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Summary

In this paper, two production technologies are compared for the production 
of strawberries: the two-year technology used in Croatia and the one-year 
technology used in Germany. Th e goal of this comparison is to determine the 
infl uence of diff erent technologies on competitiveness of production. Research 
was conducted in agricultural businesses in both Croatia and Germany.
A policy analysis matrix (PAM) was created and coeffi  cients calculated using 
the domestic resource cost (DRC) method. 
Results showed that production of strawberries in Croatia, with the use of the 
two year production technology (technology A) is at the very boundary of 
competitiveness (DRC=1.01). However, if this technology is replaced with the 
one-year production technology used in Germany (technology B), production 
becomes more competitive (DRC=0.64). Th e DRC coeffi  cient shows that the 
production of strawberries using technology B has comparative advantages over 
technology A, and that altering the technology of strawberry production in 
Croatia would increase the competitiveness of strawberry production in family 
run farms.
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Introduction
Th e total annual strawberry production in the whole 

world amounts to 2 million tons, half of which being 
grown in Europe (exclusive of former Soviet Union). 
North and Middle America are in the second place 
with approximately 28%, and in the third place there is 
Japan with the share of 10% in the total world produc-
tion. South America, Africa, Australia and New Zealand 
participate in the total strawberry production with the 
share of only 1.3% (Naumann, Seipp 1989).

Exact quantities of strawberries being grown in 
Croatia are hard to estimate since the part of produc-
tion comes from family run farms, and due to dispro-
portion between the offi  cial statistical data and the fi eld 
data.  However, it is indisputable that the strawberries 
make two-third of berry fruit production on domestic 
market with trend of further increase. Th is is undoubt-
edly the most demanded berry fruit, which is supported 
by signifi cant increase of strawberry growing areas in 
the last 10 years. 

Th ough, based on increase of strawberry growing 
areas, a promising future for the producers could be 
discussed, market liberalization and foreign competi-
tion are something to be concerned about (Ministry of 
Agriculture, Forestry and Water Management, 2001). 
Th e purpose of this paper is to indicate the problem 
concerning competitiveness of strawberry production 
in Croatia, to determine if the competitiveness exists 
and to what extent, to show to what extent application 
of diff erent technologies infl uences strawberry produc-
tion competitiveness, as well as to present particular so-
lutions and results which would, at the end, ensure more 
profi table strawberry production.

Th e research sample were fi ve chosen family run 
farms in Germany (Baden-Württenberg) and fi ve family 
run farms in continental Croatia where the strawberry 
cultivar Elsanta has been grown.

To achieve this goal of the research it was necessary 
to comprise detailed research of technological and eco-
nomic problem areas from the practice, at the same time 
taking into account diff erences of agricultural produc-
tion in Germany and Croatia. 

In the paper, two diff erent growing technologies are 
compared: two-year technology which is represented in 
Croatia and one-year technology which is represented 
in Germany. 

Material and methods
Besides policy analysis matrix and sensitivity analysis, 

the domestic resource method (DRC), which is used for 
examining production competitiveness, was applied. 

Th e DRC method examines international competi-
tiveness by comparing costs of domestic resources used 
in the production of a particular product (Landell Mills 
Limited in association with DEVCO, 2001). In the DRC 
method, economic or world prices for input and output 
valorization are used, since actual prices (domestic, 
real) do not give an objective presentation of the cur-
rent status because they may show a high level of pro-
tection, i.e. domestic support which acts in the market 
same as monopolistic prices in the input or fi nal prod-
ucts market (Monke, Pearson, 1989). 

Th e DRC method is presented as a ratio of domestic 
costs to the real value added. Th ough the DRC method 
is one of the best methods for measuring comparative 
advantages, it contains some particular credible require-
ments, such as data actuality and technological exact-
ness and uniformity in defi ning production conditions 
of comparative technologies. 

In this respect, our statistics do not follow the tech-
nological normative or oft en follow the ones incompa-
rable by scope. Th erefore, the poll survey was used in 
the framework of the case study. In the poll survey, 5 
family run farms in Croatia as well as 5 in Germany 
were examined. 

