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Summary. The study presents the correlations of bean pod open-
ing energy in the varieties Narew, Nida, Warta and Wawelska 
with their geometric features and strength properties of selected 

-

layers as well as lower ration of the thickness of parenchyma and 

to tearing, whose sclerenchymatous connections of the dorsal 
seam are more resistant to tearing and the abdominal seam are 
less resistant.
Key words: bean pod, elements of construction, strength prop-
erties, energy of pod opening.

INTRODUCTION

One of the unfavourable features of legumes is their 
susceptibility to cracking their pods and seeds falling out 
before and after harvesting [6, 12, 18, 19].

Susceptibility of pods to cracking is a variety feature 
and is conditioned by their anatomic and morphological 
structure. The main feature allowing the breaking of the 
pod is the structure of its endocarpium in which there is 

-
enchymatous cells located diagonally to the axis of the fruit. 

walls, during drying they shrink in various directions and 
there is the breaking of the pod along with the ventral and 

internal structure of the pods are the content and structure 

[3, 5, 9, 11, 24].
The susceptibility to cracking is also conditioned by 

their shape in the layer of the transverse section [10, 21].
The aim of the work was to determine the geometric 

features and strength properties of selected elements of the 

structure of the pod and comparing them with the suscep-
tibility to cracking of these fruits whose opening energy is 
measured and determined by the pressure method.

MATERIAL AND METHODS

The research was carried out in 2008-2010. Bean was 
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The research was conducted on pods of bean cultivated 
on dry seeds of the varieties: Narew, Nida, Warta and 
Wawelska, which were characterized by varied seed and 
pod sizes (Tab. 1).

Pod dimensions were calculated using an electronic 
slide calliper with the accuracy of 0.01 mm. Length was 
measured from the beginning of stalk to the peak, and 
width and thickness in cutting plane of perpendicular to 
main axis of the fruit, leading through its centre. Thick-

measured using an electronic dial gauge with the accuracy 
of 0.001 mm. Surface of cross section of the analyzed pod 
structure elements was calculated as a product of width 
and thickness.

The shape factor, s
f
, was determined as the ratio of pod 

width to its thickness:

e

d
s f

, (1)

where:
s

f

d

e

Strength research covers such pod structure elements as:
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The research was conducted with the use of the testing 

the following structure elements were determined: critical 
stress, modulus of elasticity (Young’s modulus) and defor-

seam sclerenchyma bundles from the other tissues, bundles 
were placed for 15 minutes in boiling water. Parenchyma 
tissues macerated in this way were removed (scraped off) 
with a blunt side of a scalpel so as to not damage scleren-
chyma [11]. For the purpose of resistance tests ca 2 mm 

Energy required to open a pod was calculated with the 
pressure method which is based on bursting a pod by com-
pressed air [15, 21]. Air volume in a pod was determined 

Measurements were conducted on 80 pods for each of 
the tested varieties with their humidity within the range of 
12.4-13.8%.

The result was statistically analyzed with Statistica 
9 program, with which the variance analysis and LSD sig-

RESULTS

The least susceptible to cracking (Fig.1) were pods of 
the Narew variety, which needed the energy of opening 
amounting to 258.1 mJ, on average. The greatest suscepti-
bility occurred in the pods of Nida variety, which opened 
at the energy of 125,1 mJ, on average. The performed test 
LSD indicated that due to the average values of pod open-

statistically different.

Fig. 1. Energy of pods opening on bean varieties
-

The pods of Wawelska variety (Tab.1) were statisti-
-

est (10.4mm) and with the greatest shape factor (1.28) and 
Narew the thickest (8.9mm). The shortest pods (96.8mm) 
were the Nida and the narrowest (9.7mm) and the thinnest 
(7.9 mm) were the Warta. The lowest shape factor (1.14) 
was found for the Narew variety.

