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Introduction

Given the importance of foreign direct investment (FDI) and trade openness in the economy and the theoretical
ambiguity surrounding their effects on agricultural performance, this study employs the AutoRegressive
Distributed Lag (ARDL) approach to empirically assess their impact. Specifically, it examines how FDI and trade
openness have influenced the growth of gross domestic product (GDP) in Iran’s agricultural sector over the period
1970-2022.

Materials and Methods
The model utilized in this research is based on the study by Sultana and Sadkin (2023) as follows:

g g g q g g
AAFR, = By + B 2 AAFFR_j + B, 2. AFDIy_; + £, AGDR,_j + 8, X ACPl,_j + ;Y. ATRADE,_j + ;Y. AGFCR,_; + pECM_; +;
| | | | | |

The variables employed in this research include: AFF: agricultural production growth, FDI: foreign direct
investment, GDP: gross domestic product (economic growth), CPI: inflation rate, TRADE: degree of trade

openness (free trade), GFC: gross fixed capital formation, and &; : stochastic term. The necessary data were
gathered from the World Bank for the period from 1970 to 2022.

Results and Discussion

In this research, the generalized Dickey-Fuller tests were employed to assess the stationarity of the time series
and the presence of unit roots. The order of their aggregation was determined accordingly. The generalized Dickey-
Fuller test indicates that at a significance level of 5%, all variables, except for the growth of the agricultural sector
with a one-time difference, are stationary in both the cases of having an intercept without a trend and having an
intercept with a trend. Based on the results of the generalized Dickey-Fuller unit root tests, the accumulated model
variables are of order one and zero. Consequently, the ARDL method is applied in this research.

To estimate long-run coefficients, it is essential to first verify the existence of a long-run relationship.
Therefore, the F-Bound test introduced by Pesaran, Shin, and Smith (2001) is also utilized. This method confirms
the existence of a long-run equilibrium relationship among the model's variables.

The results of the LM test indicate that there is no autocorrelation among the residuals in the examined model.
In fact, the null hypothesis of no autocorrelation is not rejected. Additionally, the results of the heteroscedasticity
test suggest that the null hypothesis of the absence of heteroscedasticity is not rejected, indicating homogeneity of
variance.

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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The following table presents the results of model estimation using the ARDL method.

Model estimation results using the ARDL method

Long-run relationship
Prob. | t-Student | standard deviation | Coefficients | Variables
0.00 3.66 6.25 22.91 FDI
0.00 3.48 0.39 1.36 GDP
0.05 2.14 0.38 0.82 GFC
0.02 -2.68 0.13 -0.37 INF
0.32 1.04 0.15 0.16 TRADE
0.00 5.82 11.57 67.43 C

Source: Research findings

The error correction model is employed to assess how short-run imbalances of dependent variables are
corrected towards long-run equilibrium. The results from estimating the error correction model indicate that the
coefficient of the error correction term in the model is -0.20. This means that in each period, 20% of the imbalance
in the agricultural sector is corrected, moving closer to its long-run equilibrium trend. To ensure the stability of
the estimated regression coefficients and the accuracy of the results obtained, stability tests, including cumulative
residual (CUSUM) and cumulative residual squared (CUSUMSQ), are conducted for the residuals of the short-run
model. The results confirm the stability of the estimated coefficients during the studied period.

Conclusion

The findings of this research indicate that foreign direct investment (FDI) has a positive and significant impact
on the long-term production growth of Iran's agricultural sector. However, commercial openness does not have a
significant effect on the growth of production in this sector over the long run. Additionally, gross domestic product
(economic growth) and gross fixed capital positively and significantly influence agricultural production growth.
Conversely, the inflation rate negatively and significantly affects the production growth of the agricultural sector.

Acknowledgement

Given the positive and significant impact of FDI on agricultural production in the long run, it is essential to
attract appropriate and efficient foreign direct investment to enhance local employment and investment, thereby
boosting production and productivity in Iran's agricultural sector. Consequently, it is recommended that
policymakers refine their strategies to foster an environment conducive to attracting foreign direct investment in
agriculture, aiming to draw in more effective investments to elevate agricultural productivity. In this context, the
country can adjust its tax and agricultural investment policies to establish a "suitable investment environment" that
encourages long-term foreign investments in the agricultural sector. Furthermore, the government should
implement policies aligned with agricultural needs and initiate relevant and practical training programs for farmers
to enhance agricultural skills, enabling FDI to further develop the nation's agricultural sector. Additionally, to
bolster the country's economic growth within the agricultural sector, innovative methods must be adopted to attract
foreign direct investment. The lack of a significant effect of trade openness on the production of Iran's agricultural
sector underscores the necessity to reassess the country's free trade policy to support various segments of the
agricultural sector, thereby increasing production and improving the overall performance of agriculture.

Keywords: Agricultural production growth, Auto regressive distributed lag (ARDL), Foreign direct
investment (FDI), Trade openness
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Table 1- Generalized Dickey-Fuller unit root test (with intercept and without trend)

S 4 50 PIOPSEEI b i PICPSEEI 1 1%
Order of integration | Dickie Fuller's statistics | Variables | Dickie Fuller's statistics | Variables
I(1) -7.01 AAPG -0.93 APG
1(1) -VIV- AFDI -2.90 FDI
10) - AGDP -4.66 GDP
10) - AGFC -2.97 GFC
10) - AINF -3.36 INF
1(0) - ATRADE -3.97 TRADE
e Sl igeil (Sad Jeb b e 5l Tae g g U3
The critical value of the Dickey-Fuller test with intercept and without trend -2.93

gl sl avie
Source: Research findings
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Table 2- Generalized Dickey-Fuller unit root test (with intercept and trend)

L 4 e I Spoll | biie | J@ Sl | bk
order of integration | Dickie Fuller's statistics | Variables | Dickie Fuller's statistics | Variables
1(1) -6.97 AAPG -1.75 APG
1(1) -7.62 AFDI -3.19 FDI
1(0) - AGDP -4.89 GDP
1(0) - AGFC -3.94 GFC
1(0) - AINF -3.53 INF
1(0) - ATRADE -3.52 TRADE
Sgy g ln 5l p2e b Jgd (S5 el Sl sl

