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below 8.5 (Korunić, 1997). The insecticidal effect of DE is due to physical damage of protective 
wax layer of the insect‘s cuticle (Mewis and Ulrichs, 2001). DE particles absorb waterproof lipids 
from insect’s cuticule, destroying epicuticular lipid layers which lead to heavy water loss and 
eventually desiccation of insects. DEs are effective for controlling stored product pests when 
applied as structural treatment on walls and floors, on the surface of grain bulks and also by 
admixing with grain (Arthur, 2003). However, since it was found that DE reduces the grain bulk 
density, affects the flow characteristics of bulk grain (flowability), and also leaves visible dust 
residues and causes health concerns it is recommended primarily for surface treatments (Aleen, 
2001). Several DE products are commercially available and registered for stored product protection. 
The product SilicoSec® (Biofa GmbH) was the first approved for use in Germany in 1997 (Mewis 
and Ulrichs, 2001) and has a wide use. Due to differences in DE efficacy as a result of chemical 
composition, particle size and origin, it is necessary to evaluate every new preparation based on DE.  

This work aimed to assess the contact efficacy of DE from Kolubara open-pit mine (Serbia) in 
comparison to SilicoSec® against: a) P.interpunctella larvae, as one of the most polyphagous inset 
species; b) T. confusum, the most significant secondary pest of a number commodities, that is hard 
to control and c) A. obtectus, a major pest of the common bean and other leguminous crops. 

  
MATERIAL AND METHOD 

Laboratory studies were performed to evaluate the contact efficacy of diatomaceous earth 
originating from Kolobuara open-pit mine (Serbia), in comparison to SilicoSec®, a commercial 
preparation (uncalcinated diatomite manufactured by Biofa, Germany), as a standard control to inert 
dust, against P. interpunctella larvae, T. confusum and A. obtectus adults.  

 
Determination of DE particle size 
The DE from Kolobuara open-pit mine was tested for physical characteristics. Particle size 
distribution was determined using a Malvern Mastersizer 2000 particle size analyser, capable of 
analysing particles between 0.01 and 2000 lm. The Malvern Mastersizer 2000 records the light 
pattern scattered from a field of particles at different angles. The device uses an analytical 
procedure to determine the particle size distribution that created the patterns. The measurements 
were performed with automated dry dispersion unit Scirocco 2000. Prior to measuring several 
testing were performed in order to select optimal measuring condition: feed rate and nozzle 
pressure. Selected feed rate provide adequate obscuration in range 3.26-4.15%. Selected nozzle 
pressure of 2 bars gave good reproducibility of results for all samples. The sample was analysed in 
three replicates. The results were recorded as the particle volume percentages. 
The obtained volume-based particle size distribution was broad and showed particles diameter in 
range from 0.3 μm to 700 μm. The most common value of the frequency volume based distribution 
(mode) was 15 μm. The d (0.5), values indicate 50% of the particles measured were smaller than or 
equal to the size stated (median) - was 16 μm. SilicoSec®® consisted of majority particle size 
between 2–18 μm. 
 
Test insects 
The insects used in this research originate from the populations reared at Institute of Field and 
Vegetable Crops, Novi Sad, Serbia. P. interpunctella culture originates from the population reared 
for ~50 generations on standard a laboratory diet in a thermostat chamber (28±1ºC, r.h. 60±10%, 
photoperiod 14:10 (L:D)). T. confusum experimental population is reared on substrate made of 
wheat and maize flour (ratio 1:1) and yeast (5%) at 26 ±1°C and relative humidity 60 ±5%. A. 
obtectus population is being maintained the laboratory at large size (about 1000 individuals) for 
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more than 20 generations, on common bean seeds (Phaseolus vulgaris L.) under controlled 
conditions (27 ±1ºC, relative humidity 65 ±5%, photoperiod (L16: D8).. 

 
Bioassay 
Two DE formulations (DE from Kolubara and SilicoSec®) were applied on glass Petri dishes (Ø 9 
cm) at rates 5, 10, 15 and 20 gm-2. Dusts were dispersed over the glass surface, after which, 20 
insect specimens were placed inside dishes (P. interpunctella larvae of L4-5 stage, for beetles, 
unsexed adults were used). Mortality was evaluated after 24, 48, 72 h and seven days of exposure. 
Clean Petri dishes served as the control. After  the  exposure  periods,  the  insects  were  considered  
dead  when  unable of walking or flying when touched with fine brush. Three  replicates  were  used 
for  each  dose  and  exposure  period  and  a  control  treatment.   
The differences in mortality, depending on the preparation and concentrations applied, were 
analyzed using one-way ANOVA, Duncan’s multiple range test (confidence interval 95%) in 
statistical software SPSS 21. 

 
RESULTS AND DISCUSSION 

The effect of DEs applied at 5, 10, 15 and 20 gm-2 on P.interpunctella, T. confusum and A. obtectus 
are presented on Figs. 1-3. The mortality of tested insect species increased with the increase of 
concentration as well as the exposure period in treatments with both DEs. 
P. interpunctella 

