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Abstract

The study yWas cohducted at the Plant Protection Laboratory o f  Haramaya 
University in a controlled environment o f  28±2°C temperature and 75±5%  relative 
humidity. The objective was to determine the effective doses o f  Azadirachta aulica 
and Citrus sinensis peel powder for the management o f  Sitophilus zeamais. The 
treatments were arranged in com pletely randomized design (C RD ) with four 
replications. Fifty unsexed 3-6 days old maize weevil adults were introduced to 
each glass jar containing 1 kg Sorghum bicolor (L.), variety muyra-2 seeds. Neem  
seed and citrus peel powder were compared with Ethiolathion 5% dust and 
untreated control at the rate o f  7.5. 15 ,25 , 50 and 100 g k g '1 o f  seed s. Parent adult 
maize w eevil mortality, F, progeny em ergence and percent protection, grain weight 
loss, damage and germination at all rates o f  citrus peel powder (CPP) and neem 
seed powder (N SP) showed significant differences over the untreated control 
(P < 0 .0 l), except for grain damage (%) at 7.5 g CPP (P > 0 .0 l). At the rate o f  25, 50 
and 100 g both test botanicals resulted in 100% adult w eevil mortality, 95-100%  
grain protection, reduced w eevil emergence, reduced grain damage, reduced grain 
weight losses and produced statistically comparable efficacy with Ethiolathion 5% 
dust (P<0.01). NSP at 7.5 and 15 g and all rates o f  CPP did not reduce grain 
germination rate, whereas at higher rate o f  25- 100 g N SP statistically decreased 
germination o f  the treated grains (P<0.01). Further research is warranted to assess 
efficacy o f  these botanicals under farmer’s storage condition.

K eyw ords: Botanicals, maize weevil, sorghum, management

Introduction

Sorghum, Sorghum bicolor (L.), is an 
important cereal crop ranking fifth in the 
world with an annual production o f 63.89 
million tons (USDA 2015). According to 
the same report, the most important 
sorghum producers are the United State, 
Nigeria, the Sudan, India, Ethiopia,

Argentina, China, Australia, Burkina Faso 
and Mali. Further, it was stated that Africa 
has become the leading sorghum producer 
with an average annual production of 
greater than 25.6 million tons and with 
larger area coverage than other continents. 
Ethiopia is the third largest producer o f 
sorghum in Africa after Nigeria and the 
Sudan making contribution o f about 12% 
o f annual production (Wani et al. 2011;
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USDA 2015). Sorghum is the third most 
important crop in Ethiopia after te f and 
maize in area coverage and the second 
largest in total production after maize 
(CSA 2014). Sorghum is used as a source 
o f nutrition for humans across the world, 
but mainly serves as a staple food for 
millions o f people in Africa and Asia 
(Gabisa and Grenier 2005). In Ethiopia, 
one third o f  the cereal diet comes from 
sorghum, and it plays an important role 
for making a stable food called injera next 
to tef (Asfaw 2012).

Stored sorghum grains is attacked and 
damaged by a number o f pests that lead to 
qualitative and quantitative, deterioration 
or loss. Insects are by far the major post
harvest pests o f sorghum both at the 
farmer and consumer level in the tropics, 
including Ethiopia. Maize weevil is 
among pests o f stored sorghum grains in 
Ethiopia (Temesgen and Waktole 2013). 
infestation by this weevil begins in the 
field, but significant damage happens in 
storage (Girma et al. 2008; Baidool et al. 
2010). Damage by S. zeamais causes grain 
loss resulting in increased poverty, lowers 
nutritional values o f  seeds leading to 
increased malnutrition and causes reduced 
weight and market values o f seeds 
(Temesgen and Waktole 2013). Under 
traditional storage facilities in Ethiopia, 
heavy infestation by S. zeamais can cause 
41- 80% o f weight losses to maize and 
sorghum seed (Waktole and Amsalu 
2012).

Botanical products have played important 
roles in managing pest in traditional 
storage facilities in the tropics (Belmain et 
al. 2001). Poor farmers in many 
developing countries who could not afford 
synthetic pesticides against stored grain 
insect pests used botanicals for their 
control. Due to specific novel mode o f

action, plant extracts (botanicals) have 
advantages over synthetic insecticides 
against the storage insect pests and known 
to minimize cross resistance to specific 
target molecule (Betancur et al. 2010).

