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Abstract 

Inl this research, we have studiedi the growth status of fungal species when 

mixing three types of dichotomous branching and Tip death due to overcrowding 

and Tip-tip anastomosis, this biological phenomenon is represented as a 

mathematical model as partial differential equations (PDEs).  The solution of this 

system depends on the numerical solution and this solution gives an approximate 

solution.  Some steps in this solution such as steady states, phase plane and 

travlling wave solution.  The results will describe the success sor failure ofl the 

growth of lthe types of fungi studieds and we usedl some codes (pplane7, Pdepe) 

in the numericals solution because there is a kind of difficulty in the direct 

lmathematical solution. 
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 نموذج رياضي للمتفرعة ثنائيه التفرع والموت بسبب الازدحام ومفاغرة طرف طرف

 2 ي حسين شعاعد. عل أ. ،  1زينب حسين خليل 

 

 

 

 الخلاصة 

طةةم  در نع ،ي هذل لتبحث حعت  نمةم لننةملا لتريبية   نةط ثلة  أنأة  منةملا ةة  لتررةبا أنةع،ي لتررةبا ،  

لنطةبل  يبةبا لدحدحةةع  طةرةعرب  طةةب  لترلمةيت ، يةةره امظيةر هةةذي لتجةعهب  لتبيمتمميةة  كنمةم   ريع ةةي 

(.  يعرمةةط حةةر هةةذل لتنجةةع   لةةد لتحةةر لتعةةطدط طهةةذل لتحةةر يعيةةي حةةن  PDEsكمعةةعدد  ارع ةةلي  مز،يةة   

  لتعبةمر.  ررة  اقبيبي ع.  يعض لتخيةمل  ،ةي هةذل لتحةر ةظةر لتحةعد  لتمبةرقب  طةبةرمو لتيةمر طةممة

( ،ةي pplane7 ،Pdepeلتنرع،ج نجةع  مط ،لةر نمةم منةملا لتريبيةع  لتمطرط ة  طل ةرخطةنع يعةض لنكةملد 

 .لترحلير لتعطدط تمممد يعض لترعمي  ،ي لتحر لتبيع ي لتمبعشب

 

 .أنع،ي  لترربا، ةرعرر  طب  ، لتمم  يببا لدكرجعظالكلمات المفتاحية: 

 

 

 

 

Introduction 

We willl speak sabout a new type of fungall 

branching withs fungal death is Tips death due to 

overcrowding (X), Tip-tip anastomosis (W) and 

Dichotomous branching (Y). as shown in Table (1) 

which illustrates these types[1,2,3]. 
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Tablel 1: sillustrates branching  biologicall type and symbol  ofs this type and versions. 

Biological type Symbol version 

Tip death due to overcrowding X 𝛿 = −𝛽3𝑝2 

Tip-tip anastomosis W 𝛿 = −𝛽1𝑛2 

Dichotomous branching Y 𝛿 = 𝛼1𝑛 

Reference:[2,3] 

 

Mathmetical Model  

Biological characterization of mushrooms: 

mathematicians saw that they turn the branches of 

fungi into letters, and these letters depend on the 

behavior of the species in terms of [4] 

 

 p = hyphen density in units filament lengthl per unit area. 

 n = tips density 

 Fungi also depend on the availability of energy. 

The modell below represents our goal in this paper  

𝜕𝑝

𝜕𝑡
= 𝑛𝑣 − 𝛾𝑝                                                                                                                                                                            

                                                                                                                                             (1) 

𝜕𝑛

𝜕𝑡
= −

𝜕(𝑛𝑣)

𝜕𝑥
+  𝛿(𝑝, 𝑛)                                                                                                                                                     

Where :𝛿(𝑝, 𝑛) = −𝛽3𝑝2 − 𝛽1𝑛2 + 𝛼1𝑛 

Then the system (1) become  

𝜕𝑝

𝜕𝑡
= 𝑛𝑣 − 𝛾𝑝                                                                                                                                                                           

𝜕𝑛

𝜕𝑡
= −

𝜕(𝑛𝑣)