The critical value of the Dickey-Fuller test with intercept and trend -3.52

ohegk sl iaie
Source: Research findings
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Table 3- The results of the test for the existence of a long-run equilibrium relationship using the ed

e test (F-Bound)

Aoy ) pdaw dopd O paws doyd Ve paw oyllFoss duloee
At the 1 percent level | Atthe 5 percent level | At the 10 percent level | Calculated F statistic
I(1) 10) I(1) 10) I(1) 10) 884
3.90 2.73 3.21 2.17 2.89 1.92 '
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Model
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Source: Research findings
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Table 4- The results of diagnostic tests of classical assumptions

S ok d95 (39051 F —statistic 0.05 prc_)b.F 0.99

The serial autocorrelation test Obs *R —squared | 429 | probChi —Square | 0.74
owil,lg (Sluod 9050 F —statistic 0.54 prc.Jb.F 0.90

The Heterogeneity of Variance Test | Obs *R —squared | 2355 | prob Chi —Square | 0.70

g3, ol seio
Source: Research findings
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Table 5- Model estimation results using the ARDL method

Osouily dhail,

Long-run relationship
Jlesal | Teddgsn! Suro Bl yocl ol g W puiio
Prob. | t-Student | standard deviation | Coefficients | Variables
0.00 3.66 6.25 22.91 FDI
0.00 3.48 0.39 1.36 GDP
0.05 2.14 0.38 0.82 GFC
0.02 -2.68 0.13 -0.37 INF
0.32 1.04 0.15 0.16 TRADE
0.00 5.82 11.57 67.43 C

g% (slaasl, g
Source: Research findings
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Introduction

Bread is one of the most important staple foods in human history, holding a central place across cultures and
in household diets. It is commonly classified into two main types: whole wheat bread and white bread. Whole
wheat bread is made from flour that retains the bran and germ, resulting in roughly twice the vitamins, minerals,
and dietary fiber compared to white bread, which is more refined. Numerous clinical studies have shown that
regular consumption of whole wheat bread is associated with a reduced risk of various health conditions, including
cardiovascular disease, diabetes, digestive disorders, obesity, and metabolic syndrome. Despite this, in recent
decades, wheat bran has been separated from flour in various quantities in many factories in the country, and the
bread made from this flour not only has a very low nutritional value; rather, it causes the spread of all kinds of
diseases. The study of food consumption in Iran reveals that the primary food group contributing to daily energy
and protein intake is bread, which includes various types, such as Barbari, Lavash, and Sangak. Based on the
compiled standards, each bread has a specific amount of bran removed. Sangak bread is the richest bread in terms
of nutrition. Lavash and Tufton bread have lower bran content than Sangak, and Barbari bread flour has the highest
percentage of bran removal. It is considered the whitest flour among traditional breads. Considering the importance
of bread consumption as a complete food item in the household basket and its direct effect on people’s health, in
this study, breads are classified into three groups: whole-wheat bread (Sangak), low-bran bread (Lavash and
Tufton) and bran free bread (Barbari) and the influencing factors on the choice and consumption of the type of
bread of the households have been investigated

Materials and Methods

A questionnaire was developed to achieve the research aim, and data were collected through a random sampling
method from households living in Mashhad city. Face-to-face interviews were conducted with 265 households in
2023. Because of the ordinal nature of the bran percentage of flour for all types of bread, first, an ordinal logit
model was estimated to investigate the probability of each household being placed in 3 groups of bran-free bread,
low-bran bread, and whole-bran bread, But due to the violation of the assumption of parallel regressions in this
model, the Generalized Ordinal Logit Model was used.

Results and Discussion
The results of this study showed that a significant percentage of households (56%) consume bread with low

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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bran (Lavash and Tafton), and only 15% of households consume bread bran-free (Berberi). Also, 29% of
households consume bread with high bran (Sangak). The results showed that increasing the variable level of
household income, the importance of bread health, the importance of bread quality, and the satisfaction of
consuming bread increases the probability of consuming bread with higher bran than bread bran-free. The negative
and significant coefficient of the importance variable of bread shape shows that households that attach more
importance to the shape of bread increase the probability of consuming bran-free bread compared to whole-grain
bread. This issue could be due to the darker color of bran bread compared to bran-free bread. Additionally, the

marginal effects of the coefficients at different levels were estimated, which interpret the change in the predicted
probabilities of a household consuming whole-wheat bread per one unit change in a specific explanatory variable
(based on the average of consumer data.

Conclusion

Based on the results, the household's monthly income, the importance of bread to health, the importance of
bread quality, and the satisfaction with the consumed bread were the main and significant factors affecting the
choice of bread type consumed in Mashhad households. Therefore, considering the importance of health in
changing consumption behavior, providing educational programs and awareness campaigns to inform people about
the benefits of wholemeal bread—such as its effects on digestive health, reducing the risk of chronic diseases, and
improving nutrition—will be effective in changing the eating habits of the community and improving the overall
level of health. These programs can position the consumption of wholemeal bread as a healthier choice in the
minds of consumers.

The results indicate that, all else being equal, higher consumer satisfaction with high-bran bread increases the
likelihood of its consumption. In contrast, placing greater importance on bread appearance reduces the probability
of choosing high-bran options. Overall, consumer satisfaction is a key driver of wholemeal bread consumption,
whereas its darker color and distinct appearance tend to discourage it. Therefore, to increase the attractiveness of
wholemeal bread for consumers, it is suggested that manufacturers focus on improving the appearance of bread
and use techniques that make wholemeal bread more similar in color and appearance to white bread. This could
include using improved formulations to enhance the color and texture of the bread. Additionally, to address
concerns about the taste of wholemeal bread, manufacturers can offer different varieties of wholemeal bread with
varying characteristics in appearance and flavor to attract consumers with diverse preferences. Improving the
quality of bread in terms of taste, texture, and other characteristics can lead to increased consumer satisfaction and,
ultimately, a rise in the consumption of wholemeal bread.

