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ABSTRACT

Six plant powders including Cinnamomum zeylanicum (Lauraceae), Cuminum cyminum (Apiaceae),
Curcuma longa (Zingiberaceae), Hyphaene thebaica (Arecaceae), Lawsonia inermis (Lythraceae) and
Zingiber officinale (Zingiberaceae) were tested against Callosobruchus maculatus adults at four treatment
levels of 20, 40, 60 and 80 gm of plant powders per Kg of cowpea seeds. Lethal concentration was determined
at 24, 48 and 72 h after treatment, and lethal time was determined at 80 gm/Kg™* concentration. The results
showed that, all botanical powders had effect on C. maculates and L. inermis was the most toxic, and the least
toxic powder was C. zeylanicum. Furthermore, plant powder L. inermis at 80 gm/Kg* achieved a lowest LTso
value. The tested botanical powders represent valuable tools with potential of integration into the management

of C. maculates adults.
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INTRODUCTION

There is a continuous need to protect the stored
products against deterioration, especially loss of quality and
weight during storage, mainly due to pests, including
insects. Legumes make grand part of commodities
maintained in storage, and represent an important
component of the world food supply. After harvest, the
legumes is usually stored on-farm or in large commercial
storages, where it can be infested by a variety of insect pests.
Among them, Callosobruchus maculatus (Coleoptera:
Bruchidae) is one of most widespread and destructive insect
pest of stored leguminous seeds throughout the world. It is
feeding on different leguminous seeds of family Fabaceae
and estimated loss to be above 80% of seeds after 7 months
of storage (Ouedraogo et al., 1996). To control this pest,
synthetic insecticides are used during storage of seeds. But
the continuous use of chemical pesticides for control of
stored-grain pests has resulted in serious problems such as
insecticide resistance, residual pollution of the environment,
toxicity to consumers and residues on legumes (Mohan et
al., 2010). Plant materials have gained a reputation as being
potentially bioactive compounds against many insect
species, including stored product insects, which has
portrayed them as safer tools in terms of the environment
and human health compared with synthetic insecticides
(Mishra et al., 2012; Isman and Grieneisen, 2014).

Among the plant species, several locally available
species has been reported to be repellent and toxic to C.
maculatus  (Mahfuz and  Khalequzzaman, 2007;
Mahmoudvand et al. 2011). Many botanical families
demonstrated insecticidal activities against coleopteran
pests of stored grain. For examples; family Lythraceae
(Suleiman and Suleiman, 2014), Lauraceae (Demirel and
Erdogan, 2017), Apiaceae (Ebadollahi et al. 2012),
Arecaceae (Souza et al. 2008) and Zingiberaceae (Chaubey,
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2013). The plant species from the families mentioned above
were chosen in this investigation because in addition to
being scarcely attacked by insects, they are easily available
to farmers either as ornamental and medicinal plants or
weeds. Therefore, the present study was conducted to
evaluate whether leaf powders from Cinnamomum
zeylanicum (Lauraceae), Cuminum cyminum (Apiaceae),
Curcuma longa (Zingiberaceae), Hyphaene thebaica
(Arecaceae), Lawsonia inermis (Lythraceae) and Zingiber
officinale (Zingiberaceae) would adequately control C.
maculatus adults.

MATERIALS AND METHODS

Insect rearing

The original population of C. maculatus was field-
collected from small farms in the Sohag region, Egypt, and
the population was maintained on pest- and insecticide-free
cowpea beans under laboratory in an incubator unit at 25 +
2 °C, 70 £ 10% relative humidity (RH) and darkness. The
food media used was whole cowpea seeds. The newly
emerged adults were used for the experiments.
Parts of the plants collected

Leaves of L. inermis, inner bark of C. zeylanicum,
seeds of C. cyminum, fruits of H. thebaica, rhizomes of Z.
officinale and rhizomes of C. longa were collected from
organic farmers in Upper Egypt (Table 1).

Table 1. Plant powders evaluated for insecticidal activity
against Callosobruchus maculates

. Common . Parts
Botanicals Family
name used
Cinnamomum zeylanicum Cinnamon  Lauraceae  Inner bark
Cuminum cyminum Cumin Apiaceae Seed
Curcuma longa Turmeric Zingiberaceae Rhizome
Hyphaene thebaica Hyphaene  Arecaceae Fruit
Lawsonia inermis Henna Lythraceae Leaf
Zingiber officinale Ginger  Zingiberaceae Rhizome
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The samples were ground with an electric mill to
prepare powders. The pulverized contents obtained in each
plant was kept in separate black polyethylene bags and kept
under laboratory condition.

