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ABSTRACT: The yield losses in pearl millet, estimated to be about 85%, are mainly due to millet headminer, Heliocheilus albipunctella. This
study is aimed at determining the status of this serious insect pest in the pearl millet production system within the groundnut basin of Senegal
and to assess the efficacy of augmentative releases of its parasitoid wasp, Bracon hebetor, to control it. The study area was divided into three
homogenous blocks (Northern, Southern and Eastern parts) where a set of three villages was selected for release of the parasitoid and another
three as control villages where no releases were made. The results revealed that in all the villages where the parasitoid was released, an increase
in larval mortality due to parasitism ranging between 9% and 26% was recorded in comparison with the control villages. Consequently,

damages recorded were significantly lower in the villages with parasitoid releases.
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INTRODUCTION

Pearl millet (Pennisetum glaucum (L.) (R. Br.) is one of
the main cereal crops widely cultivated in the Sudano-Sahelian
regions of West Africa. It is a hardy crop which can grow on
low soil fertility and is able to produce grains in harsh climatic
conditions (Nwanze and Harris, 1992). Despite its adaptation
to extreme climatic conditions, pearl millet is still hampered
by many biotic constraints including damage by insect pests.
In the West African region including Senegal, the pearl millet
headminer (MHM), Heliocheilus albipunctella (De Joannis)
(Lepidoptera: Noctuidae) and the millet stem borer, Coniesta
ignefusalis Hampson (Lepidoptera: Pyralidae) are the most
economically important insect pests of pearl millet causing
extensive damages (Jago, 1993; Nwanze, 1991; Gahukar,
1984). However, based on damages, the MHM is the most
injurious, causing direct grain loss up to 85% due to flower
abortion or grain spilling (Payne et al., 2011; Youm and
Owusu, 1998; Nwanze and Sivakumar, 1990; Ndoye and
Gahukar, 1989; Gahukar et al., 1986).

185

Management strategies including cultural methods,
host plant resistance and the use of pesticides have been
tested with limited success and applicability (Payne et al.,
2011; Sarr, 1998; Ajayi, 1990; Gahukar, 1990b; Nwanze and
Sivakumar, 1990; Gahukar ef al., 1986). Biological control
with the release of natural enemies has been used as one of
the alternatives to pesticides (Van Lenteren, 2012; Overholt
et al., 1997; Smith, 1996). These natural enemies are being
widely used for the management of insect pests. At least
230 species of natural enemies were used in augmentative
biological control programs against a variety pests worldwide
(Van Lenteren, 2012). In the Sahel, Bracon (Habrobracon)
hebetor (Say) (Hymenoptera: Braconidae) is one of the most
promising biological agents for the control of MHM. In the
late eighties, and to a certain extent in recent years, up to
95% larval parasitism by B. hebetor at the end of the pearl
millet cropping season was recorded in the Sahel region
when damage had already occurred (Ba et al., 2013; Payne
et al., 2011; Nwanze and Harris, 1992; Bhatnagar, 1989).
Augmentative releases of B. hebetor for the control of MHM
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in famers’ fields have been effective in many Sahelian regions
as demonstrated by significant mortality of larvae with a
parasitism rate up to 97% and an increase in grain yield up
to 50% (Amadou et al., 2017; Kabore et al., 2017; Ba et al.,
2014; Baoua et al., 2014; Ba et al., 2013; Payne et al., 2011;
Bhatnagar, 1989).

Since the first attempt of augmentative releases of B.
hebetor in Senegal in the early eighties, its implementation is
still at a small scale level and there is a need for expanding it
for a better area-wide control of MHM.

The aim of this study is to determine the actual status of
the millet headminer in the pearl millet sub-agro-ecological
zones within the groundnut basin of Senegal and to assess the
efficacy of augmentative field release of B. hebetor to control

MHM in farmer fields.

MATERIALS AND METHODS

Study area

This study was conducted during the 2015 cropping
season in the groundnut basin of Senegal which is the main
production area of pearl millet located in the centre of the
country. In this region, the annual rainfall varies between 400
to 500 mm in the northern part and 600 to 800 mm in the
southern part.

