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Abstract

The purposes of this research are to analyze and formulate a mathematical model for
aquaponics system in the presence of nitrite. The systems can be solved by using the
system of ordinary differential equation (ODE) based on the assumptions that related to the
system. In this case of study, the eigenvalue method used in order to solve the aquaponics
problems. In addition, there are three cases obtained which are (i) only plant survive, (ii) only
nitrate survives and (iii) coexistences where all are survive. The eigenvalues, eigenvector
and general solution for each equilibrium point can be obtained by using the eigenvalue
method. Hence, mathematical model for aquaponics system in the presence of nitrite are
solved by using eigenvalue method. The relation between population of fish, concentration of
ammonia, concentration of nitrite, concentration of nitrate, and population of plant can be
analysed and identified based on the model assumption for system of ordinary differential
equation and eigenvalues number. The general solution for each cases that involving the
relation between population of fish, concentration of ammonia, concentration of nitrite,
concentration of nitrate, and population of plant are determined. Lastly, the stability of the
equilibrium point for each relation can be determined and checked based on the general
solution and phase portrait of the system.

Keywords: aquaponics; system ordinary differential equation; eigenvalues; eigenvector;
phase portrait; stability; general solution.

1. Introduction

Problems frequently arise when it comes to aquaponics system that known as an integration
between a growing fish and plant in the same recirculating aquaculture system. The
aquaponics system is developed to help and solve problems that related to aquaculture and
hydroponics because this system will contribute to their own knowledge and benefits.

As we known, aquaponics system does involve with a nitrogen cycle process. The
nitrogen cycle well-explain the relationship between the population of fish and the population
of plants. Fish survive with the help of plants and plants also survive with the help of fish.
They fill their needs among each other in order to grow in most suitable condition and
environment. Therefore, mathematical approach like system of ordinary differential equation
has been used in order to analyze and calculate the variables involved in aquaponics
system.

2. Literature Review
2.1 Aquaponics System
Aquaponics is a food production system that uses nutrient-rich water to fertilize the plants.
Aquaponics system is a combination of two system which are aquaculture and hydroponic
system that grow fish and plant together in one integrated system [1,2,3,4,5,6,7,8]. Both are
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about a growing plant with or without soil and a growing fish in recirculating aquaculture
system.

Figure 1 A simplified aquaponics system illustration [9].

2.2 Nitrogen Cycle

The most important part in aguaponics system is the living organisms such as the presence
of nitrifying bacteria. Nutrifying bacteria work together with nitrogen cycle to turn fish waste
into plant food [10]. The nitrogen cycle started when fish produce waste in the form of
ammonia. Aquaponics system depends on the bacteria called Nitromonas bacteria that
convert ammonia into nitrite [10]. This step is needed in order to keep the fish healthy by
removing the excess ammonia from the water. The big amount of nitrite can interrupt the
oxygen uptake by the fish which can slower the fish growth [10]. Next step in the cycle
involve bacteria called Nitrospora [10]. These bacteria will take the nitrite and turn it into
nitrate [10]. Then the fish waste turns into a highly nutrious food for the hydroponics plants.
The plants absorb the nitrate and grow healthy and leave the water clean for the growth of
fish [10]. We can say that without bacteria, both fish and plant will suffer to growth healthy.

3. Methodology

3.1. Linearizing Non-Linear System of Ordinary Differential Equation

In order to solve nonlinear function, we need to linearize the function by using the Jacobian
matrix.

The non-linear system of two ordinary differential equations system is
d
d_f =f1(x,y) = a119:(x,¥) + a129,(x,y) (&8

Z_Jt/ = f2(,¥) = a2193(x, y) + a2294(x,y) (2

where q;; is related to partial derivatives of f; and f, , make up the coefficient of the 2 x 2
Jacobian matrix, J(x,,). Since equation (1) and (2) are nonlinear equation, we can solve
them by using Jacobian matrix as below

af1 df1

7 v )= (a1 a2) —_ [ ax ay
J(xO,yO) - (a21 a22) - <df2 dfz)'

dx dy
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3.2 Eigenvalue Method
Eigenvalue method is used to define the stability of the system through the value of
eigenvalues.Consider a homogeneous linear equation as
x' = Ax,
where Ais a 2 X 2 matrix.
Eigenvalue method is described as
Av = v
where v is an eigenvector and 4 is eigenvalue. We found that the eigenvalue of the Jacobian
matrix, J in two dimensions is as follow