Lower rates (5 and 10 gm-2) of both applied DEs (SilicoSec® and Kolubara DE) caused low 
mortality of P. interpunctella larvae, regardless on the exposure period (Fig. 1.). The mortality 
ranged from 0.0-5.4% after 24 h of exposure, 0.0 -12.0 % after 48 h and 5.0-26.2% after 72 h. The 
differences between treatments and rates within one treatment after 24 h and 48 h of exposure  were 
not statistically significant (F=0.11NS, 7.14NS, p>0.05, respectively). In treatments with higher 
rates of SilicoSec® (15 and 20 gm-2) the mortality ranged from 1.4 to 26.2%, after shorter exposure 
(24, 48 and 72 h). However, significant mortality of P. interpunctella larvae was recorded after 
seven days of exposure to higher rates (15 and 20 gm-2), 48.0 and 54%, respectively. After seven 
days, the differences between mortalities among treatments and rates within one treatment were 
highly significant (F=111.65**, p<0.01, respectively). DE from Kolubara was as effective as 
SilicoSec® at higher rates (15 and 20 gm-2), causing larval mortality of 45.6 and 58.5%, 
respectively after seven days. Lower rates (5 and 10 gm-2) and shorter exposure (24, 48 and 72 h) 
were low effective (0.0-26.0% mortality). These results are in accordance with previously published 
research of Gvozdenac et al. (2018) that indicate at high efficacy of SilicoSec®, but only after long 
exposure and at maximum rate (20 gm-2). Similar results were presented by Subramanyam et al. 
(1998) who tested the efficacy of DE product Insecto against P. interpunctella 5th larval instars. At 
the same application rates as in our study authors reported significantly lower efficacy (10-70%) on 
5th larval instars compared to the efficacy on 1st larval instars (99.5-100%), indicating at higher 
susceptibility of younger larvae to insecticidal effects of DE products than mature larvae.  
In treatments with SilicoSec® and Kolubara DE, the pupation of P. interpunctella occurred faster 
compared to the control. This was also confirmed in previous reports of Gvozdenac et al. (2018b). 
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Figure 1. The effect of DE from Kolubara open-pit mine and SilicoSec® on P. interpunctella larvae 
 
T. confusum 
The mortality of T. confusum was low (0.0-34.1%) after 24, 48 and 72 h at all applied rates and in 
both treatments. SilicoSec® caused significant mortality of confused beetles at rates 15 gm-2 and 20 
gm-2, only after seven days (54.1 and 84.3%, respectively). Mortalities caused by DE from 
Kolubara were at the same level of significance with SilicoSec®. After seven days the efficacy was 
49.2% at 15 gm-2 and 78.2% at 20 gm-2. Differences between mortalities after seven days at the 
same application rate were not significant (F=70.1NS, 101.4NS, p>0.05). The results are in 
accordance with reports from Collins and Cook (2006) who tested the efficacy of SilicoSec®® 
against T. castaneum. It was proven to be a very effective treatment causing the mortalities from 93-
100% after seven days of exposure. Similar results were obtained by Scholler and Reichmuth 
(2010), indicating that at different surfaces the efficacy of SilicoSec® ranged from 79% to 100%. 

 

 
Figure 2. The effect of DE from Kolubara open-pit mine and SilicoSec® on T. confusum adults 

A. obtectus 

SilicoSec® and DE from Kolubara did not cause significant mortalities of A. obtectus adults after 
24 h, regardless on the applied rate (6.2-28.1%). However, after 48h SilicoSec® caused mortality of 
61.5%, and DE from Kolubara 58.0% at the highest rate (20 gm-2) and the values are at the same 
level of significance (F=72.01NS, p>0.05). After 72 h, both DEs expressed strong insecticidal effect 
at higher rates (15 and 20 gm-2). SilicoSec® caused mortality of 49.4 and 82.1%, respectively, and 
DE from Kolubara 56.7 and 78.5%, respectively. Differences were not significant (F=1.7NS; 
6.52NS respectively, p>0.05). The results of Jumbo et al. (2019) revealed that A. obtectus mortality 

e 
e 
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caused by DE was dose, temperature and exposure period dependent, which was also proven in this 
work, for dose (application rate) and exposure. The authors suggest that DEs have the potential to 
be used as an effective tool for managing A. obtectus infestations in stored beans, which can also be 
concluded form this research. 

 

Figure 3. The effect of DE from Kolubara open-pit mine and SilicoSec® on A. obtectus adults 
 
Storage insects express different susceptibility to inert dusts due to morphological, physiological 
and ecological characteristics of each species (Kljajić et al, 2011), as was proven in this work. 
Additionally, Jumbo et al. (2019) underlined that the insecticidal efficacy of DE is affected by 
abiotic factors (temperature, humidity, exposure period etc.), as mentioned, but also by biotic 
factors (insect species, physiology, behaviour, age etc.). Different insect species in our work 
expressed different susceptibility to DEs, regardless on their origin and concentrations. 

 
CONCLUSION 

This work aimed to evaluate the efficacy of DE originating from Kolubara open-pit mine in 
comparison to commercial preparation SilicoSec®. DE from Kolubara expressed similar 
insecticidal activity as SilicoSec®, against all three tested insect species (P. interpunctella, T 
confusum, A. obtectus), given that mortalities did not differ statistically. Both DEs were the most 
effective when applied at higher rates (15 and 20 gm-2) and the highest mortality was achieved after 
72 h and seven days of exposure.  The results indicate that both DEs, DE from Kolubara open-pit 
mine in particular, can be used as an additional surface treatment method in storages for preventing 
the infestation with P. interpunctella larvae and T.confusum and A. obtectus adults.  
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ABSTRACT 
Increasingly present economic, social and environmental tensions require long-term and designed 
solutions for which many countries do not have satisfactory development potential. 
Competitiveness is a key assumption for increasing well-being of any country and a satisfactory 
level of competitiveness cannot be achieved without a proper transformation of the existing 
innovation ecosystem. The combination of the development of innovation potentials and national 
cultural characteristics can provide answers to many dilemmas and ways of achieving the desired 
development goals. Holding the attitude that sustainable development is a synergistic effect and a 
common denominator of energetics, agriculture and ecology, and that the state of resources related 
to energetics and agriculture in Serbia is better than their effectiveness, cultural pattern is 
introduced into the development equation in order to see this state of affairs through the prism of 
the prevailing cultural pattern of Serbia. 
Key words: cultural pattern, energetics in agriculture, innovation, competitiveness 
 