The study area was divided into three homogeneous
blocks in the northern, southern and eastern parts according
to agro-ecological zones (Fig. 1) where a set of three villages
was selected randomly of which three were earmarked for
releases of the parasitoid and the other three as control
where no releases were made. These selections were made,
using geographic information systems with the Senegalese
administrative limits, roads and village layers and remote
sensing techniques. Distance between blocks was at least

20km and Skm between villages in the same block.

Mass rearing of insects

The Mediterranean flour moth, Ephestia kuehniella
(Zeller) (Lepidoptera: Pyralidae), was used as a laboratory
host to establish and maintain a colony of B. hebetor in the
entomology lab of Nioro du Rip under ambient conditions.
The newly emerged adults of E. kuehniella, were confined
in Plexiglas cages with the bottom side replaced with a net
cloth to enable collecting eggs laid by females through the
meshes of the nets. About 500 eggs were harvested daily and
transferred into petri dishes (15cm diameter x 2.5¢cm depth)
filled with a mixture diet consisting of 2/4 pearl millet grain
and 1/4 flour. The diet was previously sterilized in an oven at
100°C for 24 hours in advance. Subsequent generations in
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the previous containers were transferred to a wooden cage for
which three sides were wire-netted and where an equivalent
of one gram of food per larva was placed.

For B. hebetor, the newly emerged adults were collected,
confined in a wooden cage and supplied with a 10% sucrose
solution in soaked cotton wool. The lid of the cage was
replaced by a glass; manipulation inside was possible through
a hole made on one side of the cage and covered with cloth
netting. Two mated females of B. hebetor were collected
and confined with 20 larvae (third instar) of E. kuehniella
in a petri dish (10 cm diameter x 1.5cm depth) for 48 hours.
Subsequent generations of B. hebetor emerging in 5 to 12
days later were placed in a wooden cage to maintain the

colony.
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Fig 1. Field release sites and control villages in the groundnut

basin of Senegal.

To avoid the colony of insects to collapse due to self-
sterility or male biased sex ratio, new host insects and
parasitoids were periodically collected from the granaries
and added to maintain a good production of female offspring.

Field releases

For the parasitoid releases, 20 larvae (third instar) of
E. kuehniella were confined with 3 females and 2 males
of B. hebetor 48 hours prior to field releases. In the field,
parasitized larvae were placed in jute bags of 15cm x 25 cm
(Ba et al., 2014) containing 100g of millet grain. Jute bags
were hung on three stakes i.e. release points from where
diapausing parasitoids emerged to disperse in the pearl millet
field to parasitize the MHM larvae.

In each block, a Completely Randomized Block Design
(CRBD) was adopted with two treatments. The control
corresponded to a set of three villages with no release
and a release treatment with set of three villages where
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parasitoids were released at pearl millet flowering and filling
stages. Within treatments, five pearl millet fields belonging
to farmers, at a distance of 2 km, were chosen per village
in a farmer participatory way through the chief of village.
Villages within a treatment were 5 km away from each other.
Between the control and the released fields, the distance was

at least 20 km.
Relative importance of MHM in comparison with stem
borers

For all blocks, 12 hills from each farmer’s field were
randomly selected and the number of plants infested by either

the stem borer or MHM was recorded.
The relative importance (RI) of MHM was estimated.

Number of infested plants by MHM
Sum of plants infested by stemborer and MHM

RI(%) = %100

Incidence of the MHM

For assessing the incidence of MHM, likewise, 12 hills
from each farmer’s field were randomly selected in all blocks
and the number of plants infested by MHM was recorded. The
estimation of MHM incidence was done as per the following
formula:

Number of infested earhead by MHM "

1(%) =
Total number of sampled plants

100

Parasitism and damages by MHM

The extent of parasitism by B. hebetor was estimated at
the maturity stage of pearl millet earheads. In each farmer’s
field, 60 pearl earheads were randomly taken and the number
of living larvae (unparasitized), parasitized larvae or cocoons
in the mines was recorded. The number and the length of
mines were also recorded on all sampled pearl millet earheads.

