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INTRODUCTION 

Modeling is a symbolic representation of some 

aspects of an object or phenomenon of the real 

world
1
. The process of developing a model 

includes three major tasks: finding and 

formulating new questions, problematization 

and generation of data, and defining actions 

and studying their consequences. The best 

known models are those based on mathematics 

and deal with variables and parameters taking 

real values
2
. Modeling is increasingly used in 

all major fields of science and technology. In 

agriculture, it is widely used to predict plant 

behavior in order to plan different cultural 

operations such as sowing, planting, weed and 

pest control and harvest
3
. For instance, several 

mathematical models were developed to 

describe growth and development of maize
4
, 

barley
5
, soybean

6
 and wheat

7
. These models 

vary in complexity depending on the number 

of independent variables considered in order to 

take into account the many factors that can 

influence plant growth such as temperature, 

water availability, soil fertility, fertilizer 

supply, crop genetic traits and pest pressure. 
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ABSTRACT 

We develop a generalized sigmoidal model and we used it to describe the growth of a local tall 

landrace of sorghum from Jazan region of Saudi Arabia. This sorghum is grown year-around for 

fodder and in early fall for grain. The plants were grown in 80-L pots under near-ideal 

conditions. Heading occurred 62 days after planting (DAP), while physiological maturity was 

reached after 105 DAP. Evolution of plant growth as a function of time was best represented by 

the sigmoid model , where  is the maximum height that the plant 

can theoretically reach and  represents the cultivar's typical growth rate. It 

appears that this local sorghum landrace is a short-season cultivar given its short life cycle. 

However, this may vary slightly by location and year since the actual plant growth rate depends 

on several environmental factors such as soil fertility, ambient temperature, moisture 

availability, planting density and prevalence of pests. 
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The goal of this study was to develop a 

simplified mathematical dynamic model which 

can be used to describe the growth of a local 

landrace of red sorghum from Jazan region of 

Saudi Arabia. This sorghum is a tall landrace 

which is grown year-around for fodder and in 

early fall for grain (because of short 

photoperiod requirement). The plants can be 

cut several times before being allowed to 

flower and produce grain.  

 

MATERIALS AND METHODS 

Development of a dynamic model: In this 

study and for the purpose of practicality, we 

developed a dynamic model describing the 

growth of a local sorghum landrace as it 

relates to plant age. We introduced the 

following generalized sigmoid model: 









 b

a

y
kyy )(1 , 

where k is the relative growth rate coefficient, 

a is the maximum observable value of y and 

b is a constant that allows the shape of the 

sigmoid curve to be varied. This model derives 

from the exponential model for plant growth: 

)(yyfy  , 

where )(yf  equals the relative growth rate of 

the plant, which decreases as y increases. 

 A complete quantitative analysis of 

sorghum growth was performed by solving 

exact governing equations. To describe the 

behavior of the model, we started by searching 

equilibrium points, studied the stability of 

these equilibrium points then established phase 

portrait and chronic curves. 

Plant material: Seeds of a local land race of 

red sorghum (Sorghum bicolor (L.) Moench) 

from the region of Ahad-Almassarha, Jazan 

(Kingdom of Saudi Arabia) (  N; W) were 

sown on 19 September 2016 directly in three 

cylindrical 80-L plastic pots filled with a 

sandy loam soil and placed on an experimental 

plot on Jazan University campus (16° 58’N; 

42° 33’E). After germination, some of the 

seedlings were thinned out to leave only 5 

plants per pot evenly spread out. The plants 

were watered every four days alternatively 

with tap water (EC 1.5 dS/m) and a modified 

Hoagland nutrient solution
8
 .Plant height and 

number of leaves were recorded every 5 days 

until grain maturity. The plant phenological 

stages were identified according to Rao et al.
9
. 