𝜕𝑥
− 𝛽3𝑝2 − 𝛽1𝑛2 + 𝛼1𝑛                                                                                                  (2) 

 

Non-dimensionlisionl and Stabilitys 

 In thiss part demonstrate howl these parameters can be positioned as lower  dimensionlision [2,3] 

𝜕𝑝

𝜕𝑡
= 𝑛 − 𝑝                                                                                                                                                                         

    
𝜕𝑛

𝜕𝑡
= −

𝜕𝑛

𝜕𝑥
− 𝛼(𝑝2 + 𝑛2) + 𝛽𝑛                                                                                                          (3) 

Whrer 𝛼 =
𝛽1�̅�

𝛾
 𝑎𝑛𝑑 𝛽 =

𝛼1

𝛾
  

Now, to find steady states when take from system (3) 

𝑛 − 𝑝 = 0                 →   𝑛 = 𝑝                                                                                                                                           

And on the other hand 

−𝛼(𝑝2 + 𝑛2) + 𝛽𝑛 = 0                →   𝑛 = 0  𝑡ℎ𝑒𝑛        → (𝑝, 𝑛) = (0,0)                                                                  

                                    𝑎𝑛𝑑   𝑛 =  
𝛽

2𝛼
       →   𝑝 =

𝛽

2𝛼
             → (𝑝, 𝑛) = (

𝛽

2𝛼
,
𝛽

𝛼
)                
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So thats is clear the steadyl states ares (p,n) = (0,0) land (p,n) = (
𝛽

2𝛼
,

𝛽

2𝛼
) threrfore we take Jacobain of these 

equations [5,6]  

   J(p,n) = [
−1 1

−2𝛼𝑝 −2𝛼𝑛 + 𝛽
] 

We can classify the cirtical points according to the matrix Jacobain (0,0) 

  J(0,0) = [
−1 1
0 𝛽

] 

Thus |𝐴 − 𝜆𝐼| = 0 we get two values of λ :- 

𝜆1 = −1                

              𝜆2 = 𝛽                                  

Then we take the Jacobain at (
𝛽

2𝛼
,

𝛽

2𝛼
): 

J(p,n) = [
−1 1
−𝛽 0

] 

 Thus |𝐴 − 𝜆𝐼| = 0 we get two values of λ :- 

                                        𝜆1,2 =
−1±√1−4𝛽

2
 

We note the probabilities of the 𝛽. [7,8,9] 

If 𝛽 is positive, we get the points (0,0) saddlel point and thes point (
𝛽

2𝛼
,

𝛽

2𝛼
) stable spiral , as shown in figure 

(1) .by using (MATLABl pplane7s). 

 

 

Figurel 1 :The (p,n)l plane:-note thats a trajectory connectss the saddle point in (0,0) and stable spiral 

in point (
𝜷

𝟐𝜶
,

𝜷

𝟐𝜶
) 

 

Travelling wave solution  

      Inl this part, wee will speak about the travelling waves solution, letl  = 𝑥 − 𝑐𝑡, and wee impose  

 n(x, t) = N(z)    

 

(4)  

 p(x, t) = P(z) 
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   where P(z)   indicatese the densityl profiles, ande 

(c) rate of propagationl of colony. N(z)  and  P(z)l 

positive function for (z) The functions N(x,t), 

p(x,t) are traveling and moving at constantl speed 

wave c  in positive x − directionl, where c > 1  and 

α =𝛽 = 1 . We observe the travelling waves 

solution of the systeml in t and t in the form 

ofl[10]. 

