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Different indigenous plant products in the form of plant powders (dust) were 
evaluated at different doses for management of maize weevil, Sitophilus zeamais (M.) under 
laboratory conditions at ICAR Research Complex for NEH Region, Umiam, Meghalaya. 
 The plants included Persian lilac (Melia azaderach), lantana (Lantana camera), 
nishinda (Vitex negundo), Datura species, papaya (Carica papaya), Eupatorium odoratum, 
tulsi (Ocimum spp.) and goat weed (Ageratum conyzoides). Amongst different plant powders, 
lantana powder proved to be most effective followed by melia leaf powder @ 5g/100g grain. 
Highest adult cumulative mortality (100 %) was observed in grains treated with lantana 
powder and the least mortality was obtained in tulsi treated grains. The lowest grain damage 
was recorded in maize grains treated with lantana leaf powder treatment and was at 
statistically at par with melia treated grains (P < 0.05). The highest weight loss was recorded 
in tulsi leaf powder (6.19 %) which was statistically at par with Eupatorium treated grains 
(5.70 %). All the plant powders were found superior over control treatment. 

 
1. Introduction 
Maize (Zea mays l.) belongs to the family Poaceae or 

Gramineae.  Maize is a cereal grass related to wheat, rice, oat 
and barley. It is the third important food crop after wheat and 
rice. Because of the various advantages derived in cultivating 
the crop, maize is referred as “The Queen of Cereals”.  Aside 
from being one of the major sources of food for both human 
and animals, it is also processed into various food and 
industrial products including starches, sweeteners, oil, 
beverage, industrial alcohol and fuel ethanol (Garcia 1990). 

After the harvest grains are necessarily stored for 
consumption. Farmers retain about 70 per cent of their 
agricultural produce for seed purpose, consumption and for 
sale (Reddy and Pushpamma 1980). Post harvest losses are 
enormous in developing countries as compared to developed 
countries. About 5-40% per cent of food grains are lost to 
various biotic and abiotic factors (Girish et al., 1985; Haque 
et al., 2000; Raja et al., 2001). Cereal pests may infest the 
corn grain during storage and transport. Weevils from the 
genus Sitophilus are major pests of stored maize all over the 
world (Grenier et al., 1994). Between the two species of 
Sitophilus viz., Sitophilus zeamais (Motsch.) and Sitophilus  

 oryzae (Linn.), the former causes substantial losses to stored 
corn up to 18.30 per cent (Adams 1976). Worldwide seed 
losses ranging from 20-90 per cent have been reported due to 
maize weevil (Giga et al., 1991; Delima 1987). Sitophilus 
zeamais (M.) is reddish brown to black coloured weevil 
measuring about 3-4mm long.  In maize or sorghum, attack 
may start in the mature crop when the moisture content (MC) 
of the grain has fallen to 18-20%. Subsequent infestations in 
store result from the transfer of infested grain into store or 
from the pest entering into storage facilities, probably 
attracted by the odour of the stored grain. In stored maize, 
heavy infestation of this pest may cause weight losses up to 
30-40%, although losses are commonly 4-5% (Sclar 1994). 
This evidently indicates the importance of S. zeamais in 
storage of maize. They devour the seed completely from 
inside make them chaffy; and eventually seed viability is lost 
(Hill 2002). Infestation of these insect pests further result in 
mold formation (Magan et al., 2003); development of 
Aspergillus, (a fungus producing mycotoxins) which is the 
most powerful carcinogen in humans and animals (Williams 
et al., 2012; Carrieri et al., 2013) and phytotoxicity to grain 
(Lee et al., 2003). 

