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ABSTRACT: The objective of this study was used a model to predict the growth process and derive 
growth parameters in green gram. For this aim, three models of growth include beta, gompertz and 
Richards was use. These models were suitable to indicate for the sigmoid pattern of determinate growth. 
Gompertz and beta models have three parameters, while Richards function has additional parameter to 
describe growth kinetics. The Richards function is flexible in describing asymmetrical sigmoid patterns 
and because of this, it use to predict dry matter in plant. Against the Richards function, parameters of 
beta and gompertz equations are numerically stable in statistical estimation. In base of results of this 
study, revealed that Richard’s growth model fitted the dry matter and age data of green gram very well 
with coefficient of determination estimates that were 99.93%, that this value indicated the correct fitness 
of the model. However, each of the models (Richards, beta, Gompertz) provided exact estimating of 
growth process in green gram. Also average growth rate was arrived at 0.058 gr. Moreover value of dry 
matter and age at inflection stage (equal high crop growth rate) were 58 day after planting and 285.8 
g/m

2
, respectively. By Characterizing the growth process in a valuable strategy could be used to 

selectively breed program.  
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INTRODUCTION 
 

 Growth model methodology has been widely used in the modeling of plant growth. Growth study in many 
branches of science have demonstrated that more complex nonlinear functions are justified and required if the 
range of the independent variable encompasses juvenile, adolescent, mature and senescent stages of growth 
(khamis et al., 2005). The growth potential has been described by the gompertz function in several studies 
(sakomura et al., 2005). The Richards’ models have been shown to give good descriptions of growth 
(Goonewardene et al., 2003). The Richards' function, first introduced in 1959 (Amanullah et al., 2007). The 
Richard’s model is a more generalized, four-parameter function with a variable inflection point that provides a more 
complete description of the growth process (Goonewardene et al., 2003). The Richards model was estimating the 
point of inflection and the shape of the curve resembled that of the exponential curve (Lambe et al., 2006). The 
beta growth function's flexibility in various sigmoid patterns, it's ease and stability in statistical parameterization, 
and it's ability to estimate unambiguously the final biomass and the length of the growth period warrant it's use as a 
new tool for quantitative analysis of growth processes (Yin et al., 2003).  This study was conducted to predict 
growth vicissitude in green gram. 

 
MATERIALS AND METHODS 

 
 Data set was used to evaluate the growth function, was taken from the work of farm study on green gram by 
(ashory et al., 2008). Field experiment was done during summer season of 2006 (8 July to 30 September) in farm 
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of collage of agriculture, Ilam University, with Mediterranean condition without raining in summer. Plot size was 6 
by 3 m

2
 and consisting of five rows 6 m long. Inter row spacing of 50 cm and between plants in row was 10 cm. five 

plants as sample were taken at weekly intervals from 21 days after sowing to final harvest. The above ground 
portion of crop was dried in a forced after oven at 80 cº for 48 hours and weighed. Observes then convert into 
square meter. For the purpose of study Dry matter accumulation in green gram used three growth models such as 
beta (Yin et al., 2003), gompertz (Khamis et al., 2005) and Richard (Gregorczyk, 1998) via equations 1, 2 and 3 
respectively.Crop growth rate and inflection point stage estimated according method of (Gregorczyk, 1998) 
equations (4 to 6) and calculate amount of inflection point exploit by (lambe et al., 2006) through formula (7). For 
calculate average of growth used equation (8). For compare these models used MSE (mean square error), MAPE 
(mean absolute percent error) and coefficient of determination. At last for three models the x-square goodness of fit 
test was applied. Equations beta, gompertz and Richards followed: 
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 Where y is dry matter (gr /m

2
) and t is the days after sowing, parameter a  equal asymptotic value of dry 

matter, and b, c, d are constant coefficients (c > 0), Te and Tm as end and half of growth term respectively. These 
models were fitted using SAS v.6 PROC NLIN (nonlinear regression) (SAS Institute, Cary, NC). The first derivative 
of Richards function, provide crop growth rate (equation 4): 
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For calculate amount of dry matter in initial time obtained of equation (5): 

