; Nikpay et al, 2015). Stem borer populations used to be stable under
natural conditions due to their regulation by the parasitoids through an equilibrium. For example,
Trichogramma evanescens W. (Hymemoptera: Trichogrammatidae) is a well-known specie which parasites
eggs of E. saccharina as well as S. calamistis (Lepidoptera: Noctuidae), (Parra et al, 2010). This equilibrium
used to be disrupted under certain cropping conditions such as high nitrogen fertilizer rates for better yields,
excessive applications of insecticides. It was reported that a sudden increase of borer infestations in sugarcane
was explained by high nitrogen fertilizer rates (Goebel et al, 2010; Péné et al, 2019). Some cane varieties with
prominent growth cracks and lower or moderate fiber content which are often susceptible to infestations must
be avoided despite their high performance as reported by several authors (Hensley et al, 1977; Goebel et al,
2000; Kouameé et al, 2010; Péné et al, 2016). As stated by many investigators (Kvedaras et al, 2007; Goebel
et al, 2010; Saljogi and Walayati, 2013; Nikpay et al, 2014; Gobel and Nikpay, 2017; Goebel et al, 2018), an
effective control of stem borer in sugarcane lies in an integrated approach based on well managed cropping
practices in combination with a good knowledge of the biology of pest, a selective application of insecticides,
the use of leguminous plants providing ecosystem services to build up natural enemies, the breeding of key
parasitoids like Trichogramma species followed by their release in the field, as well as the installation of light
traps to catch E. saccharina adults across sugarcane fields.

4. Conclusions

The study showed that in rainfed sugarcane, the variety N21 with high fiber content was more tolerant to
stem borer than the variety M2593/92 credited with a moderate fiber content. Stem borer infestations of
rainfed plant cane were significantly reduced across crop cycle following early harvesting of M2593/92, in
contrast to N21. Without early harvesting, M2593/92 would have been much more infested by E. saccharina
than N21, with respectively 24 and 10% of internodes bored. Regardless the variety used, sugar yields were
not significantly affected by early harvesting. However, cane yields could be significantly reduced, with
respect to the November harvesting, depending on type of variety, nitrogen application rate, soil type, crop
cycle duration, and weather data. In rainfed plant cane, regardless the variety, stem borer infestations were
strongly dependent on crop cycle duration and the intensity of water stress. That’s why early harvesting in
plant cane seems to be beneficial in rainfed conditions for preventing heavy infestations of stem borer.

5. References

[1] Atkinson PR, 1981. Mating behavior and activity patterns of Eldana saccharina W (Lepidoptera: Pyralidae). J.
Entomol. Soc. South Afr. 44: 265-280.


https://www.sagepublisher.com/

ISSN: 18158129 E-ISSN: 18151027
SSN:18158129 Volume 15, Issue 03, November, 2019

[2] Atkinson PR, Carnegie AJM, 1989. Population dynamics of the sugarcane borer, Eldana saccharina W (Lepidoptera:
Pyralidae). Bull. Entomol. Res., 97: 489-506.

[3] ATKINSON PR, NUSS KJ, 1989. Association between host-plant nitrogen and infestations of the sugarcane borer,
Eldana saccharina Walker (Lepidoptera: Pyralidae). Bulletin of Entomological Research, 79 : 489-506

[4] Betbeder-Matibet M, 1983. Eldana saccharina W (Lepidoptera: Pyralidae), foreur des tiges de canne a sucre en
Afrique: dynamique de ses populations dans les plantations, comportement larvaire et recherche de moyens de lutte. PhD
Thesis, ENSA Montpellier, France.

[5] Bikila M, Dechassa N, Alemayehu Y, 2014. Effects of pre-pruning nitrogen application rate and time on seed cane
quality of sugarcane (Saccharum officinarum L) crop at Finchaa Sugar Estate. Adv. Crop Sci. Technol. 2(5): 1-7.

[6] Conlong DE, 1994. A review and perspectives for the biological control of the African sugarcane stalkborer Eldana
saccharina W (Lepidoptera: Pyralidae). Agric. Ecosyst. Environ. 48: 9-17.

