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ABSTRACT

In this paper, a mathematical model is discussedtii@ competition in to n-species aphid

population for a limited resource and their limigirbehavior as time approaches infinity. Aphids
are among the most conspicuous and important pedtise green houses and the fields. Aphids

which excrete honeydew and the area covered byasﬁtjin(s]ds, at timet, which forms a weak

cover on the leaf surface preventing the individuibm further sucking and movement and so
causing deaths due to starvation, therefore rapictease of mortality rate to the environment by
honeydew excretions of aphids. Analytically, it basn shown that how aphid population increases
or decreases with time ‘t’.
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INTRODUCTION

Aphids are plant lice small, soft-bodied sap-sugkitsect pests in size from 1-7 mm with long legs
and antennae. Aphids are most destructive insests peve a wide host range significantly affect
various field crops, fruit and vegetables as suglpests (Aheer et.al.2008) Aphids are generally
divided in to two sub-groups known as green-flied hlack-flies and they contain different type of
colors such as is yellow, pink, and white etc. Galtlyye more than five hundreds species of aphid
population has been found in east part of Indiahidg discharges lethal mucilaginous material,
called saliva, smeared over the surface of thepeafenting the individuals from further sucking
and movements causing deaths due to hungry. Soeegespnject their saliva in to plant roots and
slowly damaged the plants and attack a wide rahgéaat hosts. Some species when moving from
one plant to other they spread out plant virusasies, which has been seen in some soft fruits, such
as strawberry and some vegetables such as toméieets, brinjals, sweet peas, etc. in a similar
manner as in wheat (Jarosik et.al. 2003; Ahamad. @006). Some aphid species attack different
parts of plants other than leaves. The behavitweet root aphid penetrate in to the soil and kstac
beet roots during most of their life, causing baants to faccid and occasionally die if growtherat
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of aphid population is very high. Aphids are easitiven to death when weather, is not according
to their survival. Aphids are infertile in extrenbemperature because due to higher temperature
their symbiotic bacteria are kills on which somehidp are dependent (Lamb et.al. 2013)
Various attempts have been made to develop theemaitncal models of their population dynamics
(Barlow et.al. 1982; Barlow et.al.1980) In experitaéd observation by (Okrouhla.1983), it was
seen that total number of individuals in the popaiaof Aphis fabaerapidly increased at the
beginning, reaching its maximum on th& day and then decreased rapidly as a high conseguen
of mortality of the aphids. The first and the siegillaw of population growth of a species was
given by (Malthus.1798) as

Z=kp @)

From which we get
P = p,e*t (2)

whereP(t) denotes the population at tirheF, is the population at time= 0 andk is growth rate
of population. The Malthusian growth equation imaplithat? — o ast — ccas (Pearl.1925)
reasoned crowding affects due to excessive demands limited food supply. He shows that
fecundity decreases and even raising deaths demteation. It is assumed that due to crowding,
the growth ratek is reduced by some proportion of the populatidgh Thus, the equation of the

population growth of a single species is given by
£ = (k—bP)P (3)
The population P asymptotically approaches to a limiting vall%:e for k =0ast — oo,

In these mathematical models, it is assumed ti@tpppulation consists of one species only a
rather isolated phenomenon in the nature .A nurabspecies are competing for a limited resource
and the population density of one species may taffex growth rate of the other. In view of the
above we have developed a mathematical model fepecies competition for aphid population on
plant and their limiting behavior for limited resoas as time approaches to infinity under a
particular set of environmental conditions. In thgard, (Meihls et al.2008) studied the population
growth of soya beemphin glyeinesinder varying labels of predator exclusion.

n- Species competition model

When internal competition in a species for limitegources of aphid population are taken into
account the n-species competition model is givefvalterra. 1927 ; Kapur. 1989)

dP . e
E = kv - me% FrkFrJ Fr [S]ff.‘:’:‘ g)
F=1 o

Where ,» = 1,23 ..n andk is Positive constant.

where £, denotes the population at timeof +** speciesk, = 0 is thert™ species growth rate in
the absence of other speciks, == 0 is the effect of the density &i” species on the population
growth rate ofr**species.

To get the solution of non linear differential ejoa (4) we assume that there are some
environmental conditions under which the effectdefsity of one species on the growth rate of
other species is the same as the effect of thatgerfsa species on its own growth rate. From the
equation (4) we get-

dp, t
Fr =(k, — by, P)P, _kpi)[ P(s)ds
)
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dP, t

- = [kz_bzzmpz_kpzj P:[ijis
et o
dP £
L — [:kn — bn”ﬁan — kpn j Pn(.s]ds
et .

Where FP=P,+P,4+--+B,
Now we shall consider two type speciesndj and investigate their competitive result
Thus we can take-

dP, t
— = (k; - b,P)P, _I{P:'J- P,(s)ds
dt 0

and

dP}- _ t
—1= (k; —b;, P)P; — kP}.J P, (s)ds
0

Le us putv () = [P, (s)ds
and  M(t)= [} P;(s)ds

dPp,
—=(k;— byP)P, kPN (1) -
and
dP, ~
= (k; — b,,P)P, — kP,M(t) ©
Multiplying (5) and (6) by —— and— respectively then subtract we have-—""t — - =
kK (NGO M)
" b, b; (b: b
or
L
d), |Bx|l_ (N M@
pi
” 7)(
k; k:
where, —+t——1L =¢,.
Bip  byj u

i

Then the integration of the above differential &ipn leads to
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b.. b..

pri N(t) M(t
log| - =ci}-t—k{£— ( ]}t-l-logM
i i

prii

WhereM is the constant of integration, its value is gitn

B a"'..'l:t} J"’fl:t} 1
# = Meci_fr—k{b_“_ b_f_f ]f+ logh
K
i
1
B
(F)," B
i =
b::
[P}')n” o

where(P,), and [P}.)Dare the value oP; andP; and,N(0) =0 = M(0), at timet = 0 that is, the
initial stage of observation period.

RESULTSAND DISCUSSION

From equation (8), we note that there are threescasse here,

Casel. If c;; = 0 then F‘E.h“ = MPJ.?J”', for everyt = 0, thus we see that the ratio of population of
two species remains constant with the passagenetf ti
Casell. If ;; = 0,then ~—=w ast =

o7

This implies thaf,.,, thus we may say that th&species become extinct.

h..
F=h 1
Caselll. If ¢;; pthen ——=0ast - o

plii

This implies thatP, — 0, thus we may say thai"species becomes extinct

CONCLUSION

If we identify the i**-th species af"species ang"species as thié"*species then the competition
tensore;; helps us to predict the behavior of the speciegpbfd population as the time approaches

infinity. From (7), it can easily be seen that teenpetition tensog;; is a skew- symmetric tensor
(sincec;; = —cy;). In view of case |, Il, and I, we see that ifyeof the quantity;y. ¢;; ... €;,. IS
negative, thet " species goes to extinction. We can then find theow from the matrix[c;]

nxn’
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the density of surviving species then will be tb&umn number of the negatizg, c;;. ... ¢;,,. The
interaction of aphid species continuous, till we left with one row.
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