Geometric characteristics of bean pods and their 

Dimension of pods [mm] Shape fac-
tor of podLength Width Thickness

Narew
Nida
Warta
Wawelska

101.7b
96.8a

113.2c
118.6d

10.2b
10.4b
9.7a

10.2b

8.9b
8.1a
7.9a
8.6b

1.14a
1.28d
1.24c
1.19b

Correlation 

energy of open-
ing the pods

0.5335 -0.3302 0.6505 -0.9256

The energy of bean pod opening was highly and pos-
itively correlated with the length (0.5335) and thickness 
(0.6505) of pods and negatively, on average, with their width 
(-0.3302) and almost fully with the shape index (-0.9256). 
It means that the bean varieties whose pods are longer, nar-

the conclusions of Szwed et. al. [20, 21], namely, that pods 
with greater convexity are easier to be opened as the lower 
curvature radius causes an increase of the arm of the moment 
of pod shell bending in the perpendicular plane towards the 

shall be assumed that the susceptibility to cracking pods in 
the analysed varieties, is conditioned by other features [13].

Average values sclerenchematic of bundles abdom-
inal (A) and dorsal (D) seam on bean pods and their correlation 

-
tion

Seam 
bundles

Narew Nida Warta
Wawel-

ska

Correla-
tion coef-

Thickness
[µm]

A
D

178.4b
172.7ab

189.3bc
181.1b

157.6a
160.0a

194.2c
204.5c

-0.1952
0.0425

Width
[µm]

A
D

706.5cII
616.8bI

628.3bII
584.9bI

571.9aII
531.7aI

652.9bII
587.5bI

0.4458
0.2307

Surface 
of cross 
section 
[mm2]

A
D

0.129bII
0.108bI

0.120b
0.107b

0.092a
0.087a

0.128b
0.122c

0.1810
0.1509

Width/ 
Thickness

B
G

4.24bII
3.79bI

3.57a
3.44b

3.88a
3.54b

3.60aII
3.02aI

0.6589
0.1108

* different letters in line and Roman numerals in column 

Analysing the results included in Table 2, it must be con-
-

ised by greater dimensions, section area and the ratio of width 
and thickness than the bundles of the dorsal seam, except for 
the varieties of Warta and Wawelska, in which the bundle of 

were the bundles of the abdominal seam in all of the tested 
-
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tion area of the abdominal suture bundle was characteristic 
of the pods of Narew variety, and the ratio of the width and 

greater than in the varieties of Narew and Wawelska. With 
exception of the bundle width of the dorsal seam, the greatest 
dimensions and transverse section area were in the pods of 
Narew and lower in the pods of Warta varieties.

-
ly greater damaging pressure, deformation and conventional 
module of elasticity from the bundles of the abdominal seam, 

greater value characterised the module of elasticity of the 
bundle of the abdominal seam. The sclerenchymatous bun-
dles of the abdominal seam had the greatest resistance to 
tearing and deformations in the Warta pods, however, the 
greatest module of pod elasticity belonged to the Wawelska 
variety. The lowest stress, deformation and module occurred 
in the bundles of the abdominal seam in the Nida pods. The 
lowest stress and module for the bundles of the dorsal seam 
were noted in the pods of Warta and deformation in the 
variety of Narew. For the bundles of the dorsal seam, the 
greatest stress and module were noted in the pods of Warta 
and deformation in the variety of Narew, and the module of 
elasticity in the variety of Narew.

Strength properties of sclerenchematic bundles ab-
dominal (A) and dorsal (D) seam on bean pods and correlation 

Specification
Seam 

bundles
Narew Nida Warta

Wawel-
ska

Correla-
tion coef-
ficients

Critical stress 
[MPa]

A
D

84.95I
113.86II

59.04I
121.02II

105.57
112.51

90.03I
125.66II

0.7049
-0.2476

Deformation
[%]

A
D

5.52
6.49

4.99
7.96

6.69
7.75

5.35
7.46

 0.3460
-0.7811

Modulus 
of elasticity 
[MPa]

A
D

1875.8
1977.0

1535.6
1712.2

1715.3
1600.9

1979.8
1864.5

0.8951
0.5887

*different letters in line and Roman numerals in columns 

The energy of bean pod opening was positively corre-
lated with the strength parameters of the abdominal seam 
bundles, however, much higher with the damaging stress 
and conventional module of elasticity and with deformation 
on average. It means that the varieties of beans whose bun-
dles of sclerenchymatous abdominal seam are characterised 
with greater values of the analysed strength parameters 
need a greater energy of opening, i.e. they are less suscep-
tible to breaking. The correlation indexes of the energy of 
opening with the damaging pressure and deformation of 
the bundles of the dorsal seam were negative, however, 
along with the module of elasticity, they were positive. The 
obtained values of correlation indicate that for the opening 
pods whose sclerenchymatous bundles of the dorsal seam 
are less resistant to tearing and undergo less deformations 

and are characterised with a greater module of elasticity, 
greater energy is needed.