INTRODUCTION 
In complex and change-prone modern business conditions, the struggle for existence requires 
increasingly more authentic and innovative ways of achieving competitiveness. The word 
development, regardless of  the context in which it is used, always implies a favorable change, a 
step from simple to complex, from inferior to superior, from worse to better. Ecologist Haeckel 
viewed development as a magic word “with which we will solve all the mysteries that surround us 
or, at least, that which will guide us toward their solutions“. 
Competitiveness ia a key assumption of increasing well-being of any country, and a satisfactory 
level of competitiveness cannot be achieved without a proper transformation of the existing 
innovation ecosystem. For almost two decades, the World Economic Forum (WEF) has provided, 
based on the Global Competitiveness Index, an opportunity for countries to gain insight into the 
degree of competitiveness they achieve, while making recommendations for overcoming the 
problems on the way of achieving the desired economic growth. Observed in the last ten years, 
Serbia cannot boast of a high level of competitiveness. It is especially worrying that innovations are 
at the top of the list of the World Economic Forum's proposals for improving Serbia's 
competitiveness, emphasizing that the values of innovation and business sophistication factors 
indicate that, in this competitiveness subindex, Serbia lags even behind the EU countries with the 
lowest values of this indicator.   
It is an indisputable fact that there is concern about this situation, and numerous authors make 
certain diagnoses, structure certain strategies and offer certain development models. Some models 
have many advantages, but also the same disadvantage the other models dealing with the issue of 
(sustainable) development suffer from. This paper relies on the statement that „the model with no 
place for culture is empty“ (Douglas & Ney, 2003). Holding the attitude that sustainable 
development is a synergistic effect and a common denominator of energetics, agriculture and 
ecology, culture,  ie. cultural pattern, will be introduced into the development equation. 

mailto:rlecic@tehnikum.edu.rs
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Given that the state of resources related to energetics and agriculture in Serbia is noticeably better 
than their effectiveness, this state of affairs will be seen through the prism of the prevailing cultural 
pattern of Serbia.  

MATERIAL AND METHOD 
The paper aims, by pointing out specifics of national culture and explaining its five cultural 
dimensions created by the Duch author Hofstede, to help understand the influence of national 
culture in terms of solving the basic development problems of a particular society. Discovering this 
influence in the context of sustainable development as a field of synergistic action of energetics, 
agriculture and ecology is achieved primarily by collecting, studying, analyzing and systematizing 
available literature, expert papers, theoretical approaches etc. 
In response to increasingly fierce competition, there is a growing need for creative solutions and 
continuous innovation. Given that agriculture is viewed in the context of sustainable development, 
it is assigned an important role in environmental protection, with a significant place belonging to 
energetics, ie. renewable energy sources. The increasing importance of agriculture as an energy 
source is becoming more noticeable. In the analysis of economic performances of national 
economies, the concept of competitiveness is used, where the Global Competitiveness Index, due to 
integration of a large number of components, is most in use. The findings of the World Economic 
Forum repersent an analytic basis for determining mutual conditionality of the prevailing cultural 
pattern and, related to the topic of this paper, competitiveness driven by innovation as one of the 
three drivers of competitiveness.  
The research focus of this paper is Serbia and the analysis of the value dimensions of Serbian 
national culture. Using a comparative research method, the research focus includes the value 
dimensions of the national culture of Denmark, which is, according to the values of the Global 
Competitiveness Index, among the best ranked countries on the list of the World Economic Forum 
(WEF). What makes Denmark worth considering is the idea of constant progress in every sense, 
from innovation, through sustainability and equality, to trust and openess. What makes it 
exceptional is its aspiration to create a “green“ and sustainable society that is supposed to draw all 
its energy from renewable energy sources by 2050. Without such a comparative analysis, it is not 
possible to notice cultural-universal and cultural-specific contents of different cultures and their 
significance. An additional goal is to analyze the cultural dimensions to point out the importance of 
an interdisciplinary and systemic approach, necessary in a time fraught with numerous dilemmas 
and unresolved issues of sustainable development. 

 
RESULTS AND DISCUSSION 

A cultural pattern represents “the way  people, during development, adopt a certain culturally 
specific way of behavior, beliefs, attitudes toward the self and others“ (Nikolić, Miladinović, 2012), 
whereby the cultural matrix “affects the behavior, opinion and feelings of all or most members of 
the national collective“. 
Based on the research conducted in the 1970s and 1980s, Hofstede (Hofstede, 2010), viewing 
culture as a multidimensional concept, created the basic dimensions by which it is possible to 
distinguish national cultures: Power Distance (PDI), Uncertainty Avoidance (UAI), 
Individualism/Collectivism (IDV), Masculinity/Femininity (MAS) and the fifth dimension, 
introduced in 1987, Long-Term/Short-Term orientation in time  (LTO). In the context of this paper, 
it is extremely important to understand that these dimensions (Hofstede, 2001) can serve as a good 
framework for categorizing national cultures and their levels of resistance to change. The cultures 
that show the strongest resistance to change are characterized by a high index of power distance, a 
low index of individualism and a high index of risk and uncertainty avoidance.  
The power distance refers to “the degree to which less powerful members of organizations and 
institutions in a country accept the fact that power is distributed unequally“ (Hofstede, 2001). High 
power distance is associated with unequal distribution of power in society as well as in 
organizations, and is considered as normal, natural, efficient and the only sustainable state. Low 
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power distance assumes that equal power distribution in society is good and desirable. Uncertainty 
avoidance refers to “the degree to which the members of a culture feel threatened by ambigous and 
unknown situations“ (Hofstede, 2001). National cultures with a high level of uncertainty avoidance 
are characterized by a very low propensity for change, fear of the unknown, as well as a low 
tolerance for any differences. Individualism is related to the belief of individuals that only they are 
responsible for their own destiny and the collective has no obligations to them. Collectivism implies 
that the destiny of each individual is the responsibility of the collective to which they belong, and 
expects the collective to care for them, whether it is a family, a company or a society as a whole. 
The dimension that represents the fundamental problem of gender relations refers to 
Femininity/Masculinity national cultures. “Feminine“ cultures are characterized by prevailing 
values such as interpersonal relationships, quality of life, balance, harmony and care. The cultures 
where so-called “masculine“ values are prevailing, emphasize action, achievement, results, 
determination and aggression. Long-term/short-term orientation in time is a dimension of culture 
that essentially emphasizes the attitude of the members of society toward investing in the future, 
planning and long-term thinking. For a society with a short-term orientation, instead of being 
focused on the future, it is much more important what happens “now and here“ as opposed to a 
society that prefers long-term perspective, placing importance to long-term plans, strategic goals 
and proactive reflection on the influence of present activities on the future generations. Cultures 
with low uncertainty avoidance show high tolerance for change, risk and uncertainty. Such cultures 
are facing changes. High levels of uncertainty avoidance and power distance increase resistance to 
change, while a high level of individualism encourages change.  
The research (Hofstede, 2001) indicates that Serbian national culture has a unique combination of 
high power distance, high uncertainty avoidance, high collectivism, female values and short-term 
orientation in time. Danish cultural pattern represents a unique combination of low power distance, 
low uncertainty avoidance, individualism, female values and long-term orientation in time.   
The compared statistical values of the Global Competitiveness Index of Serbia and Denmark 
indicated important and stimulating differences. The average value of the Global Index 
Competitiveness, for the ten-year observed period (2008 – 2017), is 3.89 for Serbia and 5.36 for 
Denmark. The average value of efficiency subindex is 3.78 for Serbia and 5.22 for Denmark. The 
average value of innovation and sophistication subindex is 3.10 for Serbia and 5.25 for Denmark. 
The ability to innovate, within the innovation ecosystem as one of the pillars of competitiveness 
(introduced in the Report for 2018), is 39.95 for Serbia and 75,80 for Denmark. The Agriculture 
policy costs indicator is 3.07 for Serbia and 4.16 for Denmark. The Renewable energy regulation 
indicator is 52.9 for Serbia, while the value for Denmark is as high as 79.3 (WEF: Global 
Competitiveness Report, 2008-2017&2018-2019).  
The GCI combines 114 indicators grouped into 12 pillars. These pillars are in turn organized into 
three subindexes: basic requirements, efficiency enhancers, and innovation and sophistication 
factors (Figure 1). Thus structured pillars of Global Competitiveness Index with indicators, ie. 
“drivers“ of competitiveness, rely on the folowing phases of competitiveness: resource-driven 
competitiveness, efficiency-driven competitiveness and innovation-driven competitiveness.   
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Figure 1: The Global Competitiveness Index framework. (Izvor: WEF: The Global Competitiveness 

