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 INTRODUCTION
Maize is an important cereal crop in Nigeria where it serves as a 

major component of their diet. It serves as a source of dietary carbohydrate 
for humans (Onwueme and Sinha, 1999). Fresh ripe maize could be boiled 
and eaten as food, and when dry, maize grains are used for brewing and 
distillation of alcoholic drinks. The maize flour could be used in bakeries 
and production of laundry starch. Maize has been attacked by a wide range 
of insect pests including beetles, weevils and moths (Ogungbite and 
Oyeniyi, 2014). Maize weevil, Sitophilus zeamais is a serious primary and a 
major pest of maize in Nigeria and other parts of the world, causing most of 
the losses incurred in maize annually (Nwana, 1993). Both the larval and 
adult stages of this field-to-store insect devour the kernel, causing 
commodity weight losses (Adedire, 2001).

In recent decades, controlling many of these destructive insect 
pests has profoundly relied upon the use of synthetic chemical insecticides 
(Akinkurolere, 2007; Akinneye and Ogungbite, 2013), which has been 
reported to have many cons that impede their widespread use nowadays. 
These include high cost of procurement, pest resurgence and resistance, 
poisonous residue accumulation in foods, risks of user's contamination, 
effect on both human and environmental health (Ashamo and Akinnawonu, 
2012; Akinneye and Ogungbite, 2013; Ogungbite and Oyeniyi, 2014). 
Public awareness of the adverse effects of the synthetic chemical 
insecticides has called for the urgent need to look for safer alternatives that 
could comparably contend with chemical insecticides in action both 
preferably and adequately. In order to avert the use of these synthetic 
chemical insecticides, research studies have been focused on the plant 
kingdom as a new tool of controlling insect pests of stored products 
(Ogungbite and Oyeniyi, 2014). Several compounds of plant origin exert 
various physiological and behavioural activities on stored product insects 
and notable among these plants are various spices and medicinal plants 
used traditionally for protecting foodstuffs against insects (Echendu 1991; 
Ho et al. 1995; Okosun and Adedire 2010). Extracts of different medicinal 
plants have been reported to be effective against several insect species 
(Ho et al. 1994, 1995; Adedire and Ajayi 1996; Adedire et al. 2005; Rahman 
and Talukder 2006; Srivastava and Gupta 2007; Okosun and Adedire 2010; 
Ileke et al., 2013) . Attention is currently being focused on the use of natural 
compounds of plant origin for stored crop protection because they are 
readily biodegradable, often of low mammalian toxicity and thus pose low 
danger to the environment if used in small amounts (Keita et al. 2001; 
Adedire et al., 2011). The use of plant-derived bio-pesticides such as plant 
powders and oils that is relatively cheaper and ecologically more tolerable 
than the conventional chemical pesticides are being encouraged among 
resource-poor farmers in developing nations (Okosun and Adedire 2010; 
Ogungbite and Oyeniyi, 2014). Alstonia boonei is a medicinal plant whose 
insecticidal effect has been proved against Callosobruchus maculatus 
(Ileke and Oni, 2011; Ileke et al. 2012; Ileke et al., 2013; Ojo and Ogunleye, 
2013; Ileke et al., 2014a; 2014b). This study, therefore, investigate A. 
boonei extracts as an entomocide for the protection of maize grains against 
infestation by S. zeamais during storage.

MATERIALS  & METHODS
 Rearing of S. zeamais

The parent stock of S. zeamais used for this study was obtained 
from Research Laboratory of the Department of environmental Biology and 
Fisheries, Adekunle Ajasin University, Akungba Akoko, Ondo State, 
Nigeria were the research was undertaken. The insects were cultured in 
the laboratory under ambient temperature of 28±2oC and 75±5% relative 
humidity. This was done by weighing 800g of the maize grains into a kilner 
jar. Fifty unsexed adult of S. zeamais were then introduced into the kilner 
jar and kept in the laboratory for one month for the insects to lay eggs and 
multiply. New generations of the maize weevil were subsequently reared 
on cleaned disinfested maize grains in the laboratory (without prior 
exposure to insecticides). All insects needed for this experiment were 
taken from this culture.

Extraction of Alstonia boonei
Leaf, stem bark and root of A. boonei used for this study were 

sourced fresh from Akola farm at Igbara-Odo Ekiti, Ekiti State, Nigeria. This 
plant parts were rinsed in clean water to remove sand and other impurities, 
cut into smaller pieces before air-dried in the laboratory. The cleaned dried 
plant parts were pulverised into very fine powder using an electric blender 
(Supermaster ®, Model SMB 2977, Japan). The powders were further 
sieved to pass through 1mm2 perforation. The powders were packed in 
plastic containers with tight lids and stored in a refrigerator at 4oC prior to 
use. 

