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Abstract 
 
For designing the dehulling, separating, sizing and planting machines we need to describe the 
frequency distributions of the size and mass properties of whole sets of seeds and kernels. The 
first objective of this investigation was to determined the mass and dimensional properties of 
seeds and kernels of tow sunflower varieties grown in Iran. The other objective of this work  
was to evaluate various probability density functions (e.g. normal, log-normal, and Weibull) to 
approximate the size and mass distributions of seeds and kernels of sunflowers. The estimated 
parameters of the probability density functions (PDF) were then evaluated and the predictive 
performance of the models were compared. Kolmogorov-Smirnov goodness of fit test was used 
to test how well different PDF work for prediction of mass and size distributions.  

Several physical properties such as length, width, thickness and mass were evaluated. For 
each set of the mass and dimensional data, the skewness and kurtosis were calculated to 
determine if the data was normally distributed. The adjustable parameters for each probability 
density function were estimated by using the commercial spreadsheet package of EasyFit 4.0. 

All the measured parameters for Dorsefid sunflower seeds had leptokurtic distributions, 
except for thickness and sphericity. All the measured and calculated physical parameters of  
Daneriz seeds were found to have a little leptokurtic distribution.  Similar findings were found 
for the kernels of Daneriz variety. The width of the Daneriz kernels had the highest positive 
kurtosis value (17.5). It was found that the mass of the Daneriz sunflowers seeds as well as the 
width and geometric mean diameter of the Dorsefid kernels had a close to normal distribution 
(Kur = 0.02-0.09) termed mesokurtic. 

The results indicated that the Log-normal  distribution model was the most likely, and the 
Weibull distribution model was the least likely probability density function model for modeling 
the size and mass distributions of sunflower seeds and kernels. 
The lognormal distribution model fits the empirical probability densities well. The normal 
distribution does not work well in bimodal shape distributions, but this is the case with all 
parametric distributions. It was found that for bimodal shape distributions (e.g. mass 
distribution) the Weibull match much better than other functions. 
 
Keywords: sunflower seed, physical properties, Weibull distribution. 
 
Introduction 
 
The physical properties of sunflower (Helianthus annuus L.) seeds are to be known; for design 
and improve of relevant machines and facilities for harvesting and processing. The seeds sizes 
and mass can be judged statistically in terms of mean (average size), standard deviation (the 
spread of the sizes around the average), coefficient of variation (CV), skewness (the degree of 
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asymmetry of the grain sizes around their mean)and kurtosis (degree of the peakedness -broad 
or narrow- of the grains relative to the average) (Lucian, 2006).  
Size and mass properties of seeds can be determined for single seeds, but they will differ from 
seed to seed. Normally, we are not interested to know the properties of each individual seed, but 
for designing the dehulling, separating, sizing and planting machines we need to describe the 
frequency distributions of the size and mass properties of whole sets of seeds and kernels.  The 
size class distribution of the seeds and kernels influence the efficiency and quality 
performances of the dehulling machines and separating systems for separating the kernels from 
the unwanted materials.  

In general, size (or mass) distribution of seeds depends on how the seeds were formed and 
sorted. Particle size distributions can be represented in mathematical form by probability 
density functions (PDF), or by integration of the PDF, cumulative distribution functions (CDF). 
The cumulative percent frequency distribution curves represent the cumulative weight percent 
by particle size of the sample. Generally, the curves reveal how much of the sample is finer or 
coarser.  

