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Abstract 

The study investigated the comparative effects 

of three local botanicals Plant parts powders and 

their combinations. The three plant species are 

Vernonia amygdalina (B) (bitter leaf), Alluim 

Sativum (G) (Garlic cloves),  Azadirachta indica 

(N) (neem) in the suppression of the stored 

insect pests damages in Phaseolus vulgaris L. 

(Common Bean) grains in four different storage  

packaging  containers (PSC). Studies have 

revealed that stored Common Bean is prone to 

stored insects damages and deteriorates very fast 

when kept in storage packaging containers and 

this study aimed to determine storability of 

common Bean using four storage packaging 

containers namely; hessian sack, 

hessian/polythene sack, metal container and 

plastic container, plus the Purdue Improved 

Crops Storage (PICS) bag as control sack to 

determine the most appropriate material for the 

storage of the produce. The botanicals were 

applied at two levels (3grams and 17grams) per 

100grams (g) of the Bean seeds stored in these 

materials for sixteen (16) weeks. The two 

indices used are Weight loss (Wloss) and 

Mortality rate (Drate) for measuring the storage 

stability. The weight loss of the bean grains due 

to storage insects was prevented by the 

botanicals activeness from the most active to 

least superior in each storage packaging 

container. In the Hessian sack, the main 

treatments and combination effective means 

(Wloss) are found to be 9.04%, 17.11%, 17.65%, 

19.65%, 20.40%, 20.91% and 21.38% for N, B,  

 

 

G, BG, GN, BGN, and BN respectively. In the 

Hessian/polythene sack, the main treatments and  

combination effective means (Wloss) are found 

to be 3.47%, 9.20%, 9.29%, 9.45%, 9.46%, 

11.77% and 12.01% for N, G, BGN, GN, BG, 

BN and B respectively. In the Metal container, 

the main treatments and combination effective 

means (Wloss) are found to be 2.40%, 8.61%, 

9.59%, 9.70%, 9.71%, 11.76% and 11.93% for 

N, G, B, GN, BN, BGN and BG respectively. In 

the Plastic container, the main treatments and 

combination effective means (Wloss) are found 

to be 3.63%, 8.58%, 9.47%, 9.83%, 11.16%, 

11.58% and 11.78% for N, B, BN, G, GN, B 

and BG respectively. It was significantly at 5% 

(P<0.05) in four storage packaging container for 

weight loss. The death count, of storage insect 

pests in the bean grain due to the local 

botanicals effectiveness, to prevented damaged 

cause to the Common Bean grains by the 

storage insect pests from the most active to least 

superior in each storage packaging container. In 

the Hessian sack, the main treatments and 

combination effective means (Drate) are found to 

be 88.17%, 86.01%, 83.38%, 82%, 82%, 80% 

and 80% for GN, G, BG, B, BGN, BN and N 

respectively. In the Hessian/polythene sack, the 

main treatments and combination effective 

means (Drate) are found to be 77.62%, 76.80%, 

75.92%, 75.75%, 75.11%, 74.90% and 73.86% 

for GN, BN, B, BG, G, N and BGN 

respectively. In the Metal container, the main 

treatments and combination effective means 

(Drate) are found to be 79.20%, 69.54%, 67.10%, 
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65.58%, 65.44%, 64.68% and 63.87% for N, G, 

GN, B, BGN, BG and BN respectively. In the 

Plastic container, the main treatments and 

combination effective means (Drate) are found to 

be 75.52%, 73.42%, 71.67%, 71.24%, 70.57%, 

69.91% and 68.84% for N, B, BN, G, GN, B 

and BG respectively. It was significantly at 5% 

(P<0.05) in four storage packaging container for 

death count of storage insect pests. The amount 

of weight loss was found to be 1.90%, 5.81%, 

5.34%, 5.20%, and 5.67% for PICS bag, hessian 

sack, hessian/polythene sack, metal container 

and plastic container respectively. The mortality 

rate (death count) was found to be 96.07%, 

23.24%, 22.70%, 25.08%, and 25.29% for PICS 

bag, hessian sack, hessian/polythene sack, metal 

container and plastic container respectively. It 

was also observed that Common Bean stored in 

PICS bags had the lowest case of weight loss 

(damages) and storage insect pest infestation or 

damage. 

 

KeyNote:Local Botanicals Plant Parts Powders, 

Stored Insect Pests, Phaseolus vulgaris L. 