Insecticidal activity

To determine the lethal concentrations of cinnamon,
cumin, henna, hyphaene, ginger and turmeric powders to
adult C. maculates concentration-mortality bioassay was
used. These bioassays followed procedures previously
described elsewhere (Ojo and Ogunleye, 2013). Briefly, four
concentration of each powder were tested in the bioassay 20,
40, 60 and 80 gm kg-1 of cowpea seeds. Each powder was
applied using a 0.2, 0.4, 0.6 and 0.8 gm to 10 g of disinfested
cowpea seeds that were placed in 250 mL glass jars. After the
application, the jars were manually shaken for 1 minute to
ensure a complete distribution of the powder. Twenty-five
unsexed newly emerged (0-24 h old) adult C. maculatus
adults were placed in each jar then the jars were sealed with a
fine porous cloth to allow ventilation. The jars were arranged
in a Completely Randomized Design (CRD) with four
replications and kept in incubator under the constant
conditions of 27+2°C, 75t5% relative humidity, 12 h
photophase. In each treatment, observations were made and
recorded for toxicity effect on mortality rates after 24, 48 and
72 h exposure period. Adults were considered dead if they
display no response after probed with a pointed object.

The concentration of 80 gm kg-1 from each plant
powder was chosen to be used for analyzing the rate of death

after 24 and 48 and 72 h of exposure for calculate the lethal
time values.
Statistical analyses

All data collected from the toxicity of the botanical
powders on contaminated cowpea seeds were calculated
using PROBIT analysis (Finney, 1971). The median lethal
concentration (LCso) and lethal time (LTso) were obtained
by PROC PROBIT model using SAS software (SAS
Institute 2002).

RESULTS AND DISCUSSION

Results

The mortality levels obtained in the concentration-
mortality bioassays were satisfactorily described by the
probit model (Tables 2, 3 and 4). Among the six plant
powders tested for insecticidal activity, the plant powders of
L. inermis was the most effective in controlling adult C.
maculates, with an LCsp of 88.83, 62.57 and 44.93 gm Kg’
L after 24, 48 and 72 h of exposure, respectively (Tables 2,
3, 4). The level of effectiveness was followed by Z.
officinale, C. zeylanicum, C. cyminum, C. longa and H.
thebaica.

The obtained results revealed that the effect of
botanical powders has declined by the passage of time. The
LTs of 80 g/Kg! from L. inermis leaf powder on C.
maculatus adults was calculated as 26.82 h (Table 5).

Table 2. Toxicity of cinnamon, Cumin, Henna, Hyphaene, Ginger and Turmeric powders on adults of

Callosobruchus maculatus after 24 h.

Powders LCso (95% FL) LCrs5 (95% FL) Slope + SE X? P

Henna 88.83 (73.68-121.26) 181.11 (130.08-334.02) 2.18+0.35 965  0.79
Cinnamon 107.17 (85.58-161.52) 217.63 (148.30-460.97) 2.19+0.38 6.33 0.95
Cumin 104.53 (84.92-151.02) 201.07 (141.81-390.43) 2.37£0.39 6.89 0.94
Hyphaene 105.45 (85.16-154.64) 206.53 (143.93-413.53) 2.31+0.39 5.99 0.97
Ginger 92.32 (76.31-127.28) 184.91 (132.58-342.69) 2.24 £0.36 5.92 0.97
Turmeric 101.10 (82.18-145.53) 200.80 (140.86-393.98) 2.26 £0.38 6.44 0.95

LC: Lethal concentration (gm kg-1); FL = Fiducial limits; x2 = Chi-square for lack-of-fit to the probit model, and P = Probability associated with

the chisquare statistic; SD standard error.

Table 3. Toxicity of cinnamon, Cumin, Henna, Hyphaene, Ginger and Turmeric powders on adults of

Callosobruchus maculatus after 48 h.

Powders LCs0 (95% FL) LCrs (95% FL) Slope + SE X P

Henna 62.57 (55.0-73.91) 118.12 (95.16-167.05) 244033 1830 019
Cinnamon 98.35 (77.55-153.25) 232.39 (150.15-570.06) 1.81+0.33 714 093
Cumin 89.63 (73.46-125.70) 192.11 (134.35-378.00) 2.04+0.34 665 095
Hyphaene 86.55 (71.75-118.08) 181.0 (129.32-337.80) 211+0.34 700 093
Ginger 74.45 (63.59-94.19) 150.02 (113.31-244.50) 2224033 1159 064
Turmeric 89.89 (73.57-126.53) 193.46 (134.88-383.80) 2.03+0.34 824 088

LC: Lethal concentration (gm kg-1); FL = Fiducial limits; x2 = Chi-square for lack-of-fit to the probit model, and P = Probability associated with

the chisquare statistic; SD standard error.

Table 4. Toxicity of cinnamon, Cumin, Henna, Hyphaene, Ginger and Turmeric powders on adults of

Callosobruchus maculatus after 72 h.