The parasitism rate (P) of MHM was estimated using the
following formula:

Number of parasitized larvae

P(%) = x100

Total number of collected larvae

Data analysis

The different variables were subjected to ANOVA
using the General Linear Model (GLM) with Student
Newman Keuls for the mean separation test at a probability
level oo = 0.05. Prior to the analysis of variance and for
eliminating heterocedasticity, data were transformed using
arcsine~i+0.5and log (x + 1) where i = incidence
(proportion) or parasitism rate and X = count variables i.e.
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number of mines and length of the mines(McDonald, 2009).
All analyses were performed using the software SAS 9.1
(SAS, 2003) and results are presented as mean + standard
error.

RESULTS AND DISCUSSION
Relative importance of the MHM

Overall, the MHM was the most common insect pest in
all blocks and represented 80% of the samples compared to
stem borers. The relative importance of the infested samples
by MHM was 90%, 80% and 74% in the northern, southern
and eastern part of the groundnut basin, respectively. The
stem borer infestation was low and varied between 10 and
26% for all blocks (Fig. 2). The low occurrence of stem
borers, particularly C. ignefusalis contrasted with many
finding which considered this pest as economic pest, common
in pearl millet fields (Drame-Yaye ef al., 2003; Nwanze and
Harris, 1992; Youm et al., 1996).
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Fig. 2. Relative importance of millet headminer and stem
borers in three locations of the groundnut basin of
Senegal.

Incidence of the MHM

The MHM incidence was high and varied between
60.94+4.02% and 84.97%+3.37% according to locations. It
was significantly higher (P<(0.05) in all locations except for
the northern groundnut basin where the MHM incidence was
low compared to the eastern and southern parts (Fig.3). The
high frequency and incidence recorded confirmed the key pest
status of the MHM in pearl millet agroecosystem of Senegal.
In the late 1970s,Vercambre (1978) recorded high pearl
millet damage due to MHM in this region. Further studies
on pearl millet also confirmed MHM to be an important
pest in Sudano-sahelian West African region (Owusu ef al.,
2004; Lale and Sastawa, 2000; Harris, 1995; Ndoye, 1991;
Gahukar et al., 1986). The variability of the MHM incidence
and abundance of stem borers could be due to the differences
within the agro-ecological zones including the rainfall
patterns, the incidence of egg parasitism, type of cultivars
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grown, date of planting which influences the flowering period
as well as cultural practices used by the farmers (Goudiaby
et al.,2018; Lale and Sastawa; 2000). In fact, the presence of
the egg parasitoid, Trichogrammatoidea armigera Nagaraja,
may have contributed in reducing the MHM population in the
northern blocks. Another reason could be that some farmers
grow Thialack variety which has exhibited natural resistance
to MHM (Goudiaby et al., 2018). Yet another reason could
be that if the planting date is altered, it would break the
synchrony between pearl millet flowering and emergence of

MHM, thereby resulting in low incidence.
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Fig 3. Incidence (mean+SE) of the millet headminer in three

blocks within the groundnut basin of Senegal (Means
followed by the same letters are not significantly
different at o= 0.05).

