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Abstract. False whitehead (Cnaphalocrosis medinalis) infestation in rice (Oryza
sativa L.) is one of the main factors that cause a decline in agricultural
productivity. This research aims to build and analyze a predator-prey
mathematical model that describes the interaction between rice as prey and the
false white grub as a predator, considering the Holling Type II response function
and constant harvesting strategy on the prey. The model is constructed in the form
of a system of differential equations, which are then nondimensionalized to
simplify the analysis process. Next, a stability analysis was conducted on the
equilibrium points with and without harvesting. The results showed that in the
model without harvesting, there were two stable equilibrium points that allowed
for coexistence between the two species. In the model with harvesting at certain
intervals, a stable positive equilibrium point was obtained. This finding is
supported by numerical simulations showing that the dynamics of the system
depend on the values of the biological parameters and harvesting rate. The
conclusion of this study is that controlled harvesting strategies can maintain a
population balance between rice and pests and provide a theoretical basis for
sustainable agricultural management based on a mathematical approach.

1. Introduction

Mathematical modeling is a method for crops. Rice (Oryza sativa L.) is a vital
converting intricate real-world issues into food resource in Indonesia and other
mathematical equation systems that are nations worldwide. Rice production

amenable to quantitative analyses [2].
The predator-prey model, also referred to
as the Lotka-Volterra model, is a
fundamental model in population
dynamics. To explain the dynamic
interplay between two species, predators
and prey, within an ecosystem, Lotka and
Volterra independently devised this
model in 1925 and 1926. Predator-prey
modeling is useful in agriculture when
examining how  pest organisms,
especially insects, interact with farmed

*Corresponding author: L mukhlis@unipa.ac.id

management and insect control are
essential components of national food
security [9]. One of the pests that
frequently cause serious damage to rice
crops is the false whitehead, which is
caused by moth attacks. This pest can
attack both vegetative and generative
phases, leading to a decrease in the quality
and quantity of harvest [13].

A significant decrease in paddy
production was reported in the Kampung
Desay area of the Prafi District,
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Manokwari  Regency, West Papua
Province, Indonesia, which is a real-world
example of this phenomenon. Based on
data from [10], the harvest yield reached
5.1 tons of dry grain per hectare, but only
produced about 2.5 tons of rice after
milling. This decline is believed to be the
result of the severity of pest attacks during
different phases of plant growth. A report
from [14] supports this by saying that
insect infestations in the area occured
from the seedling stage to just before
harvest, which caused large losses in
production. Harvesting tactics in a
predator—prey model can be used as a
mathematical solution to this problem.
One approach is constant yield
harvesting, in which the amount
harvested per unit of time is fixed
regardless of the population size [3]. This
approach is crucial for achieving
economic outcomes while preserving
population sustainability. The response
function is a crucial element in predator-
prey interaction modeling, which
illustrates the connection between prey
population density and predation rate.
Three types of response functions were
identified in [5]: Type I, which is linear
and typically occurs in passive predators;
Type II, which exhibits an increasing but
slowing relationship because of prey
handling time constraints; and Type III,
which 1s sigmoidal and represents
predator adaptation to prey abundance.
There is also the Holling Type IV
response function, which characterizes a
decline in predation efficacy in extremely
high-prey populations. As noted in [15],
this occurs because prey develop defense
mechanisms  that  reduce  direct
interactions with predators when their
populations become excessively
abundant.

Several previous studies have
examined the stability of predator-prey
systems considering harvesting strategies.
The stability and simulation of a predator-
prey model with constant harvesting of
the prey population were analyzed in [1].
The dynamics of an eco-epidemiological

model with constant predator harvesting
were investigated in [8]. Additionally, the
stability of a predator—prey model with a
Holling Type III response function and
optimal harvesting strategies aimed at
maximizing profit was studied in [6].
Based on the above description, this study
aimed to analyze the stability of the
predator-prey model between rice crops
and false whitehead pests, considering the
Holling Type II response function and the
application of constant yield harvesting
on the prey.