Neem, Azadirachta indica, seed powder 
completely hindered progeny emergence, 
percentage seed damage and seed weight 
losses caused to maize grains by maize 
weevil (Danga et al. 2015). The inhibition 
o f S. zeamais progeny emergence and 
maize seed damage as a result o f  neem 
powder is probably due to the huge array 
o f azadirachtin activities on the insect’s 
hormone system (Abrham and Besedow 
2005; Girina 2006; Danga et al. 2015). 
The mortality o f maize weevil is lower in 
seeds treated with larger particle size of 
neem seed powder than small sized 
particles; because small sized A. indica 
seed powder completely covers the 
insect’s body and suffocate them to death. 
In addition to causing mortality through 
suffocation, small size A. indica powder 
can be swallowed by the adult S. zeamais 
when feeding on seeds, causing death of 
the insect. The decrease in residual 
toxicity o f  A. indica powder is linked with 
the degradation o f its main compound, 
Azadirachtin, as exposure time increases 
(Katamssadan et al. 2015).

Citrus, Citrus sinensis, peel powder is 
effective in arresting adults o f S. zeamais 
on sorghum seeds (Suleiman et al. 2012). 
The effect o f C. sinensis peel powder on 
adult emergence o f S. zeamais on 
sorghum seeds increases with increasing 
dosage and exposure time (Suleiman et al. 
2012; Musa and Adewale 2014). The 
effectiveness o f  C. sinensis peel powder 
was found to be due to its silica or silica 
like component, the particles o f which 
adhere to -he seed and provide physical 
protection (Dawit and Bekele 2010).
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Citrus peel powder has direct toxic effect 
and blocks the spiracles o f the insect’s 
thus impairing respiration and leading to 
death (Abdullahi et al. 2010). They also 
opined that citrus peel powder is known to 
inhibit oviposition and adult emergence o f 
S. zeamais. The current study was carried 
out to assess the efficacy o f  neem seed 
and citrus peel powder against maize 
weevil, S. zeamais, and provide better 
insight on the use o f these botanicals in 
maize weevil management program.

M aterials and Methods

D escription o f E xperim enta l 
Site
The study was conducted at Haramaya 
University Plant Protection Research 
Laboratory. It is located at 4 2 °3 ’E 
longitude and 9° 26’N latitude and at an 
altitude o f 2006 m above sea level. The 
mean annual rain fall at the station is 
780mm and the mean annual temperature 
is 23.4°c.

Experimental Materials

Establishment of Maize Weevil 
Culture
Maize weevil. S. zeamais, was reared on a 
sorghum variety, Muyra-2 in order to 
obtain similar age weevils for this 
experiment. Twenty kilogram o f sorghum 
seed was collected from Haramaya 
University Sorghum improvement 
Research Program. Seeds with visible 
damage symptoms were removed from 
the assort manually and the healthy seeds 
were kept in a deep freezer at -20 ± 2 °C 
for two weeks to disinfest any pest or 
foreign materials. The seeds were then 
transferred to plastic bags and kept at 
rearing room conditions for two weeks

(Fikremariem et al. 2009; Muluken and 
Ketema 2014).

Unsexed maize weevil was collected from 
previously identified weevils o f  Haramaya 
University Plant Protection Laboratory. 
The weevils were reared on cleaned and 
disinfested sorghum seeds (Muyra-2) in 
five glass jars, each ja r with 2 L capacity. 
Each ja r contained 500 g seeds to which 
100 unsexed adult weevils were 
introduced. Subsequently, the jars were 
covered with muslin cloth and fixed with 
rubber band to prevent escape o f weevils 
and to allow aeration. The infested seeds 
were kept in an incubator adjusted at 
25±2°C (Fikremariam et al. 2009). Seven 
days after oviposition, all parent weevils 
were removed from each ja r and the seeds 
were kept at 25±2°C to get similar aged 
weevils. Forty days after introduction of 
weevils in each plastic container, the 
emerged progeny were removed daily and 
transferred to fresh seed for three days 
until 1000 progenies were collected. The 
weevil progenies used for the experiment 
were multiplied from the first generation 
weevil reared in ten glass jars containing 
500 g clean and disinfected sorghum seeds 
to obtain adult weevil population with 
synchronized age group o f 3-6 days old 
for the experiment.