To reduce the negative effects of price increases on the consumption of bread with high bran, it is suggested
that producers or policymakers adjust the price of this bread so that it remains attractive compared to bread with
low bran. This can be done by reducing production costs or government support in the pricing of wholemeal bread.
Also, to encourage more consumers to buy bread with high bran, it is possible to use the combined packaging of
wholemeal bread with regular bread or bread with low bran, and consider discounts for buying these packages.

Keywords: Consumption pattern, Durability, Ordinal logit model, Whole grain bread
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Table 1- Statistical characteristics of the studied variables

gy BEIRES SSlas oSSl Olounsgi
. - . Standard -
Variable Minimum Maximun Average deviation Description
o 12 78 30.79 10.17 b
Age Year
EMass 0 1 073 0.44 V= 2Bk Muass )l fo= 2Kl CMuass 186
Education ' ' without university education=0; Having university education=1
olgls glacl slaws ..
Number of Family 1 12 4.82 2.04 Pe/:on
Members
) DVD B Yoo F=Ver BN ¥=V0 B Vee V=V B0 =l odee 00
lale sol> 1 6 3.34 1.78 pY0 VL
Monthly Income Below 50 million Rial=1; 50 to 100=2; 100 to 150=3; 150 to 200= 4; 200 to
250=5; above250=6
5 el 21481 5429
ol 0 1 0.69 0.46 IR

Being of elderly
person in family
Ob oM Cuonl
The importance of 1 5 3.43 1.13
bread health
C)U d)lf.\}lp &:.o.&b\
The importance of 1 5 3.14 1.04
bread durability
Ob S Coonl
The importance of 1 5 3.09 1.08
bread quality
Brae b jl eals,
Satisfaction with 1 5 2.82 0.90
consumed bread
ob ol JSb el
The importance of 1 5 2.87 1.01
the shape of bread
O Cuosd Cmnl
The importance of 1 5 2.86 1.04
bread Price

Yes=1land No=0

(ol s B o L5) 0 1) a8 Sl

Item Score 1 to 5 (very low to very high)

(ol s B o L5) 0 1) a8 Sl

Item Score 1 to 5 (very low to very high)

(b bt b o8 (L) OB 455 jlsel

Item Score 1 to 5 (very low to very high)

(ol s B o 150 6 a8 Sl

Item Score 1 to 5 (very low to very high)

(ol s B o 15) 0 1) a8 Sl

Item Score 1 to 5 (very low to very high)

(b L b o8 (L) OB 455 jlsel

Item Score 1 to 5 (very low to very high)

55 loadly 5 lo
Source: Research findings

Ol w3 e L5 a5 01 Lol lgil e 53 1) doyd o 5L
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S Gl &S 00,5 o odaliie meod Slolyd wlwly cpicmen 5yl
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Figure 1- The degree of satisfaction of the studied sample with the consumed bread
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Table 2- Descriptive statistics of dependent variable levels in the ordinal Logit model

L Slalyd o (Sl o Slglyd
ol gy =] Frequenc Relative Cumulative
Type of bread Code (nu?nber)y abundance frequency
(percentage) (percentage)
SRR 1 40 15 15
Barbari
0536 5 Ay 2 148 56 71
Lavash and Tufton
S ol 3 77 29 100
Sangak
Eyoe - 265 100 -
Sum

Source: Research findings
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daglio (S (B) Y9 (09586 9 2lg) GB) Y (sloog ST L) (0
990 ¥ oS L1 Y g ) (slaog)S 95 maw & bguye (ygins 1S (o
olie & a3 oo (LIS e calpd o9yl Sl D pe )8 Al
golw > ) GBuegal x5 )8 Jlisl (g pite il
B3 3o Gl )l o 4 Cond g Spae 5L
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Table 3- Results of the model the ordered Logit model

i gl 898 slro Bl 5l z b)loi Jlois! mdans
Vari . Robust standard z Probability
ariable Coefficient deviati .
eviation statistic level
o 0.012 0.018 0.67 0.501
Age
s 0.980" 0.414 2.36 0.018
Education
Iyl sl dlas 0.014 0.084 0.17 0.861
Number of family members
Slale > -0.239" 0.109 2,20 0.028
Monthly income
gt i 0.229" 0.081 2.84 0.005
residential area
odlgsls 5> sl 31,81 542 g
Being of elderly person in -0.140 0.391 -0.36 0.720
family
56 Coodls Cuon -
. 0 b Can 1.605 0.259 6.36 0.000
The importance of bread health
OU d)lf_\jln Coodl
The importance of bread 0.413™ 0.203 2.03 0.042
durability
o el el 0.8717 0.217 4.00 0.000
The importance of bread quality
Grae (bl cols, —
Satisfaction with consumed 1.060 0.267 3.97 0.000
bread
o als JSS Coenl N
The importance of the shape of -0.357 0.179 -2.00 0.046
bread
o bcefa el -0.593" 0.174 -3.41 0.001
The importance of bread Price
gl o] 7.011 1.535
Cutl
py? i 13.139 1.952
Cut2

Log pseudolikelihood = -91.817593

Pseudo R2=0.525

Wald chi2=106.60
Prob>chi2=0.000

(M) Y g o> B o pd Ve s ) (g Gre a5 4

s g %) Guios slaanl 1isle

Source: Research findings (*, **, and *** are significant at 10, 5, and 1% level, respectively)
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Slwbre OIS R? loly cpiomed Gl jb gz Jopd )
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g ol i p iln 058 5l YL e I adlares
sl Gl 51 oYU ol oolaiwl dyg0 (wse (gl yuaio
5 Cuto S5 g 53 Jlgl wlale bol ) aws jiite o s

s wlnle 1813 daus ial33l b m o b 45 45l o Jline

i 5 Con¥ (g5l90 S ygamw S ) 903 s —€ Jgu

Table 4- Results of parallel ordinal Logit regression

o)loi 93 &> a)loi Jloi! @MM

Statistic Chi2 statistic Probability
level
Wolfe Gould 42.05™" 0.000
Brant 25.04™ 0.015
Score 36.55™" 0.000
Likelihood ratio 42.42" 0.000
Wald 24.25™ 0.019