2. Research methods

This study was conducted through
literature reviews and library research
techniques [4, 7, 11, 12]. The following
steps were followed in this study: 1.
Determining the issue, putting it into
quantitative terms using variables, and
reviewing the literature on harvesting and
predator-prey dynamics; 2. Making
assumptions about the model; 3. A
predator-prey model is created via
compartmentalization, which builds at
model based on  predetermined
assumptions and variables that are
modified in accordance with reality; 4.
Using a nondimensional model; 5.
Applying linearization to the model; 6.
Identifying equilibrium locations of the
model; 7. Examining the equilibrium
modified in points of the model for
stability; and 8. Conducting numerical
models.

3. Results and discussion
3.1 Problem ldentification

The relationship between the false
whitehead population (as a predator) and
the rice population (as a prey) was
identified as a problem. In the absence of
predators, the population of rice will
increase over time until it approaches the
carrying capacity of the environment,
according to current trends. The rate of
population growth is disturbed if there are
predators in the rice community. The false
whitehead feeds on rice; hence, its
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presence in the rice community
undoubtedly poses a threat to the
expansion of the rice population. The
existence of a false whitehead in a rice
community can be seen as a predator-prey
relationship that can be represented
mathematically and is referred to as a
mathematical model.

3.2 Model presumptions

The underlying presumptions
of this study are that rice and false
whiteheads are thought to be closed
systems, with only birth and death rates
having an impact on population increase.
If there is no rice population, the number
of false whiteheads declines. When the
community has a population of false
whiteheads, the expansion of the rice
population slows. In the absence of a false
whitehead population in a community, the
logistical growth of the rice population is
constrained by its environmental carrying
capacity (K). The rice population is
controlled by the harvesting rate. The
mortality rate of rice and false whiteheads
due to external factors (the environment)
were disregarded.

3.3 Constructing a mathematical
model

Fig. 1 provides a clearer illustration of the
compartment model of the interaction
between rice as prey and a false
whitehead as a predator.
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Figl. The Compartment Model

Thus, the following system of equations
is obtained, which represents the
predator-prey model as follows:

ax _ _rXy_ ey _

? - TZC (1 K) m+x h' (1)
y _abxy

dt  mex 5V, (2)

where x(?) is the prey population density
at time t, y(z) is the predator population
density at time t, 7 is the intrinsic growth
rate of the prey population, K is the
environmental carrying capacity of the
prey population, h is harvesting, a is the
maximum per capita predation rate, b is
the energy conversion rate, m is the
predation saturation level, and s is the
predator mortality rate.

. a
For instance, when x = mu, av = —y,
T

T=rt,pf = %, h=rmh, y-= rtar%,
6= ar—b, and u= ri then the
non-dimensional form obtained is as
follows:
Z—u(l-pu) -2k (3)
=~ )

3.4 Linearization of the model

The general form of the Jacobian matrix
of system (3, 4) is described by the
following theorem.

Theorem 1. System (3, 4) has a Jacobian
matrix with the general form:

av au
1=2fu—5 "1
A = Sv Su (5)
(1+u)? 1+u K

Proof: Suppose du/dt = f;(u,v) and

% = f(u,v) such that (3,4) becomes:
fitwv) =u(l—Bu) —T—h,  (6)
fwv) =25 — . ©)

Then the element of the Jacobian matrix
for system (3,4) can be expressed in the
form:

o oh
u v
A= .
2
u v

So
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1—2fu — —= L The three positive equilibrium points of
_ (1+u)2 14+u 1
A - év ou (12) and (13) arc El = (0'0): EZ = (E'O)’
(1+u)? M

3.5 Finding the point of
equilibrium

Assuming du/dt = dv/dt = 0, we can
determine the equilibrium point of (3, 4)
as follows:

u(l-pu) - == —h=0, ®)
=0 O

1) Assume that v = 0. Substituting this

into the first equation of (3) and
1+/1-4Bh
2

solving it yields u = —2 where

T 1
0<h< e
This gives us the equilibrium points

E11 = (%/;4%, 0) and

1++1—4ph
E12 = T,O .

2) If (u*,v*) is a positive equilibrium
point of system (3, 4), where u* > 0
and v* > 0 then we obtain

*

u =ﬁ (10)
v*=y(1—%)( S ) -2 1)

ap(8—u) ap
where 6 —u > 0.

