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Short Communication

ABSTRACT

In this paper the dynamic behaviour of two competing plant species is
analyzed through mathematical model. The present approach is able to
overcome the unrealistic theoretical basis and simplifies the

interspecific competition processes of classical Lotka-Volterra
competition equations. We discuss the interspecific competition
between two plant species, namely Christella dentata and Christella
parasitica in Kushmi jungle forest, Northern region of India. We
obtained steady state solution, which were characterized by

linearization method and analyzed.
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INTRODUCTION

Over the years it has been difficult to predict the consequences of population growth of plant species and this posed a
problem to ecologist. Mathematical modeling has been a tool used by ecologist and has provided a reasonable approach
to ecologist in the study of interaction of species. The remarkable variety of dynamical behaviors exhibited by many
species (plants, insects and animals) has simulated great interest in the development of dynamical system models of
populations (121, In the 20t century Lotka and Volterra derived Lotka-Volterra model for species competition. This model
included the competition between two and more species called Interspecific competition. This model is of interest to

ecologist because of its biologically meaningful parameters 341,

The competition between two different species at the same genus level, Christella dentata and Christella parasitica in
Kushmi jungle, Northern part of India has been studied in the present work. Similar such work has also been done by
Nevile. They have studied the complex interaction between two plant species in a harsh climate 561, Yubin have worked on
how to stabilize a mathematical model of interactions of n species population. Mark have considered mathematical model
for biological invasion. Freekelston studied the determinants of the abundance of invasive annual weed. The dynamic of
an annual pasture community was described from a five-year experimental and monitory study. Christian studied the plant

competition experiments with variable plant density based on three published data sets (78l

DESCRIPTION

Mathematical formulation of model

This is described by the following differential equations. The two species Lotka-Volterra competition model is followed in
this work for having density dependent growth and this makes it more realistic. The interaction of two species competing
for some limited resources leads both plant species to competition, especially interspecific competition. A model can be
used as an estimator of some parameter 9101, This approach carried the assumptions that the dynamics of the healthy
meta populations can represent those of the endangered one and that the threats to the latter were external to population
dynamics. Most dynamical system models which arise in practice are not amenable to exact solutions by known technique.
Presently we follow the techniques which can be applied to analysis of almost any dynamical system model. These

methods can provide important qualitative information about the behaviour of dynamical systems [11.12],

dx/dt=rnx (1- x/ki1-bxy vki1)....... (D
dy/dt= 12y (1- wka-byxx/k2) ....... 2)
Where, x (t) is density of plant Christella parasitica at time t, y (t) is density of Christella dentata at time t.

r1 and r2 are intrinsic growth rates, ki and k2 are carrying capacity of Christella parasitica and Christella dentata

respectively.

bxy measures competitive effect of y on x and byx measures competitive effect of x on y.
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Steady-State Solution (SSS)

If dx/dy=Fi (x1y)=0. dy/dt=F (x.y)=0, Steady-State Solution exists.
We take u=x/ki., v=y/ka, ax= bayko/kip=

12/11, 7= 11t, ayx= byx ki/k2

du/dt=1/r1k; dx/dt=1/11k1 11% (1-u-agyV)

dv/dt=u (1-u-axV)

dv/dt=1/kz dy/dt= 1/k2 roy(1-v-axyu)

dv/dt=rv (1-v-ay1)

dv/dt=r2/11 v(1-v-ayxu)=pv(1l-v-axu)

sodu/d=u (1-u-agy). ........ 3

dv/d=pv (1-v-ay)......... (€Y
Let u*, v* be any arbitrary Steady-State Solution.
Then F1 (u*, v¥) =0, F> (u*, v¥)=0

S Fru* v¥) =u* (1-u*-agv¥)=0 ... (3)

Fo (u* v¥)=pv* (1-v*-axu*)=0. ... (6)
Case 1: Whenu*=0,v¥*=0
.. (0, 0) is trivial steady-state solution.
Case2: Ifu*0and v¢¥=20
Then 1-u*=0......... u* =1
~.(1,0)isa S.S.S.
Case 3: Assumeu* =0 and v¥*¥ # 0
Then 1-v*=0
-.(0.1)isa S.S.S.

Case 4: If u* £ 0 and v¥#£ 0

l-u*-ag v¥=0

1-v¥*-ay u*=0

SouF+ Axy V=1 (-)
axuF+vFE=1..... (8)
Solving (7) and (8),

(1-axy/1- Axy ayx. l-ayx/1- axy ayx) 1sa S.S.S.
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Characterization of steady-state solution

In order to investigate the stability of steady-state solution, we have linearlise competitive model (1) and (2) by obtaining

Jacobian matrix. The characteristic equation is given by:

Det, (1-AI) =0, where,
1= ( (6F1/ou* OFi/ev*
cFa/eu® SF»/8v¥)

From (%) and (6)

SFSonut = 1-2 wr% - an_.-'"'l-"*
ETF 1/EVvF = - @y, u*®
EF2/80% = - @y W
EF2/8v* = p(l-2v¥—a. 1¥)

ForSss (0. 0)
F= [1 0]
O P
Det. (5- 2D = [1- & o
o] p- A

(12D (p-2)=0

= 1. ho=p
The trivial SSS is unstable if p=0.

ForsSss(1.0)
J= -1 — By
o PpC(l-ayx)
Det. (3- 2I) = -1-A —-Axye
o P(l-aw)- A

The given values A1= -1, A\>=p (1- ay)
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For SSS (0.1
I= 1' ax}-' 0
“PAx -P

Det, (3 -AI)= [ 1-axy-4 O
- Payx -p-A
:}L]_: ].' ax}=, :}Q: - p

For SSS (1- axy/1- agy ayx. 1- ayy/1- gy vx)

IT= | agy- 1/1- axy Ayx) Axy (Eix—_f- 1)/1- Axy Ayx

P ayx (ayx-1)/ 1- axy ayx p(ayx 1)/ 1- axy ayx
Using Eigen value formula:

A2 [t]‘ace J] +Det11=0

trace (3)= (axy-1) + p (ayx-1)/ 1-axy ayx
Det, (9= p(asy-1) (as-1)/ (1-asy a5z)?

M2 == 1/2(1- ey ) [(axy -1) + plage- 1] % Vg 1) + pla -1 - 4p(asy-1) (aa 1)

The Steady-State is stable if

[(axy=1) + p (ayx - 1)]*- 4p(axy -1) (ayx- 1) >

Oand axy<1, ayx <1

We got three stable solutions which are dependent on the ayy, ayx.

o ax>1, anx<l, growth of Christella parasitica and extinction of Christella dentata.
e ax<l, ay>1, then extinction of Christella parasitica and growth of Christella dentata.
e ay<1, anx<l, coexistence of two species.

CONCLUSION

Indeed, mathematical model has provided a good and reasonable approach to ecologist in the study of the interaction of
plant species. Having considered the Lotka Volterra competition model we obtained four steady state solutions which
were characterized using the Linearization method. We can say that the size of the parameters ay, ay, p will determine

the stability of the steady state solutions.
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