___________________ 
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Prevention of losses in stored products due to 
insects is of paramount importance. Controlling stored pests 
is a daunting task, although synthetic chemicals may play a 
significant role in reducing storage losses due to insect pests 
(Tapondjou et al., 2001). However, their current applications 
for the control of storage insect pests is limited because of 
resistance development by the insects (Subramanyam and 
Hagstrum 1995; Arthur 1996; Mohan et al., 2010; Correa et 
al., 2011) consumers concern, widespread environmental 
hazards and increasing costs of application (Bekele et al., 
1996; Bekele 2002). There is a need to find the alternatives to 
chemicals that can effectively prevent the storage losses, 
easily available, affordable, safer and least detrimental to the 
environment. Plant-derived pesticides can be transferred into 
practical applications in natural crop protection which can 
help the small-scale farmers (Binggeli 1999). It is an age old 
practice to mix local plants with grains. The use of botanical 
pesticides to protect plants from pests is very promising 
because of several distinct advantages. Substances of plant 
origin are more biodegradable, low toxicity to human beings; 
and there is every possibility of maintaining environmental 
conditions inside the storage systems (Guzzo et al., 2006). 
Many researchers have worked on management of stored 
insect pests on maize using plants products (Binggeli 1999; 
Mulungu et al., 2007; Nukenine et al., 2011; Lakshmi 
Soujanya et al., 2012; Lakshmi Soujanya et al., 2013; Shiberu 
and Negeri 2017; Hakeem et al., 2017; Basyal et al., 2022; 
Tiwari et al., 2018). North-eastern region of India is also 
known to be one of the hotspot of biodiversity of the world 
and so far little work has been done on this aspect, therefore, 
there is a wide scope for utilizing plant products as grain 
protectants against S. zeamais which is most prevalent in this 
region. The efficacy of different plant powders on mortality, 
adult emergence, grain damage and grain weight loss are 
presented and discussed in this paper. 

 
2. Materials and methods 

The studies were conducted in the Entomology 
Laboratory, ICAR Research Complex for NEH Region, 
Umiam, Meghalaya to evaluate the different plant extract 
(powder) against maize weevil.  
 
Preparation of leaf powder 

Fresh leaves of Persian lilac (Melia azedarach), 
lantana (Lantana camera), nishinda (Vitex negundo), Datura 
species, papaya (Carica papaya), Eupatorium odoratum,  tulsi 
(Ocimum spp.) and ageratum (Ageratum conyzoides) were 
collected from the fields of ICAR Research Complex for 
NEH Region and these leaves were shade dried for 14 days so 
that no moisture would be present.  Dried leaves were then 
grounded to powder using electric grinder and passed through 

0.25 mm (250 μm) pore size mesh sieve to obtain 

uniform fine dust powder. The different powders obtained 
from different plants were kept in different plastic containers 
in an airtight condition. 
 
Bioasssay with different plant powders 
Maize grains were used for testing the bioefficacy of different 
plant powders. Different quantities viz., 1, 3, and 5g of each 
plant powders was added to separate plastic jars of 1 litre 
capacity, each containing 100 gram maize grains and was 
mixed thoroughly. The mouths of the jars were covered with 
aluminium foil having pin holes on it to permit aeration and 
prevent the escape of the weevils. Malathion @ 5 per cent 
was used as a conventional insecticide and a control was also 
maintained without any treatment for comparison. Three 
replications were taken for each treatment.  Ten pairs of 
randomly selected 0 - 24 hour old adult weevils were 
transferred to the jars containing  maize grains treated with 
different concentrations of plant powders.Mortality of adults, 
1 day before treatment and at 1, 3, 7, 14 and 24 days after 
treatment (DAT) was recorded for all the treatments. Number 
of adults emerged and test insect survived were also noted for 
all the treatments. Per cent damage in all the treatments was 
also recorded by counting the number of damaged seeds and 
number of holes made by the weevils.The per cent weight 
loss was calculated by using count and weigh method of 
Senguttuvan et al. (1995) 
 

Weight loss =   
(U. Nd)-(D. Nu)

U(Nd+Nu)
 X 100 

Where, Nu = number of undamaged kernels, Nd = 
number of damaged kernels,                                 U 
= weight of the undamaged kernels and D = weight 
of damaged kernels. 
All the data pertaining generated in this 

investigation were statistically analysed using Fisher’s 
method of analysis of variance in Completely Randomized 
Design (CRD). Significant and non-significant results of the 
variance due to treatments, was determined by calculating the 
respective ‘F’ values (Pansey and Sukhatme, 1985). 

The standard error of the mean difference was 
calculated by using the following expression: 

S E M. (±) = √
2 X Error Mean Square

Number of replication
 

The Critical Difference (C.D) was calculated to find out the 
significant or non-significant of mean of differences of 
treatments amongst treatments by using the following 
formula, 

Critical Difference (C.D) = S. E(d). (±) x t 
Where, t = tabulated value of ‘t’ at 5 per cent level of 
probability for appropriate degrees of freedom. 

