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uring storage, either at house-

hold, rural, or trader level,

commodities are attacked

by several species of insect

pests, including Rhyzopertha
dominica, Sitophilus oryzae, Tribolium
castaneum, and Sitotroga cerealella, result-
ing in losses in both quantity and quality.
Major losses of food grains during stor-
age are mainly due to insect pests, among
which internal feeders such as the lesser
grain borer, Rhyzopertha dominica, are
considered to be of prime importance.
Rhyzopertha dominica is a major pest of
rice, wheat, and millets such as sorghum,
pearl millet, and proso millet.

Research on stored millets has mainly
focused on the susceptibility of different
cultivars to insect pest damage, physico—
chemical changes in the produce due to
infestation, and the germinability of in-
fested grains. However, studies on devel-
opmental biology and feeding preference
in millets, particularly on Rhyzopertha
dominica, are rather limited. Moreover,
with the growing demand for pesticide-
free commodities, botanical management
has become an inevitable practice.

In wheat, rice, maize, sorghum, and other
millets, the effects of infestation by Rhy-
zopertha dominica at different growth
stages on nutritional properties, dough
rheological properties, food processing
properties, and other relevant quality in-
dices were evaluated. Infestation was car-
ried out at the egg, larval, pupal, and
adult stages under optimal growth con-
ditions of temperature (32 + 1)°C and
relative humidity of 75 4 1%.
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Introduction

Millets are a collective term referring to a
group of small-seeded annual grasses culti-
vated as grain crops, primarily on marginal
lands in dry areas of temperate, subtropi-
cal, and tropical regions. These crops are
mainly grown in developing countries as
subsistence crops for local consumption.

India is the largest producer of millets in
the world, and the year 2023 was declared
by the United Nations as the International
Year of Millets following a proposal by In-
dia, with the aim of positioning the coun-
try as a global hub for millet production.
Major millet crops grown in India include
pearl millet, foxtail millet (Setaria italica),
little millet (Panicum sumatrense), kodo
millet (Paspalum scrobiculatum), barn-
yard millet Echinochloa spp., proso millet
(Panicum miliaceum), sorghum (Sorghum
bicolor), and finger millet (Eleusine cora-
cana). Pseudo-millets such as buckwheat
and amaranths are also widely cultivated.
Pearl millet, sorghum, and finger millet
together constitute the largest share of
India’s total millet production.

The production of pear]l millet has shown
a steady increase, while finger millet re-
mains an important crop in states such
as Karnataka and Tamil Nadu. Andhra
Pradesh, Odisha, Bihar, and Maharashtra
are also among the major millet-growing
states. India’s two major millets, pearl
millet and sorghum, together contributed
approximately 19% of the global millet
production in 2020. Pearl millet alone ac-
counted for 40.51% of the world’s millet
production, followed by sorghum at 8.09%
(APEDA, 2023).

During storage, whether at the household,
urban, rural, or trader levels, stored com-
modities are attacked by several species
of insect pests, including Rhyzopertha do-
minica, Sitophilus oryzae, Tribolium cas-
taneum, and Sitotroga cerealella, resulting
in considerable losses in both quantity and
quality (Mahanti, 2002; Park et al., 2015).
Among these pests, internal feeders such
as the lesser grain borer, Rhyzopertha do-
minica, are considered to be of prime im-
portance (Fisher, 1950; Kumar et al., 2021)

Rhyzopertha dominica is the major pest
of rice, wheat, and several millets, includ-
ing sorghum, pearl millet, and proso millet
(Kishore, 1993).

Research on stored millets has largely fo-
cused on the susceptibility of different
cultivars to insect pest damage, physico—
chemical changes in the produce due to
infestation, and the germinability of in-
fested grains (Kishore, 1993). However,
studies addressing the developmental biol-
ogy and feeding preference of Rhyzopertha
dominica on millets are relatively lim-
ited. Furthermore, the increasing demand
for pesticide-free commodities has made
the exploration of botanical management
practices an inevitable and necessary ap-
proach for the sustainable management of
storage pests (Isman, 2006; Saxena et al.,
1976).

The geographical origin of Rhyzopertha
dominica remains uncertain; however, the
Indian subcontinent is considered its most
probable native region, as it harbours
several other species belonging to the fam-
ily Bostrichidae (Park et al., 2015). At
present, Rhyzopertha dominica is widely
distributed throughout the world, particu-
larly in warmer temperate regions between
40° North and South of the equator. The
pest is commonly associated with forested
habitats and grain storage environments.
Human activities, especially the commer-
cial transportation of grains, have played a
significant role in its widespread distribu-
tion (Mahanti, 2002). Its close association
with stored wheat has led to its com-
mon designation as the “Australian wheat
weevil,” reflecting its severe infestation of
wheat in Australia (Bayer, n.d.).

