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ABSTRACT: Clausena anisata Hook has shown repellency and antifeedant effects on some insect pests. In this
paper, we report toxicity of C. anisata leaf powder and its extract (applied at 2.5% concentration) to cowpea seed
bruchid (CSB) [Callosbruchus maculatus F.], deterrence of oviposition and suppression of development to adult stage.
Bioactivity persisted for over 4% months (140 days). The leaf powder had acute toxicity inferior to permethrin (Cooper
0.5% dust) in short duration test but its long term control was equivalent with the pyrethroid insecticide. The leaf
powder was, however, more potent (P<0.05) than either the stem or root bark powder in reducing bruchid population
and seed damage. The minimum effective rate of application of C. anisata leaf powder or its extract was 0.62%
concentration.
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Introduction

Profiles of chemical constituents of Clausena anisata Hook show the occurrence of coumarins (1),
carbazole alkaloids (2,3) and limonoids (4). They provide basis for the use of C. anisata products in
traditional health care in Africa and Asia (5). Equally important is the pesticidal property of these
chemicals. They have potential useful application in the management of crop pests and disease vectors as
exemplified by: (i) bioactivity of clausenol isolated from C. anisata stem bark on fungi and gram positive
as well as gram negative bacteria (2); (ii) feeding deterrency to Spodoptera litura of coumarins from the
root bark (1); (iii) molluscicidal activity of root extract on Bulinus globosus (6); (iv) repellency of the
leaves to mosquito (7); and (v) the control of Zonocerus variegatus (8).

*To whom correspondence should be addressed.
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Clausena anisata occurs in forest and savanna eco-zones of West Africa (9). It showed grain protection
properties in our preliminary screening of plants for bioactivity against storage insect pests. We tested it
further because documentation of insecticidal efficacy of C. anisata against storage insect pests is scanty
and because plant-derived insecticides still provide, almost exclusively, reprieve from pest damage to
stored food grains in many developing countries. The cowpea seed bruchid (CSB), Callosobruchus
maculatus F., was chosen as test insect for its major pest status in stored cowpea (10). In conducive
environments, CSB population grows rapidly thereby accentuating storage losses and food insecurity, as
well as markedly influencing marketability and retail price of cowpea (11, 12).

Materials and Methods
Test materials

Young stands of C. anisata uprooted from lkwue Forest Reserve, Igbor, Benue State, were washed and
their leaves, stem bark and root barks detached. These were sun-dried and milled to powder of ca. 350 um
particle size in a Culatt TZ electric grinder. To obtain extracts, 50g samples of each powdered plant
product was homogenized in 500ml of methanol:water (4:1) solvent for 5 min and filtered. The suspension
was evaporated to one 10" its initial volume, acidified with 2 M H,SO, and extracted with chloroform.
Each extract residue, 0.28, 0.22 and 0.24g for the root bark, leaf and stem bark respectively, was dissolved
in appropriate quantity of acetone to make a 10% stock solution.

The test insects were 1-day old 1% or 2" generation progeny of a laboratory culture of CSB raised on
cowpea var. IAR 48 in a Gallenkamp incubator set to 30 £ 2°C. The same environment was used for the
bioassay. Undamaged cowpea seeds which had been disinfested with phosphine gas (from Phostoxin
pellets) and aired were used in all tests.

Bioactivity testing

Short duration bioactivity tests were conducted in Petri dishes (9.0 cm wide) on 20 g of cowpea seeds
admixed with 0.5 g of powders of C. anisata leaf, stem bark or root bark or admixed with 1 ml of their
2.5% extracts (obtained by serial dilution of the 10% stock in acetone). In tests with powders, permethrin
(Coopex 0.5% dust) insecticide, applied at the rate of 0.5 g/20g of seeds, and untreated checks were
included. In tests with extracts acetone served as control. The solvent was evaporated in air before
infesting each of four replicates of treated seeds with six male and four female CSB. We quantified
mortality and oviposition/female at 7 days after infestation (and then discarded the bruchids), F;
progeny/female 14 days after date of first emergence, and percentage seed perforation. In another test,
batches of cowpea seeds carrying 100 one-day to three-day old bruchid eggs were treated as described
above and F; progeny/female and seed damage were recorded.

Persistence of toxic action of powdered products of C. anisata to CSB was compared to permethrin by
infesting (n = 10 pairs of CSB) 100 g of seeds treated with 2.5 g of a test product or treated with 2.5 g of
permethrin contained in 250 ml conical flask. Muslin cloth was fastened to the mouth of the flask to
confine the bruchids. CSB population was monitored at 25-day intervals starting at 40 days after
infestation in each of three treatment replicates. After 140 days (ca. 41/2 months) of storage, seed weight
loss was computed after sieving out bruchids and dust and reweighing the seeds.