 



216 

 

3. Results and discussion 
The results pertaining to the efficacy on mortality, adult 

emergence or insect survival, grain damage and weight loss 
were recorded as follows: 

 
3.1 Mortality of adult weevils 

The botanical powders were very less effective @1g 
dose: mortality recorded only on 24DAT in case of grains 
treated with powders of melia, lantana and papaya (Table 1). 

At 3g/100g dose, mortality of weevils was recorded 
for melia, lantana, papaya and goatweed at 3 DAT, with 
10.00, 13.33 and 26.67 per cent mortality, respectively. 
Highest mortality was recorded for lantana treated grains 
followed by melia and papaya treated grains with 76.66, 
56.67 and 53.33 per cent, respectively (Table 2) 
Among different treatments at 5g/100g grains mortality of 
13.33 % was recorded in melia leaf powder treated grains at 1 
DAT. Cent per cent mortality was recorded in malathion 
treated maize grains at 1 DAT. However, there was no 
mortality recorded in other treatments. At 3 DAT, highest 
cumulative mortality was recorded in treatment with melia 
leaf powder (36.67 %). Mortality in nishinda leaf powder 
treated grains was 26.67 %, which was at par with papaya and 
ageratum leaf powder treatment (16.67 %). At 7 DAT, 
cumulative adult mortality in melia and nishinda were 
statistically at par with each other with cumulative mortality 
of 56.67 % and 46.67 %, respectively. Cumulative adult 
mortality in lantana and papaya treated grains were 
statistically at par with each other, with cumulative mortality 
of 26.67 % and 36.67 %, respectively. The adult cumulative 
mortality in eupatorium, tulsi and ageratum was 23.33 %, 
16.67 % and 23.33 %, respectively. At 14 DAT, highest 
cumulative mortality of 93.33 % was observed in melia 
treated grains followed by lantana treated grains (80.00 %). 
Cumulative mortality in nishinda and papaya leaf powder 
grains were statistically at par with each other with total 
mortality of 73.33% and 66.67%, respectively. Datura treated 
grains had cumulative mortality of 46.67 %. The mortality in 
eupatorium, tulsi and ageratum treatments was absent on 14 
DAT. The overall effect of different plant leaf powders on 
mortality of adult S. zeamais showed that per cent cumulative 
mortality ranged from 23.33 % to 100 % after 24 days after 
treatment (DAT). Lantana offered cent per cent mortality 
followed by melia (Table 3). Thus, lantana and melia were 
highly effective in producing mortality in adults. Lowest 
cumulative mortality was observed in treatment with tulsi leaf 
powder (Table 1). 

Similar findings were also reported by Ogendo et al. 
(2003), who observed 82.7-90.0 % mortality of S. zeamais 
after 21 DAT. Mixing of powdered leaves of L. camara with 
maize grains (in jute bags) @ 50g/2.5kg of grain, were found 
to be effective against S. zeamais but at the same time lower  