For extraction by the kneading method, 800g of each of the 
pulverised plant parts were weighed into a plastic bowl. Pre-boiled water 
was added gradually, a little at a time, from a kettle and mixed with A. 
boonei powders (Ileke, 2014).  The procedure was repeated until a dough-
like material was formed.  The extract of A. boonei leaf, stem bark and root 
were pressed out manually with hand and poured into a 250ml volumetric 
flask and stored at room temperature (Ileke, 2014; Ileke et al., 2014b). 
From this stock, 0.4ml of A. boonei leaf, stem bark and root extracts were 
used.

Effect of A. boonei extracts on mortality of S. zeamais
To determine the effect of A. boonei leaf extracts on S. zeamais 

mortality, 0.4 ml of extract of A. boonei leaf was mixed with 20 g clean 
maize grains in a 250ml plastic container. Twenty (20) adult S. zeamais 
(0–7 day-old) were introduced into each container containing the treated 
grains. Untreated maize grains (control) were also infested. Similar 
preparation was set up for A. boonei stem bark and root extracts. All 
treatments were arranged in a completely randomised design and were 
replicated four times. Weevil mortality was observed 24 hourly for 96 
hours. After every 24 hours, the number of dead weevils were counted and 
recorded. The weevils were confirmed dead when there was no response 
after probing the abdomen with sharp object. Percentage adult mortality 
were corrected using Abbott (1925) formula thus:

Kneading method of extraction was used to extract Alstonia boonei  leaf, stem bark and root. The extracts were evaluated on 
Sitophilus zeamais (Motschulsky) for mortality, oviposition, adult emergence and reduction in progeny development effects. 
Results showed that the stem bark extract was most toxic on S. zeamais. The least potent extract on S. zeamais was root extract. 
The extracts significantly reduced oviposition in S. zeamais. There was no significant different in the water absorption capacity of 
maize grains treated with A. boonei extracts. Extract of A. boonei stem bark completely prevented infestation and subsequence 
damage of the treated maize grains. In the grains treated with the leaf and root extracts, damage of 4.65% and 11.11%, 
respectively were obtained. The results obtained reveal that extract A. boonei stem bark is effective in controlling S. zeamais and 
could serve as an alternative to synthetic insecticides.
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Where PT   =  corrected mortality (%) RESULTS
           PO    =  observed mortality  (%) Effect of  A. boonei extracts on mortality of S. zeamais
           PC    =   control mortality  (%). S. zeamais mortality in grains treated with different extracts of 
Effect of A. boonei extracts on oviposition by S. zeamais A. boonei was significantly (p<0.05) different from weevil mortality in 

Twenty grams of clean maize grains were placed in each untreated grains (Table 1). Adult mortality increased with the length of 
250ml plastic container and 0.4 ml of A. boonei  extracts was added. The exposure. The highest weevil mortality of 100% was recorded in maize 
maize grains and the extracts were thoroughly mixed before the grains treated with stem bark extract at 96 hour post treatment, and it was 
introduction of a copulating pair of newly emerged (0–24 h-old) adult S. significantly different from weevil mortality of 95% and 77.5% in grains 
zeamais. The containers were then covered with lid. A control treated with A. boonei leaf and root extracts, respectively.
experiment containing untreated grains was also set up. Each treatment Effect of A. boonei extracts on oviposition and adult emergence by S. 
(0.4 ml of A. boonei extracts) and control was replicated four times. The zeamais
treatments were left for 7 days in a wooden cage in the laboratory. All the different extracts of A. boonei tested in this study 
Afterward, the total number of eggs laid was counted and recorded. This reduced the number of eggs laid by S. zeamais (Table 2). Oviposition by 
was achieved by identifying the egg plugs of S. zeamais after staining S. zeamais was significantly lower (p< 0.05) in extract-treated grains 
with acid fuchsin dye solution (Frankenfeld 1948; Odeyemi and than in untreated (control) grains. However, there was no significant 
Daramola, 2000). The experimental set up was kept inside the insect difference (p>0.05) in number of eggs laid on leaf, stem bark and root 
rearing cage for further 35 days for the emergence of the first filial (F1) extracts of A. boonei, while 31.75% adult emergence was observed in 
generation. The containers were sieved out and newly emerged adult untreated maize grains, there was no adult S. zeamais emergence in 
maize weevils were counted and recorded. The percentage adult maize grains treated with A. boonei stem bark extract (Table 2). 100%  
emergence was calculated using the method of Odeyemi and Daramola reduction in progeny development was observed in grains treated with 
(2000). stem bark extract which was not significantly different from that of grains 

treated with leaf and root extracts. 