Report 2017-2018, p.320). 
In economies characterized by a lower level of development, economic performances and 
competitiveness predominantly rely on the factors that fall into the first pillar (basic subindex),  
since their development is determined by cheap labor and resource wealth. Middle-income 
countries are predominantly influenced by efficiency factors, while developed market economies 
are characterized by innovation and business sophistication. Serbia is in the group of countries 
whose progress is determined by efficiency factors, so it is compelled to ground its development on 
efficient production processes and increase of product quality, primarily on the use of the existing 
potentials, ie. available technologies, the size of domestic and foreign market, without significant 
progress in the field of innovation. Unlike Serbia, Denmark belongs to the innovation-driven 
economies, grounding its development on improving the quality of business environment and 
creating a culture of innovation. The specified facts are another argument in favor of the strength of 
the influence of the cultural pattern on development and its effects. The Serbia's economic goal is 
related to transition to more diversified, creative and innovative economies, where an important 
place belongs to achieving ecological goals. The achievement of these goals is related to a culture 
that supports entrepreneurship, risk-taking and readiness to change.   

 
CONCLUSION 

In order to respond to the increasingly complex challenges Serbian agriculture and economy as a 
whole facing, understanding and improving competitiveness is an important and priority goal. 
Given that “everything that is measurable should be measured“, the Report of the World Economic 
Forum is an important roadmap toward the development goal.  
The values of the Global Competitiveness Index, the subindexes of efficiency, innovation and 
sophistication, the ability to innovate within the innovation ecosystem as one of the pillars of 
competitiveness, Agriculture policy costs and Renewable energy regulation indicators are just some 
of indicators on which Serbia and Denmark can be compared. Given the noticeable competitiveness 
deficit, Serbia needs proactive efforts to start and sustain the desired development process.There are 
many indicators that enable comparison between Serbia and Denmark, but the specified values are 
indicative enough to point out that the success of  Danish economy is not accidental, and warning 
enough for Serbia to point out that its work on changes must be wiser, more innovative, faster and 
more effective to build a society that meets changes, not avoiding them.  
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ABSTRACT 
The subject of this research is the economic justification of different ways of sour cherry 
production. The aim is to identify the economic parameters of the sustainability of organic 
production. Based on data from the practice of sour cherry production in the Republic of Serbia, it 
was determined that in organic, compared to conventional, a lower amount of gross margin is 
obtained by 430 €/ha (36 %). To achieve a gross margin of 3,140 €/ha in organic production as well 
as in conventional conditions, the minimum selling price of organic sour cherries should be 0.43 
€/kg. This price is 23 % higher than the price of sour cherries from conventional production (0.35 
€/kg). In order for organic production to be economically viable, it is necessary to reimburse 
producers for lost profits in the amount of 1,300 €/ha, or 0.08 €/kg. Therefore, the lower limit of the 
selling price of organic sour cherries is 0.43 €/kg. The procedure for determining the amount of lost 
benefits can be useful for assessing compensation to producers in order to successfully implement 
IPARD Agro ecological - climatic measures and measures of organic production.  
Key words: organic cherry, lost benefit, economic sustainability of production 

 
INTRODUCTION 

World production of sour cherries averages just over 1.1 million tons a year, with a tendency to 
increase at a relatively low rate of 0.97 % annually. Of the world's total sour cherry production, 
about three-quarters are produced in Europe. The largest producer of sour cherries in the world is 
the Russian Federation. Poland is in second place, with a share of about 15 % in world production. 
It is followed by Turkey with a share in world production of over 12 %, with a tendency to increase 
at a rate of 6.76 % per year. Ukraine is on the fourth place, and the USA is on the fifth place with a 
share of 9 % (Milić et al, 2017).  
In the Republic of Serbia, sour cherries are mostly grown in the Nišava district on the territory of 
the municipalities: Merošina, Aleksinac, Doljevac, Gadžin Han, Niš, Ražanj and Svrljig. About 15 
% of domestic sour cherry production comes from Nišava district (SORS, 2021). Significant yields 
are also achieved in the area of the city of Belgrade, Jablanica, Toplica and Zajecar districts. The 
aim of the research in this paper is to determine the economic justification of different ways of sour 
cherry production. The focus of this paper is on the process of determining missed economic 
benefits and sustainability indicators, organic sour cherry cultivation, in the function of preserving 
land as a natural resource.  