Guiod slaazil, sl
Source: Research findings
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Table 5- Results of the Generalized Ordered Logit Model

P S g 93w
Variable(s) First Level Second Level
o 0.042 0.017
Age
©Hpazd 1.415 0.313
Education
odlgls glacl slass 0.262 -0.052
Number of Family Members
Shale el 0.684" 0.268
Monthly Income
“dgSn i 0.012"* 0.001
Residential area
P PHESERIRVN W JE R PEN 1am 0.480
Being of elderly person in family
et el 2551 1.144"
The importance of bread health
ob s 5sle ol 2.105"" 0.261
The importance of bread durability
cbeddceal 0.742 1.300"
The importance of bread quality
ran ol eals, 2.070"** 1211
Satisfaction with consumed bread
Bl S el 0.403 -1.158"
The importance of the shape of bread
46 Ceoud - | s
| besa el -1.012 -0.985
The importance of bread Price
ri .l 5 koK Heoskok
e SloE -20.539 -8.598
Constant

Log pseudolikelihood = -70.60751
Pseudo R?=0.635

Wald chi2=100.76
Prob>chi2=0.000

(Moyd ) g 2oyd O duoyd Vv pxaws )3 6yl jine oy s s i g ) Buiow slaasly tisle
Source: Research findings (*, **, and *** are significant at 10, 5, and 1% level, respectively)
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Table 6- Results of the marginal effects of the generalized ordered Logit model

goesa SO e 93 g aw gl
Variable(s) First level Second level Third level
o -0.00003 -0.00162 0.00165
Age
o . g -0.0017 -0.02608 0.02781
Education
Il slast shas -0.00002 0.00511 -0.00490
Number of family members
wbale s> 0.00055 0.02470 -0.02525
Monthly income
wﬁ” ‘MM -0.00001 -0.00008 0.0009
Residential area
ol salladlflngy 0.00096 -0.04313 0.05601
Being of elderly person in family
o cadle el -0.0020 -0.10549"* 0.10755**
The importance of bread health
o bbbl -0.00170 -0.02287 0.02458
The importance of bread durability
OB Sl _ -0.0006 -0.12152** 0.12212™*
The importance of bread quality
. “53"“ ol 3l el -0.00167 -0.11211™™ 0.11378""
Satisfaction with consumed bread
o obupl R sl -0.00032 0.10911°** -0.10878""
The importance of the shape of bread
Ol b & o 0.00081 0.09179*** -0.09261***

The importance of bread Price

Log pseudolikelihood = -70.60751
Pseudo R?=0.635

Wald chi2=100.76
Prob>chi2=0.000

(o)) 9 3oy 0 o Vo o )3 (gl re iy &y s

Source: Research findings (*, **, and *** are significant at 10, 5, and 1% level, respectively)
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Introduction

The Real Effective Exchange Rate (REER) is a crucial indicator used to assess a country's currency value
against a basket of foreign currencies, while accounting for inflation differentials. This measure reflects a country's
competitiveness in international trade, particularly in sectors such as agriculture, which are highly sensitive to
economic fluctuations and investment dynamics. Given the critical role of agricultural investment in driving
economic growth, this study investigates the impact of REER uncertainty on agricultural investment across various
provinces of Iran between 2008 and 2023. By employing the two-stage Swamy estimation approach, the research
explores the regional disparities in the effects of exchange rate uncertainty and offers insights into how such
volatility influences agricultural investment decisions across diverse geographical regions.

Materials and Methods

This study utilizes the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) model to
quantify uncertainties in the Real Effective Exchange Rate (REER). The research applies panel data econometric
techniques to examine the relationships between REER uncertainty and agricultural investment, using data from
sources such as the Iranian Statistical Center, the Central Bank of Iran, and the World Bank. To address the
heterogeneity of regional dynamics, both static and dynamic models with variable coefficients were employed.
The analysis included key explanatory variables, such as provincial GDP in agriculture, interest rates, bank credits,
and trade openness. The estimation and solution of the regression functions were conducted using Eviews9 and
Statal4 software. Unit root tests, including the Fisher and Dickey-Fuller tests, were applied to assess the
stationarity of the variables, while Pedroni cointegration tests were employed to confirm the existence of long-
term relationships between the variables.

Results and Discussion

The findings of this study demonstrate that REER uncertainty has varying effects on agricultural investment
across different provinces of Iran. Specifically:

Positive Impacts: In provinces such as Isfahan and West Azerbaijan, REER uncertainty had a positive and
significant effect on agricultural investment. This could be attributed to adaptive strategies employed by investors
that help enhance competitiveness in these regions despite currency fluctuations.

Negative Impacts: Conversely, provinces such as Semnan, Sistan and Baluchistan, Mazandaran, East
Azerbaijan, and Kermanshah experienced negative effects, where higher REER uncertainty led to reduced investor
confidence and disrupted long-term financial planning in the agricultural sector.
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Moreover, variables such as provincial agricultural GDP, interest rates, and bank credits exhibited a significant
positive impact on agricultural investment. Conversely, higher interest rates tended to discourage private sector
investment, demonstrating the importance of stable and favorable macroeconomic policies. These findings are
consistent with existing literature, which underscores the need for a stable exchange rate policy and a conducive
investment environment to promote agricultural growth.

