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A bstract In the present study, the change of
shape and the characteristic geometrical values of seed
and seed coat at various moisture contents, during seed
swelling and drying were determined. A preliminary study
was conducted to establish the time required for the strain
of seed coat after being dried to final moisture content.
The next series of drying tests was conducted to evaluate
the effect of different drying condition on the development
of stress and strain of pea seed coat. Three air velocities
and five temperatures were used as parameters of drying
tests. After each 10% loss of weight, the seed’s deforma-
tions were measured up to the total loss of moisture. The
resistance of seed coat to tension was studied for three pea
cultivars. This approach is more likely to lead to an under-
standing of the possible causes and mechanisms that affect
the cracking of the seed coat.
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INTRODUCTION

Pea seed quality is greatly affected by the
methods of harvesting and handling. In these
operations, seeds are repeatedly subjected to
many impacts on metal surfaces and against
other seeds. Impacts may result from the
threshing cylinder or rotor motion, movement
of buckets in vertical elevators, centrifugal dis-
charging, filling and discharging of screw conve-
yors, spouting and free-fall dropping [13,14]. In
almost all handling operations, seeds are acceler-
ated to some velocity and then discharged onto
stationary objects or other grains.

Assessment of physical properties of agri-
cultural products is required for the adequate
design of processing machines but their spe-
cific applications should be clearly understood
before they are experimentally determined [11].
The seed modulus of elasticity is a physical
property which has been suggested for the evalu-
ation of firmness and hardness [8]. It is also an
important property for the determination of the
stress cracks in seeds. However, in the study of
stress cracking due to drying of cereal grains
from about 25 % moisture content to about 14 %
moisture content, it is essential to understand the
variation of the elasticity modulus in relation to
moisture and to utilize its appropriate values at
different moisture [6,10].

The major problem in drying of legume
seeds with heated air is splitting of the seed
coat [7]. Temperature and moisture gradients
can cause stresses in the seed coat during dry-
ing. Overhults ef al. [12] observed physical
damage in soybeans during drying in the form
of indentations and cracks. This condition
makes the beans susceptible to microbial at-
tack during storage, and also reduces their ger-
mination potential [15]. In view of these
problems, there is a need, specially in the
legumineous seed industry, to find the opti-
mum combination of drying parameters which
will minimize seed coat cracking [9].

*This work was partly supported by the State Committee for Scientific Research, Poland, under grant No. 5 $306 01006.



302

B. DOBRZANSKL Jr., B. SZOT

A change in the seed shape during com-
pression caused increase of the surface area
surrounding cotyledon [2]. However, changes of
the moisture content of seed caused also consi-
derable deformation in its shape [4].

In this study, the change of shape, ex-
pressed by the characteristic dimentions as
well as the mechanical values of the seed coat
at various moisture contents, during swelling
and drying were determined. This approach
lead to the understanding of possible causes
and mechanisms that affect the cracking of the
seed coat.

MATERIAL AND METHODS

Three pea seed (Pisum sativum L.) culti-
vars: Szesciotygodniowy, Diament and Me-
teor were obtained from The Plant Breeding
Station. The samples were rewetted to deter-
mine the effect of moisture content on the ex-
pansion volume of pea seed. The dimensions
of pea seed were measured to the nearest 0.01
mm with a digitally micrometer caliper. The
subsamples were stored for 3 days at room
temperature (20°C). After that, seeds were
dried and at each 10% loss of weight, the seed
volume changes were measured up to total
loss of moisture.

