
International Journal of Early Childhood Special Education (INT-JECSE) 

DOI:10.9756/INTJECSE/V14I5.959 ISSN: 1308-5581 Vol 14, Issue 05 2022 
 

7589 
 

TO DEVELOP AND VALIDATE A MATHEMATICAL MODEL TO ANALYZE THE 

EFFECT OF S.CEREALELLA ON GRAINS IN THE ENVIRONMENTAL 

ECOSYSTEM 
 

RakeshYadav
1
,KirtiBhagirathi

2,
and Shivani Bansal

3 

1Associate Professor and 2Research Scholor,Departmentof Mathematics,School of Chemical Engineering and 

Physical Sciences Lovely Professional University, Jalandhar Punjab 
3Assistant Professor, DepartmentofMathematics, Chandigarh University .Punjab 

1kirti.bhagirath31@gmail.com, 2rakesh.21798@lpu.co.in. and 3shivanibansal.maths@cumail.in 
 

 

 

ABSTRACT 
The Angoumois grain moth, Sitotrogacerealella(Oliver), is one of the major storage pests of grains. A Mathematical model 

is developed by using differential equations of second order by taking the assumption that the rate of change of percentage 

of germination loss with respect to grain infestation is proportional to germination loss. For this problem an 

entomologicaldata is selected. To properly manage the stored grains, this model is very useful as it will help in the 

reduction of storage losses of grains which is caused by different factors like moisture, humidity etc. 
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INTRODUCTION 

The most important pest of stored agricultural products worldwide is the Angoumois grain moth. S.Cerealellainfestations 

rise during storage, in pre harvest or post harvest. A variety of kernel such as: corn, sorghum, wheat, soya bean, rice and 
paddy (Ukehet al., 2008) is attacked by the larvae of S.Cerealella. According to Prakash et al., 1984, Angoumois grain 

moth is also known as rice moth or paddy moth. Danjummaet al., 2009 reported that the development of the pest could 

possibly be managed by alternating nutritive and the physical properties of cereals and also studied that this pest attack all 

types of cereal grains especially the wheat where weight loss can reach 50 percent. Weston and Rattlingourd, 2000 studied 

that the insect grow inside the kernel and affects the grain directly and make the convenient reproduction medium to 

reproduce their F1 generation. Arbogast and Mullen, 1987 reported that life cycle of this insect varies with aboitic factors 

such as temperature and relative humidity. 

Mathew et al., 2012 reported that plentiful statistics are available due to the agricultural researches going on in 

different agricultural departments of various universities that can provide a basis for analytical study. Mathematical 

modeling gives an insight that what might happen if large quantities of grains would be considered as generally the 

experiments are performed with small amount only and hence the data is arranged in a systematic order through 

mathematical models so as to make it more useful for agricultural production. Every year due to high humidity 
harvestedand 

processedpaddy retainshighmoisturecontent which causes considerable losses in grains. According to SinghV 

etal.,2017 the mostharmfulinsects that cause intense damage to storage grains is the Angoumoisgrainmoth  also called 

Sitotroga Cerealellaolivier.M. Muthukumarand et al., 2017 reported that there is a significant reduction in the seed quality of all 16 

maize hybrids due to S. cerealella damage. Awadhesh Kumar et al., 2020 studied the effect of S.Cerealellainfestation on rice grain quality 

and glycemic index of stored paddy grains and it was found thatthe glycemic index, glycemic load, total carbohydrate, amylose content and 

resistant starch were affected to a great extent. Different factors that affect storage grains are biotic and abiotic where abiotic include the 

grain moisture, humidity temperature,lightandtypeofstoragestructure and biotic include insects etc. A Mathematical 

model is established by using second order differential equation by assumingthat the rate of change of percentage in 

germination loss with respecttograininfestationisproportionaltogermination loss. Dr. Yadav et.al developed a 

mathematical model to describe the damage caused by insects based on linear differential equation accounting some 
assumptions and concluded that as the number of insects increases, the percentage of damaged grains also increases.Jian 

(2011) reported that analysis showed that insect numbers in comparison to that at low insect density and in the horizontal 

direction medium or high density was better correlated at medium or high density and in the vertical direction in the vertical 

direction, respectively. Girma (2013)stated that the main factor affecting egg incubation period, larval-pupal development 

time, and adult survivorship is the temperature and the optimum conditions required for its growth and survivorship were 30 

C and 70-85 per cent RH. M. Muthukumarand K.N. Ragumoorth(2017) reported that seed quality reduced in all maize 

hybrids due to the attack of S. cerealella infestation.Jian (2008) reported that a diffusion equation could be used to model 

the population redistribution of adult C. ferrugineus in stored grain, and to solve the transport equations  finite difference 
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method could be used. T. Akter et al (2013) discussed that the biology of theSitotrogaCerealella and reported that the 

length of male and female was 11.2 ± 0.09 and 12.07 ± 0.06 mm respectively. According to Alejandra Rodríguez-Verdugo 

and Martin Ackermann (2020) long term stability of positive pairwise interactions get destabilized due to rapid evolution . 