 
MATERIAL AND METHOD 

For the research in this paper, data collected by a survey conducted on selected family farms during 
2020 in the region of southern Serbia were used. Then, data from the database of the Research 
Institute of Organic Agriculture (FiBL, 2021), from the records of the Ministry of Agriculture, 
Forestry and Water Management of the Republic of Serbia (MAFWM RS, 2021), as well as the 
Republic Statistical Office of the Republic of Serbia (SORS, 2021) were used. The calculative 
procedure of sour cherry production in organic and conventional production determined important 
economic indicators: gross income, gross margin, savings / additional cost, lost profit, lost 
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economic benefit and from the aspect of economic acceptability, minimum selling price of organic 
product. 
 

RESULTS AND DISCUSSION 
Currently 72.3 million hectares are under organic agricultural management (end of 2019 for most 
data). The distribution of the organic agricultural land is as follows: Oceania (35.9 million 
hectares); Europe (16.5 million hectares); Latin America (8.3 million hectares); Asia (5.9 million 
hectares); North America (3.6 million hectares); Africa (2.0 million hectares). Oceania has half of 
the global organic agricultural land. Europe, a region that has had a very constant growth of organic 
land over the years, has over 23 % of the world’s organic agricultural land followed by Latin 
America with 12 %. Apart from the organic agricultural land, there are further organic areas such as 
wild collection areas. These areas constitute more than 34.8 million hectares (FiBL, 2021). In the 
structure of organic plant production in the Republic of Serbia, the most represented areas are under 
orchards with a share of 43 %, followed by cereals with 26 %, industrial plants with 14 % and 
fodder plants with 10 % (SORS, 2021). According to research, it is economically viable to invest in 
organic products, as value-added products (Sredojević, 2011; Milić et al, 2012). In the last decade, 
there has been a sharp increase in the area under organic production in Serbia, from 6,340.09 ha 
(0.18 %) in 2012 to 21,265.44 ha (0.61 %) in 2019 (MAFWM RS, 2021). Based on the average 
amounts of inputs and outputs, and in conventional and organic production, some economic 
indicators for Cloud Cherry were determined by the calculation procedure: gross income, variable 
costs, gross margin, lost / additional income, savings / additional costs and lost economic benefit in 
sour cherry production (Table 1). 
 

Table 1. Some economic indicators of sustainability of Oblačinske sour cherry production 
      E c o n o m i c  
                i n d i c a t o r s 

Production Difference 
(I-II) Conventional (I) Organic (II) 

Yield of  sour cherries (kg/ha) 16.000,00   14.000,00 -2.000,00 
Selling price (€/kg)         0,35          0,35 - 
I Revenues (€/ha)  
-  Sales of products 5.600,00 4.900,00 -700,00 
-  Incentives .......... .............. .............. - 

           Total (I):  5.600,00 4.900,00                 
Lost / Additional Income, €/ha:    -700,00 

II Costs, €/ha 
Fertilizers  
    - mineral 620,00 - +620,00 
    - organic               - 730,00 -730,00 
Plant protection  

o chemical 580,00 - +580,00 
1. biological             - 780,00 -780,00 

Mechanical services 640,00 470,00   +170,00 
Work of workers 570,00 710,00    -140,00 
Certificate. and control             - 130,00    -130,00 
Other costs 50,00 70,00     - 20,00 

Total (II): 2.460,00 2.890,00  
Savings / Additional cost, €/ha:    -430,00 

II Gross margin (I-II):  
Gross margin, €/ha 3.140,00 2.010,00 - 
Gross margin, €/kg 0,24 0,16 
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Missed economic benefit, €/ha:   -1.130,00 
Missed economic benefit, €/kg:       -0,08 

Source: Authors' calculation based on survey data 
Organic production of Oblačinska sour cherry gives lower sales revenue by 700 €/ha (17 %), and on 
the other hand there are higher variable costs by 430 €/ha (17 %), which gives a lower gross margin 
of 1,030 €/ha (36 %) compared to conventional production. For lost income and / or additional 
costs, and as a support for compliance with the principles of the IPARD measure, producers of 
organic cherries should be compensated in the amount of lost economic benefits in the amount of 
1,130 €/ha. In order for producers to reach the gross margin of 3,140 €/ha with organic production 
of Oblačinska sour cherry, as well as in the conditions of conventional production, it is necessary to 
determine the minimum price below which it would not be justified to sell organic cherries. Based 
on the data from Table 1, by applying the determined minimum price, as well as using the actual 
market price of organic cherries, in Table 2, for different price variants, individual indicators were 
determined and economic indicators of organic cherry production were analyzed. 
 

Table 2. Economic indicators of organic production Oblačinske sour cherry with different prices 

E c o n o m i c  
         i n d i c a t o r s 

Conventional 
production 

Gross margin (BM) organic production  
with different cherry prices 

Price from 
convent. product. 

Minimum price*) 

(BM=conv.) 
Actual 

market price 
Yield, kg/ha 16,000.00 14,000.00 14,000.00 14,000.00 
Price, €/kg 0.35 0.35 0.43 0.50 

Revenues, €/ha 5,600.00 4,900.00 6,030.00 7,000.00 
Costs, €/ha 2,460.00 2,890.00 2,890.00 2,890.00 
Gross margin, €/ha 3,140.00 2,010.00 3,140.00 4,110.00 

*)  Minimum selling price of organic sour cherries at which the gross margin (BM)  
is obtained in the same amount as in conventional production 