Protection of maize grains with Alstonia boonei extracts
The A. boonei stem bark extract completely prevented 

The percentage reduction in adult emergence of F1 progeny or inhibition infestation and subsequent damage of the maize grains (Table 3). There 
rate (IR) was calculated according to the method described by Tapondju were neither weight loss nor grain damages recorded in the maize grains 
et al. (2002). protected with stem bark extract. Weevil's perforation index (WPI) was 

zero for the stem bark extract. In the untreated grains, 72.09% damage 
occurred as revealed by emergent holes of the weevils. Weight loss in 
control maize grains was significantly higher (p<0.05) than in the treated 

where Cn is the number of emerged insects in the control and Tn is the maize grains. The leaf and root extracts also significantly reduced 
number of emerged insects in the treated container. infestation, but the percentage damage (4.65 and 11.11), and WPI were 
Percentage weight loss of the maize grains was determined by re- 6.45 and 15.41, respectively.
weighing after 40 days and the % loss in weight was determined as 

follows: Effect of A. boonei extracts on water absorption capacity of maize 
grain

Table 4 shows the data obtained from the water absorption 
capacities of maize grains that were previously treated with 0.4ml A. 

After re-weighing, the numbers of damaged maize grains were 
boonei extracts. Results showed that the percentage water absorption of 

evaluated by counting wholesome grains and grains with weevil 
treated maize grains increased with increase in the duration of 

emergent holes. Percentage seed damaged was calculated as follows:
submergence in water and there was no significant different when 
compared with untreated maize grains.

 After re-weighing, the numbers of damaged maize grains were 
evaluated by counting wholesome grains and grains with weevil 

Effect of A. boonei extracts on the viability treated grains
emergent holes. Percentage seed damaged was calculated as follows:

The percentage of maize grains that germinated after 
treatment with 0.4ml of A. boonei  extracts are presented in Table 5. At 
the end of 7 days germination period, all the treated grains recorded high 
viability. The untreated maize grains had the highest percentage 
germination of 100%; followed by the grains treated with stem bark 
(95%). The least percentage germination was recorded in leaf and root 

Weevil Perforation Index (WPI) used by Fatope et al. (1995) was (90%) extracts. However, this value was not significantly different from 
adopted for the analysis of damage. Weevil perforation index (WPI) was the percentage germination observed in untreated grains. 
define as follows:

 DISCUSSION
The use of plant materials as a protectant against stored 

product pests is a common practice mostly in many developing countries 
of the world. This practice has been suggested as one of great hope for 
controlling stored product pests (Singh, 2011) due to several limitations 
associated with the use of synthetic insecticides and fumigants. As a 
result, several powders and extracts of different plants have been shown WPI value exceeding 50 was regarded as enhancement of infestation by 
to possess insecticidal activity against stored product pests (Ileke and the weevil or negative protectability of the extract tested.
Olotuah, 2012; Akinneye and Ogungbite, 2013; Ashamo et al., 2013; 
Ogungbite and Oyeniyi, 2014). Previous studies by Oigiangbe et al. Effect of A.  boonei extracts on germination of maize grains
(2007a; 2007b); Ileke et al. (2012); Omoya et al. (2012); Ileke et al. Clean maize grains (20 g) were weighed into transparent 
(2013; 2014a; 2014b) and Ojo and Ogunleye (2013) have shown plastic containers and an aliquot of 0.4 ml of A. boonei extracts was 
insecticidal activity of  A. boonei powders and A. boonei extracts on the mixed with the grains separately and allowed to air dry. Four replicates 
mortality of pink borer, Sesamia calamistis Hampson (Lepidoptera: for each extract were prepared. The control comprised four replicate 
Noctuidae) a pest of maize and some other cereals, Maruca vitrata samples of maize grains, which were not treated with A. boonei extracts. 
(Lepidoptera: Pyralidae), cowpea bruchid C. maculatus (Coleoptera: The treatments were covered and left in a wooden cage in the laboratory 
Chrysomelidae), mosquito larvae and S. zeamais (Coleoptera: for 90 days. Afterwards, the grains were treated with Apron plus to 
Curculionidae) respectively. The results obtained from this study showed prevent fungal growth and ten grains were randomly selected from each 
that A. boonei extracts evoked high mortality of adult S. zeamais in treatment and grown on a moistened filter paper in 9 cm diameter Petri-
treated maize grains. The stem bark extract was the most effective of all dishes (Adedire et al., 2011). Seed germination was thereafter 
the extracts used and it caused 100% mortality of S. zeamais after 4 days determined and expressed as percentage of total grains planted as 
of application. The insecticidal latent of this plant parts on the maize follows:
weevil could be as a result of the presence of some chemical compounds 
of the triterpenoids, indole and alkaloid group such as alstonine, 
astondine, and porphine that have been identified from A. boonei Statistical analysis
(Phillipson et al., 1987; Anonymous 1992; 2001Oigiangbe et al.,2007a; All statistical analyses were performed with SPSS 11.0 
Moronkola and Kunle, 2012). software (SPSS, Inc. 2007). Data obtained on adult mortality, oviposition 