(Common Bean) grains, Packaging Storage 

Container (SPC). The Purdue Improved Crops 

Storage (PICS) Bag, Weight Loss, Mortality 

Rate (death count) 

 

 

Introduction 

Background of the Study 

Common bean, Phaseolus vulgaris L., evolved 

from wild plants growing as vines distributed in 

the highlands of Middle American and Andes 

with domestication occurring around 2500 years 

for Mesoamerican and 4400 years for Andean 

beans. More than 30 species exist but five of 

them P. vulgaris, P. lunatus, P. coccineus, P. 

acutifolius and P. polyanthus were domesticated 

with P. vulgaris being mostly grown (Debouck, 

2000). The crop is now widely spread and 

cultivated as a major food crop in many tropical, 

subtropical and temperate areas of America, 

Europe, Africa and Asia (Wortmann et al., 

2006). Two market classes of P. vulgaris also 

exist known as snap beans and dry beans with 

the later having large production and 

consumption (Blair et al., 2006). Dry beans are 

normally harvested in America, Argentina and 

Mexico are the centers of common bean origin 

and primary center of domestication based on 

morphological and molecular levels (Mensack 

et al., 2010). Now the crop is distributed 

throughout the world and consumed as essential 

part of human diet. The diseases such as 

common bacterial bright (CBB), angular leaf 

spot (ALS), bean common mosaic virus 

(BCMV) and bean common mosaic necrotic 

virus (BCMNV) have been a constraint in bean 

production whereby tremendous decrease in 

yield has been reported due to these disease 

attacks. This is exemplified by angular leaf spot 

which has been reported to cause a yield loss of 

up to 50-80% (Tryphone et al., 2015). 

In controlling storage pests, farmers are using 

several methods which include the use of plant 

materials with insecticidal properties (Swella 

and Mushobozy, 2007), hermetic storage, 

solarisation, sunning and sieving regimes 

(Akintobi and Adebisi, 2001), contact 

insecticides and fumigants. The geographical 

distribution of both species is now almost 

cosmopolitan (Hill, 2002; Thakur, 2012). The 

quality of grains and seeds during storage 

depends on various factors such as crop or 

variety, initial seed quality, storage conditions, 

seed moisture content, insect pests, bacteria and 

fungi (Amruta et al., 2015). The insect pests not 

only damage the grain but also depreciate the 

weight and quality of stored grains (Rayhan, 

2014).  

Pesticides are chemical substances used in 

agricultural practices to aid the production and 

yield by repelling, preventing, and destroying 

pests (Kumar et al., 2012). However, over the 

years, continuous application of synthetic 

pesticides in agriculture has caused 

accumulation of pesticidal residues in the 

environment leading to various chronic illnesses 

(Bag, 2000). According to a report by the 

United Nations Environment Program (UNEP) 

and the World Health Organization (WHO), 

pesticides are responsible for poisoning around 

three million people and causing ~200,000 

deaths each year, worldwide. Such cases are 

reported more in developing countries (95%) 

than in developed countries (World Health 
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Organization, 1990; Yadav et al., 2015). On the 

basis of the types of pest controlled, pesticides 

are divided into subcategories including 

insecticides, fungicides, herbicides, 

rodenticides, pediculicides, and biocides (Gilden 

et al., 2010). Synthetic insecticides can leave 

potentially toxic residues in food products and 

can affect non- target organisms in the 

environment (Isman, 2006). 

The use of insecticides (synthetic chemicals) in 

storage of grains gives a lot of life challenges’, 

this indiscriminate uses of chemical pesticides 

and fumigants in storage have led to a number 

of problems including insect resistance, 

deleterious effects to non-target organism, toxic 

residues in food grains and environmental 

pollution. This has left most stored grains in the 

tropics especially Nigeria, with huge amount of 

pesticide residue (Mailafiya et al., 2014). 

Suleiman and Yusuf (2011) reported that, 

chemicals are unavailable, expensive, poses 

hazard to man and livestock. Adebiyi and 

Tedela (2012) reported health issues and 

resistance of pest against chemicals. Recent 

revelations have shown that synthetic 

insecticides were found to penetrate into grains 

and may be toxic (Adebiyi and Tedela, 2012).  

 

Materials and Methods 

Experimental Materials 
Plastic containers, metal containers, small size 

hessian/polythene bags, small size hessian bags 

and Purdue Improved Crop Storage bags small 

size were used to store common bean for sixteen 

weeks.  

Clean, 50 kg of common bean cultivars are used 

as test materials. The grains were obtained at 

12% moisture content (dry basis) and were not 

previously treated with any chemicals. The bean 

seeds were further dried to 9.8% moisture 

content (db). 

Three botanicals pesticides viz., Vernonia 

amygdalina (Bitter leaf) powder, Azadirachta 

indica (Neem leaf) powder, and Allium sativum 

(Garlic) powder are used. 

Table 1 and 2, shows the botanicals plant parts 

used, the treatments and their levels or dosage 

respectively while the active ingredients of the 

local Protectants used are shown in table 3. 

There are three factors, B, G, and N, each at two 

levels, is of interest. The design is called a 2
3
 

factorial design (2
3
= 8), and then eight treatment 

combinations can now be displayed using the “- 

and +” orthogonal coding to represent the low  

and high levels of the factors, we may list the 

eight runs in the 2
3
 design as in Table 4, we 

write the treatment combinations in standard 

order as (1), b, g, bg, n, bn, gn, and bgn.  