 

  
𝜕𝑝

𝜕𝑡
= −𝑐

𝜕𝑃

𝜕𝑧
,                 

𝜕𝑛

𝜕𝑡
= −𝑐

𝜕𝑁

𝜕𝑧
,           

𝜕𝑛

𝜕𝑡
=

𝜕𝑁

𝜕𝑧 
                                                         

Therefore it becomes the system of                                                                                                                  

 𝜕𝑃

𝜕𝑧
=

−1

𝑐
[𝑁 − 𝑃] 

(5)  

 𝜕𝑁

𝜕𝑧
=

1

1 − 𝑐
[−α(𝑝2 + 𝑛2) + 𝛽𝑛],     𝑐 ≠ 0,   − ∞ < 𝑧 < ∞                 

 

                                                                       

We noticel the steady statess of the system (5) we 

gets the point (p,n)=(0,0) which is saddlee point 

and (
𝛽

2𝛼
,

𝛽

2𝛼
). Unstable spirall  for c> 1 ,as shown 

in Figuree (2) by usingl MATLAB 

 

`  

Figurel 2: The (P,N)s plane note that a trajectory connectss when c=2 , 𝜶 = 𝜷 = 𝟏 the saddle point in 

(0,0) and Unstable spiral in point (
𝜷

𝟐𝜶
,

𝜷

𝟐𝜶
) 

 

 

Numercal solution 

Since System (2) is completely unsolvable, so we 

resort to numerical solutions, here we use the 

(pdepe) code inl (MATLAB) to show the behavior 

of branchs and tips.   

In Figl (3) shows the solution of Systems (2) with 

parameterss 𝛼 = 0.5, 𝛽 = 1 and c = 3.0657 for 

timel t = 1,10,20,…..400. as shown in figure (3)  

In Fig (4) where lthe bluee line represents the 

tips(n) . as shown in figure (4)  
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In Fig (5) wherel the reds line represents the 

branches (p). as shown in figure (5)         

In Fig (6) wherel the blues line representedl tips 

(n) withs the red line representedl branches (p). as 

shown in figure (6). 

 

Figure 3: The initiall condition ofs solution to the system (3) with the parameters 𝜶 = 𝟎. 𝟓 , 𝜷 = 𝟏 

 

Figuree 4:Solution of thel system (3) with thel parameters 𝜶 = 𝟎. 𝟓 , 𝜷 = 𝟏 and the wave speed c = 

3.0657 fori t = 1,10,20,………,200 wheree the blue line representedl tips (n). 

 

Figure 5l:Solution of thedsystem (3) with the parameters 𝜶 = 𝟎. 𝟓 , 𝜷 = 𝟏 and the wave speed c = 3.0657 

forl t = 1,10,20,………,200 wherel the red line; representsn branches (p). 
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Figure 6l:Solutioni of the system (3) with thel parameters 𝜶 = 𝟎. 𝟓 , 𝜷 = 𝟏 and the wave speed c = 

3.0657 fora t = 1,10,20,………,200 lwhere the blue linearepresented tips (n) with the redl line 

representsl branches (p). 

 

From these operations, we obtain the relationship 

between the values of the travellings waves  

solution c andl 𝛼 taking v = 𝛽 = d = 1, where 

𝛼 increases the travelling waves solution c 

decreased, as shown in Figure (7) 

 

 

Figure 7l: the relations between wavesl speed c andl 𝜶 values 

 

Then, we obtain the relationship between the 

values of the travellingl wave  solutions c and 

𝛽 taking v = 𝛼 = d = 1, where 𝛽 increases the 

travelling waves solution c is increased, as shown 

in Figure (8) 

 

 

Figure 8l: the relationl between wavess speed c andl 𝜷 values 
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Conclusion 

In this paper, we recall the most important 

conclusions drawn from the application of 

mathematical modeling in the growth of fungi. 

  1) Mathematical models are able to predict the 

duration of fungal growth with minimal cost. 

 2) We used a mathematical solution to shortens 

the time, cost and effort to get correct results 

even though there is an error rate. 

  3) Wee will take a mathematicall model by using 

the partial solution of the differential system 

  Equations (PDEs)l.  The results of this solution 

describe the successs or failure of the growth 

of the fungal species studied. 

  4) We used some codes in numerical analysis due 

to some direct difficulties.  Mathematical 

solution. 

  5) We used non- dimensionlisition, Stability, 

traveling wave solutions Numerical solutions 

and numerical solutions to initial value 

problems by using MATLAB 
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