 

RESULTS AND DISCUSSION 

Model development: This model matches the 

sigmoidal model of plant growth which has 

been extensively studied
1,2,10,11

. For this model, 

we determined the solutions and the 

equilibrium points. Next we proved that the 

model is stable and has a single inflection 

point.Evolution of plant growth as a function 

of time was best represented by a sigmoid 

model; this model is defined by the differential 

equation 

)1(
a

y
kyy  , where 00234.0k  and 

11006.251a . The constant a is the 

maximum height that the plant can 

theoretically reach, and the constant k  

represents the cultivar's typical growth rate and 

is a hereditary characteristic of the plant type. 

The generalized sigmoidal model: 

We consider the generalized sigmoid model 

defined by the differential equation: 
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where k , a  and b  are positive constants. 

Theorem 1. The solutions of the non-linear 

model (1) are the sigmoid functions given by  

  bkbxeay
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where  
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Proof. We have 
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Theorem 2. The solutions (2) satisfy the 

following properties: 
(i) ay   as x .    

(ii) 01   kbxb

b
ey

a

k
y


 . 

(iii) 







 b
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y
byky ))(1(1 .     

Proof. The results of this theorem are deduced 

by straightforward calculation.  

We can conclude that: 

1. The solutions (2) are increasing and a is the 

limiting capacity for it. 

2. The equilibrium points are the solutions 

constants of the model, i.e., the solutions for 

that 

0y  0)(1 







 b

a

y
ky  ay ,0 . 

Therefore this model has two equilibrium 

points ay ,0 . 

3. The solutions of the model converge to the 

equilibrium point ay  . Thus, the sigmoid 

model (1) is stable. 

4. The inflection points of the curves of the 

model are the points for which 0y  and 

0y . 

By Theorem 2 (ii) the model (1) has a single 

inflection point b
I bay

1

)1(


 .   

 

 
Fig. 1: Curves of the functions 

 

  bkbxeay
1

1
  , where 

310.2 k , 

251a , 39  and for 1b , 2b  and 

2

1
b , respectively. These curves have an 

asymptote. That is 258y .  

Fitting of the model to the curve of local 

sorghum growth: 

Phenology of local red sorghum: The 

seedlings emerged 3 days after planting (VE 

stage). The plants reached 5-leaf-stage 22 days 

after planting (DAP) (Fig. 2). Heading stage 

started after 62 DAP. The physiological 

maturity was reached 105 DAP. It appears that 

this landrace is a short-season cultivar given 

its short life cycle compare to other sorghum 

cultivars such as Barbare Red and Barbare 

White of Sudan
12

. However, this may vary 

slightly by location and year since the actual 

plant growth rate depends on several 

environmental factors such as soil fertility, 

ambient temperature, moisture availability, 

planting density and prevalence of pests
13

. 

 

 
Fig. 2: Fitting of plant height against days after 

planting gave a sigmoidal curve 

 

Fitting of the plant growth data: Growth data 

are represented by the sigmoid model (1), 

when 00234.0k , 11006.251a  and 

1b . The constant a is the maximum height 

that theoretically the plant can reach, and the 

constant k  represents the rate of growth and is 

a hereditary characteristic of the plant type. 

This model has two equilibrium points 

ay ,0 . These two points represent sowing 

and maturity stages of the plant. The model is 

stable and has a single inflection point 

55503.125
2


a
yI . Biologically, this latter 

point represents the beginning of plant growth 

slowdown in preparation for flowering; i.e. the 
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transition from vegetative growth to the 

reproduction phase (heading stage). 

 

CONCLUSION 

We develop a generalized sigmoidal model 

and we used it to describe the growth of a local 

tall landrace of sorghum from Jazan region of 

Saudi Arabia.  Heading occurred 62 days after 

planting (DAP) while physiological maturity 

was reached after 105 DAP. Evolution of plant 

growth as a function of time was best 

represented by the sigmoid model 

)1(
a

y
kyy  , where 11006.251a  is the 

maximum height that the plant can 

theoretically reach and 00234.0k  

represents the cultivar's typical growth rate. It 

appears that this local sorghum landrace is a 

short-season cultivar given its short life cycle. 

However, this may vary slightly by location 

and year since the actual plant growth rate 

depends on several environmental factors. The 

model should be further developed to take into 

account some of these environmental factors 

such as soil water and nutrient availability and 

pest pressure. 
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