Collection and Preparation of 
Botanicals
Fresh and matured citrus/orange fruit C. 
sinensis and neem (A. indica) seeds were 
collected from Dire Dawa Tony Farm. 
The orange fruit o f the variety Valencia 
was used as this variety is widely 
cultivated and easily available throughout 
the country. The orange peel and neem 
seed were dried under shade in Plant 
Protection Laboratory, Haramaya 
University.
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Preparation of Powder
The dried citrus peels and neem seeds 
were pounded separately into powder 
using High Speed Smashing Machine and 
were sieved through 0.25 mm pore size 
mesh sieve to obtain uniform particle size 
powder. The resulting powders were kept 
separately in glass containers at room 
temperature in dark place in the 
Laboratory until needed for the 
experiment.

Treatment Protocol
One hundred grams o f disinfested seeds 
were placed in glass jars o f 300 ml 
capacity. The glass jars which were used 
for the experiment were heat sterilized in 
an autoclave at 60 °C for three hours to 
kill any insects and fungal spores that 
might have been housed inside as well as 
outside the jars. Citrus peel and neem seed 
powders were applied at a rate o f  7.5, 15. 
25, 50 and 100 g kg '1 o f sorghum seeds. 
The powders were thoroughly mixed with 
the seeds for five minutes with the aid o f a 
glass rod to ensure thorough admixture. 
Synthetic insecticide Ethiolathion 5% dust 
was used at the recommended rate of 0.5 g 
kg '1 seed as a standard check. For 
comparison untreated check was also 
included. Fifty unsexed and newly 
emerged adult weevils were placed in 
each treated jar, ja r with standard check 
and control. The jars were placed in an 
incubotor at 28±2 °C temperature and 
70±5% relative humidity, optimal 
condition for weevil growth and 
multiplication (Tadele el al. 2010). The 
relative humidity within the incubator was 
maintained by placing four jars having 20 
cm diameter each with two litter capacity 
containing one litters o f water. The jars 
were refilled daily to replace the 
evaporated water. Temperature and 
relative humidity readings were taken two 
times per day using Hygro-termometer.

The glass jars were covered with muslin 
cloth which was secured in position with 
rubber band. The muslin cloth not only 
prevented weevils from escape but also 
ensured sufficient ventilation for the 
weevils. Prior to the start o f the 
experiment, each treatment, standard 
check and control was arranged in 
Completely Randomized Design (CRD) 
with four replications each.

Data Collection

Effect of neem seed and citrus 
peel powders on adult weevil 
mortality and Fi progeny 
emergence
Parent adult mortality was recorded at l, 
7, 14, 21 and 28 days after treatment 
application, when deceased insects were 
removed and counted. Twenty eight days 
after infestation, weevils were removed 
from the jars and the number o f live and 
dead insects was counted and rate of 
mortality from each treatment was 
determined. Fi progeny emergence was 
started after 34 days o f treatment 
application or after 6 days from removal 
o f the parent weevils. The generation time 
o f maize weevil ranges from 28-56 days, 
depending on the environmental 
condition, such as temperature, humidity 
and host. The assessment period was 
selected based on earlier reports by (Dobie 
1974). Weevils that survived the 
treatments were maintained under the 
same test conditions and F, progeny rate 
was assessed. F| progeny emergence was 
assessed daily for 70 days after adults 
were removed from test jars.

Seed w e ig h t loss
Seventy days after the experiment started, 
1000 seeds were randomly withdrawn 
from each test, standard check and control
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treatments and were sorted into damaged 
and undamaged categories. The seeds in 
each category were counted and weighed. 
Percentage weight loss was calculated 
using count and weight method for each 
replication o f all the treatments (Adams 
1976) using the following formula.

, ( W u » N d ;- (W d “N u ) „
Weight loss = ------------------------X 100

Wu»{Nu+Nu)

Where; Wu: Weight o f undamaged seed, 
Nu: Number o f undamaged seed, Wd: 
Weight o f  damaged seed, and Nd: 
Number o f damaged seed

P ercen tag e seed dam age
Percentage seed damage was estimated by 
converting the proportion o f damaged 
seeds (seeds with visible holes) from the 
total number o f sample seeds in each 
replication.