Conclusion

Agriculture plays a vital role in Iran’s economic stability and food security; however, the sector faces
significant challenges associated with real effective exchange rate (REER) uncertainty. Research indicates that
exchange rate volatility can negatively affect agricultural productivity, investment, and trade by increasing
economic risk and reducing planning efficiency. In this context, fluctuations in REER can disrupt input costs,
market stability, and competitiveness, thereby constraining the overall performance of the agricultural sector. The
findings of this study emphasize the need for region-specific policies that mitigate the negative impacts of
exchange rate fluctuations and harness potential opportunities for agricultural investment. Policymakers should
focus on stabilizing exchange rates and implementing supportive policies to encourage sustained investment in
agriculture, especially in economically vulnerable provinces that are more affected by exchange rate volatility. By
addressing these challenges, the agricultural sector can contribute more effectively to Iran's overall economic
development and food security goals.
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Introduction

Constraints such as the limited availability of key resources particularly water and energy, have driven the
adoption of approaches aimed at improving the productivity of these inputs. Because agricultural inputs are
inherently finite, farmers and planners in the agricultural sector have long sought ways to increase production
while using fewer resources, especially those that are scarce. As a result, achieving efficient and sustainable
management of water and energy has emerged as a major global challenge in recent decades. Dehloran region, as
an agricultural hub and the largest agricultural sector of llam province, is located in the south of this province. The
decrease in rainfall in recent years and climate change have also affected the agricultural sector of the Dehloran
region. Given that the Dehloran region is located in the path of permanent and seasonal rivers, and also due to its
proximity to Khuzestan Province and the benefit of water from the Karkheh Dam, unfortunately, due to the lack
of sufficient infrastructure, irrigation channels, and sufficient dams, these water resources are not used optimally.
Therefore, it seems necessary to pay attention to the sustainability of agriculture in this region through the
improvement and proper management of water and energy resources and the promotion of their productivity.
Therefore, in the present study, an attempt was made to consider economic and environmental goals in the form
of a multi-objective planning model with an emphasis on the management of water and energy resource
consumption. Therefore, considering the necessity of the subject, the effect of determining the optimal cultivation
pattern on water and energy productivity in the production of crops was investigated.

Materials and Methods

In the present study, a multi-objective nonlinear mathematical programming model has been used to
simultaneously achieve multiple goals that are subject to a certain set of constraints. In the present study,
considering the regional conditions and the importance of the issue, four goals were used, including maximizing
gross profit, maximizing production, minimizing energy consumption, and minimizing water consumption.
Considering the aforementioned goals, considering several different goals leads to a model in the form of a multi-
objective programming. Considering the objective functions and regional conditions, constraints were defined,
including water, labor, poison, fertilizer, machinery, land, and maximum and minimum production of agricultural
products. Physical and economic productivity indices of water and energy were also used to calculate productivity.
GAMS software was also used to run the model.
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Results and Discussion

In Dehloran region, there are five important agricultural sectors including Anaran, Dasht-e Abbas, Musian,
Zarinabad and Meimeh. If the multi-objective optimal model is implemented in the aforementioned sectors, an
increase of 7.31, 0.74, 2.57, 6.62 and 29.78% of the cultivated area is observed, respectively. In the autumn group
of crops, this increase is for irrigated wheat, rainfed and grain corn, and in summer crops, it includes profitable
crops such as watermelon, melon, onion, potato, cucumber and cotton. The results of the research also showed that
by considering the multi-objective optimal model, important variables such as total cultivated area, total production
and gross profit show an increase of 3.85, 8.48 and 4.70 respectively. Also, the implementation of the optimal
cultivation pattern improved the physical and economic productivity of water and energy by 22.09, 17.84, 10.16
and 6.33. This improvement was able to save 11.14 and 1.52 percent in water and energy consumption. In terms
of energy consumption, chemical fertilizer input accounted for the highest share of total energy resources with a
share of about 0.44 percent. Fuel and electricity input energy is in second priority with a share of about 0.33
percent. This is while the use of fuel and electricity input in the optimal model is about 88.5 percent less than the
current one. Also, the lowest share of total energy consumption is related to the energy source of animal manure
and labor. Implementing an optimal cultivation pattern based on multi-objective planning models in the Dehloran
region by reducing water and energy consumption and increasing the productivity of these inputs while increasing
total production and gross profit in the region can be an important step in advancing the goals of the region. Also,
the results of implementing water inventory reduction scenarios also indicate that a 30% reduction in water
inventory reduces total production, total gross profit, and energy and water consumption by about 0.6, 1.5, 2 and
21%, respectively. However, water and energy productivity increases in the scenarios under study. Therefore, it
can be said that by implementing the optimal cultivation pattern in the Dehloran region, while reducing water and
energy consumption, it has also achieved an increase in productivity. Which can be an important step in advancing
the goals of the region.

Conclusion

Given the primary objective of the study—to examine the impact of determining an optimal cultivation pattern
on water and energy productivity in crop production—the results are noteworthy. The application of a multi-
objective mathematical programming model led to improvements in both physical and economic productivity of
water and energy, while simultaneously reducing their overall consumption. These findings suggest that, with
proper implementation and management, the model can deliver meaningful savings in water use and enhance
resource efficiency in agricultural systems. Using multi-objective optimal models in the region can, in addition to
increasing gross profit in the region, reduce water and energy consumption and increase physical and economic
productivity in the region. Accordingly, it is suggested that the optimal cultivation pattern obtained in the region
be used to increase farmer's profit, reduce water and energy consumption, and increase regional productivity.
Similarly, holding extension classes to raise awareness in determining the optimal consumption of inputs and
changing the cultivation pattern under the supervision of agricultural Jihad experts can be an effective step in
advancing the appropriate goal of implementing an optimal cultivation pattern that matches the conditions of the
desired region.

Keywords: Dehloran, Energy efficiency, Multi-objective programming model, Water efficiency
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Table 1- List of all symbols used in the model to define sets as well as variables and parameters

Y Ty ol T
Index Description Index Description
TMec-p Y| omile IS lude c=23 =) ©Y pame asgerne
o Total amount of machinery (hour) Crop collection
TFerp 395 JS o 5o Sl 3 o5l cadllan 3,90 (5 (slo b
tost Total amount of fertilizer (kg) Crop seasons
Thesp SiSedl S e =5 adllas 3,90 bl
zest Total amount of pesticide (liter) Study areas
TA dog0 £lyi oo ylade i=9 ol olatwl (slaoslys
' Amount of available farmland Inputs used
GM,, i . e=2 Water divided into surface and
Gross profit amount (Rial) underground
curprofit S o 7=3 e Ely! _
r Current profit (Rial) Types of poison
U"):‘"“'J » )L< (53)“" J§ )L\.&o 395 flﬁ’l
Tlab-p Total amount of available labor t=3 Tves of fertilizer
(persons per day) yp
oorwd ol S e s - i
. 25° Jgazme Cunsd
AW Pees Total amount of water available PP Price of the desired product (Rial)
(cubic meters per hectare)
IE .. oAb Bpae (55l O‘}t“ TP P s 290 J?“""’ 5 Sdos
et Amount of energy consumed (M/J) oo Desired product yield (kg)
eff P el ol TC P . My sladja
- Irrigation efficiency (percentage) oo Production costs (Rial)
Mg jlxe Gljee 51> ;
Y guase CuiS
Maxprod P Maximum allowed amount of AV 2 g

products (kg)
W jlre e Jola>
Minimum allowed amount of
products (kg)

Minprod_P .