Taking into account that the DRC method is static, 
the result obtained by DRC method would show if the 
sector or the production system (in our case the applica-
tion of diff erent technologies in strawberry production) 
has comparative advantages as compared to international 
production (Pearson, Gotsch, 2002). Th e results would 
not indicate the reason or the source of comparative ad-
vantages or disadvantages. Guidance in this respect may 
be the policy analysis matrix, which indicates diff erences 
between real (actual) and economic prices. Policy analy-
sis matrix is a product of two accounting identities, one 
defi ning profi tability as the diff erence between revenues 
and costs and the other measuring the eff ects of diver-
gences as the diff erence between observed parameters 
and parameters that would exist if the divergences were 
removed. Profi ts are defi ned as the diff erence between 
total sales revenues and costs of production. Policy anal-
ysis contains two cost columns, one for material inputs 
and the other for domestic factors. Th e process of dis-
aggregation defi nes them for each input in production. 
In the policy analysis matrix profi tability is measured 
horizontally. Profi ts are found by subtraction of costs 
from revenues. 

Publications of Central Bureau of Statistics (Statistički 
ljetopis), information and data from technical, statisti-
cal and other publications, data of Croatian Chamber 
of Economy, as well as reports of international organi-
zation (FAO) were used. 
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Th e data used for Germany were: the data of State 
Offi  ce of Statistics (Bundesanstalt für Statistik) and 
Marketing Information System (Zentrale Markt- und 
Preisberichtstelle, 2000) with headquarters in Bonn. 

As two diff erent technologies are compared in this 
paper, two-year technology (technology A) and one-year 
(technology B), to get comparable data they have been 
brought to one year. All revenues, costs and profi ts are 
expressed per hectare per year. Actual revenues and costs 
prices are the result of the poll survey and the direct ob-
servation of appropriate system (in this case strawberry 
production) in the framework of agricultural policy.

To compare the advantage and effi  ciency of technol-
ogy A and technology B following coeffi  cients are calcu-
lated: DRC or domestic resource cost coeffi  cient, NPC 
or nominal protection coeffi  cient, and EPC or eff ective 
protection coeffi  cient.

If the DRC coeffi  cient is greater than one (DRC>1) 
monitored production is not competitive because actual 
costs are higher than value added. Th e DRC coeffi  cient 
less than one (DRC<1) indicates competitive produc-
tion. 

As social prices are a result of actual value estima-
tion, sensitivity analysis of eff ects of changes in eco-
nomic prices is the key element in the presentation of 
analysis matrix results. 

Among three elements defi ning the DRC coeffi  cient, 
namely total profi ts, material inputs and domestic re-
sources indicated in economic prices, the fi rst one con-
tains two very variable parameters. Th ese are strawberry 
yield and price calculated per unit. Sensitivity analysis 
was carried out in order to examine the eff ects of change 
of these two parameters. In the fi rst place, yield was varied 
in a range from 5 to 10% increase per hectare, i.e. with 
10% and 20% decrease per hectare at constant price. 

Strawberry production technology in Germany (tech-
nology B) used in this research is based on one-year, 
one-row growing of strawberries that are obtained from 
fresh green plants on the plastic mulch.

Th e surveys were conducted on fi ve family run farms 
in Baden-Württenberg region, i.e. Ortenau, well-known 
strawberry growing area. 

According to the data obtained by poll survey, average 
number of plants per hectare amounts to 27,360, space 
between rows is 1 m, and space in the row is 0.4 m.

Despite the trend of early strawberry varieties, more 
than 90% percent of strawberry growing area in Germany 
represents mid-early strawberry cultivar Elsanta. Th is was 
one of the reasons to discuss cv Elsanta in the paper, i.e. 
the researches were conducted on the family run farms 
growing this particular strawberry cultivar.

Farms that were examined used seasonal workers. 
Average use of working hours amounts to 1,598.4, out 
of which number 204.4 hours were of producer’s labor, 
and 1,394 hours were of hired labor. Strawberry truck 
is used for picking up. Average result of the worker with 
the truck amounts to 15 kg of strawberries per hour.

Average yield per plant is 0.75 kg, and average yield 
per hectare is 21,368 kg.

Strawberry production technology in Croatia (tech-
nology A) used in this research is based on two-year, 
two-row growing of strawberries that are obtained from 
fresh green plants on the plastic mulch.

Th e surveys were conducted on fi ve farms in Zagreb 
County for the strawberry cultivar Elsanta. In the area 
of Zagreb County, i.e. at family run farms that were ex-
amined, climate and soil conditions correspond with the 
same conditions in Ortenau area, Germany. 