(A-ADv=0.
Let take matrix 4 as
a;; a
4= ( 11 12)
Qaz1 Az
Then, the determinant matrix becomes
der| =A@ | g,
az; az, — A

The characteristic equation gives
(a;1 = A(az; —4) —apa5, =0
A = (ay; + a;2)A +a41az; — a1505; =0
A? —trace(4)A + determinant(4) = 0

Therefore, the eigenvalue can be obtained by

S

11,2 = %
where
T=trace A = a;; +a,
0 = determinant A = a,,a,, — a1,0,,
8 = discriminant A = 72 — 49
The general solution is given by

x(t) = c;v ettt + ¢, v,et2t
where v; and v, are linearly independent eigenvectors.

3.3 Stability of Equilibrium Point

Stability can be classified into two which are real and complex eigenvalues. Real
eigenvalues can be categorized into group namely positive, negative and opposite sign.
Meanwhile, complex eigenvalues are positive and negative real part with pure imaginary.

The three properties as follows
T =trace A = a;; + aq,
0 = determinant A = a,,a,, — a1,0,,
8 = discriminant A = 12 — 49

can be used to determine the eigenvalues by (3.2).
Therefore, the equilibrium can be classified into six cases which are:
1. Unstable node fort > 0and d > 0
2. Saddlenodefort<0andd >0
3. Saddle pointford <0
4. Neutral center for t?2 < 49 and t = 0
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5. Unstable spiral 72 < 4d andt > 0
6. Stable spiral 72 <49 and 7t <0

3.4 Real and Distinct Eigenvalue
The general solution of the system is

where

X(t) = Cl’l_}le/’{lt + Czﬁzeazt

e v, and v, are linearly independent eigenvectors.

o X1 = ﬁleht and X2 = 1_7)26)“2':

The eigenvalues can be classify into three categories which are
1. If both eigenvalues are negative (A; < 0, A, < 0), then it is asymptotically stable.
2. If both eigenvalues are positive (A; > 0, A, > 0) , then it is unstable.
3. If eigenvalues are opposite sign ((A; <0, A, >0) or (A; > 0,2, <0) , then it is
unstable.

3.5 Complex Eigenvalue
For A, A, = a % bi , we differentiate into the following cases:

1. if a>o0, thenitis spiral point and unstable.

2. Ifb> 0, thenitis spiral point and asymptotically stable.

3. 1If A, = bi, A, = —bi, then it is center and stable.

3.6 Aquaponics Model Assumptions
The assumption obtained from [11]. This research will be considered nitrite as important
concentration between ammonia and nitrate. The assumptions are made as follows:

Vi.

Vii.

viii.

The aquaponics ecosystem is a closed environment.

. . . . Birth:
The fish population increases at some natural survival rate ( = s) ,

Deaths
hindered by a carrying capacity due to the limited tank space.

There is additional fish decay due to increased ammonia presence in the
water until it reaches a critical ammonia level where no fish will survive. This

can be reasonably modeled by using a ratio (

Ammonia Present )
Toxic Ammonia Level/ *

Ammonia is present in the system exclusively due to fish waste and hence
grows at a rate proportional to the population of fish. It decays due to its
conversion to nitrite at a rate proportional to its concentration.

Nitrite is present in the system as it arises through the nitrogen cycle. It
grows at a rate proportional to the ammonia in the system, and decays at a
rate proportional to its own concentration.

Nitrate grows at a rate proportional to the level of nitrite, and decays due to
plant uptake at a rate which interacts with the total nitrate and the total plant
population.

Plants grow at a constant rate hindered by a carrying capacity indicative of
the limited surface area of the system.

Modelling the concentrations of ammonia, nitrite, and nitrate in the system
will capture any other relationships due to the bacteria present in the
nitrogen cycle.

The system is well mixed so the nitrogen cycle occurs naturally and plants
have even access to nitrate.
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X. The systems are established in a way that water pH and temperature are
within a healthy range for the fish.

3.7 Derivation of Aquaponics System
From the assumption, we can generate model for aquaponics system. There are several
variables will represent the term in this system which are:

e F(t)is representing the population of fish.

e A(t) is representing the concentration of ammonia (in mg).
e Z(t) is representing the concentration of nitrite (in mg).

e N(t) is representing the concentration of nitrate (in mg).

e P(t) is representing the population of the plant.