The Metal containers, Plastic containers, 

hessian/polythene bags and hessian bags were 

use to store common bean for more than three 

months including PICS bags. Each of the 

treatments has 2 replicates at 2 levels, that is, 3 

grams for lower concentration (-1) and 17 grams 

for high concentration (+1). All the storage 

packaging containers filled with common bean 

are placed in a well-ventilated room for a period 

of study at two weeks interval. 

 

Layout of Experiment 

A full factorial (2
3
) design, replicated twice, 

calls for 8 x 2 = 16 runs total at 2 levels (low 

and high). In 2
3 

full factorial experiment, the 

low and high levels of the factors were coded as 

minus (-1) and plus (+) respectively (Douglas, 

et al., 2003; Douglas, 2013). The SPC including 

Purdue Improved Crops Storage (PICS) bag, 

each would containing 100grams of common 

beans seeds (white beans) which replicated two 

(2) times. The bean grains and botanical 

pesticide powder of all Protectants are tumble 

mixed thoroughly for about some minutes. The 

SPC are then sealed and top cover for aeration 

and placed randomly in the two replications. 

 

Conduct of Experiment and  

data presentation 

Data were drawn from 2
3
 full factorial 

experiments conducted in a randomized order in 

two replicates according to the design matrix. 

The values of the varying factors and their 

coded level are presented in table 2. The mean 

experimental observations are presented in 

table. 

Factor settings in standard order with replication 

we now have constructed a design table the full 

(2
3
) factorial design including the combinations 

of the factors in two levels and two replicates. 
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The mean experimental observations are 

presented in Table 5 and 6 for weight loss and 

death counts. 

 

 

 

      Table 1: List of botanical plant parts used 

 

 

Botanical Plants 

S/N Scientific name   Common name  Family  Parts used 

1 Vernonia Amygdalina Bitter leaf Asteraceae Leaf 

2 Azadirachta Indica Neem leaf Meliaceae Leaf 

3 Allium Sativum Garlic Liliaceae Glove 

 

         Table 2: Treatments and their Coded Levels 

 

  Treatments 

Factor 

Levels 

Code (B) Bitter Leaf 

Powder 

(G) Garlic Glove 

Powder 

(N) Neem Leaf 

Powder 

1 Low -1 3 grams/ 100 

grams 

3 grams/ 100 

grams 

3 grams/ 100 grams 

2 High 1 17 grams/ 100 

grams 

17 grams/ 100 

grams 

17 grams/ 100 grams 

  

           Table 3: Active ingredients in the local Protectant used 

 
Bitter Leaf 

(Vernonia amygdalia) 

Garlic 

(Allium sativum) 

Neem leaf 

(Azadiractaindica) 

Alkaloids Allicin Azadrichtin 

Flavonoids Enzymes Nimbolinin 

Glycosides Diallyl polysulfides Nimbin 

Saponins Saponins Nimbidol 

Steroids Vinyldithiins Nimbidin 

Tannins S-allylcysteine Sodium ninbinate 

Terpenes Alliin Gedunin 

Coumarins Ajoenes Salannin 

Resins Flavonoids Quercetin 

Lignans Maillard Reaction  

Phenolic acids   

Xanthoes   

Edotides   

Anthraquinone   

Sesquiterpenes   

 

Source References: 

  

Ebenezer and Olatude 2011  

Oladosu-Ajayi et al., 2017 

Shang et al, 2019 Mohammad, (2016) 

 

 

       Table 4: Algebraic Sign for Calculating Effects in the Full Factorial (2
3
) Design 

 
 Factorial Effects 

Run Treatment 

combination 

I B G BG N BN GN BGN 
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1 0(I) + - - + - + + - 

2 b + + - - - - + + 

3 g + - + - - + - + 

4 bg + + + + - - - - 

5 n + - - + + - - + 

6 bn + + - - + + - - 

7 gn + - + - + - + - 

8 bgn + + + + + + + + 

 

 

Table 5: Mean weight Loss data for Common Bean (g/100g) 

 
Run 

No. 

Experimental mean ŷ 

 Hessian 

Sack 

Hessian/polythene 

Sack 

Metal Container Plastic Container 

1 1.23 4.61 1.36 1.59 

2 5.93 1.83 1.25 2.99 

3 6.81 3.32 3.21 3.90 

4 22.19 4.63 3.77 6.04 

5 28.47 9.52 5.54 7.94 

6 35.03 20.87 26.26 27.41 

7 31.98 31.09 28.63 21.51 

8 42.47 23.00 37.66 32.09 

 

 

Table 6: Mean Mortality Rate data for Storage Insect Pest 

 
Run 

No. 

Experimental mean ŷ 

 Hessian Sack Hessian/polythene 

Sack 

Metal Container Plastic Container 

1 93.87 87.36 0.00 53.72 

2 93.53 72.15 43.73 76.00 

3 63.78 72.15 59.10 68.01 

4 71.24 67.93 56.77 57.32 

5 81.29 70.48 75.81 71.58 

6 75.35 70.45 77.72 65.16 

7 75.63 73.71 79.17 70.46 

8 89.65 77.26 84.12 86.49 

 

 

 

Statistical Analysis and Model Simulation 

The main effects can be estimated by: 

There are seven degrees of freedom between the 

eight treatment combinations in the 2
3
 design. 