In the jargon of a statistician, each property is a stochastic variable, X, and has a frequency 
distribution, f(x), where: 
 

)()( dxxXxPdxxf +<<=  (1) 
 
the probability to find the variable X in the domain [x; x + dx]. When the property has only 
certain discrete values (e.g. color can only be red, orange, yellow, etc.) then the frequency 
distribution has a set of discrete values, f(x) = fk, and when the property is continuous (e.g. 
mass is a positive number; or diameter is also a positive number) the function, f(x), is a 
continuous function of x. The function f(x) constitutes a valid statistical distribution if: 
 


∞

∞−
=≥ 1)(0)( dxxfandxf  (2) 

 
These functions play a crucial role in processing systems of seeds and grains. Various shapes of 
probability distributions exist, e.g. single peak and multi-peak, symmetric and asymmetric, 
high skewness and low skewness, and also, the uniform distribution with symmetry but no peak, 
no skewness and no tails. Furthermore, there are distributions similar to the normal distribution 
while the others are vastly different. Several distribution models have been utilized to describe 
the dimensional distribution of materials, including the normal, log-normal, gamma, beta, 
Weibull and Johnson's SB distributions. The normal and log-normal probability density 
functions (pdf) can describe unimodal distributions quite well but they may be inadequate for 
situations where highly irregular (e.g., multimodal) shapes are found.  

Physical properties of sunflower seeds and kernels has been determined by other 
researchers (Gupta and Das, 1997; Khazaei et al., 2006).  Reports on physical characteristics of 
some similar seeds and kernels same as various cucurbit seeds (melon and pumpkin seeds) are 
also available (Gupta and Das, 1997; Milani et al., 2007; Razavi and Milani, 2006). Many 
researchers have determined the physical properties of other seeds and grains, oil bean seed 
(Oje and Ugbor, 1991), neem nuts (Visvanathan, et al., 1996), karingda seed (Suthar and Das, 
1996), cumin seed (Singh and Goswami, 1996), and faba bean (Haciseferogullaria et al., 2003). 
However, the published work on physical properties of seeds and kernels showed that there are 
no published paper on modeling of probability density of size and mass distributions of the 
seeds and kernels.  
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The first objective of this investigation was to determined the mass and dimensional 
properties of seeds and kernels of tow sunflower varieties grown in Iran to provide data to 
design and adjust a dehuller machine for sunflower. The other objective of this work  was to 
evaluate various probability density functions (e.g. normal, log-normal and Weibull) to 
approximate the size and mass distributions of seeds and kernels of sunflowers. The estimated 
parameters of the probability density functions were then evaluated and the predictive 
performance of the models were compared. 
 
Material and Method 
 
Sample Preparation 
 
Sunflower seeds of two varieties of sunflowers namely Dorsefid and Daneriz were used in this 
study. Dorsefid and Daneriz are the main sunflower seeds variety which are cultivated in Iran.  
The seeds were obtained from the Institute of Seed Science and Technology, Karaj, Iran. In the 
laboratory, the bbroken seeds and foreign matters such as dust, dirt, stones and chaff were 
removed from 7 kg samples of sunflower seeds. To obtain whole kernels, the seeds were 
manually dehulled. The initial moisture content of the seeds was determined by following a 
standard oven method (AOAC, 2002) and was found to be 4.6 and 6.3% (wet basis) for 
Dorsefid and Daneriz, respectively. 
 
Dimensional Properties and Mass 
 
The dimensional properties of the sunflower seeds and kernels were measured at initial 
moisture content of 4.6-6.3%.  In order to determine the average size of the seeds, ten 
sub-samples, each weighing 0.5 kg, were randomly drawn from the bulk sample. From each of 
the ten sub-samples, 15 seeds were picked and thus 150 seeds were obtained (Milani et al., 
2007).  For each individual seed, three principal dimensions, namely length (L), width (W) and 
thickness (T) were measured using an electronic micrometer with an accuracy of 0.01 mm. 
Mass of the seeds was measured using a balance with an accuracy of 0.001 g. For each seed, the 
length, width, thickness, and mass of the kernel were also measured. The geometric mean 
diameter, Dg , and sphericity,  , of the seeds and kernels were determined using the following 
equations given by (Khazaei et al., 2006; Milani et al., 2007): 
 

3 LWTDg =  (3) 

 
100]/)[( 3/1 ×= LLWTφ  (4) 

 
The volume of the seeds and kernels in mm3 were determined from the following relationship 
given by (Khazaei et al, 2006; Gupta and Das, 1997): 
 

3

6 gDV π=  (5) 