NB DAEL g e
Gross profit amount (Rial)

Crop area (hectare)

o odlawl n_j Jade

TW_V, . Amount of water used (cubic meters
per hectare)
o oAl 5l

W P Net water requirement (cubic meters

per hectare)

¢
Z Mec p AV <TMecp YV )
c=1
¢
Z Fer P A V _<TFer P__ Visr ®)
c=1
¢
Z PesﬁchsrAcherTPesiPchr Y, D)
c=1
C
Z A—VcerTA—P r Vr ()
c=1
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Table 2- Energy equivalent of inputs in crop production

odlys asly Jaleo g5 59! o3l&u] 3590 Ziio
Input Unit Equivalent energy (m/j per unit) Source used
o ied 08 Ozkan et al., 2004
Cucumber seed kg
PS5 Sdad 15.7 Canakei et al., 2005
Wheat seed kg
2ok Sdad 147 Singh et al., 2006
Barley seed kg
slals @3 54 pSoks 15.9 Canakci et al., 2005;
Corn kernel kg ' Rathke et al., 2007
138" ,a 5 -
ol PE&S 36 kitani et al., 1999
Rape seed kg
hbsle )3 3 PE&S 15.9 Canakci et al., 2005
Foragecorn seed kg
S PI&S 25 Singh et al., 2006
Sesame seed kg
Slgan s 2dad 1 Azizpanah et al., 2019
Watermelon seed kg
Ceak PI&S 1 Azizpanah et al., 2019
Melon seed kg
i) e P 36 Kitani, 1999
Potato seeds kg
DR Zdad 18 Ozkan et al., 2004
Cotton seed kg
i PSS 1.6 Ozkan et al., 2004
Onion kg
T ol CaSa s .
skl mSeste 1.02 Singh et al., 2006
Irrigation water
el ‘?”‘Dl" el 62.7 Akcaoz et al., 2009
Machinery hr
S 95 el 1.96 Akcaoz et al., 2009
Labor hr
e PS5k 111 Ozkan et al., 2004;
Phosphoru kg ' Akcaoz et al., 2009
Oirs £ ok 60.6 Ozkan et al., 2004;
Nitrogen kg ' Akcaoz et al., 2009
oty pSskS 6.7 Ozkan et al., 2004;
Potassium kg ’ Akcaoz et al., 2009
s PSS 03 kizilaslan, 2009
Animal manure kg
S dile ) 85 Tzilivakis et al., 2005;
Herbicide lit Rathke et al., 2007
oS ek PSS 115 Tzilivakis et al., 2005;
Fungicide kg Rathke et al., 2007
OES o pis . Tzilivakis et al., 2005;
Insecticide gdad 229 Rathke et al., 2007
gk
‘“““"’Q : el 12 Kaltsas et al., 2007
Electricity
Kw/hr
Jes8 ) 478 Hydrocarbon balance
Diesel Lit ' sheet of Country, 2008
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Table 3- Data used in the research

Y guasmo Mo gbas 0w B juaro (55531 3 ,Sdos
Crops Production costs Energy consumed Yield
(million rial/hectare) (million megajoules/hectare) (tons/hectare)
ol pas 240.05 39.82 35
Water wheat
w23 puS 68.88 11.73 1
Rainfed wheat
S 186.105 30.79 3.4
Water barley
JURRS 54.18 10.88 0.8
Rainfed barley
1518 284.18 43.19 1.7
Rape
sl @ 326.16 48.31 0.7
Corn kernel
sladgle ) 258.54 47.58 45
Forage corn
oS 149.06 32.50 0.9
Sesame
Slgdin 562.96 40.72 45
Watermelon
o 351.96 39.61 45
Melon
RS RO 1149.89 75.05 45
Potato
JiRS 423.9 38.06 27
Cucumber
b 649.04 37.26 42
Onion
Ay 436.31 44,52 2
Cotton

Voo Jlo pM1 sl (gl ddlais o Sy g (65y9UiS dles ol sxiie
Source: Agricultural Jihad Organization and Regional Water Company of Ilam Province, 1400

cabd o ohbl Jold (65,9liS" ppe ddlaio Faa Oy ddlaio 4o
P ¥ sie @l b 45 20 325 dore 53U )5 s olis
oRlBl i S de Glagisy > daans Jae (il ©)50
5 ol PS5 el Gl ol ojly 098 SV game 1> o 30k
Al g kS @ e by opd @lsan wle (g yslagw
e danwg dobp bly p aSLI L Hles g aejouw @y
b (Jy dlbeod ol Bpms dautn g hled pliw el ) (5559l
Baadix 2ob) Sty Jio jl adlas ol )5 a4l 4 g
W5l g ol ilwJBlis Glual poogMe ()] 13 g 3,5 ool
EPES IR NS I TR I

g clbdnia 4 bae Gledbl & cwl musy 4 piY
5l adllas 5y90 bl 3 ol); GV guame culS 5 rdaw o )Sles
2 ol Gless S i o) il (5y0liS Sy ol
bgye sl 9 SOleMb Opred ,\m)f by Ol/.l.tzs.) O)liaw yoois
e oAl Sl ol a)se (slaoly (23 9 3las e O i 4
ol ghtdlato Ol €83 | sy 3050 Sblio )3 (5 el loil
3 56 Jse sl gl 035 gyglaex VF VY Jlo o
i odlazel GAMS Jl58le 5

OY gao gl ol Calisee bl culs augy (065 o
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Table 4- Area under cultivation of crops in different sectors in the current and multi-objective model (hectares)

