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Introduction

In Southwest Asia and Iran, the fisheries industry is an important sub-sector of agriculture because it
provides a portion of the valuable protein for society, employment, and national income. The growth of
the aquaculture industry in the world is 4.5% and it is 7% (Agricultural Research, Education and
Extension Organization, 2023) in Iran. In addition to providing food for the growing population and
creating jobs and income for farmers, this can also play an important role in earning foreign exchange for
the country. Aquaculture in the country includes warm-water fish farms (carp), cold-water fish farms
(trout), and shrimp farms. According to statistics published by the Iranian Veterinary Organization (2023),
Iran ranks first in the world in the production of cold-water fish in freshwater with a production of 237
thousand tons (lranian Veterinary Organization, 2024). In the west of the country, and especially in
Hamedan Province, due to its geographical location, the presence of natural canals, seasonal and
permanent rivers, and springs, it is possible to grow and develop trout farms and ponds, which are
nutritionally the best type of protein for human consumption. The trout farmers in Hamedan Province
produced more than 5,237,000 tons of trout in the year (2021-2022) and sold them fresh in markets inside
and outside the province (Census of Jihad Agriculture, 2022-2021). Given the special situation of
Hamedan Province in the field of fish production, a comprehensive study has not yet been conducted on
the analysis of the economic indicators of trout farms in this province. Therefore, the above study aimed to
investigate cold-water fish producing farms that used researchers' recommendations in their management
and production methods based on the results of research projects as the treatment group and units that
were managed traditionally and without using research recommendations in their management and
production as the control group.
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Methodology

This research is a descriptive-analytical study that is applied in terms of purpose and is considered a
survey in terms of data collection. The statistical population of the research includes cold-water fish
producers (trout) in Hamedan province. The sample size of 49 operators was calculated using the Cochran
formula and was systematically selected from the list of farms in the province using simple random
sampling. The required data was collected and completed through a researcher-made guestionnaire in
2023, including 5 sections: fish farm manager's characteristics (11 questions); fish farm characteristics (30
guestions); technical aspects of production (35 questions); fixed investment costs (12 questions) and
current costs (11 questions), and by visiting the Fisheries Department and the Agricultural Jihad
Organization of the province in person. The opinions of agricultural and fisheries economics experts were
used to examine the validity of the questionnaire, and the Cronbach's alpha test was used to examine the
reliability of the questions. Using the matching method, the statistical population was first divided into two
groups: the treatment group (units in which the research results were used) and the control group (units
that did not use the research results or used them less), and then the two groups were compared using
efficiency indicators, internal rate of return, benefit-to-cost ratio, payback period, and production function.
Results

The results of examining the balance of auxiliary variables showed that by performing the matching
operation to calculate the effects of the research results on the treatment group, the difference between the
means of the two groups decreased. To compare the two treatment and control groups and the effect of the
factors of fry, labor, capital, food, and pond area on their production rate, two transcendental and Cobb-
Douglas production functions were estimated simultaneously and these two specifications were compared
using the F test. According to this function, the most important factor in creating differences between units
is the variable of pond area. Among the variables used, in addition to the pond area, food, fry and labor
also showed a significant effect on production. The results of the Ramsey reset test indicated that there
was no specification bias due to the removal of the important variable. In the treatment unit, regarding the
pool area variable, considering the logarithmic specification, it can be said that with a 10% increase in the
pool area, it is expected that about 13.1% will be added to production. In terms of the contribution to
creating a difference in the production level of the units, the pool area variable is not only significant in
terms of the absolute value of the coefficient, but also has a very high difference, so that the other four
significant variables, including the fry, food, and labor variables, with a 10% increase, can increase
production by 11.9, 9 and 12.5%, respectively, which is very different from the food variable. In the
control unit, with a 10% increase in the values of the variables under study, the production rate increases
by 5.6% less than the values mentioned in the treatment group. Based on the results, the efficiency of the
units under study, including technical, allocative, and economic efficiency, has been examined under two
assumptions of constant and variable returns to scale in two treatment and control groups. The results
showed that the average technical efficiency of trout farms in the treatment group under CRS conditions is
90.5 percent. While the average technical efficiency in the same group is 91.4 percent. The average scale
efficiency of trout farms in the treatment group is 99.02 percent. In the control group, the efficiency under
CRS and VRS is 82.2 and 83.3 percent, respectively, and the scale efficiency is 98.7 percent. Technical
efficiency in the treatment group is much better than the control group. The use of research
recommendations has increased technical efficiency by 8.3 percent under CRS and 8.1 percent under VRS.
The average allocative efficiency in the treatment group was estimated to be 86.8 percent under CRS and
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87.6 percent under VRS. The allocative efficiency in the control group is 75.3 percent under CRS and 70.4
percent under VRS. The use of research recommendations has increased allocative efficiency by 11.5
percent assuming CRS and 17.2 percent assuming VRS. The average economic efficiency of the fish
farming treatment group farms under CRS conditions is 78.6 percent and 80.1 percent under VRS
conditions. The economic efficiency in the control group under CRS conditions is 61.9 percent and 58.6
percent under VRS conditions. Considering the technology available in fish farming farms, it is possible to
increase profits in control units by 16.7 percent assuming CRS and 21.5 percent assuming VRS.
Therefore, by improving the economic efficiency of fish farming in the control group, it is possible to
increase product production and profitability of the units. Considering a discount rate of 16%, the internal
rate of return and the benefit-cost ratio in the treatment group are 33.8% and 1.8%, respectively. These two
indicators in the control group are 18.8% and 1.2%, respectively. The payback period in the treatment and
control groups is 4.8 and 7.6 years, respectively. Therefore, it can be said that the investment in both
groups is economically justified, while in the treatment group, it is in a better position in this respect.
Discussion and Conclusion