 
The surface area, S, of the sunflower seeds and kernels was found by analogy with a sphere of 
same geometric mean diameter, using expression cited by (Khazaei et al, 2006; Gupta and Das, 
1997): 

9



 
 

IAALD AFITA WCCA2008         WORLD CONFERENCE ON AGRICULTURAL INFORMATION AND IT  

 
2
gDS π=  (6) 

 
 
The projected area of the seeds and kernels was determined by the relationship given by 
(Khazaei et al, 2006): 
 

LWAp 





=

4

π
 (7) 

 
The shape parameters (flakiness ratio and elongation ratio) of each single sunflower seeds and 
kernels were determined using the following equations (Mora and Kwan, 2000 ): 
 

Flakiness ratio, (Fr) = 
W

T
 (8) 

Elongation ratio, (Er) = 
W

L
 (9) 

 
After measuring the shape parameters of all the seeds (or kernels), the mean value of the shape 
parameter for the seeds (or kernels) sample were calculated as the arithmetic mean of the shape 
parameters of the seeds, as given in the following formula (Mora and Kwan, 2000): 
 

Arithmetic mean of shape parameter 
=

=
n

i
parametershape

n 1

)(
1

 (10) 

 
Using this method of calculating the mean values of the shape parameters, each value of shape 
parameter derived from a seed is given equal weight regardless of the size of the particle. For 
each set of the mass and dimensional data, the skewness and kurtosis values were calculated to 
determine if the data was normally distributed. The skewness and kurtosis were calculated 
using the following equations (Lucian, 2006): 
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where  
n = number of occurrence 
 xi = mid point of each class interval in metric 
xavg = mean grain size 
s = standard deviation 
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Modelling the mass and size distributions 
 
In order to describe the mass and size distribution of sunflower seeds and kernels, three 
probability density functions were selected. These were: (1) log-normal, (2) Normal, (3) 
Weibull. The probability density functions and cumulative distribution functions for each 
distribution are in Tabl1.  

The models investigated in this paper were fitted to the mass and size measurements on 150 
seeds and kernels. The modelling procedure to determine the suitable probability density 
functions for the mass and size data of sunflower seeds and kernels was as follows. First, the 
150 data, for each property, were divided into bins, and the probability density was obtained by 
making use of the binned data set. Given a random sample, the real data were partitioned into k 
categories and the number of data points that fall into each category was counted, giving us the 
set of observed frequencies n1, . . . , nk. The number of bins applied in the domain sizes 
ranging from 1 to 10. We refer to this here as an empirical probability density. Then, the three 
probability density functions were fitted to the empirical probability density to estimate the 
parameter values by the nonlinear least-squares method. The adjustable parameters for each 
probability density function were estimated by using the commercial spreadsheet package of 
EasyFit 4.0. With considering of obtained parameter values, it may be possible to predict the 
cumulative frequency and probability distribution values for each class of either size or mass of 
sunflower seeds and kernels.  

Finally, we compare all probability density functions to select the most likely model. An 
objective comparison was also carried out by using the chi-square goodness of fit test. The 
chi-square goodness of fit was computed as follows: 
 

( )
=

−
=

k

i i

ii

E
EOx

1

2
2  (13) 

 

where Oi is the observed frequency for bin i and Ei is the expected frequency for bin i. The 
expected frequency is calculated by cumulative distribution function. This statistic is 
distributed as a c2 random variable with k-p-1 degrees of freedom (p is the number of 
parameters estimated by sample data). The hypothesis that the data are from a population with 
the specified distribution is accepted if c2 is lower than the chi-square percent point function 
with k-p-1 degrees of freedom and a significance level of a. The chi-square test is very widely 
and practically used in model selection problems. Overall comparisons of the goodness of fit of 
the PDFs were made with an α -level = 0.05. 
When there are several competing models for the same data set we can select the maximum K-S 
model as the most likely model among these competing models. A pairwise two sample t-test 
was also used to test whether two measured distributions significantly differ or not (Excel-97, 
Microsoft Corp., Seattle, WA). Multiple pairwise comparisons were analyzed using the 
Tukey-Kramer method, which was an exact α -level test for the equal sample sizes used in this 
study (JMP, SAS Institute, Inc., Cary, NC). 
 