Considering the economic importance of
millets, the destructive nature of the lesser
grain borer in stored grains, the limited
information available on its developmental
biology and feeding preference on millets,
and the growing emphasis on pesticide-free
storage management, the present study
was undertaken to examine the occur-
rence of Rhyzopertha dominica in stored
millets, to understand its developmental
biology and feeding preference on differ-
ent millets, and to evaluate the efficacy of
‘locally available botanicals against the
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pest under in vitro conditions (Arya & Ti-
wari, 2013; Valand et al., 1993; Rahim,
1998; Sharma et al., 2010).

Materials and Methods

The present investigation was conducted
during 2023 at the Laboratory of Stored
Grain Pests, National Institute of Plant
Health Management (NIPHM), Rajen-
dranagar, Hyderabad. Different types
of millets used in the study were pro-
cured from the Indian Institute of Millet
Research (IIMR), Rajendranagar, Hyder-
abad. The millets selected for experi-
mentation included sorghum, pearl millet
(bajra), little millet, kodo millet, foxtail
millet, barnyard millet, and browntop mil-
let. The millets had undergone approx-
imately six months of storage prior to
experimentation.

For studies on developmental biology,
450 g of each millet was used with three
replications, whereas sorghum seeds (2 kg)
were used for evaluating botanical treat-
ments. Plastic containers with perforated
lids or muslin cloth covers secured with
rubber bands were used for insect rearing
and experimentation. Additional materi-
als included transplant plastic jars, insect
breeding dishes, brushes, tubs, sieves, and
a hand microscope. A glass funnel was
used for releasing insects during feeding
preference studies.

Other materials used included sketch pens,
white cotton cloth, rubber bands, and a
mechanical grinder for preparing botanical

Adults measured approximately 2-3 mm
in length, were reddish-brown in colour,
and exhibited a cylindrical body shape.
The elytra showed regular rows of coarse
punctures covered with curved setae, while
the pronotum displayed a distinct saw-
toothed anterior margin. The head was
not visible when viewed dorsally, and the
antennae terminated in a characteristic
three-segmented club.

Developmental biology of Rhyzop-
ertha dominica on millets

To study the developmental biology of
Rhyzopertha dominica on different millets,
150 g of each millet variety was placed
in separate plastic containers and cov-
ered with perforated lids or muslin cloth
to ensure adequate aeration. Each treat-
ment was replicated three times. Twenty
freshly emerged adults were released into
each container and maintained under am-
bient laboratory temperature and relative
humidity.

Observations on larval and adult popula-
tions were recorded at 15, 30, 45, 75, and
90 days after release (DAR). Adults were
removed one week after initial release to
prevent overlapping generations.

Feeding preference of Rhyzopertha
dominica towards millets

Feeding preference studies were conducted
using a choice test method. Ten grams
of each millet sample were placed equidis-

powders. Fresh leaves of neem (Azadirachta tantly within a plastic tub and covered

indica), pungam (Millettia pinnata), ja-
mun (Syzygium cuming), custard apple
(Annona squamosa), and castor (Ricinus
communis) were used as botanical treat-
ments.

Identification of Rhyzopertha do-
minica

The lesser grain borer, Rhyzopertha do-
minica, was identified based on visual ex-
amination of larval and adult stages using
a hand lens and compound microscope.
Grain samples were sieved to detect the
presence of adults and externally feed-
ing larvae. Larvae were white to cream
coloured, possessed biting mouthparts,
and had three pairs of legs. Early instar
larvae were mobile within the grain bulk,
while later instars became immobile and
assumed a characteristic C-shaped form as
development progressed within the grain.

with cotton cloth. One hundred newly
emerged adults of Rhyzopertha dominica
were released into the center of the setup
through a glass funnel. The experimental
setup was left undisturbed for 24 hours to
allow the insects to select their preferred
millet type. After the exposure period,
the number of adults present in each mil-
let sample was counted and recorded, and
feeding preference was assessed based on
adult distribution.

Figure 1: Feeding preference of Rhy-
zopertha dominica in different millets
at different days after release

o

Evaluation of botanicals against
Rhyzopertha dominica under in
vitro conditions

Locally available botanicals, namely neem
(Azadirachta indica), pungam (Millettia
pinnata), jamun (Syzygium cuming), cus-
tard apple (Annona squamosa), and castor
(Ricinus communis), were collected from
the NIPHM campus and nearby areas.The
plant materials were washed thoroughly
with fresh water to remove dust, fungi,
and insects, shade-dried, and ground us-
ing a mechanical grinder. The powdered
material was sieved through a suitable
mesh and stored in plastic containers until
use.