OV guaswo (EYL]] W pisw Qo>
Crops Patterns Sections Total
ol,ul ovle culs Olwwgo SUl 0w y; dono
Anaran Dashteabas Mosian Zarinabad Mymeh
o pS 4l 6420 17000 13525 - - 36945
Water wheat Base
ool 8346 13977 15360 - - 37683
Mop
o2 pS 4l 12000 15743 2000 3500 330 33573
Rainfed wheat Base
ool 12210 20465 2600 4550 429 40255
Mop
oo &b 160 120 450 - - 730
Water barley Base
ooleiiy 91 78 293 - - 462
Mop
PURPES al 300 50 450 2000 2200 5000
Rainfed barley Base
oot 53 9 54 1334 2860 4307
Mop
I5ls° &b 500 3063 670 - _ 4233
Rape Base
ooleii 425 2967 657 - - 4049
Mop
sl @il @) al 160 2110 2230 - - 4500
Corn kernel Base
ool 208 2743 1424 - - 4375
Mop
&l ddgle @) al - 330 - - - 330
Forage corn Base
ol _ 429 - - - 429
Mop
Rto a4l - 108 - - - 108
Sesame Base
d.)LG(a.MuJ - 65 - - - 65
Mop
wlgain &b - 600 31 - - 631
Watermelon Base
oleiity - 780 41 - - 820
Mop
oR b - 354 - - - 354
Melon Base
ooy - 460 - - - 460
Mop
e al - 330 60 - - 390
Potato Base
ool - 429 78 - - 507
Mop
s al - 215 - - 5 220
Cucumber Base
ool - 280 - - 6/5 286
Mop
e al - 74 42 - - 116
Onion Base

ol . 96.2 54.6 . . 150.8
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Mop
4 al - 600
Cotton Base
ool - 780
Mop
P95 9 al 15 -
Sorghum Base
oolgiiy 195 _
Mop
03 b 8 -
Millet Base
ol 1.18 _
Mop
oile ab
Mung beans Base

Mop
e 4l - -
Lentils Base
@l - -
Mop
2959 ab - -
Peas Base
oy - -
Mop
f2Y ab - -
Rice Base
oy - -
Mop
4ol 4l - -
Okra Base
@l - -
Mop
SR 4l - -
Tomato Base
@l - -
Mop
S5 b - -
Safflower Base
@y - -
Mop
o> 4l 19571 40697
Total Base
ool 21000 41000

Mop

- - - 600
- - - 780
- 8 - 23
- 10.4 - 29.9
- - - 8
- - - 1.18
- - - 8
- - - 1
- 50 15 65
- 65 19.5 84.5
- 15 15 30
- 19.5 19.5 39
- 4 58 62
- 5.2 75.4 80.6
- 5 5 10
- 1.64 1 2.64
- 5 5 10
- 6.5 6.5 13
40 40 - 80
10 8.15 - 18.15
19498 5627 2633 88026
20000 6000 3417 91417

a5 (glaaidly :auie
Source: Research findings
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Figure 1- Share of crops in the cultivation pattern of each sector
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Table 6- Water and energy efficiency results in current and multi-objective models

I

s o
Pattern Sensitivity analysis
}‘M_.“
Variable A %5 o 4> &5 da jd 20 La ja
L . B ad ) o S ) Lo I Q)
3 &> o Percentage V% . Percentage e . Percentage
Base Mop change Senariol change Senario2 change
T3T PSR RUSTIIE
Physical energy efficiency 0.118 0.132 0.128 8.47 0.119 1.42
(kg/megajoule)
&3 soladdl (g )90,
Economic efficiency of energy 5182.33 5510.60 5371.97 3.65 5289.34 2.06
(Rial/Megajoule)
Sl (Sogd 90
Physical water productivity 1.22 1.49 1.58 29.5 1.53 254
(kg/cubic meter)
53629.83  63201.19 66278.45 23.58 67912.8 26.63

Economic efficiency of water
(rial/cubic meter)
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Source: Research finding
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Figure 2- Consumption of each energy source in the form of an optimal current pattern derived from mathematical
programming models
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Introduction

In developing countries, including Iran, the agricultural sector has not fully benefited from participation in the
stock market due to several structural constraints. These include weak supporting infrastructure, a lack of active
capital market institutions, limited financial literacy, insufficient technical expertise, and inadequate understanding
of environmental conditions. In addition, over the past decade, agricultural firms have recorded the lowest sales
performance among listed companies. This situation is further exacerbated by severe price volatility, poor
transparency and information flow in domestic agricultural markets, and the extensive presence of brokers and
intermediaries in distribution and sales channels. Collectively, these challenges have significantly weakened the
position of agricultural companies in the stock market. These problems have mainly affected the agricultural sector
of Iran in the absence of a coherent, organized and competitive market. The stock market, by using trading tools
and methods, can significantly solve these problems by creating a competitive, transparent and efficient market
and provide a very strong potential for agricultural enterprises to enter the stock market in Iran. Entering the stock
market and offering shares of agricultural enterprises, in addition to providing capital, will lead to the discovery
of the real price of shares and greater prosperity and profitability, and ultimately increasing the financial
performance of these enterprises. There is. In order to better understand and further investigate this issue, the
present study attempts to study the exact relationship between financial performance and stock price.