In all preceding tests, the leaf powder showed high insecticidal activity. Therefore, a wider rate of
application was bioassayed to determine the minimum effective rate; the same was done with the leaf
extract.

In analyzing data, Abbott’s formula (13) was used to correct for mortality in control. Oviposition count
and the number of F, progeny/female were transformed to Vx + 0.5 while percentages of mortality,
emergence, seed perforation and seed weight loss were arcsine-transformed. Analyses of variance for
randomized complete block experiments were carried out and significantly different treatment means were
separated by Duncan’s multiple range test. Means of untransformed data were reported in the text.
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Results

Five percent of CSB adults died in untreated control treatment within 7 days. All powdered products
except C. anisata stem bark powder significantly increased mortality; permethrin was the most toxic
although it was not significantly better than the leaf powder (Table 1). Oviposition/female was
significantly reduced in all treatments but the stem bark powder was not as effective as permethrin.

Each female in the control reproduced itself 45 times whereas the females exposed to C. anisata
products or permethrin were significantly less productive (89.5 — 100.0% reduction relative to control).
When C. anisata products were applied to seeds pre-infested with 100 CSB eggs, they similarly suppressed
CSB development to adult stage (29.2-54.4% reduction in emergence relative to control; Table 2) but not to
the same extent as when bruchid infestation followed seed treatment. The leaf powder was inferior to
permethrin in acute toxicity (P>0.05) but the stem and root bark treatments were significantly (P<0.05) less
effective in reducing bruchid emergence and damage (Tables 1 and 2).

The leaf extract showed slight contact action on CSB, causing more than twice the mortality in control,
but it strongly deterred oviposition (84.5% reduction relative to control vs. 41.4% for stem bark and 73.4%
for root bark). All extracts suppressed development to adult stage regardless of whether seeds were treated
before (70.7 — 99.1% reduction of F; progeny/female) or after (72.4% reduction of adult emergence)
bruchid infestation. In either case, the leaf extract was the most effective. The general trend in reduction
of seed perforation due to seed treatment with extracts was leaf > root bark> stem bark (Tables 1 and 2)
with more significant treatment differences in the seeds treated before infestation.

At day 140 of storage, CSB population in the control had increased 177-fold over the parental
population (n=20), i.e. a daily increase of 25.1 bruchids. The population growth rates in the stem bark and
root bark treatments generally approached the rate in control (Fig. 1) but differed significantly. With the
leaf powder treatment, population growth was not noticed until day 90, when it had just 4 adults above the
parental population, and it progressed slowly thereafter (maximum of 28 adults at day 140). Permethrin
killed all individuals of the parental population precluding the establishment of an infestation.

Table 1: Effects of treatment of cowpea seeds with permethrin or Clausena anisata on Callosobruchus
maculatus reproduction and damage.

Treatment % Mortality++ Mean No. Mean No. % Seeds perforated
eggs/female progeny/female
Powder*”
Control 5.0c 47.2a 45.0a 96.7a
Permethrin 100.0a 0.0c 0.0b 0.0d
Leaf 76.8ab 12.4bc 0.3b 2.0d
Root bark 63.2b 13.2bc 4.0b 8.9c
Stem bark 29.5¢c 21.6b 4.7b 27.4b
Extract*”
Control 15.0b 42.5a 34.1a 92.7a
Leaf 38.8a 6.6c 0.3d 1.4d
Root bark 11.8b 11.3c 3.3c 22.8c
Stem bark 15.3b 24.9b 10.0b 49.2b

* Rate of application was 2.5% concentration
** Percentages corrected by Abbot’s formula (13) for mortality in control
Means within columns with different letter(s) significantly differ at P = 0.05
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At termination of storage, CSB had consumed seed materials weighing 97.3 — 98.1 g, out of the initial
100 g, in the control, stem bark and root bark treatments. In contrast, the seed material consumed in leaf
powder treatment was limited to 3.1 g; there was no weight loss in permethrin.

Graduated increases in the rate of application caused CSB adult mortality to increase and oviposition
and number of progeny/female as well as seed perforation to decrease (Table 3). The only exception noted
to this trend was bruchid mortality in the 2.5% leaf powder. The minimum effective rate was 0.625%
concentration; this rate caused significant reductions in F; progeny/female and seed damage despite failing
to reduce oviposition below control value (Table 3).

Table 2: Effects of treatment of cowpea seeds with permethrin or Clausena anisata on Callosobruchus
maculatus emergence and damage.