1
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For calculate time (ti) and amount of dry matter at inflection point (yi) used equations (6 to7): 
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For calculate average of growth equation (8) that introduced by Mohamad Amanullah et al. (2007): 
 

c
R
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=
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For compare three growth models used mean absolute percent error equation (9): 
 
 

MAPE = 100/n ∑ y – y'/y                                                                                  (9) 
 
Where y is observe, y’ is estimating and n number of data. 
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RESULTS AND DISCUSSION 
 

 The primary data contained in table 1 helped in calculating the constant coefficients of Richards function. 
Parameters values of the growth functions fitted to the data for dry matter of green gram is given in table 2. The 
visual illustration of the fitting by the Richards function is shown in fig (1) and exhibit sigmoid shape as well. Similar 
trend of dry matter accumulation by (Bushby and Lawn, 1992) in (green gram and Biswas et al., 2002) in black 
gram reported. Statistical analysis points to high approximation efficiency in green gram growth using the Richards 
function. It is confirmed by the high value of the determination coefficient that was observed in Richards’s model 
(table 3). Also least amount of MSE and MPEA was belonged Richards’s model and then gompertz and in the end 
beta, that showed preferable of Richards’s model in comparison with two other models (table 3). The x-square 
value was 4.5 at critical value x

2
0.05=16.919, and revealed usefulness model for evaluation dry matter accumulation, 

While beta and gompertz function didn’t provide goodness of fit (22.708, 470.33 respectively). The inflection point 
of Richard curve was 58.5 days after sowing and 285(g /m

2
). the crop growth rate was low at the beginning of the 

season and progressively increased to peak value at around 58 days from sowing, it then declined quite sharply to 
near zero at about 84 days from sowing (fig 2).The crop growth rate pattern throughout the season was similar to 
that reported by (biswas et al., 2002), who showed that crop growth rate generally increased rapidly to peak 
between beginning flowering and filling stage. Also average growth rate was arrived at 0.058 gr.  In This study, 
Richards model collated with gompertz and beta function and found that the Richard growth models have the ability 
and suitable for quantifying a growth of green gram. Likewise reveled that estimating from three models include: 
beta, gompertz and Richard well done and suitable for predict dry matter accumulation of green gram. 
 

 
      Figure 1.  Richards growth curve for dry matter accumulation in green gram as compared with experimental points 

(Gregorczyk, 1998) 

 
 

 
              Figure 2.  Growth rate curve of green gram (Gregorczyk, 1998) 
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Table 1.  Experimental and theoretical values of dry matter accumulation in the green gram (Gregorczyk, 1998) 
Sampling step Time(days after sowing) Experimental(g/m

2
) Theoretical(g/m

2
) 

1 21 1.49 3.66 
2 28 5.56 9.41 
3 35 20.69 23.94 
4 42 60.34 59.18 
5 49 137.41 135.06 
6 56 261.38 258.53 
7 63 373.52 383.28 
8 70 462.66 457.93 
9 77 505.23 488.94 
10 84 485.6 499.78 

 
Table 2.  parameter estimate with standard error for growth models (khamis et al., 2005) 

 
 
 
 
 
 
 
 
 
 
 
 

A=maximum growth   b, c, d= coefficient of model Te=end of growth  
 

Table 3.  Comparison growth models including coefficient of determination, mean square error, mean absolute percent error 
(lambe et al., 2006) 
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Model   Parameter Parameter estimated Standard error 

   A 505 11.0998 
   b 12166.1 26713 

Richards   c 0.164 0.03 
   d 1.8258 0.3045 
      
   A 538.2 22.2419 

Gompertz   B 115.7 60.3199 
   C 0.0916 0.0106 
      

Beta   A 527.4 11.766 
   Te 78.2462 0.6406 
   Tm 62.3843 0.6997 

Model   R
2
 MSE MPEA 

Richards   99.93 107.8 24.522 
Gompertz   99.78 283.1 32. 28 

Beta   99.78 289.6 43.553 