dosage of the powder had proven to be ineffective (Koona 
and Njoya 2004). Nishinda (Vitex negundo) has been widely 
known for its pesticidal properties. In this study it was found 
that when maize grains were treated with nishinda leaf 
powder @ 5g/100g grains, it caused 73.33 % mortality of S. 
zeamais at 24 DAT. These results are in congruent with those 
of Mishra et al. (1992), where they found that nishinda leaf 
powder @ 5 % caused 80 % mortality of S. oryzae on wheat 
seeds at 30 days after treatment.  Similar finding were also 
reported in rice weevil on maize grain (Yevoor 2003).  
Govindan and Nelson (2010) also reported that nishinda @ 2 
% caused 99.1 % mortality of rice weevil, Sitophilus oryzae 
L. infesting paddy grains within ten days of treatment. The 
cumulative mortality caused by Datura was 63.33 % at 24 
DAT. More than 90 % mortality of adult Z. Subfasciatus was 
also observed for bean seeds treated with J. curcas, D. 
Stramonium and P. Dodecondra 96 hour after treatment at the 
rate of 15g/150g of grain application. Up to 66.67 % 
mortality was recorded in papaya leaf powder treated grains 
at 14 DAT. Mulungu et al. (2007) supports the present 
findings where they reported papaya leaf powder was the 
most effective in reducing the number of live insects against 
the infestation of maize weevil, S. zeamais (M.) on stored 
maize grains. Eupatorium was found to be less effective 
against S. zeamais, as it showed low adult cumulative 
mortality of 23.33 % at 7 DAT.  However, in contrast 
eupatorium was reported to be very effective against rice 
weevil where it caused 66.6 % adult mortality (Yankanchi 
and Gadache 2010). The adult cumulative mortality in tulsi 
leaf powder treated grains @ 5g/100g grains was found to be 
very less i.e., 16.67 % at 24 DAT. The studies conducted by 
Bekele et al. (1996) also reported that O. sauve in its dried or 
ground leaves form were not toxic to S. zeamais. Thus, it 
suggest that active ingredient in the plant product is more 
effective in liquid form. The present findings are almost 
similar with the findings of Parugrug and Roxas (2008) who 
reported that corn grains treated with powdered leaves of 
basil exhibited a low mortality of 0.66 % at 24 days after 
inoculation of insects, respectively.When maize grains were 
treated with Ageratum conyzoides, it showed low mortality of 
23.33 % at 5 per cent.  However, Moreira et al. (2007) found 
that hexane extract of ageratum was effective against 
coleopteran pests of stored products such as Oryzaephilus 
surinamensis L., Rhyzopertha dominica F. and Sitophilus 
zeamais M. 

There are many reasons for the mortality of insects 
due to plant products. The plant powders can reduce insect 
movement which resulted into the death through dessication 
or occlusion of their spiracles, preventing respiration via 
tracheae (Koona and Njoya 2004). The use of plant powders 
could have resulted in higher death of insects as a result of 
physical barriers effect of the plant materials. This is because  
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the powder could block the spiracles of the insects’ thus 
impairing respiration leading to the death of insects. While 
feeding on whole grains, S. zeamais picks up lethal doses of 
the treatment thus resulting in stomach poisoning as reported 
by Mulungu et al. (2007).  Lantazio et al. (1997) reported that 
mortality of insects by L. camara could be ascribed to high 
flavinoids contents, which was a reason for deterrence against 
insects. Such deterrence of plant powders could be due to the 
diffusing of persistent odours capable of suffocating the 
weevils in storage.  

 
3.2 Number of adults emerged  

In the present investigation, the maximum adult 
emergence was observed in maize grains treated with 
eupatorium leaf powder @ 5g/100g grains which did not 
differ significantly from datura and tulsi treated grains. The 
lowest number (1.33) was recorded in grains treated with 
lantana leaf powder. The number of adults emerged reduced 
effectively in grains treated with neem (1.67), lantana (1.33) 
and nishinda (1.66) which were statistically at par with each 
other. All the treatments significantly reduced the number of 
adult emergence as compared to the control (21.67) (Fig. 1). 
These findings are in agreement with the findings of Ogendo 
et al. (2003) who reported that the plant powders reduced F1 

adult insects by more than 75 % compared to the untreated 
control.The semio-chemical natures of botanical powders 
play an important role in altering the behaviour and 
physiology of the insects which adversely affects the egg 
laying and F1emergence.    

 
3.3 Per cent grain damage 

The efficacy of different leaf powders were also tested 
for its potential to prevent the grain damage caused by 
Sitophilus zeamais. The results revealed that the minimum 
grain damage of 4.40 % was recorded in maize grains treated 
with lantana leaf powder. It was statistically at par with melia 
treated grains having per cent grain damage of 5.27 % 
respectively. The highest per cent grain damage was observed 
in maize grains treated with tulsi leaf powder (16.96 %) and it 
was at par with maize grains treated with datura, eupatorium 
and ageratum respectively. In nishinda and papaya treated 
grains the damage was 9.07 % and 8.46 %, respectively (Fig. 
2). 