3.7.1 Model for Population of Fish

Regarding the assumptions (ii) and (iii), population of fish will affected due the limitation of
the surface of tank. We can say that, the population of fish will decrease as the concentration
of ammonia increase. This is because the fish population cannot survive since the water
became toxic as the ammonia increase. Thus, the model can be formulated as

3.7.2 Model for Concentration of Ammonia

The presence of ammonia is come from fish waste and food that are not eaten by fish. So,
the concentration of ammonia is proportional to the fish populations as population of fish
increases then concentration of ammonia will also increases. But to be noted that, the
concentration of ammonia influenced by the nitrification process that converts ammonia into
nitrite. This process will decrease the concentration of ammonia in the water. Hence, the
model can be represented as

dA

—=a,F —a3A.
a 2 3

3.7.3 Model for Concentration of Nitrite
From assumption (v), nitrite is present in the system through nitrification process in nitrogen
cycle. Its grow at a rate of proportional to the ammonia in the system. Nitrite decays at a rate

proportional to its own concentration. Then, the model can be written as

dz
—=a,A—a:Z .
at 4 5

3.7.4 Model for Concentration of Nitrate

The concentration of nitrate grows at a rate of proportional to the concentration of nitrate.
However, the concentration of nitrate also grows at a rate of proportional to the concentration
of ammonia. The change of concentration of nitrate is directly proportional to the
concentration of ammonia. Since the nitrate act as food that helping the plant to grow, the
concentration of nitrate decay due to the plant uptake. Thus, the model can be represented
as

dN
E = QGZ - a7NP

3.7.5 Model for Population of Plant
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From assumption, the plant grows at a constant rate. The plant grows increase as the nitrate
is increase. The nitrate act as a food, so if the nitrate increase, the plant will get enough
nutrient to grow up and the plant population will increase as well. The rate of plant grows are
prevented from the capacity indicative of the limited space of the system. By considering
assumption (vi), we will obtain the model for the growth rate of the plant where can be written
as

dpP P

== ag(l—E)NP.

4. Result and Analysis

Result and analysis are done by using the parameter estimation as below [11]

Table 1 Data of parameter estimation

PARAMETERS VALUE
a; 0.0124
a, 0.1
as 0.94
a, 2.7
as 5.0
ag 3.384
a; 0.92
ag 0.056
K, 12500
Kp 250
Kp 300

4.1 Equilibrium Points
The equilibrium points are obtained by letting the equation equal to zero.
4.1.1 The Equilibrium Point for Population of Fish, F and Concentration of Ammonia, A

Casel: F=0,4A=0and
Case ll: F = 213.3856, A = 22.7006.

4.1.2  The Equilibrium Point for Concentration of Ammonia, A and Concentration of Nitrite,
z

Casel:A=0, Z=0.
Case ll: A =22.7006, Z =11.523.

4.1.3 The Equilibrium Point for Concentration of Nitrite, Z and Concentration of Nitrate, N

Casel:A=0,Z=0then N=0.
Case ll: A =22.7006, Z =11.523,then N = 0.296 .

4.1.4 The Equilibrium Point for Concentration of Nitrate, N and Population of Plant, P

Casel: Z=0, N=0, P=P.
Casell: Z=0, N=N,=0.
Case lll: Z=11.523, N =0.296, P = 300.
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4.2 Solution for Population of Fish, F and Concentration of Ammonia, A

The general Jacobian matrix A and Z is

jan =0t %)

4.2.1 Solution for Case |

For Case I, equilibrium point is at (0,0), hence the Jacobian matrix gives

om= (3 2)-c.

To obtain the eigenvalues, determinant matrix is determined as

—-094 -1 0

2.7 _5-170

(=094 - D)(-5-2) =0.
Therefore, the eigenvalues are

Based on the stability properties, the system is asymptotically stable since
Ao < s <O0.

