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Summary. A study of the effect of nitrogen fertilization of bean crop on the value of energy 
needed to open its pods. Testing performed on pods of beans of Narew, Nida and Warta cultivars 
grown for dry seeds, with nitrogen fertilizers applied in doses of 0, 30, 60 and 90 kg·ha-1 prior to 
sowing. The susceptibility of bean pods to cracking was determined by pressure method. The pod 
opening energy for the tested bean cultivars varied and depended on the applied dosage of nitrogen 
fertilizers. Pods of Nida bean cultivar appeared to be the most susceptible to cracking. An average 
energy of 0.88 J was sufficient to open them. Pods of Narew bean cultivar appeared to be the most 
resistant to cracking, as their opening energy averaged at 2.35 J. Raising the dosage of nitrogen 
fertilizers from 0 to 90 kg·ha-1 led do a decrease in the value of energy needed to open pods of all the 
tested bean cultivars. Such a decrease was not statistically significant for Warta cultivar only. The rela-
tionship between pod opening energy and the dosage of nitrogen fertilizers had a form of linear 
function. 
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INTRODUCTION 
 

One of the major problems in cultivation of leguminous plants is the pod suscepti-
bility to cracking and shedding the seeds prior to and during harvest, with quite signifi-
cant consequential losses. Self-opening of pods occurs in the majority of narrow-leaf 
lupine cultivars [Szot and Tys 1979, Szwed et al. 1997, 2000, Strobel 2003] and signifi-
cantly less in case of beans cultivated for dry seeds. This susceptibility of beans to burst 
cracking manifest itself with seed shedding during harvest as a result of action of work-
ing units of harvesting machines, mainly various devices for plant cutting or undercut-
ting, reels and pick-ups [Furtak and Zaliwski 1986, Kuźniar and Sosnowski 2003].  

In order to define suitable design and operating parameters of machines for bean 
harvesting, as well as correct harvesting time, it is important to learn about factors that 
determine the susceptibility of the fruit of that plant to burst cracking [Szot and Tys 
1979, Kuźniar and Sosnowski 200] 

The pod susceptibility to cracking is determined, among others, by the fiber content 
and structure in pod walls and seams, which in turn is significantly affected by meteoro-
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logical conditions during plant vegetation period as well as the type and quantity of the 
applied fertilizers [Korohoda 1969, Hejnowicz 1985, Woyke and Gabryl 1987, Dorna, 
Duczmal 1994]. 

The purpose of this research was to assess the effect of varied nitrogen fertilization 
on the level of energy needed to open bean pods. Nitrogen fertilizers were applied just 
once, prior to sowing, in doses of 0, 30, 60 and 90 kg·ha-1 (as pure ingredient). 

 
 

MATERIAL AND METHODS 
 

The tests were carried out on pods of beans grown for dry seeds, Narew, Nida and 
Warta cultivars, which came from the experimental field of the Production Engineering 
Department of the Rzeszow University. Refer to Table 1 for the characteristics of the 
tested pods of bean cultivars. 

 
Table 1. Pod characteristics (average values) of the tested bean cultivars 

Specification Narew Nida Warta 

Dimension of pods, mm: 

Length 

Width 

Thickness 

Number of seeds in a pod 

 

108.3 

9.2 

8.3 

4.7 

 

87.5 

9.2 

8.3 

4.0 

 

90.9 

10.0 

8.8 

4.5 

 
The pod susceptibility to burst cracking is determined by the pressure method 

[Szwed et al. 1997, 2000, Kuźniar and Sosnowski 2000, Strobel 2003]. It consists in 
pressing compressed air into a pod through a special needle and measuring the level of 
pressure at which the pod seams become torn apart. The diagram of the measuring stand 
is presented in Fig. 1.  

An extensometric pressure sensor, coupled with a computer through a measuring 
desk, was applied for the measuring of incremental pressure flowing into the tested pods. 
The ‘IP-Coach 4.0’ software program, installed in the computer, enabled the recording 
of pressure curve in the course of pod filling and reading its value. 
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Fig.1. Total device: 1 – pump, 2 – compressed air bank, 3 – pressure gauge, 4 – cut-off-valve,  

5 – T-tube, 6 – needle, 7 – pod, 8 – pressure sensor, 9 – computer 
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The pod opening energy was calculated from the formula [Strobel 2003]: 
 

pVE
2

3
=  

where: 
E – pod opening energy, J, 
p – air pressure in the pod at the moment of its burst cracking, Pa, 
V – approximate pod volume, m3. 