Source: Authors' calculation based on survey data 
 
As can be seen in Table 2, the gross margin was calculated for three different prices of organic 
cherries, namely: The first, market (selling, buying) price of organic cherries (0.35 €/kg) is the same 
as in conventional production, namely is the case when the lost income and / or additional cost, i.e. 
lost economic benefit are determined. The calculated gross margin in organic (2,890 €/ha) is 36 % 
lower compared to the gross margin from conventional production (2,460 €/ha); Second, the 
minimum selling price of organic cherries (0.43 €/kg) at which the gross margin in organic is equal 
to the gross margin from conventional production; Third, the actual market (purchase, sale) price of 
organic cherries (0.50 €/kg) which is 43 % higher than the price from the conventional, and 16 % 
higher than the minimum organic and its gross margin (3,140 €/ha) is 44 % higher than the gross 
margin from the conventional one. In the current business conditions in our practice, organic cherry 
production is economically more efficient than conventional (Sredojević, 2011; Sredojević, 2014). 
By selling organic sour cherries at a better selling price than conventional ones, producers manage 
to "cover" production costs of 2,890 €/ha and achieve a gross margin of 4,110 €/ha, which includes 
a refunded lost economic benefit of 1,130 €/ha and a profit above that from 2,980 €/ha. In addition 
to the above economic indicators, in Table 2, the minimum selling price of organic cherries (0.43 
€/kg) was calculated, at which the amount of gross margin was obtained as in conventional 
production. The determined minimum selling price of organic cherries is 25 % higher than the price 
of cherries from conventional production (0.35 €/kg). This means that in order for producers to be 
able to reimburse the lost economic benefit in the amount of 1,130 €/ha, i.e. 0.08 €/kg, the selling 
price of organic cherries should not be lower than 0.43 €/kg. Based on the average amounts for 
inputs and outputs during the erection and exploitation of cherry orchards, the calculation value 
determined the cultivation value of conventional orchards in the amount of 7,000 €/ha, and 8,000 
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€/ha. The production of organic sour cherries on the family farm achieves a more favorable selling 
price per unit of measure (0.50 €/kg) compared to the cherries from conventional production (0.35 
€/kg). The average net profit in conventional cherry production is 2,628 €/ha, and in organic 3,069 
€/ha, which shows that organic cherry production is more economically efficient than conventional 
(Table 3). 

Table 3. Economic indicators of raising and exploitation of orchards Oblačinske sour cherry 

 I d i c a t o r s 
Production 

Conventional Organic  
Breeding period, year 3 3 
Exploitation period, year 15 15 
Total investments, €/ha 7,00.00 8,000.00 
Average yield of sour cherries, kg/ha 16,000.00 14,000.00 
Sales price of sour cherries, €/kg 0.35 0.50 
Gross sales revenue, €/ha 6,030.00 7,000.00 
Variable costs, €/ha 2,460.00 2,890.00 
Amortization, interest, etc., €/ha 650.00 700.00 
Total cost, €/ha 3,110.00 3,590.00 
Gross profit, €/ha 2,920.00 3,410.00 
Gross profit tax, €/ha 292.00 341.00 
Net profit, €/ha 2,628.00 3,069.00 
The cost of cherries, €/kg 0.19 0.26 
Coefficient of economy 1.94 1.95 
Profitability threshold, kg/ha 10,400.00 9,100.00 
Return on equity period, year 2.65 2.25 
Accumulation rate, % 41.71 42.62 

Source: Authors' calculation based on survey data 
 
The cost price of sour cherry production is significantly lower than its market price in production in 
both ways, but this difference is significantly more favorable in organic production (0.26 €/kg  
< 0.50 €/kg). The coefficient of economy in conventional production of cherries is 1.94, and in 
organic 1.95, which confirms that despite the fact that production is more economical, a better 
income per unit of investment is achieved compared to conventional production. The accumulation 
rate in conventional production is 41.71 %, and in organic 42.62 % per 100 monetary units of 
invested capital, a higher net profit is achieved in organic and thus better accumulation. The capital 
invested in raising cherry orchards in both methods of production can be returned in the third year 
(2.65 years and 2.25 years), which is a much shorter period compared to the period of exploitation 
of orchards (15 years). The profitability threshold for both production methods is around 65 % of 
the average yield per unit area (e.g. 9,100.00 kg/ha for organic cherries). Investments in organic 
production, in addition to benefits for producers, contribute to improving the development of the 
economy at the local level. The organic cherry processing program would invest in new production 
and processing capacities, would contribute to the development of other activities (trade, transport, 
etc.), better infrastructure and overall economic recovery, and would encourage further 
development of the area.  
 

CONCLUSION 
Based on data from the practice of sour cherry production in the Republic of Serbia, it was 
determined that in organic compared to conventional, a lower amount of gross margin is obtained 
by 430 €/ha (36 %). In order for producers in organic to reach a gross margin of 3,140 €/ha, as well 
as in the conditions of conventional production, the minimum selling price of organic cherries (0.43 
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€/kg) was set. In relation to the price of cherries from conventional production (0.40 €/kg), the 
determined minimum selling price of organic cherries is higher by 25 % a. In order for organic 
production to be economically acceptable and sustainable, it is necessary to reimburse producers for 
the lost benefit in the amount of 1,300 €/ha, or 0.08 €/kg, which means that the selling price of 
organic cherries should not be lower than 0, 43 €/kg. The stated amount of lost benefit represents a 
very realistic estimate for compensation to producers in order to successfully implement IPARD 
Agro ecological - climatic measures and measures of organic production. 
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ABSTRACT 
Five maize hybrids were used in this research: two yellow and one white dent, sweet hybrid, and 
yellow popcorn. Five brine recipes with acetic acid were examined, of which two with the addition 
of potassium sorbate. The brines with preservatives were stable for 16 months without colour 
changes of the liquid and corn cobs. The pH of brines ranged from 3.39 to 3.89. Canned hybrids ZP 
366 and ZP 611k in brine marked as Number 5 showed the best sensory characteristics. The protein 
content determined in ZP 366 (9.56 %) and ZP 611k (10.23 %) did not vary significantly compared 
to whole-grain maize flour, while crude fibre content (7.67 and 6.88 %), and ash content (21.96 and 
20.72 %) were significantly higher than in flour (crude fibre: 2.40; 2.64 %, ash:1.35; 1.48%, 
respectively). This research will be continued in order to implement preliminary findings and new 
data on this subject. 
Key words: maize hybrids, baby corn, canned vegetables, food production 

 
 