[7] Dick J, 1945. Some data on the biology of the sugarcane borer (Eldana saccharina W). In: Proc. South Afr. Sug.
Technol. Assoc. 19: 75-79.

[8] Doh Thikhanh H, Goebel, FR, Marquier M, Frandon J, Roux E, Clain C, Colombel E, Tabone E, 2012. Contréle
biologique du foreur ponctué de la canne a sucre a la Réunion par lachers inondatifs de trichogrammes : étapes franchies
pour un développement a grande échelle. In: Actes Congrés de 1’Association Frangaise de la canne a sucre
(AFCAS/ARTAS), Septembre 4-8, 2012, La Réunion, AFCAS.

[9] Forestieri DE, 2017. Improving nitrogen use efficiency and yield in Louisiana sugarcane production systems. MSci.
Thesis, LSU. Plant Sci. Comm.

[10] Goebel FR, Fernandez E, Begue JM, Thére R, Aleuzet C, 2000. Predation and varietal resistance as important
components of integrated protection of the sugarcane stem borer Chilo sacchariphagus B. in Reunion Island. In:

Sugarcane pest management in the new millennium. ISSCT Entomology Workshop: 51-9.

[11] Goebel FR, Tabone E, Do Thi Khan H, Roux E, Marquier M, Frandon J, 2010. Biocontrol of Chilo saccharifagus
(Lepidoptera: Crambidae) a key pest of sugarcane: lessons from the past and future propects. Sugarc. Intern. 28: 128-32.

[12] Goebel FR, Way MIJ, Conlog D, 2008. La gestion des foreurs de la canne a sucre, I’environnement et les pratiques
culturales : synthése des résultats et perspectives. In : Actes Congreés sucrier ARTAS-AFCAS 2008, La Guadeloupe, pp.
1-12.

[13] Goebel FR, Way MJ, Gossard B, 2005. The status of Eldana saccharina (Lepidoptera: Pyralidaea) in South African
sugar industry based on regular survey data. In: Proc. South Afr. Sug. Technol. Assoc, 79: 337-346.

[14] Hoarau M, 1970. La canne a sucre. Le technicien d’agriculture tropicale. Maisonneuve & Larose (eds), p. 165.
[15] Hugot E, 1999. Sucrerie de canne. Paris, Collection Tech & Doc, Lavoisier (eds), p 1018.

[16] Keeping MG, 2006. Screening of South African sugarcane cultivars for resistance to the stalk borer, Eldana
saccharina W (Lepidoptera: Pyralidae). Afr. Entomol. 14: 277-288.

[17] Konan EA, Péné CB, Dick E, 2017a. Main factors determining the yield of sugarcane plantations on Ferralsols in
Ferké 2 sugar complex, Northern Ivory Coast. J. Emerg. Trends Engineer. Appl. Sci. JETEAS 8(6): 244-256.

[18] Konan EA, Péné CB, Dick E, 2017b. Caractérisation agro-climatique du périmétre sucrier de Ferké 2 au Nord de la
7



Péné et.al, 2019 JASAE

Cote d’Ivoire. J Appl. Biosci. 116: 11532-11545.

[19] Kouamé KD, Péné CB, M Zouzou, 2010. Evaluation de la résistance variétale de la canne a sucre au foreur de tiges
tropical Africain (Eldana saccharina W) en Cote d’Ivoire. J Appl. Biosci. 26: 1614-1622.

[20] Kvedaras Ol, Keeping MG, Goebel FR, Byrne M, 2007. Water stress augments silicon-mediated resistance of
susceptible sugarcane cultivars synergy in resistance of sugarcane cultivars to stalk borer, Eldana saccharina Walker
(Lepidoptera: Pyralidaea). Bull. Entomol. Res., 97: 175-183.

[21] Leslie GW, 2009. Estimating the economic injury level and the economic threshold for the use of a-cypermethrin
against the sugarcane borer, Eldana saccharina W (Lepidoptera: Pyralidae). Ann. Appl. Biol. 155: 349-359.

[22] Lopez E, Fernandez C, Lopez O, 1983. Effect of nitrogen fertilisation on Diataea saccharalis (Fabr.) incidence on
sugarcane. Proc. Intern. Soc. Sug. Technol. 18: 910-914.