Binggeli (1999),  suggested that grounded powder 
of L. camara and other Lantana spp. acted as a repellent, 
mixed with the produce (i.e. grains) or placed in between the 
produce as protective layers (Sandwich method) and which 
can protect grain legumes from bruchids and potato tuber 
moth (Phthorimaea operculella) for about 6 months. Parugrug 
and Roxas (2008) also reported that powdered leaves of 
lantana were noted to be highly repellant which could be the 
cause of less damage to grains. Parveen Aziz  

(1988) reported that 5-10g (2.5-5 %) dried leaf powder of 
neem/bakain provided protection to maize grains against 
fungi and most of the insects up to three months.  These 
powders have antifeedant properties thereby preventing 
feeding by the insects and reducing the grain damage. Similar 
results were also reported by Sunilkumar et al. (2005) who 
observed that there was 7 to 18 % seed damage in sorghum 
seeds treated with nishinda (V. negundo) @ 1 per cent from 
30 to 90 days after treatment. Bekele et al. (1996) applied 
tulsi as dried or ground leaves, but it was not toxic to S. 
zeamais but at the same time its oil extracts were highly toxic 
to the weevil. Therefore, it suggests that tulsi leaves as 
powder was not effective in reducing the damage done by the 
weevils to the maize grains. 

 
3.4 Per cent weight loss  

The studies on efficacy of different plant powders to 
check the losses caused by S. zeamais revealed that the 
minimum weight loss of 0.87 % was recorded in lantana leaf 
powder treated grains and maximum loss in tulsi (6.19 %) 
treated grains which was statistically at par with eupatorium 
treated grains (5.70 %).  In melia, nishinda and papaya weight 
loss were 1.21 %, 2.74 % and 1.95 %, respectively. Per cent 
weight loss in datura and ageratum treatments did not differ 
significantly from each other with weight losses of 3.14 %, 
and 3.44 %, respectively. These results indicate that lantana 
powder was most effective in reducing the loss followed by 
melia and papaya leaf powder. However, all the treatments 
significantly reduced weight loss as compared to control 
which had a weight loss of 12.42 %, respectively (Fig. 3).  

Binggeli (1999), cited that ground plants of L. 
camara and other L. camara spp. when mixed with the 
produce or placed in between the produce as protective layers 
(Sandwich method) can protect grain legumes against 
bruchids and potato tuber moth (Phthorimaea operculella) for 
about 6 months by acting as repellent.  Powdered leaves of L. 
camara mixed with 2.5 kg of maize grains contained in jute 
bags at the rate of 50 g were found effective against S. 
zeamais. However, lower dosage of the powder had been 
reported to be non-effective (Koona and Njoya 2004).The 
reason for low weight loss may also be due to high mortality 
percentage in both lantana and melia treated grains and also 
due to repellent and antifeedant properties of the powders.  
Maximum mortality of 98.8 % was achieved to adult S. 
zeamais with neemazal at a concentration of 12 g/kg seed 
after 14 days of treatment and greatly reduced F1 progeny 
emergence (Nukenine et al., 2011).Similar findings were 
obtained by (Lakshmi Soujanya et al., 2012a) who reported 
that the leaf powders of Vitex negundo L., Adathoda vasica 
L., Catharanthus roseus L. and L. camara at 5 % w/w proved 
to be toxic against S. oryzae in stored maize. Similarly, they 
also found that application of acetonic extracts of  
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V. negundo, A. vasica, C. roseus at 1 and 2 % concentration 
induced contact toxicity to S. cereallella resulting in 
suppression of adult emergence, grain damage and grain 
weight loss in stored maize (Lakshmi Soujanya et al., 2012b). 
Maize treated with A. conyzoides @ 2 % w/w stored in jute 
bags indicated highest mortality of S. oryzae, led to minimum 
grain weight loss and depressed progeny development at 40 
and 80 days after introduction of weevils (Lakshmi Soujanya 
et al., 2013). 
 

4. Conclusion 
It was found that the botanical powders were not so 

effective @1g/100g of seed. At 3g/100g dose, mortality of 
weevils were recorded for melia, lantana, papaya and 
goatweed at 3DAT. Highest mortality was recorded in lantana 
treated grains followed by melia and papaya treated grains.  
Amongst different plant powders, lantana powder  

proved to be most effective followed by melia leaf powder @ 
5g/100g grain. Highest adult cumulative mortality was 
observed in grains treated with lantana powder and the least 
mortality was obtained in tulsi treated grains. The lowest 
grain damage was recorded in maize grains treated with 
lantana leaf powder treatment. The minimum weight loss was 
recorded in lantana leaf powder treated grains and maximum 
loss in tulsi treated grains respectively. Hence, the present 
study concluded that lantana and melia leaf powder may be 
recommended as grain protectant for organic management 
system. 
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 Table 1. Effectiveness of different indigenous leaf powders @1g against maize weevil, S. zeamais (M.) 