INTRODUCTION 
Maize (Zea mays L.) is the third most grown cereal crop in the world, after wheat and rice. Apart 
from being used for food and animal feed, it has a multitude of various industrial uses and the 
highest production potential among the cereals. The total 2021 world maize production estimated by 
the United States Department of Agriculture (USDA) will be 1,133.89 million metric tons, with 
Serbiaproducing around 8,000,000 metric tons and taking the 16th place (World Agricultural 
Production.com, 2021).  
Immature dehusked maize ears harvested before fertilization, within two to four days after white 
silk emergence is classified as baby corn. Due to being a short duration crop (50-60 days), it can be 
sown and harvested more than once a year (3 to 4 times in tropical regions) depending on a climate. 
Unlike mature maize whose ears are too hard, baby corn represents the immature ears of normally 
grown maize and can be consumed as a vegetable (Singh et al., 2010). Baby corn has been used as 
vegetable in China and other parts of Asia for generations, and has recently gained popularity 
worldwide. This eco-friendly food has great potential as a value-adding product. Nutritive value of 
baby corn is similar to the non-legume vegetables such as cauliflower, tomato, cucumber and 
cabbage. Baby corn has high digestibility, sweet taste and appealing colour, while both soft and 
crunchy nature makes it an exquisite ingredient for different traditional and continental dishes. In 
general, 100 g of baby corn contains 89.1 % moisture, 8.2 % carbohydrates, 1.9 % protein, 28.0 mg 
calcium, 86.0 mg phosphorus, 0.1 mg iron, 0.5 g thiamine, 0.08 mg riboflavin and 11.0 mg ascorbic 
acid. In the market, ears of baby corn of light-yellow colour, regular row arrangement, 10 to 12 cm 
length and a diameter of 1.0 to 1.5 cm are most preferred (Jinjala et al, 2016).  
There is a great potential in processing of this vegetable as a canned product (Lone et al, 2013). The 
distinctive flavour is what makes pickled baby corn products very favoured to go along well with 
foods that may lack taste. It can be preserved by natural or controlled fermentation, direct addition 
of vinegar to a pH adjusted to 4.6 or below, or a combination of methods, processing parameters 
and additives in order to obtain products that are referred to as pickles (Featherstone, 2016). Pickled 
products should be prepared from clean ingredients that can be previously subjected to fermentation 
or/and curing in a salt brine. The product can be subsequently preserved by pasteurisation or 
refrigeration. The amount of the brine added is changed with corn maturity during the season. 
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Young immature corn will absorb very little of the brine, and more mature corn will absorb as much 
as 28-56 ml of brine per 100 g of corn cobs (Featherstone, 2016).  
In order to obtain a shelf-stable product, control of the parameters such as pH, acidity, salt content, 
and other food preservation issues combined with pasteurization is crucial. However, if the 
production process is not properly controlled, these canned products may show texture or 
discoloration problems as a result of the heat treatment, fermentation and/or acidification processes 
(Kaur et al, 2018; Featherstone, 2016). 
Having in mind that processing of baby corn at an industrial scale in Serbia is currently negligible, 
research regarding the possibilities of its growing and processing may contribute to the improved 
valorisation of maize, by increasing the economic value of this, for our country the most important, 
carbohydrate feedstock (Radosavljević et al, 2020). 
The objective of our preliminary study was to evaluate the possibilities, identify the most suitable 
maize genotypes for canned baby corn production, and the best criterion for preserving this product 
(the composition of the pickling brine).  

 
MATERIAL AND METHODS 

Five maize hybrids differing in vegetation period, grain colour, and chemical composition were 
used in this research: ZP 366 and ZP 505 (yellow dents), ZP 533b (white dent), ZP 555su (sweet 
hybrid), and ZP 611k (yellow popcorn). The hybrids were developed at the Maize Research 
Institute, Zemun Polje. In spring of 2019, at the experimental field located at the Maize Research 
Institute, Zemun Polje, the two-replicate trial was set up according to the randomized complete-
block design. The plot size was 21 m2, while the sowing density was 60,000 plants ha−1. Maize ears 
for canning were harvested in July in the pre-fertilization phase or in the early fertilization phase 
within two to four days after white silk emergence from the area of 7 m2 (two inner rows). After 
removing the protective leaves (husk), the small cobs were cleaned of silk residues and submerged 
in brine solution.Sterile glass jars (300 ml) were tightly packed with baby corn cobs, filled with 
brine liquid and closed with the jar lids. Five brine recipes (Table 1) containing different percent of 
acetic acid, salt and sugar were examined, three without preservatives, and two with the addition of 
potassium sorbate (E 202). Potassium metabisulfite (E 224) was added to the brine solutions 
containing potassium sorbate in order to prevent darkening, loss of aroma, and the occurrence of 
bitter and herbal tones, as well as to prevent oxidative processes and development of unwanted 
microorganisms. Only preservative-free brines were pasteurized; however, they became cloudy, and 
the corn cobs turned darker after only a few days. The baby corn hybrids in two remaining brines 
were stable for 16 months without colour changes of the canning liquid and corn cobs. The product 
was kept in a bright place at room temperature, and analyses of nutritional composition and sensory 
characteristics were performed after 16 months to determine product quality and select the most 
suitable ZP hybrid for canning.  

 
Table 1. Brine recipes used in the experiments 

Brine 1 
-100 ml of acetic acid (9%) 
-10 g of sugar 
-20 g of salt 
-up to 1 litre of water 

Brine 2 
-200 ml of acetic acid (9%) 
-10 g of sugar 
-20 g of salt 
-up to 1 litre of water 

Brine 3 
-300 ml of acetic acid (9%) 
-80 g of sugar 
-80 g of salt 
-up to 1 litre of water 

Brine 4 
-300 ml of acetic acid (9%) 
-80 g of sugar 
-80 g of salt 
-2 g of potassium metabisulfite 
-1 g of preservative 
-up to 1 litre of water 