 
The approximate pod volume was calculated as the volume of a cylinder, with its 

height equal to its length and elliptic cross section with axes equal to pod width and 
thickness in its middle part, from which the volume of pod seeds was deduced. The seed 
volume was calculated as the product of seed number in the pod and the mean volume of 
seed determined with pycnometer. 

The measurements of bursting pressure were carried out on 30 pods for each vari-
ant, with the pod moisture within the range of 14,5–16%.  

The obtained results were statistically processed. 
 
 

RESULTS 
 

On the basis of ANOVA, it was found that bean cultivar and nitrogen doses had a 
significant effect on the value of energy necessary for pod bursting. On the basis of the 
obtained results, as presented in Table 2, the pods of the Nida cultivar exhibited the 
highest susceptibility to burst cracking, as they required mean opening energy of only 
0.88 J. The lowest susceptibility to burst cracking was shown by pods of the Narew 
cultivar, which cracked at mean energy of 2.35 J. 

The analysis of significance of differences using the NIR test (Tab. 2) showed that 
all the tested varieties differed significantly in respect to their mean value of energy 
necessary for bursting their pods. However, in the analysis of the value of bursting en-
ergy for the tested varieties, with various levels of fertilization, the observations showed 
no significant differences, in respect to that parameter, between Nida and Warta cultivars 
for the first three doses, and no significant differences between Narew and Warta culti-
vars for the fourth dose of the fertilizer. 

 

Table 2. Energy of pod opening, J 

Nitrogen fertilizer dose, kg·ha-1 Cultivar 
0 30 60 90 

Average A 

Narew 
Nida 
Warta 

3.41c 
1.23b 
1.73a 

2.40b 
  0.83ab 
1.32a 

2.36b 
0.83ab 
1.35a 

1.22a 
0.62a 
1.42a 

2.35c 
0.88a 
1.46b 

Average B 2.13c 1.52b 1.51b 1.09a  

a,b,c – different letters signify significant differences, as per LSD test.  
 

The obtained research results (Tab. 2, Fig. 2) indicate that the pod opening energy 
for Narew and Nida cultivars became reduced with growing quantity of applied nitrogen 
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from 0 to 90 kg·ha-1 by approx. 64% and 50%, respectively. The Nida variety showed the 
lowest value of pod opening energy at the dose of 30 kg·ha-1. Further raising of nitrogen 
quantity raised this energy insignificantly, so that, at the dose of 90 kg·ha-1 pods were 
opened with the energy lower than that at zero dose, i.e. they continued to be more sus-
ceptible to burst cracking.  

The relationship of pod opening energy on the dose of nitrogen fertilizers was of 
linear function character (Fig. 2). The fertilization had the highest effect on rising sus-
ceptibility of pods to burst cracking for the Narew cultivar and the lowest effect on that 
characteristic for the Warta cultivar. Raising the nitrogen dose in those cultivars by 1 kg 
resulted in the mean reduction of the energy needed for pod opening by 0.022 J and 
0.0061 J, respectively. 

 

E  = -0.022D N + 3.339

R2 = 0.9091

E  = -0.003D N  + 1.59

R2 = 0.3817

E  = -0.0061D N + 1.1556

R2 = 0.8567
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Fig. 2. Energy of pods opening (E) versus nitrogen fertilizer dose (DN) 

 
 

CONCLUSIONS 
 

1. The pod opening energy for the studied bean cultivars differed, and it depended 
on the dose of the applied nitrogen fertilizers. 

2. The Nida cultivar appeared to have pods most susceptible to burst cracking. The 
mean energy of 0.88 J was sufficient to open them. The Narew cultivar had pods most 
resistant to burst cracking, as their opening energy averaged at 2.35 J.  

3. Raising of the dose of nitrogen fertilizers from 0 to 90 kg·ha-1 caused a reduction in 
the value of energy needed to open pods of all the studied bean cultivars. That reduction was 
not statistically significant for the Warta cultivar only. 
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4. The dependence of pod opening energy on the dose of nitrogen fertilizers had a 
character of linear function. 
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