+v¢valvlvt¢v¢v¢vl‘r;
3+v¢v*v¢vvlfvv¢v¢‘r¢‘r¢v1lf
*v*v*v‘r#vr*v*v*v*v;
2+7¢1L1$vlvy¢vl‘vl“r¢t1"
+'¢'t't"lr"*'i'i'+‘;
v v v t:'*;*f L] vvv;
, ;ll' .'l“ .'l‘" .'l.' *lf4fﬁ_1_l_i——§ii4——%—’f i1
=eeESliiBIIRREREREEEEE
bt f{ 1‘{‘ T{‘{T ‘(T £ S R S N A NN T N S|
+1TATATA?A.-1*1TLT1.T1.I1
,2+ATATATATAA1;ATAT1TI\-II
*LTJTJTATAA*LTLT‘TI?
f3+1TATATl.IlAATLTATjTj.II
744.;1.1?1111111;1;;1,;1,1*

Figure 2 The phase portrait for concentration of ammonia versus population of fish (Case ).

The Figure 2 shows that the system is unstable since the trajectory is keeping away and
away from the equilibrium point(0,0). We can say that the system is not complete and
unstable because of the nonexistence population of fish and concentration of ammonia.

For 4, =0.0124,

1
— 0.0124t
X1 —( 01 Je .
0.9524
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For 1, = —0.94,
X, = ((5)) o094t

Hence, the general solution for Case | is

Fl — 1 0.0124t 0\ -o0.94t
(Al)_cl<0'1 )e +cz(5)e .

0.9524

— 0.0124t
F, = cje ,

Ay = ¢4(0.1050)e00124t ¢ ¢, (5)e~094¢,

4.2.2 Solution for Case Il
The equilibrium point is at(213.3856 , 22.7006). Then, the Jacobian matrix becomes

~00106 ~00171) _

J(213.3856 , 22.7006) = (", 094

To get eigenvalues, determinant matrix is determined as
-0.0106 -2  —0.0171 | —0
0.1 —-094 -1 '

(—=0.0106 — 1)(—0.94 — 1) + 0.0017 = 0,
A; = —0.0124 and A, = —0.9440.

Based on stability properties, the system is asymptotically stable since A; < 1, < 0.

30
'R SR T N TEE R T S SR S S T T TR T
¥ v v v + II’ L4 v L II' 4 v v rl vl L 4 v vl v
o I S T T T S S S S A S A
T T 2 T TR S S S A T A T 2 R A
I I I T T T T A A U R A A T O T
o B T S S R I A A
I T R T O O A R R T T T S T
I S S T A 2 S S T S S SN S SN
ST 2 DY A= S
R s N
AL AL A A A S I O N S S S SN
. S W S SN S, AN N W SR, SN S|
Yo Poh S L U W SR SR G A S S S SR
20
200 205 210 215 220 225

Figure 3 The phase portrait for concentration of ammonia versus population of fish (Case 1)

Based on the Figure 3, the system is asymptotically stable since the direction of trajectory is
approaching to equilibrium point(213.3856,22.7006). We can say that the system is
asymptotically stable since there is exist the population of fish and concentration of
ammonia.

56

——
| —



Roni & Ali (2022) Proc. Sci. Math. 9:49-63

ForA; = —0.0124 ,

Vo — 1 —0.0124t
X3 = (0.0901) ¢ :
For 1, = —0.9440,

X, = (0-0553) @ —0:9440t

Hence, the general solution for Case Il is

(jz) = ¢ (0.0})01) e=00124t 4 o (0-0353) o—0.9440¢

F, = c3e7 00124t 4 ¢, (0.0253)e 00440t
A, = c3(0.0901)e 00124t 4 ¢, p=0.9440C

4.3 Solution for Concentration of Ammonia, A and Concentration of Nitrite, Z

4.3.1 Solution for Case |

For Case I, equilibrium point is at (0,0), hence the Jacobian matrix gives

o0 = (234 %)=c.

To obtain the eigenvalues, determinant matrix is determined as

-094—4 0 |_,
2.7 ~5-2

(=094 -D)(-5-1) =0.
Therefore, the eigenvalues are

As = —0.94 and 14, = —5.

Based on the stability properties, the system is asymptotically stable since
Ao <5 <O0.

o O A A
AR R R R A A A S e
v r v v ¥ v v ¢ v v ¥ ¥ w ¥ ¥ ¥ P A
v b A s e e
= I | | [ | f | / P — — R
(A A A A A N
IR [ S B W
N A S A A AR AN SN AN A A% 0 W N S SRR SR SR S S
T or T s / 4 f 4 4 4 4 4 4 4
oy > f Iy N
NN ; o iy R A A A
B N Y . £+t 4+t + 4+ 4
e e A A A A A S T N S B S S
D Y A R T I R R I O N N T T
N A R R R R A,
A A A A A A 4 A A a4 4 4 g4 4 a4 e g
-5 -4 -3 = -1 0 =l 3 4 5

Figure 4 The phase portrait for concentration of nitrite versus concentration of ammonia
(Case )

The Figure 4 shows that the system is asymptotically stable since the direction of trajectory
are approaching the equilibrium point(0,0).