For bioassay studies, 50 g of sorghum seeds
were placed in each insect breeding dish.
Botanical powders were mixed thoroughly
with the seeds at two dosage levels, 3 g
and 5 g. Each treatment was replicated
three times. Observations on insect activ-
ity were recorded at 3, 5, and 15 days after
treatment. The collected data were sub-

jected to suitable transformation prior to
analysis.
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Figure 2: Rhyzopertha dominca different
positional views

Results

Study of developmental biology of
Rhyzopertha dominica in different
types of millets

The study was conducted at the Labora-
tory of Stored Grain Pests, National Insti-
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tute of Plant Health Management, Hyder-
abad, during the year 2023. Seven types
of millets, namely sorghum, bajra, little
millet, kodo millet, foxtail millet, barnyard
millet, and browntop millet, were used in
the study.

The number of grubs that emerged in dif-
ferent millets was sorghum (24.33), ba-
jra (22.0), little millet (3.67), kodo mil-
let (4.33), foxtail millet (6.67), barnyard
millet (2.67), and browntop millet (10.33),
respectively.
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Figure 3: Feeding preference of Rhyzopertha dominica in different types of millets at

different days after release

The development of larvae of Rhyzopertha
dominica during the first fifteen days af-
ter release days after release(DAR) was
recorded in different types of millets.

Significantly higher numbers of grubs were
observed in sorghum and pearl millet. The
highest grub emergence was recorded in
sorghum (24.33) followed by pearl millet
(22.0) at 15 DAR.

o

With reference to adult development, a
significantly higher number of Rhyzopertha
dominica adults developed in sorghum
(13.5), foxtail millet (13.5), little millet
(8.75), kodo millet (7.5), browntop mil-
let (6.25), pearl millet (5.5), and barn-
yard millet (0) at 15 DAR. The signifi-
cantly highest adult population count was
recorded in sorghum and foxtail millet.

The second observation was recorded at 30
DAR. Larval development was observed in
little millet (1.25), browntop millet (5.75),
pearl millet (5), kodo millet (2), foxtail
millet (2), sorghum (1), and barnyard mil-
let (0). In this observation, larvae emerged
at different time durations between 25 and
30 DAR.

Adult populations increased in compari-
son to the first observation. Adult emer-
gence at 30 DAR was recorded in little mil-
let (16.75), browntop millet (7.75), pearl
millet (11), kodo millet (17.0), foxtail mil-
let (13.25), sorghum (36.25), and barnyard
millet (1).

Observations recorded at 45 DAR showed
larval development in little millet (3.25),
browntop millet (5.25), pearl millet (0.5),
kodo millet (3.25), foxtail millet (0.5),
sorghum (1), and barnyard millet (0.25).
Adult emergence at 45 DAR was well de-
veloped in little millet (17.75), browntop
millet (9.5), pearl millet (12.25), kodo
millet (17.75), foxtail millet (7), sorghum
(23), and barnyard millet (1.5).

At 60 DAR, larval development was higher
in sorghum (2.25), foxtail millet (1.75),
and browntop millet (1.75), while lower
larval development was observed in barn-
yard millet, pearl millet, little millet, and
kodo millet (0.2). Adult development at
60 DAR was well established in little mil-
let (19.75), browntop millet (9.5), pearl
millet (13.50), kodo millet (20.25), fox-
tail millet (14.75), sorghum (20.25), and
barnyard millet (0.25).

At 75 DAR, larval development was lower
compared to previous observations, with
higher values recorded in sorghum (3.75),
followed by foxtail millet (0.75), little mil-
let (0.5), and barnyard millet (0.5). No lar-
val development was observed in pearl mil-
let, kodo millet, and browntop millet (0).
Adult development at 75 DAR was high-
est in sorghum (19.25), followed by little
millet (3.5), browntop millet (5.75), pearl
millet (5.5), kodo millet (0.75), foxtail mil-
let (3.75), and barnyard millet (4.75).

At 90 DAR, larval development was ob-
served in sorghum (1.5), little millet (0.5),
browntop millet (2), pearl millet (0.5),

kodo millet (0.75), foxtail millet (0.75),
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and barnyard millet (0). Adult popula-
tions at 90 DAR were highest in sorghum
(20.75) and pearl millet (15.75), followed
by little millet (12.5), foxtail millet (13),
kodo millet (11.05), browntop millet (6.75),
and barnyard millet (3).