The greatest thickness of the shell (282.4µm), parenchy-
-

was noted in the pods of the variety of Wawelska (Tab.4). 

layer (67.7µm) and the ratio of parenchyma thickness and 

The pods opening energy was correlated very highly with 

-

-
tion

Thickness [µm] Ratio of paren-
chyma thickness Shell

pods
Fibre
layer

paren-
chyma

Narew
Nida
Warta
Wawelska
Average

232.6b
172.6a
187.5a
282.4b
218.8

84.9b
67.7a
71.3a
99.1c
80.8

147.7b
104.9a
116.2a
183.3c
138.1

1.74c
1.55a
1.63b
1.85d
1.69

Correlation
0.7121 0.7045 0.7150 0.8018

A positive correlation of the energy of bean pod opening 

to open pods. However, the easiest opening of pods with 

lupine pods [16, 24, 25] and lotus corniculatu, and siliqua. 
It may mean that the susceptibility to breaking in the pods 
of the tested varieties of beans are also determined by other 

walls, the weaker the cracking [25]. The very high corre-
lation of opening energy with the thickness of parenchyma 

that the thicker is the part of the pod shell in relation to the 

resistance to tearing (170.3MPa) and deformations (8.2%). In 
the pods of Warta, however, the greatest module of pod elas-
ticity was found (2296.9MPa). The lowest values of the de-

the pods of Narew variety (damaging stress 119.18MPa, elon-
gation by 6.13% and the module of elasticity 1958.75MPa).

The energy of bean pod opening was highly correlated 

with their deformation and the module of elasticity. It may 

strength parameters.
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Varieties
Critical stress 

[MPa]
Deformation

[%]
Modulus of elas-

ticity [MPa]

Narew
Nida
Warta
Wawelska

127.9ab
119.2a
145.0b
170.3c

6.28a
6.13a
6.35a
8.20b

2040.5a
1958.8a
2296.9b
2078.8ab

Average 140.6 6.74 2093.8

Correlation
0.5052 0.3912 0.3575

CONCLUSIONS

1. The pods which are the least susceptible to cracking 

greater opening energy amounting to 258.1mJ. The most 
susceptible to cracking were the pods of Nida variety, 
where the necessary energy amounted to 125.1mJ.

1. The energy of bean pod opening was highly and posi-
tively correlated with the length (0.5335) and thickness 
(0.6505) of pods and negatively, on average, with their 
width (-0.3302) and almost fully with the shape index 
(-0.9256). It means that the bean varieties, whose pods 

-
verse section are more resistant to cracking.

2. The bundles of the abdominal suture were characterised 
by greater dimensions, section area and the ratio of width 
and thickness than the bundles of the dorsal seam, except 
for the varieties of Warta and Wawelska, in which the 
bundle of the dorsal seam was slightly thicker.

-
er damaging pressure, deformation and conventional 
module of elasticity than the bundles of the abdominal 
seam, except for the variety of Wawelska in which an 

of elasticity of the bundle of the abdominal seam.
4. For the pods of bean varieties whose sclerenchymatous 

bundles of the abdominal seam had greater values of the 
analysed strength parameters, whose sclerenchymatous 
bundles of the dorsal seam were less resistant to tearing and 
underwent fewer deformations and were characterised by 
a greater module of elasticity, greater energy was needed.

along with the greater ratio of parenchyma and layer of 

-
est resistance to tearing (170.3MPa) and deformations 
(8.2%). In the pods of Warta, however, the greatest mod-
ule of pod elasticity was found (2296.9MPa). The lowest 

layer were noted in the pods of Narew variety: damaging 
stress 119.18MPa, elongation by 6.13% and the module 
of elasticity 1958.75MPa.

7. The energy of bean pod opening was highly correlated 

with their deformation and the module of elasticity, i.e the 

of strength parameters were less susceptible to cracking.
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