               NB: Means followed by a common letter are not significantly different at 5% level 
 
 
 
 

 
Treatments @ 1g/100g 

Adult cumulative mortality (%) 

1 DBT 1 DAT 3 DAT 7 DAT 14 DAT 24 DAT 

Neem 0.00 0.00 0.00 0.00 0.00 23.33d 

Lantana 0.00 0.00 0.00 0.00 0.00 13.33d 

Nishinda 0.00 0.00 0.00 0.00 0.00 0.00 

Datura 0.00 0.00 0.00 0.00 0.00 0.00 

Papaya 0.00 0.00 0.00 0.00 0.00 16.67b 

Eupatorium 0.00 0.00 0.00 0.00 0.00 0.00 

Tulsi 0.00 0.00 0.00 0.00 0.00 0.00 

Goatweed 0.00 0.00 0.00 0.00 0.00 0.00 

Malathion 0.00 100a 100.00a 100.00a 100.00a 100.00a 

Control 0.00 0.00 0.00 0.00 0.00 0.00 

SEM(±) - - -- -- -- 2.58 

CD at 5% 
(P < 0.05) 

- - -- -- --        7.61 
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Table 2.  Effectiveness of different indigenous leaf powders @3g against maize weevil, S. zeamas (M.) 

                    NB: Means followed by a common letter are not significantly different at 5 % level 
 
Table 3. Effectiveness of different indigenous leaf powders@ 5g against maize weevil, S. zeamais (M.) 

            NB: Means followed by a common letter are not significantly different at 5 % level 

 

 
Treatments @ 3g/100g 

Adult cumulative mortality (%) 

1 DBT 1 DAT 3 DAT 7 DAT 14 DAT 24 DAT 

Neem 0.00 0.00 10.00 30.00 56.67 56.67 

Lantana 0.00 0.00 13.33 40.00 76.66 76.66 

Nishinda 0.00 0.00 0.00 0.00 10 36.67 

Datura 0.00 0.00 0.00 0.00 6.67 33.33 

Papaya 0.00 0.00 26.67 53.33 53.33 53.33 

Eupatorium 0.00 0.00 0.00 0.00 0.00 0.00 

Tulsi 0.00 0.00 0.00 0.00 0.00 0.00 

Goatweed 0.00 0.00 10.00 10.00 10.00 10.00 

Malathion 0.00 100 100.00 100.00 100.00 100.00 

Control 0.00 0.00 0.00 0.00 0.00 0.00 

SEM(±) - - 0.65 3.33 2.78 4.34 

CD at 5%  
(P < 0.05) 

- - 1.91 9.83 8.22 12.82 

 
Treatments @ 5g/100g 

Adult cumulative mortality (%) 

1 DBT 1 DAT 3 DAT 7 DAT 14 DAT 24 DAT 

Neem 0.00 13.33b 36.6b 56.67b 93.33ab 93.33a 
Lantana 0.00 0.00 6.67d 26.67cd 80bc 100.00a 

Nishinda 0.00 0.00 26.67bc 46.6bc 73.33c 73.33b 

Datura 0.00 0.00 0.00 6.67e 46.67d 63.33b 

Papaya 0.00 0.00 16.67cd 36.67c 66.67c 66.67b 

Eupatorium 0.00 0.00 10.00d 23.33d 23.33e 23.33c 

Tulsi 0.00 0.00 6.67d 16.67de 16.67 e 16.67c 

Goatweed 0.00 0.00 16.67cd 23.33 d 23.33 e 23.33 

Malathion 0.00 100a 100.00a 100.00a 100.00a 100.00a 

Control 0.00 0.00 0.00 0.00 0.00 0.00 

SEM(±) - - 2.79 4.08 4.34 4.34 

CD at 5% 
(P < 0.05) 

- - 8.22 12.04 12.82 12.82 
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