% damage =
Nd

TNG
X 100

Where: Nd: number o f damaged grains 
(seeds) and TNG: total number o f  grains 
(seeds)

E fficacy of trea tm e n ts
The effectiveness o f different treatments 
in protecting the seed was calculated using 
the formula employed by El-Ghar et a i 
(1987).
o/ "i TF1PC-TF1PT% protection =

TF1PC
x 100

Where; TFiPC: total F| progeny in control 
and TF1PT: total F| progeny in treatment

Treatment effects on seed 
germination
Seed germination test was carried out at 
the end o f  the experiment. One hundred

seeds were randomly taken from each 
replicate and were treated with 1% sodium 
hypochlorite (Chlorox) solution for one 
minute and rinsed with distilled water for 
another one minute to remove fungal 
contamination. The seeds were placed on 
moist filter paper in germination box and 
maintained at room temperature. Seed 
germination rate for each treatment was 
assessed after ten days. The percent 
germination was computed using the 
following formula employed by 
Fikremariam (2009).

Germination (%) =
NGx 100  

TG
Where; NG: number o f seeds germinated 
and TG: total number o f  seeds tested in 
each Petri dish.

S ta tis tic a l Analysis
Adult weevil mortality data in each 
replication was expressed as a percentage 
o f the total number o f  adult weevils 
introduced. Mortality data were corrected 
for control mortality using Abbott's 
correction formula (Abbott 1925).

/ 0/nT -%r( % ) c m  = — ;  x i o o
( i o o - c;-:C;

Where; CM is corrected mortality, T is 
mortality in treated seed and C is 
mortality in untreated seed.

Percentage o f damaged ana germinated 
seeds was expressed as a percentage o f the 
total number o f  damaged seed to the total 
number o f seeds sampled from each 
replicate. The percentage data on
mortality, damaged seed, germination and 
protection (efficacy) were arcsine or 
angular transformed. F| progeny
emergence was log transformed, while 
percentage weight loss was square root 
transformed prior to statistical analysis to
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alleviate the variance heterogeneity. The 
analysis o f variance (ANOVA) was 
carried out using SAS version 9.00 (SAS 
Institute Inc. 2002) at 1% level o f 
significance. Treatment mean separation 
was accomplished by the Student 
Newman Keuls Test (SNKT) to determine 
difference among the means o f the 
treatments. Correlation analysis was done 
among the variables using SAS at 1% 
level o f significance. ANOVA. mean 
comparison and correlation analysis was 
done using the transformed values o f the 
original data.

Results and Discussion

E ffect of C itrus peel and  
N eem  Seed P ow der on 
M aize W eevil

Effect on Adult Weevil 
Mortality
Both citrus peel powder (CPP) and neem 
seed powder (NSP) treatments caused 
different mortality rates on maize weevil 
(Table 1). Higher weevil mortality was 
recorded at 25, 50 and 100 g kg '1 CPP and 
NSP starting from seven days.

Twenty four hours after treatment 
introduction. CPP at rate o f 100 g kg '1 
resulted in significant higher adult weevil 
mortality than the control (P<0.01) 
whereas the other dosage rates o f both 
botanicals did not provide significantly 
higher weevil mortality than the control 
(P>0.01). On the contrary, Ethiolathion 
5% dust caused 100% adult maize weevil 
mortality within 24 hours o f application. 
Dawit and Bekele (2010) reported that the 
toxicity o f CPP was low within 24 hours 
exposure period treated on Z  subfaciatus 
infested beans. The result indicated that

even at higher dosages, NSP and CPP 
have no effect on adult maize weevil 
mortality with in 24 hour.

Seven days after treatment, CPP at 7.5 and 
15 g kg '1 seed showed non-significant 
difference in weevil mortality over the 
untreated control (P>0.01). NSP at 50 and 
100 g kg '1 seed caused 100% weevil 
mortality whereas similar dosage o f CPP 
caused 91 and 97.5% mortality, 
respectively seven days after treatment 
statistically similar to Ethiolathion 5% 
dust. According to Katamssadan et al. 
(2015), NSP caused 100% mortality o f 
maize weevil when applied at 40 g kg '1 of 
maize seed achieved and 22.2% mortality 
when used at 5 g kg '1 seed 7 days after 
application. The results o f this experiment 
showed that the efficacy o f both NSP and 
CPP is dosage and exposure time 
dependent as was also reported by 
Temitope (2014). Abdullahi et al. (2010), 
Girina (2006) and Danga et al. (2015). 
Dawit and Bekele (2010) reported 67% 
mortality o f Z. subfaciatus exposed to 
beans treated with 15 g o f sun dried 
powder of orange peel.