3.6 Analysis of Stability

Two model forms, one without harvesting
and the other with a harvesting factor,
were subjected to a stability analysis.

3.6.1Analysis of Stability in the Model

Without Harvesting
Model (3, 4) will change to
= u(l - pu) -2 (12)
dv Suv
il L (13)

if we assume h = 0.

dan By = (3£ (1 - £2) (W(g_m))

Theorems 2, 3, and 4 present the findings
of the examination of the three
equilibrium locations.

Theorem 2. The equilibrium point
E; = (0,0) is an unstable saddle point.

Proof: Since the Jacobian matrix of the
equilibrium  point  E; = (0,0) s

1 0
A5 = [0 —#]'
Such that |4z, — AI| = 0 i.e.,
1-1 0
Which  produces the characteristic
equation
A-D(u-D=0, (15)

which yields the eigenvalues A4, and A,
are

M=11=—u (16)
Because 1, 1, are both real where 4, > 0,
and 1, <0, it is concluded that the
equilibrium points E; = (0, 0) are unstable
points. O

Theorem 3
If (6 — 1) < Bu then the equilibrium point
E, = (% O) is a stable node. Converselyln

contrast, E, is an unstable node.

Proof: To prove that this theorem holds,
we first need to determine the Jacobian
matrix at the equilibrium point

E, = (% 0). By substituting each ordinate

of E, into (5), we obtain
04

-1 &
Ag, = s } (17)
g1 M
Such that |Ag, —AI| =0 is
o
-4 5 .
s =0, 1e.,
0 -
B+1
5
Con(Eowi)=o a9

which yields the eigen values
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M=-1 A= G-w-Bu ) (19) p@-—w)—pus+p)  ap
B+1 A = 5(6-w) s @)
It appears that 4, and A,, are real. Because Es (6-1)-Bu 0

M <0, only consideration is A,. If
(6 —w) <Pu, 2, <0 is obtained. This
indicates that E, was a stable node.
Conversely, if (6 — p) > Bu,then A, > 01is
obtained. This condition renders E, an
unstable node equilibrium point.o

Theorem 4

If B = (ﬁ,ﬂ(l - ) (ﬁ)) is an

equilibrium point of (12, 13), then
equilibrium point E5 satisfies one of the
following stability conditions:

a. E; isa stable node if u((6 — p) —

BG+m) =46 —w((6 —w - pu)
and (6—w) <pls+uw.
Otherwise, it is an unstable node
if6—u>p>06+w.

b. E; does not form a saddle point
because for every (6 — ) > Bu(d + w)
there exists (§ — p) < Bu.

c. E; is a stable neutral if 6§ —p=
B + ).

d. Ejis astable spiral ifu(((S —w)— B+
)" >4 - (- —-pu) and
§ —u < B(+ ). Conversely, it is an
unstable spiral if 6 —u > (5 + ). O

Proof: Let the Jacobian matrix at the
equilibrium point

fo= (o (1-2) (555))

be Ag, and if the factorization rule is

applied to (5), we obtain
Q11 Qg2

Ap, = [a21 0 (20)
where
1 — 28u* av”*
an =1-28u" 7 e
au” ov*
aip = —

T+u’ 2T T w2

Since E; = (_u (1-2) (W(g_m)),

we obtain

a

Such that for |AE3 —AM | = 0, we obtain

g (uE-w)—-pud+p)
A ( 56— /1)

- (o (i) =

2 — (u(6—u)—ﬁu(5+u))

5(6-w) s
+%(( —u)—ﬁu) - 0.
1) a
Where,
/11,2 =
(S-W=Bu@E+w) | | (1E-m-BrE+W))?
. g(&—ﬁ) o+ (u l;(s—Z) +u) ~45((6-m)~Bn)
2
(22)

Thus, the following stability classification
for the equilibrium point E5 is satisfied

3.6.2 Analysis of Stability in the
Model With Harvesting

The harvesting model occurs when h # 0,

1.e.,
du auv -
g—r—?(l—ﬁu)—m—h, (23)
v uv
T MV (24)

Considering the existing model, to
support the sustainability of rice and false
whitehead populations, harvesting efforts

must be carried out within certain control

limits, that is, o<Es$. When

harvesting is performed within the
interval 0<h< ﬁ, the equilibrium

point obtained will certainly not be the
same as the equilibrium point without
harvesting. However, if harvesting is

performed at the harvesting level h = ﬁ,
this indicates a condition where the
equilibrium point obtained is the same as
the model without harvesting (this
condition will not be studied further).