[23] Mazodze R, Conlong DE, 2003. Eldana saccharnica W (Lepidoptera: Pyralidae) in sugarcane (Saccharum hybrids),
sedge (Cyperus digitatus) and bulrush (Typha latifolia) in South-eastern Zimbabwe. Proc. South Afr. Sug. Technol.
Assoc. 77: 256-274.

[24] McFarlane SA, Govender P, Rutherford RS, 2009. Interactions between Fusarium species from sugarcane and the
stalk borer, Eldana saccharina W (Lepidoptera: Pyralidae). Ann. Appl. Biol. 155: 349-359.

[25] Nikpay A, Kord H, Goebel FR, Sharafizadeh P, 2014. Assessment of natural parasitism of sugarcane moth borer
Sesamia spp. By Telenomus busseolae in five commercial cultivars. Sugar. Tech. 16(3): 325-8.

[27] Nikpay A, Soleyman-Nejadian E, Goldasteh S, Farazmand H, 2015. Response of sugarcane and sugarcane stalk
borer Sesamia spp (Lepidoptera: Noctuidae) to calcium silicate fertilization. Neotrop. Entomol. 44: 498-503

[28] Otto R, Mariano E, Mulvaney RL, Khan SA, Boschiero BN Tenelli S, Trivelin PCO, 2019. Effect of previous soil
management on sugarcane response to nitrogen fertilization. Sci. Agric. 76(1): 72-81.

[29] Parra JRP, Botelho PSM, Pinto AS, 2010. Biological control of pests as a key component to sustainable sugarcane
production. In: L.A.B. Cortez (eds). Sugarcane Bioethanol: Rand for productivity and sustainability, SP, Brazil, pp. 441-
50.

[30] Paxton RH, 1982. Eldana borer (E. saccharina): the results of surveys. Proceed. South Afr. Sugarc. Technol. Assoc.
56: 99-103.

[31] Péné CB, Kouamé KD, Dove H, Boua BM, 2016. Incidence des infestations du foreur de tiges Eldana saccharina

W (Lepidoptera: Pyralidae) en culture irriguée de canne a sucre selon la variété et la période de récolte en Cote d’Ivoire.
J Appl. Biosci. 102: 9687-9698.

[32] Péné CB, Boua BM, Coulibaly-Ouattara Y, Goebel FR, 2018. Stem borer (Eldana saccharina W.) infestation
outbreak in sugarcane plantations of northern lvory Coast: Management strategies under implementation. Am. J. Biosci.
Bioeng. 6(4): 27-35.

[33] Péné CB, Coulibaly-Ouattara Y, 2019. Sugarcane yields, juice quality and stem borer (Eldana saccharina W)
infestations as influenced by increasing nitrogen rates in Ferké, Northern lvory Coast. J. Agric. Crop Res. 7(5): 72-81.

[34] Saljogi AUR, Walayati WK, 2013. Mangement of sugarcane stem borer Chilo infuscatellus S. (Lepidoptera:
Pyralidae) through Trichogramma chilonis I. (Hymenoptera: Trichogrammatidae) and selective use of insecticide.
Pakistan J. Zool. 45(6): 1481-87.

8


https://www.sagepublisher.com/

ISSN: 18158129 E-ISSN: 18151027
SSN:18158129 Volume 15, Issue 03, November, 2019

[35] Shitahum A, Feyissa T, Abera D, 2018. Performances evaluation of advanced sugarcane genotypes (Cirad 2013) at
Metahara sugar estate, Ethiopia. Int. J Adv. Res. Biol. Sci. 5(1): 91-104.

[36] Sharma HC, Dhillon MK, Kibuka J, Mukuru SZ, 2005. Plant defense responses to sorghum spotted stem borer Chilo
partellus under irrigated and drought conditions. ICRISAT Open Access J. 1(1): 1-3

[37] Way MJ, Goebel FR, Gillespie W, 2003. Surveying Eldana saccharina (Lepidoptera: Pyralidaea) in a small-sacale
grower sector of the South African sugarcane industry. Proceed. South Afr. Sugarc. Technol. Assoc. 77: 275-277.

@ @ This work is licensed under a Creative Commons Attribution Non-Commercial 4.0
International License.
BY ND