Bracon hebetor parasitism rate on MHM

Parasitism rate due to B. hebetor was very high in the
control fields in the northern basin with 85% larval mortality
compared to low rate recorded in the eastern (3%) and
southern (15%) basins (Fig. 4). The lower natural parasitism
of B. hebetor found in eastern and southern groundnut basins
suggested the existence of a low population abundance
of the parasitoid to control the MHM as the population of
this pest is higher in a pearl millet agro-ecosystem. In a
previous study conducted in Senegal, natural parasitism
by B. hebetor ranging between 2 to 19% was recorded in
pearl millet fields (Bhatnagar, 1989). A low larval mortality
due to B. hebefor has been also recorded on the MHM in
Niger, Mali and Burkina Faso (Ba et al., 2013) and on some
fields lepidopterous species (Saxena et al., 2012). In the
Sahelian region, the harsh offseason weather does not permit
maintenance of normal population of parasitoids as semi-
natural habitats and alternate hosts are rare particularly during
the dry season (Ba ef al., 2014). Many agroecosystems are
unfavourable environments for natural enemies due to high
levels of disturbance and the lack of resources in agricultural
landscapes (Jonsson ef al., 2014; Bianchi et al., 2006; Landis
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et al., 2000; Altieri, 1999). The high natural parasitism found
in control villages in the northern groundnut basin could
be explained by the surrounding environment such as the
presence of many granaries that support lepidopteran species
which serve as alternate hosts for B. hebetor (Ghimire and
Phillips, 2010a; Ghimire and Phillips, 2010b; Milonas, 2005;
Heimpel et al., 1999). B. hebetor survived the dry season by
parasitizing the flour moth, Ephestia spp., as has been found
in Senegal (Bhatnagar, 1989). The high natural parasitism
recorded in the northern groundnut basin was probably due
to B. hetetor coming from surrounding granaries and grain
stores. However, some findings suggested that storage strain
of B. hebetor performed poorly in the field (Ba ef al., 2014;
Saadat et al., 2014). Also, the variability observed among
locations (northern, southern and eastern groundnut basin)
might be due to the variability in the rainfall pattern within
different of agro-ecological zones as well as cultural practices
adopted by farmers.

In all locations, the parasitism level was higher in release
fields compared to control and varied between 95.07+0.02%
and 33.3344.22% according locations (Fig.4). The increase
in parasitism levels ranged between 9 and 26% within all
locations with the highest ones recorded at the eastern and
southern groundnut basin (Fig. 4). The augmentative release
of B. hebetor significantly increased the mortality level of
MHM in farmer fields. This concurred with its potential
biocontrol of field and stored lepidopterous insect pests
mentioned in many studies (Kabore etal., 2017; Ba et al.,
2014; Ghimire and Phillips, 2014; Saadat ef al., 2014; Saxena
et al., 2012; Adarkwah et al., 2010; Ghimire and Phillips,
2010a, 2010b; Amir-Maafi and Chi, 2006; Bhatnagar, 1989).
Overall, the parasitism level by B. hebetor was low with an
average of 31% compared to the high larval mortality ranging
between 50% to 78% obtained in previous studies in Senegal
(Bhatnagar, 1989) and a parasitism rate as high as 97%
recorded in Niger, Burkina Faso and Mali (Ba et al., 2014;
Baetal., 2013).

Damages by MHM

The damage in terms of number of mines recorded
per earhead (i.e. panicle) was significantly low (P<0.05)
within the release fields located in the eastern and southern
groundnut basin with 2.22+0.22 mines and 2.78 +0.36 mines,
respectively (Figure 5 A). For fields located in the northern
side of the groundnut basin, no significant difference was
found in the number of mines between control and release
fields. In the southern basin, the damage by MHM in terms
of length of mines bored was significantly lower (P<0.05)
in the release fields with 3.14+0.29cm compared to the
control (Figure 5 B). However, the mines were short in the
release fields in the northern (3.78+0.17cm) and eastern
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Fig 4. Parasitism of the millet headminer in control and
augmentative release fields in three blocks within the
groundnut basin of Senegal. (Means followed by the
same letters are not significantly different at o= 0.05).

(4.03+£0.28cm) parts of the groundnut basin. This reduction
was not significant compared to the control (Figure 5B).

The increased parasitism rate in the release villages
significantly reduced the MHM damages due to the
control of the larvae. In recent studies, a reduction in
grain yield losses from millet infested panicles increased
up to 50% and was recorded as a result of an effective
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the millet headminer in the control and augmentative
release fields in three blocks within the groundnut
basin of Senegal (Means followed by the same letters
are not significantly different at o= 0.05).
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parasitization by B. hebetor (Amadou et al., 2017; Baoua
etal.,2014)

Overal, MHM has been found to be the most
prevalent insect pest of economic importance in the pearl
millet agroecosystem of Senegal. The natural parasitism
by B. hebetor was low except in some locations where the
parasitoid could probably maintain its population during
the dry season on alternate hosts infesting cereals stored in
stores or granaries. The augmentative release was effective,
increased the MHM larval mortality and reduced damage in
all locations.