This section focuses on harvest control
within the range of 0 <h <$, with

equilibrium points at Ey =
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and

1-\/1-4Bh 1+4/1-4
(—ﬁJ O)aEIZ - (TBI 0)3

E3 = (ﬁ"u (1 - (i_l:t) (au(g—u)) - fz_Z)
Theorem 5
If §(1-V1—4pR) <p(1+26-
J1-— 4313), then E;; = (1 “1ﬁ4ﬁh,0) is an

unstable saddle point, whereas it is an
unstable node.

Proof: The Jacobian matrix at the

equilibrium point E;; = (ﬂ, 0) is

2B
[m ()

 1+2p-\1-4Bh
S(a-iwp)

1+2p—J1-4BR
Such that |AE11 - /11| =0is

a(1-y/1-4pR)

1+2p-\1-4pR
8(1-y1-2pR)
1+2p-\1-4ph

Ag, = } (25)

1—4Bh—

(26)
With the characteristic equation

</1—4ﬁi_1—/’1><16_£12ﬁ__—1; %}?ﬁ_“_l):()

(27)
and the eigenvalues are

1—1/1 4B8h
= J1—4ph, A, = S(i-4R)
1+2[3 -J1-4Bh
(28)
Therefore, by considering the obtained
eigenvalues, it can be concluded that if
§(1-V1=4ph) < pu(1+28 - J1-4ph)
the equilibrium point Ey; = (%;M,O)
is an unstable saddle point; otherwise, it is
an unstable node. o

Theorem 6

If §(1+T=4pR) <pu(1+28+
J1- 4,871) then the equilibrium point

Ey, = (H— W,o) is a stable node. In

constrast, E;, is an unstable node.

Proof: The Jacobian matrix at the
1+/1-4Bh 0) i

equilibrium point E;, = ( ”

_ o) |
LA T |

5(1-1-4pkR)
0 ey
(29)
Such that |4z, — AI| =0 i.e.,
= a(1+/1-4BR
—J1— 4Bk -2 _LTJ?B)E :
0 6(1+\/m) 1
1+28+/1-4Bh
(30)

With the characteristic equation

(VT4 -2) (S - u=2) =0

(31
and the eigenvalues are
YA 8(1+/1-45R)
1—-4h, 2, = 1428+ J1-4Bh
(32)
If 5(1+J1—4ph) <p(1+26+

J1-— 4,[?E) it can be concluded that the
LR 0) ) is
a stable node; otherwise, it is an unstable
node. O

equilibrium point E;, = (

Theorem 7

If B =(n(1-2) Gam) —o)
an equilibrium point of (12, 13), then the
following classification satisfies the
conditions for equilibrium pointE; 3:

a. E,3isanunstable spiral or conversely,

a stable spiral.

b. E;3 is not a saddle point.
E,; is a stable node or, conversely, an
unstable node.

Proof: Let the Jacobian matrix at
equilibrium  point E;3 = (ﬁ u (1 -

B—“) (L) a”) be Ag,,. Using the

§—p/ \ap(6-p)
factorization rule, we obtain

_[@11 Qa2

Ap,, = [a21 5 (33)
where
i av®

a1 = 1- Zﬁu —m,

au®
1, = —

12 1+u*
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0 = v* A 4.1 Numerical simulation of the
2 (1 +ur)?2’ T2 model without harvesting
If u* and

6

—H —
w1 B_ﬂu) (au(é‘ u)) j_z

then the Jacobian matrix at the
equilibrium point E;5 = (u*, v*) is

a?B28u3 + 2B6h — apsu  —=
— s 4
Ap,, = Bu?6+R+26hu—62R 0 (34)
aus

Such that |Ag, — AI| =0 i,

a?B28u'yd + 2B8h — afdu — A —%"
Bu?S+h+28Au—52h _2 =0
aus
(35)