57

——
| —



Roni & Ali (2022) Proc. Sci. Math. 9:49-63

For A; = —0.94 ,

X;’ _ (1-5:1307) o094t
For 1, = =5,
%m0

Therefore, the general solution for Case | is

(gi) e, (1.51307) 09 4 ¢ ((1>) -5t

A; = ¢c5(1.5307)e094¢,
7y, = cse~ %% 4 coeSt,

4.3.2 Solution for Case |l

The equilibrium point for Case Il is at(26.4523,14.2696). Hence, the Jacobian matrix
becomes

J(26.4523,142696) = (0ot O )=,

2.7 -5
To obtain the eigenvalues, determinant matrix is determined as

F094 =1 0

2.7 -5-1
(=094 - D)(-5-21) =0.
2,7 = —-0.94 and A‘B = -5,

Based on the stability properties, the system is asymptotically stable since
Ae <5 <0.

For eigenvectors, the eigenvectors for Case Il are likewise with eigenvectors for Case |.
Thus, the general solution for Case | is

(;z) =, (15%07) @094t 4 Cs ((1)) e~5t.

Az = (:7(1.5307)6_0'941:,
ZZ - C7e—0.94t + Cse—stl

4.4 Solution for Concentration of Nitrite, Z and Concentration of Nitrate, N
The general Jacobian matrix for Z and N is

JEnN = (_05 —O.(‘)BZP)'

4.4.1 Solution for Case |
For Case I, equilibrium point is at(0,0). Therefore, the Jacobian matrix becomes
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J(0.0) = (_05 —ogzp) = Cs

In order to get the eigenvalues, determinant matrix is determined as
|—5 -1 0 | —0

0 —-092P -1 '
(=5 — ) (=0.92P — 1) = 0.

Ag = _5 and /110 = _0.92P.

Based on the stability properties, the system is asymptotically stable since both eigenvalues
less than zero, 49 < 44, < 0.

T T T Tl T . - - -
-~ -~ - -~ § . Wl W W W
45 - A Tw Tm Tea T - . . -
~ . — —~ . W W, W -~
a TTE T T Tl T - - - -
- - - - -~ Wl W W W
1.0 T T T T T - -
- - - ~ . v W W W W
. Ta a Ta ea a - - - -
- - -~ -~ - W W W W
05 S . - s - i ~ - - -
-~ - - - — = . W W W W W
—— v Sk T TS e . - - - -
0.0 = = = N
- - - - ) — Wl W W W W
T T T Tl T - - - -
-0.5 - - - -~ - - . R W™, W™ ® .
. A T T e T — - - - . -
-~ - -~ - ~ - W W W W W
T T T Tl T "~ - - - - -
1.0 . — - . - - -~ W W W "w .
i P - - ~ - - -
§ - - - - E . - - W W W W W
A A e T T _— . - - - -
§ - - - - - . - W W . e W
. AL A T e e ~ - . . - . ~
-2.0
-2.0 -15 -1.0 -0.5 0.0 0.5 1.0 15 20

Figure 5 The phase portrait for concentration of nitrate versus concentration of nitrite (Case

).

Based on Figure 5, we can see that the direction of arrows seems moving toward the
equilibrium point (0,0).Therefore, the system is asymptotically stable.

For Ay = =5,
%= (e

For A, = —0.92P ,
v _ (0 _
X1g = (1) o—092Pt

Therefore, the general solution for Case | is

()= eQe renQeomn

— -5t
Zy1 = 2cqe

Ny = ¢;pe 092Pt
4.4.2 Solution for Case |l
The equilibrium point is at (14.2696. 84'(;376).
( ]
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] (14.2696, 257 = (_05 _ngp) - D,.

The eigenvalues and eigenvectors for Case Il are likewise with Case | since variable Z and N
in Jacobian matrix does not change.

Ag = _5 and /‘{10 = _0.92P

Based on the stability properties, the system is asymptotically stable since both eigenvalues
less than zero, 14 < A;, < 0. The phase portrait is likewise with phase portrait for Case I.