ACKNOWLEDGEMENTS

We thank Tamsir Mane, Baba Fall, BoubacarBalde,
Marietou Ly, El Hadji Malick Ndiaye from the entomology
laboratories of Nioro du Rip and Bambey as well as Mamadou
Diallo from the the Nganda Community Crop Protection
Bureau of the Directorate of Crop Protection, Cheikh Abba
Dieme from the Rural development Bureau of Gossas and
Baba Sall head the Rural development Bureau of Mbirkilane
for their assistance in the field release, monitoring and
data collection.We thank also Ms Sara Hendery from the
IPM Innovation Lab & Communications of Virginia Tech
University for revising the early version of the manuscript.

This research was funded by the United States Agency
for International Development under Cooperative Agreement
No. AIDOAA-A-13-00047 with the Kansas State University
Feed the Future Collaborative Research on Sorghum and
Millet Innovation Lab (SMIL).

REFERENCES

Adarkwah C, Biittner C, Reichmuth C, Obeng-Ofori D,
Prozell S and Schéller M. 2010. Ability of the larval
ectoparasitoid Habrobracon hebetor (Say, 1836)
(Hymenoptera: Braconidae) to locate the rice moth
Corcyra cephalonica (Stainton, 1865) (Lepidoptera:
Pyralidae) in bagged and bulk stored rice. J Pl Dis Prot.
117: 67-70. https://doi.org/10.1007/BF03356337

Ajayi O. 1990. Possibilities for integrated control of the
millet stem borer, Acigona ignefusalis Hampson
(Lepidoptera:Pyralidae) in Nigeria. Insect Sci Applic. 11:

109-117. https://doi.org/10.1017/S1742758400010468

Altieri M. 1999. The ecological role of biodiversity in
agroecosystems. Agri Ecosys Environ. 74: 19-31. https://
doi.org/10.1016/B978-0-444-50019-9.50005-4

Amadou L, Baoua IB, Ba MN, Haussmann B and Altiné M.
2017. Gestion de la chenille mineuse de 1’épi du mil par


https://doi.org/10.1007/BF03356337
https://doi.org/10.1017/S1742758400010468
https://doi.org/10.1016/B978-0-444-50019-9.50005-4

https://doi.org/10.1016/B978-0-444-50019-9.50005-4


Efficacy of augmentative release of the parasitoid wasp Bracon hebetor against the pearl millet headminer

des lachers du parasitoide Habrobracon hebetor Say au
Niger. Cah Agric. 26: 55003. https://doi.org/10.1051/
cagri/2017045

Amir-Maafi M and Chi H. 2006. Demography of
Habrobracon hebetor (Hymenoptera: Braconidae) on
two pyralid hosts (Lepidoptera: Pyralidae). Ann Entomol
Soc Am. 99: 84-90. https://doi.org/10.1603/0013-
8746(2006)099[0084:DOHHHB]2.0.CO;2

Ba MN, Baoua IB, Amadou L, Dabire-Binso C, Kabore A,
Oumarou N and Sanon A. 2014. Augmentative on-farm
delivery methods for the parasitoid Habrobracon
hebetor Say (Hymenoptera: Braconidae) to control
the millet head miner Heliocheilus albipunctella (de
Joannis) (Lepidoptera: Noctuidae) in Burkina Faso and
Niger. Biol Control 59: 689-696. https://doi.org/10.1007/
§10526-014-9613-8

Ba MN, Baoua IB, M ND, Dabire-Binso C, Sanon A and
Tamo M. 2013. Biological control of the millet head
miner Heliocheilus albipunctella in the Sahelian
region by augmentative releases of the parasitoid wasp
Habrobracon hebetor: effectiveness and farmers’
perceptions. Phytoparasitica 41: 569-576. https://doi.
org/10.1007/s12600-013-0317-x

Baoua IB, Amadou L, Oumarou N, Payne W, Roberts JD,
Stefanova K and Nansen C. 2014. Estimating effect of
augmentative biological control on grain yields from
individual pearl millet heads. J Appl Ent. 138: 281-288.
https://doi.org/10.1111/jen.12077

Bhatnagar VS. 1989. Lutte biologique contre la chenille
mineuse de I’épi de mil. Sahel PV Info. 12: 5-9.