Locally available botanicals
against Rhyzopertha dominica

The bioefficacy of different botanicals
against adults of Rhyzopertha dominica at
different storage periods was recorded. It
was evident from the data that the mor-

Discussion

The present study demonstrates clear
host-dependent differences in the develop-
ment and population build-up of Rhyzop-
ertha dominica on different millet types,

Table 1: Developmental biology of larva and adult of Rhyzopertha dominica on different millets

Days after release (DAR)

Sample (150 g)

15 30 45 60 75 920

Larva Adult Larva Adult Larva Adult Larva Adult Larva Adult Larva Adult
Little millet 2.75 8.75 1.25 16.75  3.25 1775  0.25 19.75 0.5 3.5 0.5 12.5
Brown top millet 7.75 6.25 5.75 7.75 5.25 9.5 1.75 9.5 0 5.75 2 6.75
Pearl millet 10.25 5.50 0.00 11.00 0.5 12.25  0.25 13.5 0 5.5 0.5 15.75
Kodo millet 3.25 7.50 2.00 17.00 3.25 17.75  0.25  20.25 0 0.75 0.75 11.5
Foxtail millet 5.00 13.50  2.00 13.25 0.5 7 1.75 14.75  0.75 3.75 0.75 13
Sorghum 11.05 13.50 0.50 36.25 1 23 2.25 20.5 3.75 19.25 1.5 20.75
Barnyard millet 2.00 0.00 0.00 1.00 0.25 1.5 0.25 1.75 0.5 4.75 0 3
SEm =+ 3.427 8006 2.112 5.119 2.093 5.071 0.926 6.015 0.943 4513 1.113 3.142
CD (5%) 10.395 24.284 6.406 15.528 6.349 15.381 2.808 18.243 2.860 13.688 3.375 9.531

Table 2: Effect of locally available botanicals against adults of Rhyzopertha dominica with sorghum and pear]l millet support-

ing significantly higher larval emergence

Treatments 3 days 15 days 30 days 45 days and adult populations compared to other
T1: Neem leaf extract @3 gm 4.00 0.33 0.00 0.00  millets. Similar patterns have been re-
T2: Neem leaf extract @5 gm 2.33 0.67 0.33 0.33  ported in recent experimental studies
T3: Pungam leaf extract @3 gm 4.00 2.33 1.33 0.33 evaluating Rhyzopertha domzmcg develop-
T4: Pungam leaf extract @5 gm 0.67 0.33 0.00 0.00 ment on sorghpm and millet grains, where

sorghum consistently supported faster de-
T5: Jamun leaf extract @3 gm 1.33 0.67 0.33 0.33 velopment, higher progeny emergence, and
T6: Jamun leaf extract @5 gm 0.67 0.00 0.00 0.00 sustained adult populations under storage
T7: Castor leaf extract @3 gm 1.33 0.00 0.00 0.00 conditions (Agrafioti et al., 2023; Singh et
T8: Castor leaf extract @5 gm 0.33 0.33 0.00 0.00  al., 2023). The comparatively lower infes-
T9: Custard apple leaf extract @3 gm 1.00 1.00 0.67 0.00  tation levels observed in barnyard millet,
T10: Custard apple leaf extract @5 gm 1.00 0.33 0.67 0.00 Wle r.mllett, and kodo H.nllet m t.he present

investigation are consistent with recent
T11: Untreated control 19.00 18.33 17.33 17.00 findings indicating that several small mil-
SEm + 0.835 0.482 0.389 0.246  Jets exhibit reduced susceptibility to inter-
CD (5%) 2.449 1.414 1.142 0.722  nal feeders, possibly due to compact grain

Table 3: Feeding preference of

tality of R. dominica adults was signifi-
cantly influenced by different plant pow-
ders. After 3 days of treatment, neem

Rhyzopertha dominica on different miuets(Azadimchta indica) at @3 g/@50 g of

150 g R1 R2 R3 Mean
Little 4.00 7.00 3.00 3.50
Brown 11.00 9.00 1.00 5.25
top

Pearl 7.00 5.00 16.00 7.00
Kodo 5.00 4.00 18.00 6.75
Foxtail 2.00 9.00 4.00 3.75
Sorghum 30.00 38.00 32.00 25.00
Barnyard 14.00 28.00 26.00 17.00
SEm Nil  Nil Nil 3.202
CD Nil  Nil Nil 9.713
(5%)

sorghum seed (96.0) and @5 g/@50 g of
seed (97.67); pungam (Millettia pinnata)
at @3 g/@50 g of sorghum seed (96) and
@5 g/@50 g (99.33); jamun (Syzygium
cumini) at @3 g/@50 g of sorghum seed
(98.67) and @5 g/@50 g (99.33); custard
apple (Annona squamosa) at @3 g/@Q50
g of sorghum seed (99) and @5 g/@50 g
(99); and castor (Ricinus communis) at
@3 g/@50 g of sorghum seed (98.67) and
@5 g/@50 g (99.67) recorded high adult
mortality. Observations recorded at 15,
30, and 45 days after treatment are pre-
sented in Table 2.

structure and biochemical deterrents (Rao
et al., 2024).