 
Table 1. The log-normal, Normal, and Weibull probability and cumulative density functions. 
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Name Probability Distribution Function  Cumulative  Distribution Function 
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Result and Discussion 
 
The mass and dimensional properties of the seeds and kernels of Daneriz and Dorsefid varieties 
of sunflower, including length (L), width (W), thickness (T) and mass (m) of them are shown in 
Tables 2 and 3. The length, width, and thickness of Daneriz sunflower seeds ranged from 9.37 
to 15.43 mm, 3.45 to 8.23 mm, and 1.6 to 5.09 mm, respectively. Corresponding value for 
Dorsefid variety were found to be 12.67 to 22.35 mm, 4.98 to 12.47 mm, and 2.64 to 6.89 mm, 
respectively. 
 
Mass and Dimensional Properties 
 
 
Table 2. Mass and dimensional properties of sunflower seeds and kernels 
 

 va
ri

et
y 

 p
ar

am
et

er
 seed kernel 

mean Min. Max. Std. CV Skw. Kur. mean Min. Max. CV Std. Skw. Kur. 

dorsefid Length  16.35 12.67 22.35 1.66 10.1 0.54 1.04 11.91 8.66 15.22 9.9 1.18 -0.01 0.64 

Width 9.26 4.98 12.47 1.51 16.3 -0.41 0.28 5.19 3.26 6.81 13.8 0.72 -0.15 -0.09
Tickness 4.85 2.64 6.89 0.95 19.6 0.05 -0.51 2.32 1.23 4.60 19.3 0.45 1.63 6.67 

Mass 0.15 0.014 0.29 0.05 31.4 -0.07 0.27 0.078 0.006 0.14 32.1 0.025 -0.12 -0.30
Dg 8.98 5.50 11.23 1.17 9.61 -0.44 0.27 5.21 3.78 6.38 8.199 0.54 -0.29 0.042

Sphericity 55.04 41.82 71.74 5.96 8.391 0.28 -0.25 43.82 38.29 54.10 7.717 3.06 0.79 0.79 

daneriz Length  12.02 9.37 15.43 1.26 10.5 0.45 0.30 9.66 5.95 11.86 9.8 0.95 -0.42 1.23 
Width 5.81 3.45 8.23 0.91 15.7 0.002 0.44 4.30 2.47 9.47 18.4 0.79 2.60 17.50

Tickness 3.45 1.60 5.09 0.59 17.1 0.05 0.58 2.31 1.19 3.72 18.1 0.42 0.42 1.69 
Mass 0.07 0.02 0.13 0.02 30.3 0.33 0.02 0.05 0.01 0.10 31.5 0.02 0.27 0.59 

Dg 6.20 3.89 8.09 0.77 7.947 0.008 0.48 4.55 3.06 5.70 8.931 0.51 -0.17 0.34 
Sphericity 51.66 36.53 63.67 4.32 8.412 -0.41 1.16 47.25 35.64 62.59 9.743 4.09 0.48 2.00 

 
 
Table 3. Dimensional properties of sunflower seeds and kernels. 
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va
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seed kernel 

mean Min. Max. Std. Skw. Kur. mean Min. Max. Std. Skw. Kur. 

dorsefid S, mm2 257.81 95.03 396.30 64.46 -0.052 -0.213 86.27 44.82 127.71 17.459 0.01113 -0.140 

Ap, mm2 119.89 49.53 194.04 27.458 0.2023 0.662 48.95 24.77 75.44 9.9182 -0.049 0.221 
V, mm3 76.52 28.22 135.75 144.97 0.27973 -0.278 76.52 28.22 135.75 22.834 0.289 -0.105 

Fr, T/W  0.53 0.39 0.70 0.06637 0.23597 -0.0660 0.46 0.26 0.98 0.10687 1.8325 5.9653 