Three degrees of freedom are associated with 

the main effects of B, G, and N. Four degrees of 

freedom are associated with interactions; one 

each with BG, BN, and GN and one with BGN. 
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Consider estimating the main effects. First, 

consider estimating the main effect B. The effect 

of B when G and N are at the low level is [b - 

(1)]/ n. Similarly, the effect of A when B is at 

the high level and C is at the low level is [bg - 

g]/ n. The effect of A when C is at the high level 

and B is at the low level is [bn - n]/ n. Finally, 

the effect of A when both B and C are at the 

high level is [bgn - gn]/ n. Thus, the average 

effect of A is just the average of these four, or 

  =      1     [b - bg - bn - bgn – (I) –g – n – gn] 

………………………….… (1) 

         4n 

This equation can also be developed as a 

contrast between the four treatment 

combinations in the right face of the cube. That 

is, the B effect is just the average of the four 

runs where B is at the high level (+ ) minus the 

average of the four runs where B is at the low 

level (- ), or 

B =  ̅B
+
 -   ̅B

-
 

=       b+ bg + bn + (bgn)       -     (I) + g + n + 

gn                

                     4n                               4n 

This equation can be rearranged as 

  =       1     [b + bg + bn + bgn – (I) –g – n – gn]  

         4n 

which is identical to Equation 1. 

In a similar manner, the effect of G is the 

difference in averages between the four 

treatment combinations in the front face of the 

cube and the four in the back. This yields 

G =   ̅G
+
 -   ̅G

-
  

     =   1    [g + bg + bn + bgn – (I) – b – n – 

bn]………………………….. (2) 

         4n 

The effect of N is the difference in averages 

between the four treatment combinations in the 

top face of the cube and the four in the bottom, 

that is, 

N =   ̅N
+
 -   ̅N

-
    

     =   1   [n + bn + gn + bgn – (I) – b – g – bg] 

…………………….….. (3) 

         4n 

The two-factor interaction effects may be 

computed easily. A measure of the BG 

interaction is the difference between the average 

B effects at the two levels of G. Symbolically, 

 

BG =   ̅BG
+
 -   ̅BG

-
 

          =       bgn - bg - n - (I)      -    gn - g - bn - b     

………………………... (4) 

                     4n                               4n 

 We could write Equation 4 as follows: 

   =     1          [bgn - gn + bg - g - bn + n – b + 

(I)]  

 4n 

In this form, the AB interaction is easily seen to 

be the difference in averages between runs on 

two diagonal planes in the cube. Using similar 

logic and we find that the AC and BC 

interactions are 

BN =      1     [(I) - b + g -bg - n + bn – gn + 

bgn] ………………………….... (5) 

             4n 

 and 

GN =      1     [(I) + b - g -bg - n – bn+ gn + bgn] 

…………………………… (6) 

             4n 

 The BGN interaction is defined as the average 

difference between the BG interaction at the two 

different levels of N. Thus, 

BGN =      1   {[bgn - gn] - [bn - n] - [bg - g] + 

[b - (I)]} 

                4n 

BGN =      1     [bgn - gn - bn + n - bg + g + b - 

(I)] ……………………..… (7) 

                4n 

 As before, we can think of the BGN interaction 

as the difference in two averages. If the runs in 

the two averages are isolated, they define the 

vertices of the two tetrahedra that comprise the 

cube. 

In Equations 6 through 7, the quantities in 

brackets are Contrasts in the treatment 

combinations. A table of plus and minus signs 

can be developed from the contrasts, which is 

shown in Table 4. Signs for the main effects are 

determined by associating a plus with the high 

level and a minus with the low level. Once the 

signs for the main effects have been established, 

the signs for the remaining columns can be 

obtained by multiplying the appropriate 

preceding columns row by row. For example, 

the signs in the BG column are the product of 

the B and G column signs in each row. The 

contrast for any effect can be obtained easily 

from this table. 
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Table 4, has several interesting properties: (1) 

Except for column I, every column has an equal 

number of plus and minus signs. (2) The sum of 

the products of the signs in any two columns is 

zero. (3) Column I multiplied times any column 

leaves that column unchanged. 

That is, I is an identity element. (4) The product 

of any two columns yields a column in the table. 

For example, B x G = BG, and 

BG X G = BG
2
 = BG 

We see that the exponents in the products are 

formed by using Modulus 2 Arithmetic. (That 

is, the exponent can only be 0 or 1; if it is 

greater than 1, it is reduced by multiples of 2 

until it is either 0 or 1.) All of these properties 

are implied by the Orthogonality of the 2
3
 

design and the contrasts used to estimate the 

effects. 