Average quantity of plants per hectare amounts to 
37,000. Space between the plastic mulch is 1.2 m, while 
on the plastic mulch there are two rows with space be-
tween plants 25 cm x 25 cm. Strawberries are planted 
manually, in the beginning of August, and the straw-
berry production lasts two years.

Strawberry harvest is carried out manually, without 
the truck. Th e picking on the researched farms was car-
ried out by using producer’s and seasonal work. Average 
use of working hours amounted to 2,155, out of which 
number 470 hours were of producer’s labor, and 1,685 
hours were of hired labor. Average result of worker 
amounts to 10 kg strawberry per hour. 

Average yield per plant was 0.46 kg, and average yield 
per hectare was 15,900 kg.

Results and discussion
Th e strawberry production with the use of both 

analysed technologies has actual profi t higher than 
zero (Table 1 and Table 2). Profi t is signifi cantly higher 
(48,873.32 kn compared to 12,658.67 kn) with the ap-
plication of technology B.

Figures from the Table 1. show that strawberry pro-
duction with the use of technology A achieves profi t 
valorized at actual prices. However, at economic prices 
profi t is negative, which means that strawberry produc-
tion with the use of technology A can not, from economic 
point of view, exist without the support of the state. On 
the other hand, allocation of state fi nancial resources in 
nonprofi t activities would represent absolute failure of 
agricultural policy. 

Th e DRC coeffi  cient obtained by the DRC method 
shows that strawberry production with the application 
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of technology A is at the boundary of the competitive-
ness (Table 3.). Th e coeffi  cient is 1.01.

By applying technology B, strawberry production 
becomes signifi cantly more competitive, because the 
calculated DRC coeffi  cient is 0.64 (Table 3.).

Th e analysis was carried out with respect to both 
technologies, A and B. Th e results of analysis are shown 
in the Table 4, Graph 1 and Graph 2.

Th e basic goal of this paper was to determine and 
analyze the infl uence of diff erent technologies on com-
petitiveness in strawberry production in family run 
farms. Preliminary assumption was that using another 
production technology would increase competitiveness 
of strawberry production in family run farms. Change 
of production technology would lead to better produc-

tion and economic results and would be more competi-
tive on international market. 

Changes in any of the stated segments could lead to 
changes in the fi nal conclusions. Changes of econom-
ic prices may nevertheless be valorized by preliminary 
sensitivity analysis, which was done in this paper wher-
ever possible regarding the possible eff ects of changes 
on the results. On the other hand, it is very diffi  cult to 
take into account changes in technology in the calcu-
lations because their speed and the method are hardly 
foreseeable and measurable.

Since strawberry production is of seasonal charac-
ter, fruit maturing period and period for reaching the 
market are of the utmost importance for realization 
of good fi nancial results. When growing strawberries 
in the fi eld (technology A) the method for fostering of 
maturing is not used in Croatia, so that cv Elsanta is on 
the market earliest in the last week of May. At the same 
time, German producers that place it on the market al-
ready in mid May realize much better fi nancial results, 

Table 1. Analysis matrix – Technology A (kn)

Table 2. Analysis matrix – Technology B (kn)

Table 3. Coeffi  cients

Table 4. 
Sensitivity analysis in relation to the DRC coeffi  cient – yield 
changes

The DRC coefficient % strawberry 
yield change Technology A Technology B 

> 20% 0.70 0.47 
> 10% 0.82 0.54 
> 5% 0.91 0.59 
< 10% 1.30 0.79 
< 20% 1.82 1.02 

 Total 
revenues 

Material 
inputs

Domestic
resources

Profit

Actual prices 147,075.00 75,712.20 58,704.13 12,658.67
Economic 
prices 

129,426.00 71,324.05 58,512.78 -410.83

Transfers 17,649.00 4,388.15 191.35 13069.50

 Total 
revenues

Material 
inputs

Domestic
resources

Profit

Actual prices 197,654.00 88,523.39 60,257.29 48,873.32
Economic 
prices 

173,927.60 80,347.34 59,888.89 33,691.37

Transfers 23,726.40 8,176.05 368.40 15,181.95

 DRC NPC EPC 

Technology A 1.01 1.14 1.23 
Technology B 0.64 1.14 1.17 
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change

Graph 1. 
Sensitivity analysis in relation to the DRC coefficient – yield 
change
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what is the consequence of earlier maturing caused by 
covering strawberries with acryl foils.  