Er, L/W 1.80 1.23 2.65 0.2739 0.7479 0.6441 2.32 1.82 3.39 0.2882 0.8270 1.078 

daneriz S, mm2 122.75 47.43 205.74 30.104 0.44525 0.503 65.97 29.37 102.09 14.532 0.209 0.287 

Ap, mm2 55.39 28.82 96.42 13.07 0.5134 0.712 32.87 15.97 67.72 7.5829 0.894 3.662 

V, mm3 130.76 30.72 277.57 48.122 0.84185 1.005 51.30 14.97 97.02 16.787 0.566 0.578 
Fr, T/W  0.60 0.43 1.06 0.08948 1.445 5.9508 0.55 0.23 0.90 0.1096 0.30028 1.6561 
Er, L/W 2.10 1.63 3.20 0.28794 1.2364 2.7746 2.29 0.96 3.47 0.33755 0.38999 3.5742 

FR= flakiness ratio; ER=Elongation ratio Modeling the size and mass distributions 
 

The size and mass distributions of sunflower seeds and kernels were modeled using the 
Weibull, lognormal and Normal probability density functions. Three examples of predicted size 
and mass distributions are illustrated in Figs. 1. When the graphics are reviewed it can easily be 
seen that Lognormal and normal distributions give the best fitness. It is apparent that the 
Bayesian method was able to improve the goodness of fit compared to the three other predictive 
distributions. It is evident that if the distribution has a marked bimodal shape, normal 
distributions cannot provide accurate predictions. Kolmogorov-Smirnov goodness of fit test 
(e.g., Rohatgi 2003) was used to test how well different prediction techniques work for 
prediction of mass and size distributions. The test is based on the vertical deviation between the 
empirical cumulative density function and the cumulative density function under null 
hypothesis H0: F(x) = F0(x). The test statistic D is the largest absolute deviation between the 
two.  In other words, small values of the test statistics D and large p-values indicate a better fit. 
 

 
Fig. 1. Histogram of the measured and predictive width distributions of 
sunflower seeds derived with different methods. 
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The calculated parameter values of the different functions and statistical results (K-S values) 
used in determination of the effective distribution are presented in Table 6. The KS test and 
A-D statistical test results show the value of the calculated test statistic; the critical value of the 
test statistic and the test was passed or not. In general, if an assumed distribution can well 
describe a random variable, it has a smaller Kolmogorov-Smirnov (K-S) test value. Therefore, 
a best distribution model describing the variable should have a minimum K-S test value 
compared to the other assumed distribution models. However, it must also be mentioned that a 
best fit in terms of the minimum K-S test statistic value doesn’t mean that the fit is the most 
reasonable one. In fact, users are cautioned that bland application of the K-S criterion to 
choosing a best fit may lead to selections of parametric distributions that are less than ideal fits 
in ways not captured by the K-S statistic or that may not have the most relevant theoretical 
underpinnings. However, it is evident from Table 6 that the mean values of the K-S values are 
smallest for the Log-normal distribution model and largest for the Weibull distribution model. 
These results indicate that the Log-normal distribution model is the most likely, and the 
Weibull distribution model is the least likely probability density function model for modeling 
the size and mass distributions of sunflower seeds and kernels. Decision rule results revealed 
that Weibull distribution was accepted according to Chi-square and KS tests, but it was rejected 
according to Anderson-Darling test statistics. As it can be seen in Table 4 and 5, the Lognormal 
distribution was accepted according to all of the three tests. For this reason, the distribution best 
representing the set of data was the lognormal Distribution.  
 
Table. 4. The goodness-of-fit of mass and size distributions of spruce in terms of 
Kolmogorov-Smirnov test value D for Daneriz variety. 
 