Treatment % Emergence™ % Perforated seeds™

Powder®

Control 95.9a 93.6a

Permethrin 42.3d 29.6a

Leaf 43.7cd 31.0c

Root bark 67.9b 51.4b

Stem bark 58.5¢ 31.0c
Extract”

Control 92.1a 9l.1a

Leaf 25.4c 24.3c

Root bark 52.1b 46.4b

Stem bark 49.7b 46.8b

* Application rate was 2.5%
** Means within columns with different letter(s) significantly differ at P = 0.05

Discussion

Secondary chemicals from C. anisata and other rutaceous plants have, apart from direct toxicity and growth
inhibition properties, shown repellency and feeding deterrency to some insect pests (1, 8, 12, 14-17). In
this study, permethrin was toxic to CSB by contact and possibly fumigant action (10). The leaf powder of
C. anisata and its extract to some extent also were toxic to CSB but the contact action showed variation
(Tables 1-3). Variation in chemical composition of plants have been related to intra- and interplant
variation, time and place of collection, as well as to method of storage and extraction (5, 18). Plant
sampling/collection and extraction methods for C. anisata products would have to be better standardized to
reduce variability of their toxicity.

The leaf powder and its extract might not have caused as high mortality by contact action to adults as
permethrin, however, their deterrence of oviposition are notable just as their suppression of development.
These are indicators of the products’ chronic toxic effects upon adults, and growth inhibiting and
insecticidal action (acute contact and/or oral) on CSB larvae as they hatched and ate their way into cowpea
seed. Data on population growth seemingly point to the importance of toxic action of C. anisata leaf
products more so that we did not observe significantly longer duration of development in these treatments
as one would expect to happen were they to act mainly as insect growth regulators and antifeedants.
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Table 3: Effects of rate of application of Clausena anisata leaf powder or extract on reproduction and
damage by Callosobruchus maculatus

Rate (%) % Mortality Mean No. Mean No. % Perforated seeds
eggs/female progeny/female
Powder”
Control 5.0c 50.0a 42.2a 99.6a
0.625 5.2¢c 43.8a 15.0b 44.4b
1.25 15.5bc 25.7b 1.8c 4.0c
2.50 12.4bc 12.0c 0.4c 1.2c
5.0 27.8b 10.9c 0.3c 0.8c
10.0 53.6a 5.7c 0.1c 0.4c
Extract”
Control 5.0c 50.0a 44.2a 99.6a
0.625 15.5b 30.0b 11.6b 33.2b
1.25 23.7b 12.4c 0.7c 1.6¢c
2.50 34.0ab 6.6¢c 0.3c 1.0c
5.0 36.1ab 4.0c 0.2c 0.6c
10.0 51.5a 2.6¢ 0.1c 0.4c

*Percentages corrected by Abbott’s formula (13) for mortality in control
* Means within columns followed by different letter(s) differ significantly at P = 0.05

The root and stem bark powders and their extracts were less insecticidally active. While all parts tested
elaborate coumarins and carbazole alkaloids, the leaf may be richer in volatile/essential oils, e.g. estragol,
trans-anethol, sabiene and foeniculin which studies have shown have ovicidal, toxic and deterrent effects
on stored products Coleoptera and other insects (20-21). The extracts tended to be more effective in
reducing oviposition and progeny production (Tables 1 and 2). The toxic principle(s) may have been
concentrated in the extract making higher dose available for acute and chronic toxic action.

Refined bioassays by topical, residual contact or oral application to reveal dose-response relationships
are needed to fill gaps in our knowledge of the major and adjunct mechanisms of insecticidal actions (acute
contact toxicity, post-ingestion toxicity and antifeedant action) of C. anisata leaf powder and its extract.

Isman (22) in discussing prospects for botanical insecticides has stressed the importance of “availability
of the natural resource in substantial quantitites”. Prospecting for insecticidal chemicals from C. anisata
leaves looks more promising compared with the stem or root bark because the leaves are more readily
renewable. Equipotency of C. anisata leaf powder with permethrin and the persistence of its bioactivity
against CSB led to a suggestion of its use as a substitute protectant especially in areas where the plant can
be procured cheaply. However, as little is known about the hazard of C. anisata residue on food, the
caution by Isman (23) not to assume safety of botanical insecticides to vertebrates is worth reiterating.

In conclusion, the leaf powder of C. anisata had insecticidal effects upon the CSB exemplified by
contact action upon adults, strong deterrence of oviposition and suppression of development to adult.
Persistence of efficacy is adequate to maintain good quality of seeds stored between one planting season
and another.
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