In addition, the insecticidal effect of A. boonei extracts on S. and adult emergence, seed damage, and seed germination (seed 
zeamais in the treated maize grains might be as a result of contact viability) tests were analysed by analysis of variance(ANOVA), while 
toxicity. Most insects breathe by means of trachea which usually opens New Duncan's Multiple Range Test was used for ranking the means. 
at the surface of their body through spiracles.The extracts that were 
admixed with the grains might have blocked these spiracles thereby lea-

*E.A.= Ethyl acetate, P.E. = Petroleum ether

 

 

 

WPI   =  % treated maize grains

 
perforated

   
x       100

 
    % control maize grains perforated             1   

% Germination  =  Number of grain

 
that germinated

         
x           100

 
         Total number of grains planted                           1  
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Table 1: Contact toxicity of 0.4ml extracts of A. boonei on mortality of S. zeamais.

Table 2: Oviposition, adult emergence and reduction in progeny development (IR) of adult S. zeamais in maize grains treated with 0.4ml extracts of 
A. boonei 

Table 3: Percentage grains damaged, weight loss and Weevil Perforation Index caused by S. zeamais in maize grains treated with 0.4ml extracts of  A. 
boonei 

Extract/ Hours 24 48 72 96 

Leaf 20.00±4.08
c
 42.50±7.50

c
 67.50±2.50

c
 95.00±2.89

c
 

Stem bark 40.00±4.08
d
 65.00±2.89

d
 80.00±0.00

c
 100.00±0.00

d
 

Root 15.00±2.89
b
 35.00±2.89

b
 57.50±2.50

b
 77.50±2.50

b
 

Control 0.00±0.00
a
 0.00±0.00

a
 0.00±0.00

a
 0.00±0.00

a
 

 Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different (P>0.05) using New Duncan's Multiple Range Test.

Extract of A. boonei Mean number of eggs laid % Adult emergence % IR 

Leaf 12.25±1.70
a

 16.00±1.91
b

 93.33±4.61
bc

 

Stem bark 8.00±0.91
a

 0.00±0.00
a

 100.00±0.00
c

 

Root 15.75±0.85
a

 31.75±2.83
b

 83.33±4.61
b

 

Control 36.25±2.27
b

 82.75±4.39
c

 0.00±0.00
a

 

 Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different (P>0.05) using New Duncan's Multiple Range Test.

Extract of A. boonei Mean total 

number of 

maize grains 

Mean number of 

damaged maize 

grains 

Mean % maize grains 

damaged 

Mean % weight loss *Weevil perforation 

Index (BPI) 

Leaf 43.55 0.00 4.65±0.72ab 10.00±0.91a 6.45±0.23a 

Stem bark 44.75 0.00 0.00±0.00a 0.00±0.00a 0.00±0.00a 

Root 45.00 2.00 11.11±0.69b 20.00±1.19a 15.41±1.21a 

Control 43.50 31.00 72.09±3.01b 87.28±4.22b 50.00±5.79b 

 

Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different (P>0.05) using New Duncan's Multiple Range Test.
*Weevil Perforation Index (WPI). Value lower than 50 is an index of positive protectant effect while WPI greater than 50 is an index of negative protectability.

Table 4: Water absorption capacity of maize grains treated with 0.4ml extracts of A. boonei 

 

A. boonei Extracts

 

% Water absorption capacity at hours post treatment

 

                         

1

                          

3

                

6

 

24

 

Leaf

  

16.65+1.53
a

 

20.56+1.05
a

 

27.87+2.99
a

 

45.52+3.37
a

 

Stem bark

 

16.86+1.24
a

 

20.90+1.07
a

 

27.96+2.23
a

 

45.83+3.23
a

 

Root

 

16.89+1.37
a

 

20.77+1.09
a

 

27.84+2.47
a

 

45.91+3.65
a

 

Untreated
  

17.56+1.21
a
 

21.71+2.83
a
 

27.07+2.54
a
 

46.45+2.94
a
 

 

Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different (P>0.05) using New Duncan's Multiple Range Test.

Table 5: Percentage germination of maize grains that were previously protected for 90 days with 0.4ml extracts of A. boonei

Extracts Mean % Germination 

                            Leaf 90.00±4.08
a
 

                            Stem bark 95.00±2.89
a
 

                            Root 95.00±2.89
a
 

                            Control 100.00±0.00
a
 

 Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different (P>0.05) using New Duncan's Multiple Range Test.
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