Daneriz Seeds Kernels 

Lenght 

Lognormal (3P) σ=0.14381  μ=2.152  γ=3.335 (K.S= 
0.038 acp) Rnak=1 

σ=0.02859  μ=3.5044  γ=-23.619 (K.S= 0.0545
acp) Rnak=2 

Normal σ=1.2632  μ=12.026 (K.S= 0.064 acp) 
Rnak=3 

σ=0.94954  μ=9.6612 (K.S= 0.0517 acp) Rnak=1 

Weibull (3P) α=2.5963  β=3.4534  γ=8.9548 (K.S= 
0.050 acp) Rnak=2 

α=6.8764  β=6.0983  γ=3.9528 (K.S= 0.0687 acp,) 
Rnak=3 

width 

Lognormal (3P) σ=0.03841  μ=3.1594  γ=-17.754 (K.S= 
0.099 acp) Rnak=2 

σ=0.03096  μ=2.9603  γ=-15.053 (K.S= 0.0600
acp) Rnak=3 

Normal σ=0.91055  μ=5.8109 (K.S= 0.097 acp) 
Rnak=1 

σ=0.59783  μ=4.2547 (K.S= 0.0584 acp) Rnak=2 

Weibull (3P) α=3.6958  β=3.3765  γ=2.7584 (K.S= 
0.100 acp) Rnak=3 

α=5.4067  β=3.0289  γ=1.4599 (K.S= 0.0458 acp) 
Rnak=1 

thickness 

Lognormal (3P) σ=0.03949  μ=2.7022  γ=-11.47 (K.S= 
0.047 acp,) Rnak=1 

σ=0.0765  μ=1.6881  γ=-3.1137 (K.S= 0.0734 acp) 
Rnak=1 

Normal σ=0.59143  μ=3.4559 (K.S= 0.051 acp) 
Rnak=2 

σ=0.41917  μ=2.3115 (K.S= 0.07968acp) Rnak=2

Weibull (3P) α=4.2275  β=2.5121  γ=1.1655 (K.S= 
0.056 acp,) Rnak=3 

α=3.262  β=1.4428  γ=1.0118 (K.S= 0.0919acp) 
Rnak=3 

mass 

Lognormal (3P) σ=0.11947  μ=-1.7274  γ=-0.10791 
(K.S=0.0.120 acp) Rnak=1 

σ=0.07134  μ=-1.4891  γ=-0.17454 (K.S= 0.1745
rej) Rnak=3 

Normal σ=0.02155  μ=0.0711 (K.S= 0.139 rej) 
Rnak=3 

σ=0.01625  μ=0.0516 (K.S=0.1607rej) Rnak=1 

Weibull (3P) α=2.8912  β=0.06462  γ=0.01345 
(K.S=0.136rej) Rnak=2 

α=3.2084  β=0.05387  γ=0.00323 (K.S= 
0.1701rej) Rnak=2 

 
Table. 5. The goodness-of-fit of mass and size distributions of spruce in terms of 
Kolmogorov-Smirnov test value D for Dorsefid variety. 
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Dorsefid Seeds Kernels 