Sums of squares for the effects are easily 

computed because each effect has a 

corresponding single-degree-of-freedom 

contrast. In the 2
3
 design with n replicates, the 

sum of squares for any effect is 

SS = (Contrast)
 2

  

………….………………………………………

….……….. (8) 

               n2
k
 

     =   (Contrast)
 2

        

                 8n 

the model sum of squares is 

SSModel = SSB  + SSG  + SSN  + SSBG  + SSBN  + 

SSGN  + SSBGN 

Thus the statistic 

F0 =   MSModel            

            MSE 

is testing the hypotheses 

H0: 1 =  2 =  3 =  12 =  13 =  23 =  123 = 0 

H1: at least one    ≠0 

Because F0 is large, we would conclude that at 

least one variable has a nonzero effect. Then 

each individual factorial effect is tested for 

significance using the F statistic. The ordinary 

R
2
 is 

R
2
 =   SSModel 

          SSTotal 

and it measures the proportion of total 

variability explained by the model. A potential 

problem with this statistic is that it always 

increases as factors are added to the model, even 

if these factors are not significant. The adjusted 

R2 statistic, defined as 

R
2

Adj  = 1-    SSE/dfE 

                SSTotal/dfTotal 

The next portion of the output presents the 

regression coefficient for each model term and 

the standard error of each coefficient, defined 

as 

se( ̂) = √   ̂   =√
   

   
  = √

   

 
  

The standard errors of all model coefficients are 

equal because the design is orthogonal. The 

95 percent confidence intervals on each 

regression coefficient are computed from 

 ̂ˆ - t0.025,N – pse( ̂) ≤   ≤  ̂ + t0.025,N - pse( ̂) 

where the degrees of freedom on t are the 

number of degrees of freedom for error; that is, 

N is the total number of runs in the experiment 

(16), and p is the number of model parameters 

(8). The full model in terms of both the coded 

variables and the natural variables is also 

presented. 

The standard error of an effect is easy to find. If 

we assume that there are n replicates at each of 

the 2
k
 runs in the design, and if yi1, yi2, . . 

…….. , yin are the observations at the ith run,  

then  

S
2
i  =   

 

   
    ∑        ̅    

                                 

i = 1, 2, 3, …………….…..2
k
 

 is an estimate of the variance at the ith run. The 

2k variance estimates can be combined to give 

an overall variance estimate: 

 S
2
 = 

 

     
   ∑ ∑         ̅    

      
            

………………………..………………9 

This is also the variance estimate given by the 

error mean square in the analysis of variance. 

The variance of each effect estimate is 

V(Effect) = V ( 
        

      
 ) 

      =   
 

(      )
  V (         ) 

Each contrast is a linear combination of 2k 

treatment totals, and each total consists of n 

observations. Therefore, 

V(Contrast) = n
2
k

2
 

and the variance of an effect is 

V (Effect) =  
 

(     )
  n2

k 2 
=  

 

      
2
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The estimated standard error would be found by 

replacing _2 by its estimate S
2
 and taking the 

square root of this last expression: 

Se(Effect)=     2S        

………………………………………………………

…10 

                      
n2

k 

 

Notice that the standard error of an effect is 

twice the standard error of an estimated 

regression coefficient in the regression model 

for the 2k design. It would be possible to test the 

significance of any effect by comparing the 

effect estimates to its standard error 

t0 =   Effect 

      Se(Effect) 

This is a t statistic with N - p degrees of 

freedom. 

The 100(1 - α ) percent confidence intervals on 

the effects are computed from Effect   tα /2,N-p 

Se(Effect), where the degrees of freedom on t 

are just the error or residual degrees of freedom  

(N- p = total number of runs - number of model 

parameters). 

 

Table 7: The Estimated Effects, Confidence 

Interval and t-Values for Weight Loss in 

Hessian Sack (h), Hessian & Polythene Sack 

(hp), Metal Container (m) and Plastic 

Container (p) 

 

 

 

 
Treatment 

combination 

Regression 

coefficient 

Estimated effect Confidence 

interval 

t-value (calculated 

table value/1.860) 

I X0 21.76 ±0.05 17.470 

B X1 9.30 ±0.05 3.733 

G X2 8.21 ±0.05 3.296 

N X3 3.64 ±0.05 1.461* 

Bg X12 25.43 ±0.05 10.205 

Bn X13 -0.75 ±0.05 0.301* 

Gn X23 -2.71 ±0.05 1.088* 

bgn X123 -1.70 ±0.05 0.682* 

 Fitted model equation for hessian sack  

ŷh = 21.76X0
 
+

 
9.30X1 + 8.21

 
X2 + 25.43X12 …………………………………………... (19) 

     

I X0 12.294 ±0.05 14.86 

B X1 0.566 ±0.05 0.342* 

G X2 6.181 ±0.05 3.732 

N X3 17.644 ±0.05 10.655 

Bg X12 -3.711 ±0.05 2.241 

Bn X13 1.051 ±0.05 0.635* 

Gn X23 5.676 ±0.05 3.428 

bgn X123 -6.006 ±0.05 3.627 

 Fitted model equation for hessian/polythene sack  

ŷhp = 12.294
 
+ 6.181

 
X2 + 17.644X3

 –
 3.711X12+ 5.676 X23

 
– 6.006X123 ……………… (21) 

     