A preliminary study was conducted to es-
tablish the time required for the strain of seed
coat after being dried to final moisture con-
tent. The second series of drying tests was
conducted to evaluate the effect of drying pa-
rameters on the stress and strain development
of the pea seed coat. To evaluate the effect of
drying conditions on the splitting of seed coat,
the samples were dried with air. The seed coat
ring samples were prepared according to the
method elaborated by Dobrzanski [3]. For this
purpose, the seeds were rewetted to a moisture
content of 35% (w.b.). At this moisture, pea
seeds were smooth with convex shape allow-
ing for an easy cut of the seed coat. A ring of
seed coat was cut from the wet seed by paral-
lel blades, avoiding the sprout. Each seed coat
sample was put into water for wetting till 70%
of moisture content was achieved. The time-
strain curves at different drying conditions were

obtained with 2630-107 Instron strain gauge
(Fig. 1). Three air velocities and four tempera-
tures were used as parameters of drying tests:

- 22°C,10.5m/s — 1;

- 22°C, 15.6 m/s —2;

- 42°C, 4.3 m/s —3;

- 52°C,10.5 m/s —4;

- 62°C,15.6 m/s —35.

The moisture content of the seed coat ring
decreased from 70% to 2% during drying. The
wet ring of seed coat was fixed to parallel cy-
lindrical hooks (Fig. 2). The single test was
stopped when the value of strain or force was
not changing in time (moisture content 2%).

The influence of drying on the force in-
duced in the seed coat was checked at the
same drying parameters. Hooks with the seed
coat ring were fixed with the measuring head
of the Instron testing machine. The time-force
curves were obtained and the values of stress
were calculated.

i

Fig. 1. 2630-107 Instron strain gauge with reversable
holders for seed coat ring.

Fig. 2. Seed coat ring on the hooks-holder.
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moisture. All the data of mechanical parame-
ters such as: deformation, force, work of de-
formation were collected. The modulus of elas-
ticity was determined at the elastic range of de-
formation from the force-deformation curve.

RESULTS AND DISCUSSION

The effect of moisture content on expan-
sion volume of pea seed is shown in the ex-
perimental results presented in Fig. 3. Seed
dimensions increased during swelling for all
pea cultivars. More distinctly effects of mois-
ture content on dimensions of pea were ob-
served in the initial phase of swelling. Further
seed’s filling, leads to the seed coat tensioning
till its disruption.
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Fig. 3. Characteristic dimentions d of pea seed at various
moisture contents, during seed swelling (from 8 % to
60 %) and drying (from 60 % to 0 %).

The influence of seedcoat on the rate of
weight loss during drying showed that re-
moval of water was limited by the seed coat
and the results presented in previous paper [5]
proved that this process was not rapid. The
moisture content of pea decreased from 60%
to 2% after 2 h of drying. All dimensions of
seed decreased during the process and expo-
nential relationship was observed (Fig. 4).
However, only dimension’s 4 and ¢ reached
similar values as before rewetting. The dimen-
sion a decreased during drying but volumetric
deformation in this case was not at all rever-
sible for most of the peas.

Rapid change of moisture content of the
seed coat during drying caused the shrinkage

i
10 W [%]
Fig. 4. Shrinkage of dimensions: a, b, and ¢ for Sze$cioty-
godniowy pea seeds during drying (W - moisture content).
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of the coat leading its stress. The sample
shrinkage for the Szesciotygodniowy cultivar
was shown in Fig. 5. The highest shrinkage;
26.3 % for the rudest condition of drying was
observed. When the drying conditions were
milder, sample shrinking was lower, and for
the mildest conditions (22°C at 10.5 m/s of air
flow) sample shrinkage was 18.3 %. The
shape of force-time curves (Fig. 6) was similar
to the shape of strain-time curves. However,
the time of 5 min was required to achieve the
maximum of force. The value of the force in-
duced by the shrink depended on the drying
conditions. The highest temperature at a high
rate of air flow affected the greatest values of
the force. When these conditions became
milder the values of the force were lower.
Similar values of strain (Fig. 5) and force (Fig.
6) for smooth peas of Diament cultivar were
obtained. The shrinkage of the seed coat for
Meteor peas showed values of the same range
(Fig. 5). However, the force caused by the
shrinkage of the seed coat for the wrinkled pea
of Meteor cultivar was lower than the tension
resistance of the seed coat (Fig. 6). At all the
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Fig. 5. Shrinkage & of seed coat and it’s maximum value
during drying at various parameters (1+5) for Sze$cioty-
godniowy Diament and Meteor pea cultivars.

parameters of drying, except the lowest tem-
perature of 22°C, the seed coat breakage was
observed.