Bianchi FJJA, Booij CJH and Tscharntke T. 2006. Sustainable
pest regulation in agricultural landscapes: a review
on landscape composition, biodiversity and natural
Sustainable pest regulation in agricultural landscapes
and pest control. Proc R Soc Lond (Biol). 273:
1715-1727. https://doi.org/10.1098/rspb.2006.3530
PMid:16790403 PMCid:PMC1634792

Drame-Yaye A, Youm O and Ayertey JN. 2003. Assessment
of grain yield losses in pearl millet due to the millet

stemborer,  Coniesta  ignefusalis  (HAMPSON).
Insect Sci Appl. 23: 259-265. https://doi.org/10.1017/
S1742758400023651

Gahukar RT. 1984. Insect pests of pearl millet in West Africa:
A review. Int J Trop Insect Sci. 30: 142-147. https://doi.
org/10.1080/09670878409370867

190

Gahukar RT. 1990b. Preliminary comparison of spike
development stages for insecticide application
against Heliocheilus albipunctella de Joanis in

pearl millet. Int J Trop Insect Sci. 11: 205-208.
https://doi.org/10.1017/S1742758400010584

Gahukar RT, Guévremont H, Bhatnagar VS, Doumbia YO,
Ndoye M and Pierrard G. 1986. A review of the pest
status of the millet spike worm, Raghuva albipunctella
De Joanis (Noctuidae: Lepidoptera) and its management
in the Sahel. Int J Trop Insect Sci. T: 457-463. https://
doi.org/10.1017/S1742758400009668

Ghimire MN and Phillips TW. 2010a. Suitability of
Different lepidopteran host species for development of
Bracon hebetor (Hymenoptera: Braconidae). Environ
Ent. 39: 449-458. https://doi.org/10.1603/EN09213
PMid:20388274

Ghimire MN and Phillips TW. 2010b. Mass rearing of
Habrobracon hebetor Say (Hymenoptera: Braconidae)
on larvae of the Indian meal moth, Plodia interpunctella
(Lepidoptera: Pyralidae): effects of host density,
parasitoid density, and rearing containers. J Stored
Prod Res. 46: 214-220. https://doi.org/10.1016/].
jspr.2010.05.003

Ghimire MN and Phillips TW. 2014. Oviposition and
reproductive performance of Habrobracon hebetor
(Hymenoptera: Braconidae) on six different pyralid
host species. Ann Entomol Soc Am. 107: 809-817.
https://doi.org/10.1603/AN14046

Goudiaby MF, Sarr I and Sembene M. 2018. Source of
resistance in pearl millet varieties against stem borers
and the ear headminer. J Entomol Zool Stud. 6:
1702-1708.

Harris KM. 1995. Word review of recent research on panicle
insect pests of sorghum and pearl millet In: Nwanze KF
and Youm O. (Eds.). Panicle insect pests of sorghum
and pearl millet. Proceedings of an International
Consultative Workshop, 4-7 Oct 1993. Niamey, Niger:
ICRISAT Sahelian Center.

Heimpel GE, Antolin MF and Strand MR. 1999. Diversity
of sex-determining alleles in Bracon hebetor. Heredity.
82: 282-291. https://doi.org/10.1038/sj.hdy.6884810
PMid:10336703

Jago ND 1993. Millet Crop-Loss Assessment Methods. NRI
Bulletin. Chatham, UK: Natural Resources Institute.