I X0 13.34 ±0.05 9.390 

B X1 7.49 ±0.05 2.635 

G X2 9.46 ±0.05 3.329 

N X3 21.88 ±0.05 7.699 

Bg X12 -2.81 ±0.05 0.989* 

Bn X13 7.26 ±0.05 2.555 

Gn X23 7.28 ±0.05 2.562 

bgn X123 -3.15 ±0.05 1.108* 

 Fitted model equation for metal container  

ŷm = 13.34
 
+7.40 X1 + 9.46 X2 + 21.88 X3

 
+ 7.26X13

 
+7.28 X23 ………………..……. (23)  

http://www.ijmsrt.com/


Volume-3-Issue-10-October,2025                                     International   Journal  of  Modern  Science  and   Research  Technology 

                                                                                                                                                                                    ISSN  NO-2584-2706 

IJMSRT25OCT123                                                    www.ijmsrt.com                                                                                                    533 

                                                                DOI: https://doi.org/10.5281/zenodo.17461967 

     

I X0 12.856 ±0.05 16.59 

B X1 8.556 ±0.05 5.524 

G X2 6.059 ±0.05 3.912 

N X3 18.456 ±0.05 11.915 

Bg X12 -2.196 ±0.05 1.418* 

Bn X13 6.781 ±0.05 4.378 

Gn X23 3.384 ±0.05 2.185 

bgn X123 -2.561 ±0.05 1.653* 

 Fitted model equation for plastic container  

ŷp = 12.856
 
+

 
8.556 X1+ 6.059

 
X2 + 18.456 X3

 
+6.781 X13 +3.384 X23 ………………. (25) 

 

* 

Statistically insignificant 

Table 8: ANOVA for replicated 2
3
 Factorial 

Bean Grain Weight Loss Experiment in  

 

Hessian Sack, Hessian & Polythene Sack, 

Metal Container and Plastic Container 

 
Storage Packaging 

Container (SPC) 

Source of 

Variation 

(SOV) 

Effect Sum of 

Squares 

(SS) 

Degree of 

Freedom 

(DF) 

Mean 

Squares 

(MS) 

F- ratio 

Calculated   

Table values  

Value               

(5%) 5.32 

Hessian b X1 9.30 345.68 1 345.68 13.93 

 g X2 8.21 269.37 1 269.37 10.85 

 n X3 3.64 2586.99 1 2586.99 104.24 

 bg X12 25.43 53.11 1 53.11 2.14* 

 bn X13 -0.75 2.23 1 2.23 0.09* 

 gn X23 -2.71 29.3 1 29.3 1.18* 

 bgn X123 -1.70 11.54 1 11.54 0.47* 

 Error  198.54 8 24.82  

 Total  3496.76 15   

        

Hessian / 

polythene 

b X1 0.566 1.28 1 1.28 0.12* 

 g X2 6.181 152.83 1 152.83 13.95 

 n X3 17.644 1245.21 1 1245.21 113.64 

 bg X12 -3.711 55.09 1 55.09 5.03 

 bn X13 1.051 4.42 1 4.42 0.40* 

 gn X23 5.676 128.88 1 128.88 11.76 

 bgn X123 -6.006 144.3 1 144.3 13.17 

 Error  87.66 8 10.96  

 Total  1819.67 15   

        

Metal b X1 7.49 224.4 1 224.40 6.94 

 g X2 9.46 358.34 1 358.34 11.09 

 n X3 21.88 1914.06 1 1914.06 59.23 

 bg X12 -2.81 31.58 1 31.58 0.98* 

 bn X13 7.26 210.83 1 210.83 6.52 

 gn X23 7.28 211.99 1 211.99 6.56 

 bgn X123 -3.15 39.82 1 39.82 1.23* 

 Error  258.50 6 32.31  

 Total  3249.54 15   

        

Plastic b X1 8.556 292.84 1 292.84 30.49 

 g X2 6.059 146.83 1 146.83 15.29 

 n X3 18.456 1362.53 1 1362.53 141.88 
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 bg X12 -2.196 19.29 1 19.29 2.01* 

 bn X13 6.781 183.94 1 183.94 19.15 

 gn X23 3.384 45.8 1 45.8 4.77 

 bgn X123 -2.561 26.24 1 26.24 2.73 

 Error  76.83 8 9.6  

 Total  2154.31  15   

       

 

* Statistically insignificant at 5% 

 

Table 9: The Estimated Effects, Confidence 

Interval and t-Values for Mortality Rate 

(Death Count) in Hessian Sack, 

Hessian/Polythene Sack, Metal Container 

and Plastic Container 

 
Treatment 

combination 

Regression 

coefficient 

Estimated effect Confidence 

interval 

t-value  

(calculated table 

value /1.860) 