Two weeks after treatment with CPP and 
NSP powder, adult weevil mortality 
increased significantly (P<0.01) compared 
with the untreated control. However, 7.5 g 
kg '1 o f CPP did not cause significantly 
more weevil mortality than the untreated 
control (P>0.01). The efficacy o f both 
NSP and CPP at the rates o f  25, 50 and 
100 g kg '1 sorghum seeds was similar to 
that o f  Ethiolathion 5% dust. 
Katamssadan et al. (2015) reported 100% 
mortality o f maize weevil when treated 
with 40 g kg’1 maize seed o f NSP and only 
32% mortality when treated with 5 g NSP/ 
kg 14 days after treatment. While result of 
the current study showed no adult maize 
weevil mortality when treated with 7.5 g
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k g 1 CPP over the treatment period. 
Temitope (2014) reported that lower 
dosages o f CPP was. ineffective during the 
first week o f treatment but showed some 
efficacy starting from the second week. 
Similar reported by Danga et al. (2015) 
shows that 7.5 g kg '1 o f NSP resulted in 
43% mortality o f adult maize weevil 14 
days after treatment. Nukenine et al. 
(2010) reported that at 40 g kg '1 and 5g 
kg '1 NSP caused 86 % and 20.33% adult 
maize weevil mortality, respectively, 14 
days after treatment. In general two weeks 
after treatment, mortality o f maize weevil 
from NSP was higher than to the same 
rates o f CPP.

Three weeks after application, all dosages 
o f both CPP and NSP treatments caused 
significantly higher (p<0.01) adult weevil 
mortality than the untreated control. Both 
NSP and CPP caused 100% weevil 
mortality three weeks after application 
when used at 25, 50 and 100 g kg '1. The 
efficacy o f both NSP and CPP when used 
at 15 g k g '1 sorghum seed consistently 
increased after 21 days o f treatment but 
more abruptly with NSP. Similar to the 
observation made by Temitope (2014), the 
mortality o f  weevil increased with 
increase in exposure time when lower 
dosages o f both NSP and CPP were used. 
The trend was the same four weeks after 
weevil exposure to the treatments. Effect 
o f higher dosages o f both NSP and CPP 
was similar to Ethiolathion 5% dust 14 
days after treatment. Suleiman et al.
(2012) found that CPP used at 0.5, 1 and 2 
g/20 g sorghum seed resulted in 47.5, 65 
and 82.5% mortality o f maize weevil, 
respectively within 28 days. The current 
result concurs with this finding.

In general, adult S. zeamais mortality was 
increased with increase in dosage and 
exposure time with both NSP and CPP 
treatments. The increase in mortality with 
C. sinensis treatment indicates that the 
effect is directly proportional to the 
amount used and exposure time (Girma 
2006; Suleiman ei al. 2012). However, 
from 7 days up to 28 days after treatment 
application, the potency o f NSP was 
higher than that o f CPP on 5.. zeamais 
mortality. Twenty eight days after 
treatment, mortality indicated the effects 
o f 15, 25, 50 and 100 g NSP- kg '1 and 25, 
50 and 100 g CPP kg '1 oI sorghum seed 
was effective as Ethiolathion 5% dust, 
while the mortality due to NSP at 7.5 g kg'
1 and CPP at 7.5 and 15 g kg '1 was below 
50%. The effectiveness o f the botanical 
powders on mortality o f S. zeamais could 
probably be due to fumigant, repellent and 
consumption o f lethal dosages o f the plant 
powders treated on the seed, thereby 
leading to stomach poisoning which 
agrees with the report o f Simbarashe et al.
(2013) on the different rates o f Eucalyptus 
tereticornis, Tagetes minula and Carica 
papaya powders. Adedire and Ajayi 
(1996) and Dawit and Bekele (2010) 
indicated that orange peel powder 
attributed to stomach poison since the 
weevils feed directly on the seeds. Further 
Dawit and Bekele (2010) explained that 
this phenomenon is due to the presence of 
silica like component o f C. sinensis peel 
powder, which is adhesive and adhere to 
the seed. Similarly, Danga et al. (2015) 
reported that the active ingredient o f neem 
seed oil azadirachtin caused high 
mortality o f maize weevil.
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Table 1: Effect of different rates of neem seed and citrus peel powders on parent adult maize weevil mortality

Parent adult mortality after treatment application (%)
Treatment Rate (g / kg) 1DAT 7DAT 14 DAT 21 DAT 28DAT
CPP 100 3.5“ 97.5* 100a 100a 100a