https://doi.org/10.1051/cagri/2017045

https://doi.org/10.1051/cagri/2017045

https://doi.org/10.1603/0013-8746(2006)099
https://doi.org/10.1603/0013-8746(2006)099
https://doi.org/10.1007/s10526-014-9613-8

https://doi.org/10.1007/s10526-014-9613-8

https://doi.org/10.1007/s12600-013-0317-x

https://doi.org/10.1007/s12600-013-0317-x

https://doi.org/10.1111/jen.12077
https://doi.org/10.1098/rspb.2006.3530
https://doi.org/10.1017/S1742758400023651

https://doi.org/10.1017/S1742758400023651

https://doi.org/10.1080/09670878409370867 
https://doi.org/10.1080/09670878409370867 
https://doi.org/10.1017/S1742758400010584

https://doi.org/10.1017/S1742758400009668 
https://doi.org/10.1017/S1742758400009668 
https://doi.org/10.1603/EN09213 
https://doi.org/10.1016/j.jspr.2010.05.003

https://doi.org/10.1016/j.jspr.2010.05.003

https://doi.org/10.1603/AN14046

https://doi.org/10.1038/sj.hdy.6884810


MAME FATOUMATA GOUDIABY et al.

Jonsson M, Bommarco R, Ekbom B, Smith HG, Bengtsson J,
Caballero-Lopez B, Winqvist C, Olsson O and Freckleton
R. 2014. Ecological production functions for biological
control services in agricultural landscapes. Methods
Ecol Evol. 5: 243-252. https://doi.org/10.1111/2041-
210X.12149

Kabore A, Ba NM, Dabire-Binso CL and Sanon A.
2017. Field persistence of Habrobracon hebetor
(Say) (Hymenoptera:Braconidae) following
augmentative releases against the millet head miner,
Heliocheilus albipunctella (de Joannis) (Lepidoptera:
Noctuidae), in the Sahel. Biol Control 108: 64-69.
https://doi.org/10.1016/j.biocontrol.2017.03.001

Lale NES and Sastawa BM. 2000. Evaluation of host plant
resistance, sowing date modification and intercropping
as methods for the control of Mylabris and Coryna
species (Coleoptera: Meloidae) infesting pearl millet in
the Nigerian Sudan savanna. JArid Environ. 46: 263-280.
https://doi.org/10.1006/jare.2000.0690

Landis DA, Wratten SD and Gurr GM. 2000. Habitat
management to conserve natural enemies of arthropod
pests in agriculture. Annu Rev Entomol. 45: 175-
201. https://doi.org/10.1146/annurev.ento.45.1.175
PMid:10761575

McDonald JH. 2009. Handbook of biological statistics.
2nd ed. Baltimore, Maryland, U.S.A.: Sparky House
Publishing.

Milonas PG. 2005. Influence of initial egg density
and host on the development of the
gregarious parasitoid Bracon hebetor on three
different host species. Biol Control 50: 415-428.

https://doi.org/10.1007/s10526-004-2837-2

size

Ndoye M. 1991. Biologie et dynamique des populations de
Heliocheilus albipunctella (De Joannis) ravageur de la
chandelle de mil dans le Sahel. Sahel PV Info.39: 11-20.

Ndoye M and Gahukar RT. 1989. Les insectes ravageurs du
mil a chandelle dans le sahel. African J Pl Prot. 4: 1-43.

Nwanze KF. 1991. Components for the management of two
insect pests of pearl millet in Sahelian West Africa.
Insect Sci Appl. 12: 673-678. https://doi.org/10.1017/
S1742758400013175

Nwanze KF and Harris KM. 1992. Insect pest of pearl millet
in West Africa. Rev Agric Entomol. 80: 1133-1155.

Nwanze KF and Sivakumar MVK. 1990. Insect pests
of pearl millet in Sahelian West Africa-I[.Raghuva

191

albipunctellaDe Joannis (Noctuidae, Lepidoptera):
Distribution, population dynamics and assessment of
crop damage. Trop Pest Manage. 36: 59-65. https://doi.
org/10.1080/09670879009371433

Overholt WA, Ngi-Song AJ, Omwega CO, Kimani-Njogu
SW, Mbapila J, Sallam MN and Ofomata V. 1997. A
review of the introduction and establishment of Cotesia
flavipes Cameron in East Africa for biological control of
cereal stemborers. Insect Sci Appl. 17: 79-88. https://doi.
org/10.1017/S1742758400022190

Owusu E, Youm O, Maliki Y, Hall D and Green S. 2004.
Observations on factors affecting attraction and
oviposition preferences of the millet headminer
Heliocheilus albipunctella to pearl millet panicles.
ISMN 45: 72-74.