I X0 80.54 ±0.05 45.060 

b X1 3.18 ±0.05 0.890* 

g X2 -11.56 ±0.05 3.234 

n X3 0.50 ±0.05 0.140* 

bg X12 6.31 ±0.05 1.765* 

bn X13 0.87 ±0.05 0.243* 

gn X23 15.88 ±0.05 4.442 

bgn X123 3.18 ±0.05 1.027* 

 Fitted model equation for hessian sack  

ŷh =  80.54 _ 11.56 X2 + 15.88 X23
 ……………………………………………. (xxvii) 

     

I X0 73.93 ±0.05 40.010 

b X1 -3.98 ±0.05 1.077* 

g X2 -2.35 ±0.05 0.636* 

n X3 -1.92 ±0.05 0.519* 

bg X12 3.64 ±0.05 0.985* 

bn X13 5.74 ±0.05 1.553* 

gn X23 7.37 ±0.05 1.994 

bgn X123 -1.85 ±0.05 0.501* 

 Fitted model equation for hessian/polythene sack  

ŷhp = 73.93 + 7.37X23 …………………………………………………………. (xxix) 

     

I X0 59.43 ±0.05 33.860 

b X1 12.32 ±0.05 1.510* 

g X2 20.23 ±0.05 5.764 

n X3 39.56 ±0.05 11.271 

bg X12 -10.55 ±0.05 2.530 

bn X13 -8.88 ±0.05 3.006 

gn X23 -15.34 ±0.05 4.370 

bgn X123 12.02 ±0.05 3.425 

 Fitted model equation for metal container  

ŷm = 59.43 + 20.23 X2 + 39.56 X3
 – 10.55 X12 – 8.88 X13

 – 15.34 X23+12.02 X123 ……. (xxxi) 

     

I X0 68.59 ±0.05 42.970 

b X1 5.30 ±0.05 1.660* 

g X2 3.98 ±0.05 1.246* 

n X3 9.66 ±0.05 3.025 
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bg X12 -2.63 ±0.05 0.824* 

bn X13 -0.49 ±0.05 0.153* 

gn X23 6.15 ±0.05 1.926 

bgn X123 13.86 ±0.05 4.341 

 Fitted model equation for plastic container  

ŷp = 68.59 + 9.66X3
 + 6.15X23+ 13.86X123 ……………………………………. (xxxiii) 

 

 

 

 

 

* Statistically insignificant 

Table 10: ANOVA for replicated 2
3
 Factorial 

StorageBeanInsectMortalityRate Experiment  

 

 

in Hessian Sack, Hessian/Polythene Sack, 

Metal Container and Plastic Container 

 
Storage Packaging 

Container (SPC) 

Source of 

Variation 

(SOV) 

Effect Sum of 

Squares 

(SS) 

Degree 

of 

Freedom 

(DF) 

Mean 

Squares 

(MS) 

F- ratio 

Calculated   

Table values  

Value               

(5%) 5.32 

Hessian b X1 3.18 57.84 1 57.836 1.13* 

 g X2 -11.56 478.3 1 478.297 9.36 

 n X3 0.50 192.52 1 192.516 0.00* 

 bg X12 6.31 0.06 1 0.062 3.77 

 bn X13 0.87 0.24 1 0.235 0.00* 

 gn X23 15.88 930.86 1 930.86 18.21 

 bgn X123 3.18 37.03 1 37.027 0.72* 

 Error  408.97 8 51.121  

 Total  2105.8 15   

Hessian/ polythene b X1 -3.98 63.24 1 63.24 1.16* 

 g X2 -2.35 22.02 1 22.02 0.4* 

 n X3 -1.92 14.8 1 14.8 0.27* 

 bg X12 3.64 52.96 1 52.96 0.97* 

 bn X13 5.74 131.62 1 131.62 2.41* 

 gn X23 7.37 217.05 1 217.05 3.97 

 bgn X123 -1.85 13.75 1 13.75 0.25* 

 Error  437.01 8 54.63  

 Total  952.45 15   

Metal B X1 12.32 606.76 1 606.76 12.31 

 g X2 20.23 1636.4 1 1636.4 33.21 

 n X3 39.56 441.32 1 441.32 8.96 

 bg X12 -10.55 6258.79 1 6258.79 127.02 

 bn X13 -8.88 315.68 1 315.68 6.41 

 gn X23 -15.34 941.72 1 941.72 19.11 

 bgn X123 12.02 578.04 1 578.04 11.73 

 Error  394.2 8 49.27  

 Total  11172.9 15   

Plastic b X1 5.30 112.47 1 112.466 2.76 

 g X2 3.98 62.57 1 62.568 1.53* 

 n X3 9.66 27.67 1 27.668 0.68* 

 bg X12 -2.63 373.07 1 373.069 9.15 

 bn X13 -0.49 0.97 1 0.97 0.02* 

 gn X23 6.15 151.29 1 151.29 3.71 

 bgn X123 13.86 767.84 1 767.844 18.83 

 Error  326.22 8 40.777  
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 Total  1822.09 15   

 

* Statistically insignificant at 5% 

 

Discussion nd Interpretation Of Model 

The equations (19, 21, 23, 25), expresses the 

fitted model for predicting weight losses level in 

common bean grain under storage ambient 

conditions and packaging conditions for hessian 

sack. From the statistical analysis, the following 

(botanicals) regression coefficient X3, X13, X23, 

and X123; X1, and X13; X12 and X123; and X12 and 

X123, in hessian sack, hessian & polythene, 

metal container,  and the plastic containers 

respectively were found statistically 

insignificant at confidence coefficient α = 0.05. 