50 1.06 • 91.0° 99.5a 100a 100a
25 0.0C 81.0° 99.5a 100a 100a
15 0.0-= 1.09 10.5C 22.9° 45.3b
7.5 0.0C 0.09 0.0“ 6.2" 25.0=

NSP 100 0.5° 100a 100a 100a 100a
50 0.0-= 100a 100a 100a 100a
25 0.0C 88.0° 99.5a 100a 100a
15 0.0‘ 13.0® 33.5b 73.9b 95.1a
7.5 0.0C 4.0ef 9.5C 19.4° 43.6b

Ethiolathion 5% dust 0.5 100a 100a 100a 100a 100a
Untreated control - o.o* 09 ■ 0“ 0e 0d

CV 20.7 5.4 5.8 4.0 10.6
SE 3.6 7.0 11.1 6.3 57.5

Means in columns with same letter are not significantly different at a = 0.01. SE, Standard error; DAT, Days after 
treatment; CPP. citrus peel powder: NSP, neem seed powder; Mean separation was analyzed using SNKT.

Effect of Botanical Powders on Fi Progeny 
Emergence and Seed Protection
All the treatments significantly lowered 
the number o f  F| progeny and gave higher 
percent o f seed protection over the 
untreated control (Table 2). There was no 
F| progeny emergence from sorghum 
seeds treated with NSP at 25, 50 and 100 
g kg '1 similar to the effect o f Ethiolathion 
5% dust. Higher numbers o f F| progeny 
weevils (95.8) emerged from the lowest 
rate o f 7.5 g kg’1 NSP than all the NSP 
treatments. There was no F| progeny 
emergence from seeds treated with 50 and 
100 g kg-1 CPP similar to the effect of 
Ethiolathion 5% dust. The highest number 
O* progeny w ee',>'.(' emerged (243.5) 
fr: 7.5 g k g ’ Cr.P than all the CPP
treatments. The result indicated that at 
higher rates o f NSP and CPP. there was 
lower number o f  F) progeny emergence. 
Many studies have shown that lower 
number o f progeny emerged from seeds 
treated with higher rates o f C. sinensis 
(Dawit and Bekele 2010; Suleiman et al. 
2012) and neem seed powders (Girma 
2006). Danga et al. (2015) reported that 
the active ingredient o f NSP, azadirachtin

caused high mortality to maize weevil and 
completely hindered or significantly 
reduced progeny emergence at 3 g kg_i of 
maize seed. Generally, the number o f F| 
progeny emerged from the lower dosage 
o f CPP was higher than equal amount of 
NSP applied.

On the basis o f daily progeny count, there 
were few dead progenies due to treatment 
with higher rates o f NSP and CPP. This 
low mortality o f the newly emerged maize 
weevil may be due to slow acting nature 
o f botanical powders and the potency o f 
the powders decease with increase in 
storage time.

All rates o f  NSP and CPP significantly 
gave protection to sorghum seed from 
maize weevil infestation compared to the 
untreated control. NSP and CPP at 
dosages o f 25-100 g kg_i gave more than 
95% seed protection statistically similar to 
Ethiolathion 5% dust. Many studies have 
shown that percentage protection o f seeds 
from weevil damage was higher when 
higher rates o f CPP (Dawit and Bekele 
2010) and NSP (Nukenine et al. 2010;
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Katamssadan et al. 2015). Among the (36.9%) o f the treated seeds from weevil
botanical powder treatments, 7.5 g kg '1 infestation.
CPP showed the lowest percent protection

Table 2. Effect of different rates of neem seed and citrus peel powders on Fi progeny emergence and percentage 
protection

Treatment Rate (g / kg) Fi progeny emergence Percentage protection
CPP 100 0.0' 1003

50 0.5' 99.93

25 17.5e 95.4a
15 103.3° 73.2°
7.5 243.3b 36.9e

NSP 100 0.0' 100a
50 0.0' 100a
25 0.5' 99.9a
15 37.0° 90.4°
7.5 95.8C 75.2“*

Ethiolathion 5% dust 0.5 0.0' 100a
Untreated control - 385.5a 0.0'

CV 8.5 2.5
SE 0.3 3.0

Means within columns with same letter are not significantly different at a = 0.01. SE, Standard error; Mean separation was 
analyzed by SNKT.