Powders LCs0 (95% FL) LC7 (95% FL) Slope + SE X2 P

Henna 44.93 (37.31-53.97) 74.93 (61.18-106.21) 3.04 £0.50 3404  0.002
Cinnamon 66.74 (57.85-81.33) 132.51 (103.14-201.93) 2.26 £0.32 11.94 0.61
Cumin 55.36 (46.93-68.11) 100.90 (79.21-157.34) 2591041 23.32 0.06
Hyphaene 69.19 (59.25-86.57) 143.80 (108.75-234.09) 212+0.32 1741 0.24
Ginger 45.96 (38.48-55.03) 76.94 (62.90-108.62) 3.02+£0.49 31.80 0.004
Turmeric 64.73 (55.86-79.27) 133.51 (102.75-209.08) 2.15+0.32 13.82 0.46

LC: Lethal concentration (g kg-1); FL = Fiducial limits; %2 = Chi-square for lack-of-fit to the probit model, and P = Probability associated with the

chisquare statistic; SD standard error.
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Table 5. LTso values of toxicity of cinnamon, Cumin, Henna, Hyphaene, Ginger and Turmeric powders on adults of
Callosobruchus maculates at concentration of 80 g/ Kg™.

Powders LT2s (95% FL) LTso (95% FL) Slope + SE X? P

Henna 15.43 (10.18-19.64) 26.82 (21.54-31.09) 281+£042 11.77 0.30
Cinnamon 15.54 (13.29-21.35) 42.37 (31.36-55.94) 2.19+0.38 6.33 0.95
Cumin 16.81 (9.48-22.39) 35.63 (28.62-41.97) 2.07£0.38 8.33 0.60
Hyphaene 12.91 (2.83-20.75) 41.13 (29.78-54.08) 1.34+0.37 357 096
Ginger 16.57 (11.04-20.95) 29.44 (24.05-33.91) 2.70+0.41 1230 026
Turmeric 11.89 (2.34-19.64) 38.15 (26.34-49.40) 1.33+0.37 325 097

LT: Lethal time (h); FL = Fiducial limits; %2 = Chi-square for lack-of-fit to the probit model, and P = Probability associated with the chi-square

statistic; SD standard error;

Discussion

Botanical insecticides are among the most
interesting options for cheaper, safer and eco-friendly
replacements for synthetic insecticides (Stevenson et al.
2017). Here, we demonstrated that effect of cinnamon,
cumin, henna, hyphaene, ginger and turmeric powders on
control of C. maculatus on stored cowpea beans.

The present investigation demonstrated that
mortality of C. maculatus adults varied according to plant
species, concentrations of plant powder and time period of
exposure. L. inermis had lower LCsp and LCqg values, hence
the most toxic plant powder to C. maculatus.

These results are in concordance with previous
studies reported the insecticidal toxicity of L. inermis leaves
that successfully control cowpea weevil (Jose and Adesina
2014; Suleiman and Suleiman, 2014; Chudasama et al.
2015) as well as other stored grain insects such as; Sitophlus
zeamais (Suleiman et al., 2012) and Tribolium castaneum
(Kamal et al. 2016). The insecticidal activity of L. inermis
leaves may attribute to its major constituents (i.e., eugenol,
hexadecanoic acid, Phytol, a-terpineol and
Etherphenylvinyl (Kidanemariam et al. 2013).

Our result also showed that other tested plant
powders exhibited strong insecticidal activity against C.
maculatus adults with varying values. These findings clearly
support the results of the other studies for susceptible of C.
maculatus to the tested plants. Qil of Z. officinale rhizomes
was exhibited insecticidal and antifeeding activities against
C. chinensis, T. castaneum and S. oryzae (Chaubey, 2012a,
2012b, 2013). Plant oil of Z. officinale was found more
effective and exhibited toxicity against C. maculates
followed by C. zeylanicum oil (Sushmita et al. 2019).
Essential oil of C. cyminum had high fumigant activity on
C. maculates, with LCsp value 11.385 pL/L air (Ebadollahi
et al. 2012). Essential oils C. longa and Z. officinale caused
50-70% and 52-80 % of mortality against C. maculates,
respectively (Krishnappa et al. 2011).

The plant powder is normally a mixture of tens to
hundreds of individual constituents. The insecticidal
constituents of plant powder are mostly monoterpenoids (Ahn
et al., 1998; Regnault-Roger et al., 2002). Active ingredients
in the botanical insecticide may have different mechanisms of
action against insects. These constituents may act on the
insects’ nervous system by disturbing the functions of
GABAergic (Tong and Coats, 2012) and aminergic
(Kostyukovsky et al. 2002) systems and by inhibiting actions
of acetylcholinesterase (Abdelgaleil et al. 2016).

Thus, our findings revealed adequate insecticidal
activities of L. inermis and Z. officinale leaf powders against
C. maculatus, which make them suitable tools that can be
integrated into management programs of C. maculatus,

especially for storage facilities. Further work is also needed
to test the applicability and efficacy of different
formulations from these plants under different kind of
storage facilities.
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