-2 (@?B?5u + 2p8h — afdu — 1)
( au) Bu*s +h+28hu — 6%h\ 0
§ aud o
A2 — (a?B26u3 + 2B6h — afSu)A
au (ﬁuZ(Y +h+ 285hu — 625>
+ —_— =
1) aud
Such that
_ a?p?su®+2pSh—-aps
Mo = >

254+h+26hu—62h
+\/(aZBZS/ﬁ+2B6h—a/36)2—4(6“6—2”)

2
(36)

If a?B265u® + 2p5h — afdu =
2 H hi —S2h

2B8h < aBd then E; 5 is unstable spiral

point. O

4. Numerical simulation

Numerical simulations were conducted to
confirm the orientation of trajectories in
the phase plane by analyzing the system
dynamics under variations in the
parameters that influence the populations
u(t) and v(t), namely a, 8, &, i, and h.
Two forms of the model were considered
in the simulations such that the first
corresponds to a model without
harvesting and the second incorporates
harvesting.

In the model without harvesting, h=0,
and several positive equilibrium points
exist, namely E;, E,, and E;. Numerical
simulations were performed based on the
conditions  associated ~ with  each
equilibrium point.

a) Simulation at Equilibrium Point E;

For the parameter values § = 0.4, a =
1.5, £ =0.08, and pu=1.32, the
numerical simulation results shown in
Fig. 2 indicate that the two eigenvalues at
the equilibrium point E; are real and of
opposite signs. This condition implies
that E; is a saddle point and is therefore
unstable. From an ecological perspective,
this indicates that small perturbations in
initial conditions can drive the system
away from the state of total extinction.
Although there are specific directions
along which the system trajectories
approach extinction, such behavior occurs
only for a very restricted set of initial
conditions. Consequently, E; does not
serve as a stable long-term state in
population dynamics.

8,

N

B~
L

L)
I

Predator v(t)

8]
L

-
|
AANANATRAANRTN TSNS 13X

JAAAAAT LA A AT AIAS
PRAAAARAA ISR RIS AR
FIAARAASANAS A A0 7 75

P e et S S AN

P

E1l

-
hn

Prey ult)

Fig 2. The point E; = (0,0) is an unstable
saddle point.

b) Simulation at Equilibrium Point E,

When the parameters are chosen as § =
04,a=22,=15,and u = 2,2, both
eigenvalues are real and negative,
implying local stability, as shown in Fig.
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3. In this case, the absence of predators
increases the prey population toward its
equilibrium level, 1/f. Conversely,
selecting 6 = 2.5, a = 1.5, f = 1.5, and
u=0.22 vyields eigenvalues with
opposite signs, indicating instability in
the predator-prey interaction, as shown in
Fig. 4.

6=04,a=22,=15u=2.2
Q010 K ¥ ¥ o o o o o o o o o o
ey
Pl s
A
0.0081 { / 4 ¥ ¥ ¥ 5
[N e
Iy
Fooo6| 155408
] Iy
= s
Iy L
Iy L2
17/
1Y
i~
-

b A A

6§=25a=15p=15u=0.22
haS e
= A
1 = -
>, -
s
__0.81 o oy
= ~ =
z 0.6 :: ~
}=] .6
= x R
& ' N
0.4+ , p
:
”
0.2
o
E1l 0.1 02 03 04 05 0.6 E2
Prey u(t)

Fig 4. The point E, is an unstable node

¢) Simulation at Equilibrium Point E;

By considering a bounded initial
population and parameter values § = 2.5,
a =51, =54, and u = 0.5, two real
eigenvalues are obtained, both of which
are negative. This indicates that the
predator—prey interaction dynamics are
asymptotically stable such that the system
trajectories in the phase plane converge
toward the equilibrium point, as
illustrated in Fig. 5. In contrast, for a
different set of parameters, namely § =
3.5, a=6.5,=0.3,and u = 1.0, while
maintaining the same initial population,

the interaction dynamics underwent a
qualitative change and exhibit an unstable
spiral behavior. Under these conditions,
both prey and predator populations
oscillated with increasing amplitude,
reflecting the sensitivity of population
dynamics to small perturbations.
Consequently, the population fluctuations
tend to grow over time, and the system
fails to return to the equilibrium state, as
shown in Fig. 6.