Effect of Botanical Powders on 
Seed Weight Loss, Damage 
and Germination
There was highly significant (p<0.01) 
difference among the treatments in 
percentage o f seed weight loss, damage 
and germination over the untreated control 
(Table 3). NSP at the rate o f 25, 50 and 
100 g kg '1 showed the lowest seed weight 
loss equal to Ethiolathion 5% dust. 
Significantly high weight loss (2.31%) 
was recorded from 7.5 g kg '1 NSP than the 
rest treatments o f NSP. CPP at 50 and 100 
g kg '1 showed the lowest seed weight loss 
equal to Ethiolathion 5% dust. 
Significantly high weight loss 4.43% was 
recorded from 7.5 g kg '1 CPP than the 
other treatments o f CPP. The result 
indicated that from both types o f the 
botanical powders the weight loss 
decreased with increased rate o f  powders. 
According to the current studies, it could 
be possible to store sorghum seed treated 
with 25 g kg '1 NSP and 5g kg '1 CPP for 70

days without weight loss due to maize 
weevil infestation. Ileke and Oni (2011) 
reported that there is neither seed damage 
nor weight loss recorded in the treated 
wheat seeds with a concentration o f 2.5. 
5.0 % (w/w) A. indica powders.

There were highly significant (p<0.01) 
differences among the treatments in 
percentage seed damage due to maize 
weevil infestation. Except the lowest rate 
o f CPP at 7.5 g kg '1, all the botanical 
powder treatments gave significantly 
lower seed damage than the untreated 
control. NSP at the rates o f 25, 50 and 100 
g kg '1 showed almost zero percent seed 
damage, which was similar to Ethiolathion 
5% dust. NSP at 7.5 g kg '1 resulted higher 
seed damage (6.22%) than the other rates 
o f NSP. CPP at 50 and 100 g kg '1 showed 
no seed damage similar to Ethiolathion 
5% dust. Higher damaged seed (11.85%) 
was recorded at the lower rate 7.5 g kg '1 
o f CPP than the rest o f CPP rates. The
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result indicated that sorghum seeds treated 
with the higher rates (25, 50 and 100 g kg' 
) o f botanical powders could be stored for 

70 days without any damage by S. 
zeamais. Similarly. Girma (2006) reported 
that the highest percentage o f  damaged 
seeds occurred due to the lowest rate of 
0.5% NSP while the highest damage was 
recorded at 2% NSP treatment. Suleiman 
et al. (2012) also indicated that o f  C. 
sinensis powder is effective in protecting 
the sorghum seeds from damage by maize 
weevil.

Sorghum seeds treated with higher rates o f 
CPP at 15, 25. 50 and 100 g kg’1 and 
lower rates o f NSP at 7.5 and 15 g kg '1 
showed higher percentage seed 
germination similar to Ethiolathion 5% 
dust. The result showed that CPP could 
not affect the germination percent o f 
sorghum seeds. Higher rates o f  NSP at 25, 
50 and 100 g kg '1 treated sorghum seeds

resulted in reduced seed germination. This 
reduction in seed germination was due to 
mold growth as the moisture content o f 
the treated seeds was increased by the oils 
present within the NSP. Girma (2006) 
reported that some o f the botanical 
treatments, such as Mexican tea powder 
were affected by fungi .resulting in 
decreased seed germination percent on 
maize genotypes. In the case o f lower 
rates, the reduction in seed germination 
was resulted from maize weevil damage to 
the seeds. Botanical pesticides in the form 
o f  powders (Lantana camara L. and 
Tephrosia vogelii Hook) and storage 
duration o f 120 days and above influences 
the viability and moisture content o f 
stored maize seeds'(Ogendo et al. 2004). 
However Tabu et al. (2012) reported that 
leaf powder o f botanicals and inert 
materials did not affect the viability of 
treated chickpea seeds.

Table 3 Effect of botanical powders on seed weight loss, damage and germination

Treatment Rate (q/kq) Weiqht loss (%) Damage (%) Germination (%)
CPP 100 0.0' 0.0° 91 3a

50 0.0' 0.0° 91,8a
25 0.6* 1.9° 89.5a“
15 1.9* 5.3“ 90.8a0
7.5 4.4“ 11.93 82.5“

NSP 100 0.0' 0.0d 74.0“
50 0.0' 0.0° 81.5C
25 0.2* 0.9° 86.0“
15 1.1" 2.9C 92.3a
7.5 2.3C 6.2" 88.5abc

Malathion5%dust 0.5 0.0' 0.0s 92.33

Untreated control . 5.5a 14.7a 58.5e
CV 7.8 11.4 3.7
SE 0.01 0.04 6.24

Means within columns with same letter are not significantly different at a = 0.01. Mean separation was 
analyzed by Student-Newman-Keuls Test (SNKT).