Based on the results, the application of research recommendations in the trout farming industry will
increase the efficiency and effectiveness of this industry. The results of the studies of Rahman et al.
(2019); Samat et al. (2024) and Duy et al. (2023) confirm this. Also, the average productivity of
production factors in the treatment group (units that used research results in their activities) was 5.9 times
higher than the control group, which is in line with the study by Najafi et al. (2018) and VVormedal (2024)
that the use of research findings plays an effective role in increasing productivity. It is also necessary to
make the activities of production units more competitive by implementing government economic
adjustment policies, reducing production subsidies, further convergence of international markets, and
increasing the competitive power of units. Therefore, the area of the pond has a significant impact on
profitability. Therefore, the results of the research are consistent with the results of the study by
Yarahmadi et al. (2022) and Akter et al. (2024), as they showed in their results that the amount of feed
consumed and the area of the fish pond had the greatest impact on trout production. In addition to the
above, the results showed that the internal rate of return in the treatment group was 33.8 percent and the
benefit-to-cost ratio was 1.8. These two indicators in the control group farms were 18.8 percent and 1.2
percent, respectively. The results of Duy et al. (2023) also confirm this issue and stated that training and
promotion of research findings had a positive effect on the efficiency and effectiveness of the firms
receiving these findings and reduced production costs in these firms. Therefore, by using research
recommendations and promoting applied research findings, this gap can be reduced as much as possible
and lead to increased efficiency of these types of activities.
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Table 1: The variables used in the matching model

Variable Variable
WT Pool water clarity SA Scientific recommendations
FSC Food storage conditions PH pH of water
WMT Microbial tests of water o The amount of dissolved oxygen in water
PCT Physical and chemical tests of water WS The amount of dissolved oxygen in water
VF Fish vaccination PD Pool disinfection
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Table 2: Frequency distribution of breeders' individual characteristics in Hamedan Province

Percent Number
Control Treatment Control Treatment
Age
20-30 0 9.3 0 3
31-40 0 34.3 0 11
41-50 17.6 218 3 7
51-60 41.2 25 7 8
More than 60 41.2 9.3 7 3
Education
Iliterate 35.3 31 6 1
Reading and writing 235 53.1 4 17
Diploma 17.7 3.9 3 3
Bachelor's degree 17.7 25 3 8
Master's degree and above 5.9 9.4 1 3
Employment history
1-5 0 21.8 0 7
6-10 5.9 43.8 1 14
11-15 294 9.4 5 3
16-20 235 18.8 4 6
More than 21 41.2 6.3 7 2
Job satisfaction
very much 0 31 0 1
alot 0 34.4 0 11
average 235 50 4 16
low 29.4 125 5 4
very little 47.1 0 8 0
Skill acquisition method
Training class 0 25 0 8
Educational workshop 235 125 4 4
Fisheries expert 117 375 2 12
Research expert 235 0 4 0
Personal study 41.2 25 7 8
experience 0 0 0 0
plural 100 100 32 32
Source: Research results
Olwed Gl jo (SaS (sl piio 3lg8 oy Y Jgu
Table 3: checking the balance of auxiliary variables in Hamedan Province
Auxiliary variable Before sorting After sorting
Wilkinson statistic Significant level Wilkinson statistic Significant level
SA -1.25 0.07 -1.67 0.05
pH -0.75 0.64 -2.52 0.005
0 -.075 0.64 -3.2 0.002
WS -0.23 0.67 -3.07 0.000
PD -.074 0.45 -3.2 0.002
wWT -.047 0.63 -2.52 0.005
FSC -0.53 0.4 -2.06 0.059
WMT -1.17 0.04 -2.22 0.005
PCT -1.28 0.24 -1.67 0.05
VF -0.42 0.67 -2.06 0.039

Source: research results
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Table 4: Results of estimating the production function of trout producers in Hamedan Province

Probability level

Coefficient  Standard deviation Statistic of t (prob)
c Intercept -1.60 0.88 -1.80 0.082
Ln(la) Labor force 0.69 0.29 2.39 0.023
Ln(ca) Capital 0.77 0.78 0.98 0.236
Ln(wg) Baby fish 0.63 0.14 4.41 0.0002
Ln(fo) Food 0.34 0.17 1.93 0.065
Ln(ac) Swimming pool 0.75 0.35 2.19 0.038
ATT Treatment effect 0.56 0.12 4.58 0.0000
Ramsey reset Breusch - Godfrey White Jarque-Bera R? F
0.42 (0.35) 0.61 (0.47) 0.52(0.65) 3.84(0.57) 0.83 214

Source: research findings
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Table 5: Results of estimating the efficiency of trout fish operators in Hamedan Province

Efficienc Assumption Control Treatment
Y P Standard deviation Mean Standard deviation Mean
Technical efficiency CRS 4.5 82.2 3.2 905
VRS 4.2 83.3 34 91.4
Scale efficiency - 4.3 98.7 6.2 99.02
Allocative efficiency CRS 5.2 753 5.3 86.8
VRS 5.6 70.4 5.9 87.6
. - CRS 34 61.9 3.2 78.6
Economic efficiency VRS 53 58.6 24 80.1

Source: research findings
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Table 6: Results of estimating economic indicators in
Hamedan Province

Index Treatment Control
Benefit-cost ratio 1.8 1.2
internal rate of return 33.8 18.8
Rate of return 4.8 7.6

Source: Research findings
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