6=2
0.0104 4 ¢ ¥
i
1
0.0081 § ¢
s
_ e
= BB AT A e e e e e e ot
= 0.006 i Y o A A i a e a  d— — a—  —a——
=] K w e aa— a— A -—
_‘ng ¥ a i i -—
o Pl el ey —
&= 0.004 N o e e -
o a a a a—a— -—
h A - -—
0.002] M\ #aramae -—
B U P
T e e

Ot - . . -
E1""E3019 020 021 022 0.23
Prey u(t)

Fig 5. The point E5 is a stable node

§=35a=65p=03 pu=10,

A N

Predator v(t)
[=]
3]
[=]

P e S

T e

02 03 0.4 0.5
Prey u(t)

Fig 6. The point E5 is an unstable node

4.2 Numerical Simulation of the
Model Incorporating
Harvesting

In this section, numerical simulations are
carried out by incorporating the
harvesting factor, h. Under this condition,
three equilibrium points are identified as
the main focus of the analysis, E;;, E5,
and E;;. An examination of the structure
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and qualitative properties of these
equilibrium points indicates that E;; and
E,, correspond to equilibrium point E;, in
the model without harvesting, while E; 5
corresponds to E;. Consequently, the
purpose of these numerical simulations is
to explicitly investigate the impact of
harvesting on the dynamic behavior of the
modeled system.

a)  Simulation at Equilibrium Point E;

In the model without harvesting, one of
the equilibrium points obtained is Ej,
which exhibits stability properties in the
form of a stable or unstable node. When
harvesting is introduced, a corresponding
equilibrium point emerges, namely E;.
At this equilibrium point, the system
operated at a relatively low population
density. This condition arises as a direct
consequence of harvesting, which alters
the structural dynamics of the system and
induces a shift in the stability behavior
toward an unstable node or a saddle point.
The corresponding numerical simulation

for the parameter values § = 2.5, a =
51, f=54, u=05 h=r the
corresponding numerical simulation
results are presented in Fig. 7.

1

6§ =035a=45p8=015u=0.5nh =7
— = = =
— = o
— = . omow
— = R
— = = S
—= B, = NN
=~ = N
—F b RN
= R
- = \ -
N RN
) . =
) -
b NS

1 ~
t oW
A = b
HHHHH ey 5 -
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ F ol —

I
-1 0 1 2 3 4 5 6 7
Prey u(t) E13

Fig. 7. The point E;; is an unstable saddle
point.

This shift in stability behaviour affects
not only the dynamics of the variable u,
but also indirectly influences the
dynamics of the variable v, because the
predator growth rate depends functionally

on the value of u through the term
6/(1 4+ u). Consequently, the balance
between predator birth and death rates
became more sensitive to parameter
variations. Under certain parameter
configurations, the direction of the flow in
the v-component may change from
reinforcing to weakening, leading to
modifications in the eigenvalue structure
of the Jacobian matrix near the
equilibrium point.

b) Simulation at Equilibrium Point E;,

Another equilibrium point corresponding
to E; is E;,, which exhibits stability
behavior identical to that of E; namely, a
stable node or an unstable node. This
equivalence in stability arises from the
continuous shift in the equilibrium point
induced by the harvesting effect.
Although the equilibrium value of the
variable u changes, the simultaneous
interaction between u and v preserves the
same dynamic structure, because the
predator growth rate is still governed by
an identical functional relationship. As
long as the harvesting-induced change in
u is in sufficient to alter the sign of the
predator growth rate, the qualitative
direction of the flow in the v-component
in the neighborhood of the equilibrium
point remains unchanged. At the same
time, the local dynamics of the prey
population around its equilibrium value
undergo only smooth variations, such that
the orientation of the vector field in the
phase plane does not experience any
structural rearrangement.