Hence, the general solution for Case Il is

N

Zz = 2C116_5t

N, = ¢; e~ 092Pt,

4.5 Solution for Concentration of Nitrate, N and Population of Plant, P

The general Jacobian matrix for N and P is

—-0.92P —0.92N )

JIN, P) = (0.056P (1-2)  0056N (1- ) —ag 2 )

4.5.1 Solution for Case |
The equilibrium point for Case | is at (0, P). Hence, Jacobian matrix becomes

—0.92P 0
J(0,P) = (0.056P (1-2) o>'

In order to get the eigenvalues, determinant matrix is determined as

—0.92P — A 0
0.056P (1 P ) 2| =0
: 300

(=) (=092P-2) =0
113 = 0 and 114 = _0.92P.
The existence population of plant,P will be considered whether it is decline or incline in

population. 4;, = —0.92P can be either negative or positive eigenvalue since we do not know
exact value of P.
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Figure 6 The phase portrait for population of plant versus concentration of nitrate (Case I).

From Figure 6, we can see that when P is negative, N are keep away from zero. This is
because, when the plant population decline, there always exist the concentration of the
nitrate. But, when P is positive, N are closed to zero and there exist the population of plant
and concentration of nitrate will be affected the system.

For 4,3 =0,
%= (1)

For A,, = —0.92P,
- 1\ _
Xia = (0) @—092Pt

Therefore, the general solution for Case | is

()= (e

_ —-0.92Pt
Ny = cyue )

Pl = C13.

4.5.2 Solution for Case Il
The equilibrium point for Case Il is at(N, 0) . Thus, the Jacobian matrix for N and P becomes

W0 =() Gosen)

To find eigenvalues, determinant matrix is determined as

-4 092N |_,
0 0.056N—Al " "

(=4)(0.056N — 1) =0,

A=0and A= 0.056N.

Same as before, variable N can be either negative or positive.
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For=0,

%= (o)

For A = 0.056N,

X—>16 _ (16.41286) Q0.056N ¢

Therefore, the general solution for Case Il is

()= (1)

N, = ¢;5 + 16.4286¢, 420056V ¢

Py = cyqe0056N

4.5.3 Solution for Case lll

The equilibrium point is (0.2801,300). The Jacobian matrix for N and P will becomes
_ (276 —0.2561

7(0.2801,300) = ( 0 _0_0156).

To find eigenvalues,

—276 -1 —0.2561 | _,
0 ~0.0156 — Al ~

(=276 — 2)(—0.0156 — 1) = 0,

117 = —-276 and 118 = —0.0156.

20
— e — e e — = — e — e — e — = — e W - - - - - - - -

Figure 7 The phase portrait for population of plant versus concentration of nitrate (Case llI).

Based on phase portrait in Figure 7, we see that when N is negative and P is positive, the
arrow will moving toward the line = 0 , when both N and P are negative, the arrow will go
away from line N = 0 . We can conclude that, when the concentration of nitrate decrease,
the plant population can be either decrease or increase. But, when N is positive and P is
positive, the arrow are approach line = 0 . Here, we can say that, the plant population is
exist but the concentration of nitrate will affected the system.

FOI’ 2.17 = _276 y
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X, = ((1)) o276t

FOI’ 2'18 = _0.0156 y

v o _ —0.0009 —0.0156t
Xig = ( 1 )e .
Therefore, the general solution for Case Ill is

(1;’,2) = C17 ((1)) e 27t + ¢yg (_0'2009) 00156t

N3 = C17€_276t - 0.0009C188_0'0156t

P, = ¢,ge 00156t

5. Conclusion

Mathematical model for aquaponics system is formulated by using the assumption from [19].
The combination of assumption helps to form the system of ordinary differential equation
(ODE). Since the system of ordinary differential equation is nonlinear, the Jacobian matrix
has been used in order to linearize the nonlinear system of ODE. Eigenvalue method can be
used when the system of ODE is linear system. Hence, the eigenvalue and eigenvector can
be obtained. The eigenvalue help us to determine the stability of equilibrium point meanwhile
the eigenvector used to determine the general solution of the system. The phase portrait
also plotted in order to visualize the shape and behaviour of the trajectory, so the stability
can be checked. After analyzing the data, we found that the fish population, concentration of
ammonia, concentration of nitrite, concentration of nitrate and plant population are
independently coexistence in the aquaponics system.
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