One-row growing of strawberries (technology B), 
contrary to the two-row (technology A), does not create 
same microclimate on the plant level due to the diff er-
ent space between the rows. Th is is, undoubtedly one 
of the most important reasons that makes average use 
of plant protection substances lower when technology 
B is used (average 16 kg per ha) than the average use of 
plant protection substances when technology A is used 
(22 kg per ha).

Other important reason could be qualifi cations of 
agricultural producers to determine adequate terms and 
quantity of treatment substances. 

Th e analysis shows that the profi t defi ned in the 
framework of the basic budget at economic prices, for 
technology A, is lower than the profi t at real prices for 
the same technology. Th is was expected since real prices 
contain certain level of market protection and agricul-
tural policy measures. 

When, under Croatian market conditions, technology 
B is discussed, it can be noticed that profi t is decreas-
ing in the framework of the basic budget expressed in 
economic prices. Decrease is nevertheless much lower 
in comparison to technology A.

Th is means, that when stated technologies are brought 
to the same economic denominator (world or econom-
ic prices), technology B ensures higher profi t in straw-
berry production. 

As the result, the DRC coeffi  cient used to meas-
ure competitiveness within the DRC method indicates 
comparative advantages of strawberry production in 
Croatia. With the use of technology A it is 1.01 mean-
ing that strawberry production is at the very boundary 
of competitiveness. It has to be emphasized that straw-
berry production in Croatia is not subsidized from the 
state budget, i.e. the measures of agricultural support 
in any form (direct or indirect) are not related to this 
production. Th e production is completely subject to the 
market. Th e fact that strawberry production is at the very 
boundary of competitiveness means there is no need for 
signifi cant support in order to achieve competitiveness 
with the application of technology A.

On the other hand, the application of technology B 
in strawberry production gives positive results indicat-
ed as well in the DRC coeffi  cient. In this case, it is 0.64 
and implies competitive production which, concerning 
comparative advantages, has real export possibilities. If 
the nominal protection coeffi  cient (NPC), which is 1.14, 
is taken into account, it is obvious that customs protec-
tion in this sector is not so huge, so further decrease 

thereof will not have crucial infl uence on production 
competitiveness. 

Conclusions
Based on the goal to analyze and compare diff erent 

strawberry production technologies and to determine 
their infl uence on competitiveness of strawberry pro-
duction, and based on conducted research, the follow-
ing conclusions have been made.

Strawberry production in Croatia, with the applica-
tion of the two-year growing technology is at the very 
boundary of competitiveness. Competitiveness is meas-
ured by the DRC coeffi  cient, which, if greater than 1 
indicates uncompetitive production, and if less than 1 
indicates competitive production. In this case the DRC 
coeffi  cient is 1.01.

If the one-year production technology, common in 
Germany, is applied in Croatian strawberry production, 
the production becomes very competitive. In this case, 
the DRC coeffi  cient is 0.64. It indicates that strawber-
ry production with the application of technology B has 
comparative advantages in relation to the application 
of technology A.

Despite of decreases in relation to actual prices, the 
profi t expressed in economic prices for the both tech-
nologies is positive. If the profi t at economic prices was 
negative, it would mean that the production could not 
exist without the support of the state which is not the 
case here.

State investment in the case of negative profi t indicat-
ed in economic prices would be a loss, because in that case 
actual costs would be higher than the value added. 

Th e NPC or the nominal protection coeffi  cient is 1.14 
and presents customs protection, which is not high in this 
case. If the subject of observation is technology B with 
the DRC coeffi  cient of 0.64 and with mentioned NPC 
of 1.14 conclusion can be made that in the next period, 
characterized by further liberalization of agricultural 
and foodstuff s products, i.e. by lowering the customs 
taxes, there is still suffi  cient space to remain competi-
tive in strawberry production in international propor-
tions, by the application of technology B.  

Based on sensitivity analysis, the possibility of almost 
20% yield decrease with the application of technology B 
has been determined, with the possibility that the pro-
duction remains competitive. At the same time, at least 
5% yield increase is necessary  (with minimal or no ad-
ditional inputs) in order to make strawberry production 
competitive, with the application of technology A. 
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