0.0104

0.008

Predator v(t)

0.002+

1 1 1.5 2 El12 3.5 3
Prey u(t)

Fig 8. The point E, is a stable node
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Consequently, although harvesting
shifts the location of the equilibrium
point, the simultaneous interaction
between prey and predator continues to
yield the same stability configuration,
namely a stable node or saddle point, as
observed in the model without harvesting.
Numerical simulations illustrating the
behavior of the equilibrium point E;, are
presented in Fig. 8 and 9.
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Fig 9. The point E;, is an unstable node

¢) Simulation at Equilibrium Point E; 5

The final simulation was conducted at
equilibrium point E;5. As is known, E;;
corresponds to E5; but differs in terms of
stability behavior: E; can exhibit
neutrally stable behavior, which is absent
in E;3. This distinction makes it
particularly interesting to examine it
through numerical simulations.

Focusing on  the  numerical
simulations in the phase plane, the
differences between the dynamics around
E; and E;; become evident through the
structure of the orbits and the evolution of
the solution trajectories (u,v). In the
model without harvesting (h = 0),
numerical simulations around interior
equilibrium E; showed closed orbits in
the phase plane. Trajectories originating
from nearby initial conditions produced
oscillations in prey u and predator v with
a nearly constant amplitude. Numerically,
the system exhibits no tendency to
converge to or diverge from the
equilibrium point, resulting in cyclic and
recurrent dynamics. This behavior
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reflects an intrinsic dynamic balance that
allows neutral stability at E5.

In contrast, for the model with
harvesting (h # 0), the numerical
simulations around the corresponding
equilibrium E;3 no longer exhibit closed
orbits. All solution trajectories display a
distinct tendency, either spiraling,
monotonically approaching, or moving
away from the equilibrium. The
oscillations in u and v no longer maintain
a constant amplitude; instead, they
gradually dampen or amplify over time.
Consequently, the numerical simulations
consistently demonstrated the loss of
neutral cyclic dynamics.
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Fig 10. The point E; 3 is an unstable spiral
point

The primary conclusion from these
numerical simulations is that harvesting
qualitatively alters the dynamic structure
of the predator-prey system. Harvesting
eliminates closed orbits around the
interior equilibrium, thereby preventing
the system from sustaining neutrally
stable  oscillations.  Therefore, the
difference between E; and E;3 in
numerical simulations is not merely a
matter of the equilibrium location, but
rather a fundamental change in the global
pattern ~ of  solution  trajectories,
transitioning from sustained cyclic
dynamics to dynamics with a clear long-
term  directional  evolution.  The
simulation results for the equilibrium
point E; 3, as shown in Fig. 10.
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5. Conclusion

This study examined the dynamics of
interaction between rice plants (Oryza
sativa L.) as prey and the false whitehead
(Cnaphalocrosis medinalis) as a predator,
using the Holling Type II response
function and constant harvesting of the
prey population. By constructing a system
of differential equations and using a
nondimensionalization approach, a model
was obtained that represents the
biological relationship between the two
species, including the influence of
predation  rate, intrinsic  growth,
environmental carrying capacity, and
harvesting intensity on population
dynamics.

The analysis was conducted for two
conditions: a model without harvesting
and a model with harvesting. In the model
without harvesting, several equilibrium
points were obtained, including two
stable points, indicating the possibility of
coexistence of the rice population and
pests in the ecosystem. When constant
harvesting was applied, the equilibrium
point and its stability characteristics
changed. Within a certain harvesting
interval, the system can still reach
stability at a single positive equilibrium
point, indicating that the populations of
both species can coexist despite the
exploitation efforts on the rice crop. The
numerical simulations supported the
analytical results and showed various
patterns of system dynamics based on
variations in the biological parameters
and harvesting rates. This confirms that
plant population management strategies
for harvesting must be carried out in a
controlled manner to avoid disrupting
ecosystem stability.

Overall, the results of this study
indicate that the predator-prey model with
a Holling Type II response function and
constant harvesting has the potential to be
a useful tool in designing pest control
strategies and sustainable agricultural
management, especially in rice farming
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systems that are susceptible to pest
attacks.
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