Two of the main effects and their interactions 

have significant influence on the level of weight 

loss of bean grain under storage ambient 

condition and packaging conditions, as shown 

on table 7 and 8. 

For the hessian sacks, the equation (xxvii) 

expresses the fitted model for predicting stored 

bean insect mortality rate level in common bean 

grain under storage ambient conditions and 

packaging conditions for hessian sack. From the 

statistical analysis, the following (botanicals) 

regression coefficient X1,  X3, X12, X13, and X123 

were found statistically insignificant at 

confidence coefficient α = 0.05. Only main 

effects and an interaction have significant 

influence on the level of insect mortality rate in 

bean grain under storage ambient condition and 

packaging conditions, as shown on table 9 and 

10. 

For the hessian/polythene sacks, the equation 

(xxix) expresses the fitted model for predicting 

stored bean insect mortality rate level in 

common bean grain under storage ambient 

conditions and packaging conditions for 

hessian/polythene sack. From the statistical 

analysis, the following (botanicals) regression 

coefficient X1, X2,  X3, X12, X13, and X123 were 

found statistically insignificant at confidence 

coefficient α = 0.05. Only an interaction has 

significant influence on the level of insect 

mortality rate in bean grain under storage 

ambient condition and packaging conditions, as 

shown on table 9 and 10. 

For the metal containers, the equation (xxxi) 

expresses the fitted model for predicting stored 

bean insect mortality rate level in common bean 

grain under storage ambient conditions and 

packaging conditions for metal container. From 

the statistical analysis, the following 

(botanicals) regression coefficient X2, X3, X12, 

X13, X23 and X123 were found statistically 

insignificant at confidence coefficient α = 0.05. 

Only one main effect has significant influence 

on the level of insect mortality rate in bean grain 

under storage ambient condition and packaging 

conditions, as shown on table 9 and 10. 

For the plastic container, the equation (xxxiii) 

expresses the fitted model for predicting stored 

bean insect mortality rate level in common bean 

grain under storage ambient conditions and 

packaging conditions for hessian/polythene 

sack. From the statistical analysis, the following 

(botanicals) regression coefficient X1, X2, X12, 

and X13, were found statistically insignificant at 

confidence coefficient α = 0.05. Only one main 

effect and the third interactions have significant 

influence on the level of insect mortality rate in 

bean grain under storage ambient condition and 

packaging conditions, as shown on table 9 and 

10. 

Comparing the predicted values based the fitted 

model with the mean experimental value for the 

eight experimental runs, it can be seen that 

storage and packaging condition of the 

experiment 2 (with predicted value, (Hessian 

sack) Ŷ2 = 5.93 % and Ŷ2 = 93.53 %, 

(Hessian/polythene bag) Ŷ2 = 1.83 % and Ŷ8 = 

77.26 %, (Metal) Ŷ2 = 1.25 % and Ŷ8 = 84.12 

%, (Plastic) Ŷ2 = 2.99 % and Ŷ8 = 86.49 % 

weight loss of bean grains and death count of 

stored insect pests per 3 g botanical powders) in 

the stored bean grains maintains the lowest 

weight loss and highest mortality rate of the 

stored bean insect pest optimal death counts 

rate, and storage duration of 16 weeks for each 

of the packaging storage containers. 
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Figure 28: Mean Effect of Weight Loss (%) in    Figure 29: Mean Effect of Death Rate in 

Storage Packaging Contaniner (SPC) per             Storage Packaging Contaniner (SPC) per 

 Time (Weeks)                                                       Time (Weeks) 

 

Conclusion 

The results revealed that, the tested botanical 

powders (Vernonia amygdalina, Allium sativum, 

Azadirachta indica and their combination) 

showed high effectiveness against bean storage 

pest insects, with respect to bean grain damages 

and storage insect’s pest mortality. This work 

focuses on the effect of storage period and 

physical characteristics of the common bean 

grains and the stored bean insects in different 

storage packaging containers including Purdue 

Improved Crops Storage in Nigeria. Both SPC 

have a protective effect on stored grain for up to 

16 weeks. The following conclusions could be 

made: 

The various botanicals powder, that is bitter 

leaf, neem leaf, and garlic clove independently 

and their mixtures used are effective between 2 

to 12 weeks of storage period, and using the  

 

indices of weight loss and insect mortality on 

the common bean. Both botanicals are active 

and also significant within the periods of 

storage. The effective botanical dose as 

protectants concentration can be as low as 3 g 

per 100 g of the bean grains. The storage 

packaging containers are effective in storing 

common bean grains between 2 to 12 weeks 

periods, but the PICS bag is much more 

effective as it last for 16 weeks for little weight 

loss and highest death count during storage 

period. 
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