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Abstract 
Soybean is one of the most important agricultural crops in the world. The basic physical and 
mechanical properties were studied at different moisture content of soybean seeds. The studies were 
carried out for two soybean varieties that are grown in Serbia. The range of moisture content of the 
harvested soybean was from 8.6 to 21.74% wb. The volume of seed is higher if moisture content of 
seed is higher. The rupture force and secant modulus of elasticity decrease with higher moisture 
content of the seed. Germination energy, as an indicator of seed viability, is higher if the seed has 
greater rupture force. Statistical methods were used for studying correlations between these traits of 
soybean seeds. 
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Introduction  
Soybean (Glycine hispida) is an important field crop in Serbia. Production of soybean in the world has 
reached the pinnacle in terms of economic importance. Consequently, the production and maintenance 
of the quality of soybean seeds is of utmost importance. Soybean is very sensitive to mechanical 
effects due to its specific morphological characteristics. Seed cover is very thin, it can break easily and 
it makes poor protection for seeds. From the moment of harvest until sowing the seeds were exposed 
to various adverse mechanical effects leading to reduced seed viability (Babic, Ljiljana and Babić M, 
2000). Seed resistance to mechanical stress can be very important for seed quality. It is, therefore, 
important to study the mechanical properties of seeds. Since the soybean is harvested at different 
moisture contents, it is necessary to investigate how seed moisture at the harvest time affects the 
mechanical strength. Different soybean varieties have different mechanical resistance. The influence 
of moisture content on the physical and mechanical properties for different granular agricultural 
materials has been researched by different authors (Tavakoli et al., 2009, Coskun et al., 2005, Amin et 
al., 2004; and Igbeka Olajide, 2003; Razavi and Milani, 2006; Kiani Deh Kiani et al., 2008). All the 
authors have concluded that the moisture content is an important factor of the basic physical and 
mechanical properties of grain. 

Material and methods  
For the study of physical and mechanical properties of soybean seed samples, two varieties were 
chosen, the sava and the balkan, which differ greatly in their varietal characteristics. The Balkan 
variety has a longer period of vegetation and a slightly larger grain. 
The samples were taken at different harvest seed moisture content ω, from 8.6%wb to 21.74%wb (wet 
basis), with planned five level values. A certain amount of samples was taken during two years of 
production: 2009 and 2010. The moisture content was determined by gravimetric method according to 
ISTA (International Seed Testing Association) rules (Rules, ISTA, 2003), for each sample, with three 
repetitions. From each sample 20 grains were taken, and dimension, volume and mechanical 
properties were measured for each grain. One of the geometric characteristics was the volume of the 
seeds measured using equipment Kern PLJ 360 - 3M, Switzerland.  
Although during testing other basic physical properties were also measured, a representative of the 
geometric properties in the paper is the dependence of the seed volume on the moisture content. The 
dimensions of the seeds were determined using the sliding gauge. 
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The mechanical properties were measured by the texture device TMS - PRO by "Food Technology 
Coorporation" (USA). This device was used for determining the dependence between force and 
deformation. Soybean seeds were pressured in the direction of seed thickness measurement. Due to the 
specific occurrence of elastic and plastic deformation of the plant materials, the property 
characteristics force - deformation almost always have a nonlinear character (Babic et al., 2000). In 
these cases the modulus of elasticity is defined in various ways. In this research the secant modulus of 
elasticity was selected as the best representative of this size in a wider range of force, or stress 
(Mohsenin, 1980). Soybean seed is very close to the shape of an ellipsoid. The shape of the grain is 
approximated to an ellipsoid in this research. The complex stress state in the body of variable cross-
section is simplified by calculating the mean cross-sectional area in the direction of action force 
(Figure 1). The change of the cross-sectional area is of the value Amin = 0 to the maximum value Amax 
in the middle of a grain. Taking into account the elliptical change of this value a mathematical 
expression for the mean cross-sectional area As is derived (Pivnički, 2001): 
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where a and b are axis of the ellipse in the middle of a seed, i.e. its length and width. 
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Figure 1 Sheme of force action on seed  (1 – hold-down, 2 – seed, 3 - base) 

 
During the loading of the sample, the force and the medium stress increase to the critical value (point 
K in Fig. 2), when the destruction (rupture) occurs. It then reaches the maximum force Fmax. The 
average value of the normal stress at the critical value of force is: 
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During the execution of the experiments two characteristic cases were observed. In the first case the 
sample was crushed (ruptured) at the end of the test (Figure 2, left). In the case of a wetter seed, at the 
end of the test the seed was kneaded (Figure 2, right). In the latter case, the rupture force (critical 
force) Fmax could not be observed. The secant modulus of elasticity Es was determined only in the case 
of grain crushing (rupture) as: 
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where: Δlk - deformation at the maximum force Fmax, l - thickness of the seed before deformation and 

l
lk∆  - strain. 
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Figure 2 Two case of seeds destruction (left – seed rupture, right – kneading to seed) 
 
Seed viability is represented by the germination energy value. Germination energy, as a cold test, is 
determined by the standardized test (Rules, ISTA, 2003). 
Statistical analyses were performed using Microsoft Office Excel 2007. 

Results and Discussion  
The variance analysis was completed after data ordering. It proved that the factor of moisture content 
influences the seed volume. The correlation was tested by regression analysis. A mathematical model 
of power function, applied also by other authors, was selected. Good agreement between the model 
and the data was obtained (Fig. 3): 
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Figure 3 Influence of seed moisture content on the seed volume 
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The influence of seed moisture on the rupture forse (maximum force) is also significant. This is  
confirmed by varinace analysis. The correlation was tested by regression analysis, as well. The power 
function as a mathematical model has good value of coefficient of determination (Fig. 4): 
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Figure 4 Influence of seed moisture content on the rupture force 

 
The influence of seed moisture on the secant modulus of elasticity is significant, too, confirmed also 
by varinace analysis. The correlation was tested by regression analysis, as well. The power function as 
a mathematical model has very good value of coefficient of determination (Fig. 5): 
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Figure 5 Influence of seed moisture content on the secant modulus of elasticity 
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The correlation between the physical and biological properties is particularly interesting. The 
correlation between the germination energy En, as a biological indicator of the seed quality, and the 
rupture force, as a mechanical property of the seeds was analyzed. Analysis of variance confirmed the 
interdependence in this case, as well. Regression analysis tested the power function as a mathematical 
model. Good correlations were obtained (Fig. 6). These are: 
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Figure 6 The interdependence between energy of germination and the rupture force 

Conclusion   
The studies have confirmed that the moisture content and the varieties influence the basic physical and 
mechanical properties of soybean seed. This fact must be taken into account when developing new 
soybean selections. The harvesting, transport, processing, storage and sowing can mechanically 
damage the seeds. It is, therefore, important to know the correlation between the seed moisture content 
and its physical properties. 
It was found that greater firmness (rupture force) of the seed results in higher viability the seed. 
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