The temperature changes of the air flow
during drying caused an increase of the stress
in the seed coat when temperature decreased
and coming back to the same level of force
when the temperature increased. The seed coat
dried at the highest temperature of 62°C in-
volves shrinkage force up to 6 N. After that
heating elements are disconnected and cold air

Fig. 6. Force F caused by the shrinkage of seed coat dur-
ing drying at various parameters (1+5) for Szeéciotygod-
niowy, Diament and Meteor pea cultivars.

drying caused the increase of shrinkage for
25 % more. This phenomenon was observed in
both smooth cultivars.

The results obtained at tensioning the
seedcoat belt shoved that an increase of the
moisture content involves an decrease of the
force at breakage. The relation between force
and moisture content was showed in Fig. 7 for
Szesciotygodniowy, Diament and Meteor cul-
tivars respectively. Cultivar’s differentiation
in the seed coat strength in tension test was



MECHANICAL PROPERTIES OF PEA SEED COAT |,

305

observed. However, modulus of elasticity de-
termined at a small deformation reflected me-
chanical behavior of seed coat more correctly.
Comparable parameters of exponential regres-
sion for all the peas (Fig. 8) showed similar
mechanical properties of the seed coat for the
cultivars studied.

Resuming, the measuring of geometrical
changes of seed and seed coat during swelling
and drying showed that a decrease of moisture
content involves shrinkage and leads to its

w [%]
Fig. 7. Tension force of the seed coat belt at brekage for
Szesciotygodniowy, Diament and Meteor pea cultivars (W
- moisture content).
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stress. The results obtained in all the experi-
ments concerning the strength of the seed coat
proved that frequently stress was higher than
the strength of the seed coat. Probably, it is
one of the most important reason of the seed-
coat cracking during drying. The rapid de-
crease of air temperature during drying
causing additional shrinkage of the seed coat
clarifies the origin of the coat cracking after
disconnection of the heating set in dryers, ob-
served in practice.
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Fig. 8. Modulus of elasticity of seed coat for Szescioty-
godniowy, Diament and Meteor pea cultivars (W - mois-
ture content).
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On the other hand, in the previous reports
concerning the shape deformation of convex
seed compressed between parallel plates it
[1,2] was indicated that under 30 % of seed
strain, there was no stress in the coat. How-
ever, for large deformations of non-elastic wet
seeds mechanical strength is mainly connected
with the resistance of the seed coat to tension.

CONCLUSIONS

1. Distinct effects of moisture on the dimen-
sions of pea seed were observed in the initial
phase of swelling. All dimensions of seed de-
creased during drying, however, volumetric defor-
mation is not at all reversible for most of the peas.

2. Shrinkage of the seed coat ring during
drying was higher than 26 % for all the pea
seeds. The air temperature seems to be the
most influential factor affecting the shrinkage
and split of the seed coat. Drying at a high
temperature of 62°C involves shrinkage force
up to 6 N. The increase of the temperature of
air flow during drying caused an increase of
stress in the seed coat. Additional increase of
the seed coat shrinkage by 25 % was caused
by disconnecting heating elements in the dryer.

3. The results obtained at a tension test of
the seed coat belt showed that, an increase in
the moisture content involves an decrease in
the force at breakage. Modulus of elasticity
was determined at small deformation and
comparable parameters of exponential regres-
sion indicated similar mechanical properties of
the seed coat for the three pea cultivars tested.

4. Rapid decrease of air temperature dur-
ing drying and the values of shrinkage stress
higher than the strength of the seed coat are
the most important reasons of the seed coat
cracking during drying.
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