Brine 5 
-20 ml of acetic acid (96%) 
-30 g of salt 
-2 g of potassium metabisulfite 
-1 g of preservative 
-up to 1 litre of water 
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Commercial baby corn product purchased in a local supermarket was used as a control with which 
the sensory characteristics of canned ZP maize hybrids were compared.Commercial baby corn was 
prepared with a solution that, according to the declaration, contained only citric acid and salt. The 
nutritional composition was tested on samples of canned corn ZP 366 and popcorn ZP 611k using 
brine number 5, which was rated as the best by the panellists.  
For chemical composition assessment, the pickled baby corn was dried in a ventilation oven for 48 
h at 60 °C, and ground on a laboratory mill (Perten Instruments, Hägersten, Sweden) for fine 
samples preparation (mesh 0.5 mm). 
Dry matter content in the was determined by the standard drying method in an oven at 105 °C to 
constant mass. The protein content was determined by the Kjeldahl method as the total nitrogen 
multiplied by 6.25 (AOAC, 1990). Crude fibre content was determined by Weende method adjusted 
for FibretecTMSystems, Foss, Denmark (Agricultural food products, 1993). The ash content was 
determined by the slow combustion of the sample at 650°C (AOAC, 1990). The results are 
expressed in the percentages per dry matter (d.m.). All analyses were performed in two replicates, 
and the results are presented as means.  

 
RESULTS AND DISCUSSION 

Optimal harvest time of corn cobs suitable for canning 
The basic criterion for harvesting corn for canning in our research was the length of the silk. Corn 
cobs were harvested in the phase when the silk was about 3 cm outside the protective leaf of the cob 
and in the phase when the silk was visible in the length of about 7-8 cm. After removing the 
protective leaf, the total length of the silk was determined to be about 10 cm, and in the second case 
about 17 cm. The cobs that were harvested with shorter silk were more uniform and their length 
ranged between 9 and 10 cm. The cobs with longer silk were far more uneven in length. Their 
length ranged from 8 to 16 cm. Cob girth of the investigated ZP baby corn cobs ranged from 10.1 to 
15.2 mm. Lone et al. (2013) reported that length of dehusked baby corn cobs treated with different 
organic and inorganic fertilizers ranged from 8.67 cm to 10.90 cm, and girth of cobs without husk 
from 12.7 mm to 16.5 mm, while Jinjala et al. (2016) reported cob lengths between 5.39 and 8.88 
cm and cob girths between 22.2 and 29.8 mm. Based on the examination, it can be concluded that 
the most suitable moment when maize ears for canning can be picked is when the length of the 
visible part of the silk is from 3 cm to 10 cm, where it is recommended to classify the harvested 
cobs for canning. However, more agronomic parameters, e.g., plant height, leaves above ear, 
irrigation, fertilization, green matter yield, etc., should be included in further studies. 
 
Choosing the maize genotype for best nutritional and sensory characteristics 
The sensory properties and basic chemical composition of the canned products that remained stable 
after 16 months were examined. The results of storage showed that these products were 
organoleptically acceptable up to 16 months of storage period. The pH value of the investigated 
canned ZP maize products ranged from 3.39 to 3.89, while the commercial baby corn had pH of 
5.18. The pH value of fresh corn is usually in the range 5.90-7.30. Studies have shown that the pH 
of the product should be monitored during the shelf life. Any increase in pH could indicate 
microbiological activity, or improper equilibration, with the risk of microorganisms growing 
(Featherstone, 2016).Corn cobs of all samples were hard enough for cutting, not rubbery, too firm 
nor too soft. Brine number 5 proved to be the best according to the panellists: salty enough, sour 
enough, tasty, reminiscent of homemade pickles. Commercial baby corn was in the opinion of all 
panellists the least pleasant taste (tasteless, unsalted, not sour enough, the colour was dull). Brine 
number 4, although it lasted for 16 months, was rated as too strong (too salty, too sour, with a 
sharper taste). The baby corn product from the ZP 611k popcorn hybrid was chosen as the best in 
terms of sensory characteristics. 
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Table 2. Chemical composition of the canned ZP baby corn products in comparison with 
whole-grain maize flour 

Product Dry matter (%) Protein (%) Crude fibre (%) Ash (%) 
Canned baby corn ZP 366, 
brine number 5 

92.69 9.56 7.67 21.96 

Canned baby corn ZP 611k, 
brine number 5 

93.64 10.23 6.88 20.72 

Whole grain flour ZP 366 88.56 9.88 2.50 1.38 
Whole grain flour ZP 611k 90.06 12.08 2.54 1.40 
 

Chemical composition of the commercial canned baby corn product had: 1.9 % of protein, 2.3 % 
fibre, 0.3 % oil and 5.4 % of carbohydrates, as stated on the declaration. Canned baby corn from 
hybrids ZP 366 and ZP 611k preserved in brine marked as number 5 showed best sensory 
characteristics (Table 2). The protein content determined in canned baby corn ZP 366 (9.56 %) and 
ZP 611k (10.23 %) did not vary significantly compared to whole-grain corn flour, while crude fibre 
content (7.67 and 6.88 %), as well as ash content (21.96 and 20.72 %) were significantly higher 
than in flour (crude fibre: 2.40; 2.64 %, ash: 1.35; 1.48 %, respectively) (Table 2). Dar et al. (2014) 
reported that protein content in fresh baby corn ranged from 8.87 to 9.84 %, while Jinjala et al. 
(2016) found that protein content of baby corn was between 9.91 and 11.02 %, which is in 
accordance with our findings. 

 
CONCLUSION 

The brines that contained preservative remained stable for 16 months without colour changes of the 
liquid and corn cobs. It was concluded that the appearance, taste/flavour and consistency and the 
overall acceptability of the canned product was best with hybrids ZP 611k and ZP 366 preserved in 
brine number 5. The pH of the brines ranged from 3.39 to 3.89. The protein content determined in 
baby corn ZP 366 (9.56 %) and ZP 611k (10.23 %) did not vary significantly compared to whole-
grain maize flour, while crude fibre content (7.67 and 6.88 %), and ash content (21.96 and 20.72 %) 
were significantly higher than in respective maize flour. It was concluded that the optimum 
harvesting moment is when the length of the visible part of the silk ranges from 3 cm to 10 cm, and 
cobs are between 9 and 10 cm long. In order to implement preliminary findings and new ideas and 
knowledge on this subject, this research will be continued later this year. 
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