METHODS OF THE MODEL 

The experiments were conducted at N.D.U.A.T., crop researchstation,FaizabadU.P Twenty five grams of rice seeds 

were selected, each of 10 selected varieties, comprising of 5 grain types were kept in 100 × 25 mm 

sizepresterlisedglassspecimentubes. The tubes wereplacedinside the desiciotorwith some adult moth and the 

completeexperiment was performed under different environmental 

conditionsfordifferentperiods(Carlosetal.,2016). Based on the information collected from the experiments, a 

Mathematical Model is developed which is based on two varieties viz. percentage grain infestation and percentage 

loss in germination. For 3,6,9 months of duration losses in grains weight and germination of rice 

varietiesinfestedbyS.Cerealellais observed. 

 

 
Fig1: Showing Percentage of 3 Months germination loss  withrespect to % grain infestation 
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Fig2: Showing Percentage of 6 Months germination loss withrespect to % grain infestation 

 
Fig 3: Percentage of germination loss  withrespect to % grain infestation 9 Months 

From the data, it is observed thatthe percentage loss in germination valueis behaving inoscillatory manner with 
respect to(Kernel) percentage graininfestation (Pandey. V; 2005) Hence, it is postulated that percentage loss in 

germination valuewith respect to percentage grain infestation follows a law where solution shows the 

behaviour which is oscillatory innature(SinghR.etal.,2015).We first idealise the data collected in 

experimenttotheextentthatthisidealizeddatais included in most of the original data and some averaged data beforetrying 

any law to mould this situation. The r e a sons  ofidealisationthe data areasfollows: 

1) To give a curve of frequencythe curve in figure is idealisedwhich shows the nature of oscillation. 

2) Xiare averaged at averaged kernel (graininfestation) toobtain observation Percentage loss 

ingerminationforfurtheruse. 

Onedataofgerminationlosses Xi at grain infestation Yihave beenomitted. The main reason behind this is that their 

behaviour is different from the other data of the general trends , may be  some other variables which are presented at 

the time of recording the data  are not present here(Kapoor2005).According to the followup of the idealized data and 

correspondingcurve otherobservationsofthetableare asthesamegivenintable2. 
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RESULTS AND DISCUSSION 

Let the rate of percentage germination loss be denoted by G and grain infestation by I and it is postulated that the rate of 

percentage germination loss with respect to grain infestation is proportional to G 
𝑑²𝐺

𝑑𝑡²
∝ G 

𝑑²𝐺

𝑑𝑡²
= -  G                                                                                                  (1) 

here 2 is constant of proportionality 
Solution of equation (1) is given by 

G = Acos I + B Sin                                 (2) 

Where A and Bare arbitrary constants 

The solutionofeq (1) is given by anequivalentexpression 

G = C1 sin ( I+λ)                                                                                                (3) 

where (sin +λ  ) = sin I cos λ +cos sin λ                                                                                  (4)  

Using equation (4) in equation (3) we will obtain 

G = C1 sin cos λ + C1cos sin λ                                                                                                  (5) 

On Comparing (3) and (5) 

We get 

A= C1 sin λ                                                                                                                                           (6) 
B = C1cos λ                                                                                                                                           (7) 

After squaring and adding above 

We get A2+B2=C1
2 

Where C1A is called amplitude of oscillation and the oscillati  

Phase angle  is λ ,If we start from the maximum point and taking the angle λ =
𝜋

2
 

G = C1cos  (8) 

 

A= C1, C2 = 0 

 
2𝜋

𝑇
 

 T is the period of oscillation or distance between the two points.  

By using equation (8) and (9), we get                                                                                                                     
2п
𝑇

 

p= C1Cos   
2п

𝑇
  l                                                                                                  

(10) 

At   λ =
𝜋

2
 

Weclaimthatthedatagivenintable is represented by the equation(10)inthemodel and tojustifythis particular 

claimweproceed to test themodel. 
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is expected that thegenerated data is represented  by fig 2. It can be observed that the  equation (10) represents 

anequation of wave where the displacement curve is represented with respect to a line of symmetry 

whichwetermasa“lineofbestfit”ofthedatatable and hence after fittingaline  y=mx+c,tothedatawewill gettheequation as 
Y=0.90x+11.5                                                                                                 (11) 

Theinclinationoflineobtained is0.90whichgiveswonderfuleffecti.e.germinationvalueofgrainsis directlydependentupon 

percent graininfestation. 

Let, p = x - 10, s = y - 20 

x=10+(10/9)=11.8 

y=20+(19/9)=22.2 

byx   = 
(9∗198)−16∗19

(9∗209)−16²
 

byx= 0.90 

Hence regression line is given by y - 22.2 = 0.90 (x - 11.7) 

y = 0.9x+11.4                                                                                   (12) 

CONCLUSION 

We conclude from this model that Infestation by S. Cerealellainflected considerable damage to impactsignificant 

variations in germination betweendifferent storage periods. As insect infestation increased progressively with 
the storage period, germination decreased following more or less similar trend.Insect infestation is dependent upon 

the number of insect presenting  th estore. Also increaseinpopulationofinsect depends upon the environmental factors 

i.e. environmental ecosystem. This mathematical model lays emphasis on 

theroleofinsectinfestationduringstorage,inreducing germination which proves its efficiency initself. 
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