The higher grub emergence recorded
at early storage intervals and the sus-
tained adult dominance observed at later
stages in sorghum suggest that this grain
provides a nutritionally and structurally
favourable environment for borers. Re-
cent studies have emphasized that kernel
hardness, starch availability, lipid content,
and endosperm characteristics strongly
influence host suitability for internal feed-
ing pests, including Rhyzopertha dominica
(Kumar et al., 2023; Kavallieratos et al.,
2024). In contrast, minor millets such as
barnyard and kodo millet have been re-
ported to contain higher levels of phenolic
compounds and anti-nutritional factors,
which may interfere with larval feeding
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efficiency and slow population growth,
thereby explaining the lower larval and
adult counts observed in these grains (Rao
et al., 2024; Kumar et al 2023).

The progressive increase in adult pop-
ulations up to 60-90 days after release
observed in the present study further indi-
cates the ability of Rhyzopertha dominica
to establish overlapping generations dur-
ing storage. Recent population ecology
studies have shown that under favourable
temperature and humidity conditions, in-
ternal feeders such as Rhyzopertha do-
minica rapidly complete development and
adult populations dominate later storage
periods, even when larval counts appear
reduced due to successful adult emer-
gence (Mutambuki et al., 2024; Nayak
& Daglish, 2023). This population pat-
tern underscores the importance of early
detection and timely management inter-
ventions to prevent exponential popula-
tion build-up during prolonged storage.
The preferential development and feeding
of R. dominica on sorghum and pearl mil-
let observed in the present investigation
have important implications for millet
storage management. Recent literature
increasingly supports grain-specific risk
assessment and host-based management
approaches as key components of sus-
tainable stored-product pest management
strategies (Phillips et al., 2023; Nayak et
al., 2025). The relatively lower suscepti-
bility of barnyard millet and little millet
suggests their suitability for longer storage
durations with reduced pest risk, aligning
with current global efforts to promote eco-
friendly, low-pesticide post-harvest man-
agement systems. Overall, the findings of
the present study are in agreement with re-
cent reports and contribute to the growing
body of evidence highlighting the role of
host grain characteristics in determining
the developmental success and popula-
tion dynamics of Rhyzopertha dominica in
stored millets.

Conclusion

The present study confirms that Rhyzop-
ertha dominica is one of the most serious
and destructive primary pests of stored
grains. Identification of Rhyzopertha do-
minica in stored millets through visual
inspection and microscopic examination
proved to be effective. The adult bee-
tles were reddish-brown in colour with a
cylindrical body shape and sluggish move-
ment, while the larvae were white to cream
coloured, possessing biting mouthparts,
three pairs of legs, and a characteristic
Journal of Stored Products Research,

C-shaped body. Rhyzopertha dominica
primarily infests cereal grains such as
maize, wheat, rice, and other stored grains,
where its feeding activity results in the
formation of powdery residues, leading to
considerable losses in both quality and
quantity of the stored commodity. The
pest was found to thrive under storage con-
ditions, with temperatures ranging from
27-34°C being optimal for its growth and
development.

Among the millets evaluated, namely lit-
tle millet, browntop millet, pearl mil-
let, kodomillet, foxtail millet, sorghum,
and barnyard millet, sorghum, pearl mil-
let, and barnyard millet supported faster
larval and adult development, indicat-
ing higher susceptibility compared to the
other millets. Feeding preference stud-
ies further supported these observations,
as adult Rhyzopertha dominica showed a
marked preference for sorghum, followed
by barnyard millet and pearl millet, in
comparison with other millet types.

The evaluation of locally available botani-
cals revealed that plant powders of jamun,
custard apple, and neem were highly effec-
tive against Rhyzopertha dominica adults
when applied to sorghum seeds at both
3 g and 5 g per 50 g of seed. These
botanicals caused high mortality within a
shorter time period compared to pungam
and castor. The findings of the present
study highlight the potential of botanical
powders as effective, eco-friendly alterna-
tives for the management of Rhyzopertha
dominica in stored millets.
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