Lenght 

Lognormal  (3P) σ=0.13942  μ=2.4522  γ=4.6262 (K.S= 
0.05621 acp) Rnak=1 

σ=0.03564  μ=3.4974  γ=-21.126 (K.S= 
0.0579 acp) Rnak=2 

Normal σ=1.6572  μ=16.354 (K.S= 0.0832 acp) 
Rnak=3 

σ=1.1807  μ=11.919 (K.S= 0.0570 acp) 
Rnak=1 

Weibull (3P) α=2.6844  β=4.7082  γ=12.158 (K.S= 
0.0723 acp) Rnak=2 

α=3.8573  β=4.5688  γ=7.7764 (K.S= 0.0678
acp) Rnak=3 

width 

Lognormal (3P) σ=0.031  μ=3.8876  γ=-39.51439.514(K.S
= 0.0576 acp) Rnak=2 

σ=0.03444  μ=3.0402  γ=-15.724 (K.S= 
0.0509 acp) Rnak=2 

Normal σ=1.5056  μ=9.2604 (K.S= 0.0625 acp) 
Rnak=3 

σ=0.71829  μ=5.1952 (K.S= 0.050 acp) 
Rnak=1 

Weibull (3P) α=5.9911  β=8.3258  γ=1.5349 (K.S= 
0.0496 acp) Rnak=1 

α=4.429  β=3.0757  γ=2.3904 (K.S= 0.0648 

acp) Rnak=3 

thicknes
s 

Lognormal (3P) σ=0.05283  μ=2.888  γ=-13.1313.13(K.S= 
0.0566 acp) Rnak=3 

σ=0.11745  μ=1.1677  γ=-0.93464 (K.S= 
0.0649 acp) Rnak=1 

Normal σ=0.95257  μ=4.8543 (K.S= 0.0668 acp) 
Rnak=2 

σ=0.38639  μ=2.3022 (K.S= 0.0766 acp) 
Rnak=2 

Weibull (3P) α=3.3568  β=3.1996  γ=1.9834 (K.S= 
0.0486 acp) Rnak=1 

α=3.206  β=1.323  γ=1.1114 (K.S= 0.0882 acp) 
Rnak=3 

mass 

Lognormal (3P) σ=0.03813  μ=0.25301  γ=-1.1322 (K.S= 
0.1059 acp) Rnak=1 

σ=0.03671  μ=-0.38912  γ=-0.60034 (K.S= 
0.1151 acp) Rnak=2 

Normal σ=0.0491  μ=0.1566 (K.S= 0.1123 acp) 
Rnak=2 

σ=0.02498  μ=0.0777 (K.S= 0.114 acp) 
Rnak=1 

Weibull (3P) α=4.3117  β=0.20854  γ=-0.03352 
(K.S=0.1159acp) Rnak=3 

α=4.1397  β=0.10036  γ=-0.01342 (K.S= 
0.1156 acp) Rnak=3 

 
 

The lognormal distribution model fits the empirical probability density well. However, the 
exponential distribution model deviates from the empirical one, as can be clearly seen in Figure 
1b. The normal distribution does not work well in bimodal shape distributions, but this is the 
case with all parametric distributions. It can be seen clearly that for bimodal shape distributions 
(e.g. mass distribution) the Weibull match much well than other functions. 
whenever Skw have a positive value, lognormal distribution is the best and normal distribution 
is the worst function for predicting data. However Skw have a smal and negative value, Normal 
distribution has the best prediction and Weibull distribution has the worst prediction. Tables 1, 
2 and 3 shows that when the Kurtosis value is up than 1, there is nearly no chance to accept the 
data predicting by Weibull function, but lognormal has a safe prediction in this condition. Even 
if the the Kurtosis value is between 0 and 1, It can clearly be seen, that the Weibull and 
lognormal functions have a safe and same prediction approximately, but the Weibull function 
has not a safe prediction. Finally when the Kurtosis value is less than 0, the Weibull and normal 
distribution have the same and safe results. 

For comparison of the fitting functions, we compute their deviations from the experimental 
data. In the case of the size properties, the mean square deviation of the Lognormal distribution 
was found to be 0.037 whereas that of the normal distribution turns out to be a little smaller, 
given by 0.035. From these, it appears that the log-normal distribution provides a better fit than 
the Weibull distribution. However, for the mass of the seeds and kernels, the mean square 
deviation were given by 0.039 and 0.029 for the Weibull and the log-normal distributions, 
respectively. These show that there was no similarity between this findings with those reported 
based on the K-S craiteria for comparing the goodness of fit of the pdf. Indeed, as mentioned 
above, there is no absolute measure of the goodness of fit of a mathematical model to an 
experimental data set (Dunbar and Hickey, 2000). A single model has an infinite range of 
adjustable parameters, precluding the determination of an absolute measure of goodness of fit 
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(Dunbar and Hickey, 2000). However, it is possible to quantify the likelihood that the 
experimental data set could have occurred for selected adjustable parameters. Therefore, a 
statistical measure of the goodness of fit can be estimated (Dunbar and Hickey, 2000). However, 
in this study, the agreement between the empirical data and probability density functions was 
measured using the K-S values. 
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