Payne W, Tapsoba H, Baoua IB, Ba NM, N’diaye M and
Dabire-Binso C. 2011. On-farm biological control of
the pear]l millet head miner: realization of 35 years of
unsteady progress in Mali, Burkina Faso and Niger. Int
J Agric Sustain. 9: 186-193. https://doi.org/10.3763/
1jas.2010.0560

Saadat D, Seraj AA, Goldansaz SH and Karimzadeh J. 2014.
Environmental and maternal effects on host selection
and parasitism success of Bracon hebetor. BioControl
59. 297-306. https://doi.org/10.1007/s10526-014-
9572-0

Sarr 1. 1997. Détermination de I'impact potentiel des
pesticides sur Heliocheilus albipuntella (mineuse de
1'épi de mil) a partir d'une méthode indirecte: I'étude de
la table de survie. FAO, Projet Locustox, Dakar, pp 37

SAS 2003. SAS/STAT. 9.1 for Windows ed.: SAS institute
Inc., Cary,NC., USA.

Saxena H, Ponnusamy D and Asif Iquebal M. 2012. Seasonal
parasitism and biological characteristics of Habrobracon
hebetor (Hymenoptera: Braconidae) - a potential larval
ectoparasitoid of Helicoverpa armigera (Lepidoptera:
Noctuidae) in a chickpea ecosystem. Biocontrol Sci
Technol. 22: 305-318. https://doi.org/10.1080/0958315
7.2012.656579

Smith SM. 1996. Biological control with Trichogramma :
Advances, successes, and potential of their use. Annu
Rev Entomol. 41: 375-406. https://doi.org/10.1146/
annurev.en.41.010196.002111 PMid: 15012334

Van Lenteren JC. 2012. The state of commercial augmentative
biological control: plenty of natural enemies, but


https://doi.org/10.1111/2041-210X.12149

https://doi.org/10.1111/2041-210X.12149

https://doi.org/10.1016/j.biocontrol.2017.03.001

https://doi.org/10.1006/jare.2000.0690

https://doi.org/10.1146/annurev.ento.45.1.175
https://doi.org/10.1007/s10526-004-2837-2
https://doi.org/10.1017/S1742758400013175

https://doi.org/10.1017/S1742758400013175

https://doi.org/10.1080/09670879009371433

https://doi.org/10.1080/09670879009371433

https://doi.org/10.1017/S1742758400022190

https://doi.org/10.1017/S1742758400022190

https://doi.org/10.3763/ijas.2010.0560

https://doi.org/10.3763/ijas.2010.0560

https://doi.org/10.1007/s10526-014-9572-0

https://doi.org/10.1007/s10526-014-9572-0

https://doi.org/10.1080/09583157.2012.656579

https://doi.org/10.1080/09583157.2012.656579

https://doi.org/10.1146/annurev.en.41.010196.002111
https://doi.org/10.1146/annurev.en.41.010196.002111

Efficacy of augmentative release of the parasitoid wasp Bracon hebetor against the pearl millet headminer

a frustrating lack of uptake. Biol Control 57: 1-20. Bulletin Patancheru 502 324, Andhra Pradesh, India:
https://doi.org/10.1007/s10526-011-9395-1 ICRISAT Sahelian Center.

Vercambre B. 1978. Raghuva spp. et Masalia sp., chenilles  Youm O and Owusu E. 1998. Assessment of yield loss due

des chandelles du mil en zone Sahélienne. Agron Trop. to the millet head miner, Heliocheilus albipunctella

33: 62-79. (Lepidoptera: Noctuidae) using a damage rating scale

and regression analysis in Niger. /nt J Pest Manage. 44:

Youm O, Harris KM and Nwanze KF. 1996. Coniesta
ignefusalis : a handbook of information. Information

119-121.

192


https://doi.org/10.1007/s10526-011-9395-1