Neem seed and citrus peel powder for management of Maize Weevil 33

Simple Correlation Coefficient 
among the Variables
The simple .mear association was highly 
significant (p< 0.01) among the variables: 
adult weevil mortality, Fi progeny 
emergence, percentage protection, weight 
loss, damage and seed germination (Table 
4). Adult weevil mortality was positively 
correlated with percentage protection (r = 
0.95%) and germination (r = 0.52) but 
negatively correlated with Fi progeny 
emergence (r = -0.95), percentage weight 
loss (r = -0.95) and damage (r = -0.92). F| 
progeny emergence was positively 
correlated with percentage weight loss (r

= 0.99) and damage (/' -- 0.97) and
negatively correlated with percentage
protection (r = -0.98) and germination (r = 
-0.50). Percentage protection was
negatively correlated with percentage
weight loss (r = -0.96) and percentage 
seed damage (r = -0.93) and positively 
correlated with germination percentage (r 
= 0.60). Weight loss was positively 
correlated with seed damage (r = 0.97) 
and negatively correlated with seed 
germination (r = -0.51). Seed damage was 
negatively correlated with percentage seed 
germination.

Table 4. Correlation coefficient among maize seed and maize weevil variables from 
CPP and NSP treatments at different dosages

Variables AWM Ft PP (%) WL (%) SD (%) GP (%)
AWM -

Fi -0.96” -

PP (%) 0.95" -0.98” -

WL (%) -0.95” 0.99” -0.96" -

GD (%) -0.92” 0.97" -0.93" 0.97" -

GP (%) 0.52” -0.50” 0.60" -0.51" -0A 7”
"h ighly significant at a = 0.01; AWM, Adult weevil mortality; Fi; Fi progeny emergence;
PP. Percentage protection; WL, weight loss; SD, seed damage; GP, Germination percentage.

Summary and 
Conclusions

NSP and CPP treatments resulted in 
higher adult weevil mortality and seed 
protection. Higher weevil mortality 
resulted with NSP and CPP 14 to 28 days 
after treatment application. Similar to 
Ethiolathion 5% dust, higher dosages of 
NSP and CPP resulted in greater than 95% 
adult maize weevil mortality. There was 
no mortalit; o f maize weevil within 24 
hours after treatment application, except 
with 50 and 100 g kg '1 CPP and 
Ethiolathion 5% dust. In general, the rate 
of adult maize weevil mortality increased 
with increase'in dosage and exposure time

by all NSP and CPP dosages. There was 
no F| progeny emergence from the higher 
rates o f botanicals and Ethiolathion 5% 
dust. The result indicated that at higher 
rates both botanical powders showed 
lower weevil progeny emergence. The 
seeds treated with NSP and CPP were 
more protected from damage by F i 
progeny than control.

The botanical powders at higher rates 
gave the lowest seed weight loss and 
damage similar to the Ethiolathion 5% 
dust. With both botanicals, percentage 
weight loss and seed damage decreased 
with the increase in the dosages of 
botanical powders. CPP did not affect the 
germination capacity o f treated sorghum
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seeds as dosage increased, but higher rates 
o f NSP reduced seed germination.

Therefore, it can be concluded that, the 
efficacy o f NSP and CPP increased with 
increase in the applied dosages. NSP at 25 
g and CPP at 50 g kg '1 sorghum seeds 
effectively control maize weevil 
infestation for 70 days. Seed germination 
was not affected with the increase in the 
rate o f CPP, whereas the germination due 
to NSP treatment was decreased as the 
rate exceeded 15g kg '1 sorghum seeds. 
When lower dosages o f the botanical 
powders used, germination percent was 
reduced due to S. zeamais damage on 
endosperm o f the sorghum seed. 
Therefore, seed which is intended for 
sowing and consumption can be treated 
with the botanical powders. Moreover 
preparation o f powders from both 
botanicals is easy, less costly, takes short 
time and simple for application. So under 
smallholder farmers’ condition, botanical 
powders prepared from both the neem 
seed and orange peel can be preferably 
used to protect sorghum seeds from S. 
zeamais infestation.
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