Materials and Methods

In the present study, the simultaneous equations method has been used to examine the relationship between
stock prices and financial efficiency of agricultural firms and companies. In the present study, four financial ratios
such as return on assets ratio, total asset turnover ratio, debt-to-capital ratio and Tobin's Q ratio have been used to
measure financial efficiency. Also, in the system, a set of control variables that affect the stock prices of companies
were considered, such as liquidity, financial leverage, company size and history, sales growth, company cash flow,
and profit performance or efficiency. Statistics and information related to performing calculations and estimating

models have been collected from various relevant sources and organizations such as Tehran Stock Exchange,
Central Bank and Ministry of Agricultural Jihad.
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Ev Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The results of the system estimation using simultaneous equations have shown that there is a positive and
significant relationship between return on assets, asset turnover ratio, debt-to-equity ratio, and Tobin's Q with stock
price. While the relationship between debt-to-equity ratio and stock price has been negative and significant. This
indicates the importance of paying attention to financial efficiency in determining the value of companies' stocks.
In fact, improving financial efficiency makes the company's stocks more valuable to customers. That is, the better
the company's financial performance or efficiency, the more investors who are interested and need to buy shares
in the company, which also leads to an increase in stock price. An increase in stock price is often associated with
improved financial ratios, which typically reflect stronger financial performance. This highlights the importance
of financial efficiency in determining a company’s market value. In practice, higher financial efficiency enhances
the attractiveness of a company’s shares to investors. As a firm’s financial performance improves, investor interest
and demand for its shares increase, which in turn can contribute to a rise in stock prices. Changes in stock prices
affect financial ratios, and these ratios can be used in the evaluation and analysis of companies and investments.

Conclusion

Stock price and financial efficiency are interrelated. In other words, stock price de-graphication increases
financial efficiency by improving financial ratios. Improving financial ratios and increasing financial efficiency
also increase shareholders' expectations for profit and capital increase if the company's financial ratios improve.
This also increases the demand for shares and ultimately increases the value and price of shares. By examining the
factors affecting financial efficiency and stock price and their relationship in agricultural enterprises, it is possible
to identify and eliminate the causes of the decline in the acceptance of agricultural enterprises by the stock market
and to encourage and facilitate the presence of these enterprises in the stock market by removing obstacles.

Keywords: Agricultural enterprises, Financial efficiency, Financial ratio, Stock market
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Table 1- Sales value of products and services of companies listed on the Tehran Stock Exchange (billion rials)
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Table 2- Descriptive results of important variables
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Al P IR
“‘_5’“’ °’I_'\"_ . 13.92 0.09 10.81 18.73
Company size (Billion rials)
L e 142446 2 0.362 312 5466988
Liquidity (Billion rials)
QM e 3’“_ 59.21 0.159 -65.72 659.63
Divided benefit
S oy 25 3512286 0.407 31485  1.67x10°
Cash flow(Billion rials)
FQ‘”_W . 14349 0.15 109.95 14916
Stock price (Rial)
2R &Y 18.01 0.376 10 23

Interest rate
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Table 3- Descriptive statistics of the financial efficiency index
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Financial  Mean  gtandard Minimum  Maximum  Frequency of — Frequency of  Apove  Below Equal
efficiency deviation efficiency efficiency one one to one
index above below
average average

om9Q o

Tobin's Q 0.64 0.25 0.01 2.37 35% 65% 27% 65% 8%
ratio

b ol o35

Return on 0.52 7.76 0.5 0.55 39% 61% 0% 100% 0%
assets

O

[

bl 3.96 32.02 0.001 6.48 41% 59% 86% 3% 11%
Total asset

turnover

ratio

4 ph G

loyw 1.37 1.70 0.39 3.46 45% 55% 38% 60% 2%
Debt-to-
equity ratio

Resource: Research findings
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Table 4- Results of the camera-Wu-Hausman indoor test
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Variable J-State p-value Result
ooy Q Cows LnER 5.85 0.01 (Reject)s, Hy
Tobin's Q ratio LnSM 15.68 0.00 (Reject)s, Hy
a olls o33L LnER 14.76 0.00 (Reject)s, Hy
Return on assets LnSM 9.45 0.00 (Reject)s, Hy
b ahls 53,5 LnER 8.23 0.00 (Reject)s, Hy
Asset turnover LnSM 9.01 0.00 (Reject)s, Hy
wlopo &) (B s LnER 11.74 0.00 (Reject)s, Hy
Debt-to-capital ratic ~ LnSM 7.32 0.00 (Reject)s, Hy
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Table 5- Results of the system estimation of the functions based on Tobin's Q ratio and stock price

RPQ Copmd el i
Dependent variable: Tobin's Q ratio

Aloaw Cuound diumly puio
Dependent variable: Stock price

i 833952 e o t ol o &35 52 G o t ol
. . ) . . )
Variable Estimated L. Variable Estimated .
e T-statistic . T-statistic
coefficient coefficient
e 5l Loye 0.27 0.82 e Loye 2.22 1.10
Intercept Intercept
Pl Cmd 0.004 3.89 ons Q e 0.009 2.54
Stock price Tobin's Q ratio
&S i o)l 0.004 4.05 &8y ol 0.050 4,74
Company size Company size
Rty 2.13 2.13 S d 5.88 2.04
Liquidity Liquidity
0 el g 7.35 3.25 0 padlS g 2.93 7.23
Divided benefit Divided benefit
SAE gy 53,5 3.11 0.26 SN ogrg 53,5 2.55 0.45
Cash flow Cash flow
o &y -3.34 -1.99 -8.43 -0.15
ok T

Interest rate

Oiilp 565 slaylae R-squared: 76:08
Goodness of fit 12.65:F o)Ll
criteria (F-statistic)
0.01 :F (loline pxlaw
(Statistical significance)

Oilp F5S slaylne

Interest rate

R-squared: 95.32
Goodness of fit F:12.09 o L]
criteria

(F-statistic)
0.01 F (¢)blixs pans

(Statistical significance)

Resource: Research findings

2,5 o)Ll oy &y Al Do Jod ey ploww Hliil o

Caosd Wil oo 358 syl Sl ool L (g5)5LiS” (slaolSey
eS8 )l3k G5l Slgice Bajbornl g ooy (Bl 295 pla
529188 (sboolSty Calag 3 9 45 5S35 395 sl 2yl o)) 4
b opiomed A0S exlitul dip Oyaods 053 gla ol 5l asles e
Siuly g Q Conmd (15 yidy Colod 53 9 plow Ceadd a8l
9 980 yudn Al gyle lp B a8 b 4
5 ol yylgm ()8 ale o (lacus b sy ylis YU 0 cows
ol Cozo ik STy deld 9y o U

o ohls 03jl g plow Cuad &5 Sloj s (e58 @
Caolods o3y (o)l £ Jodo 0 sk mly diwoly (oo yuiie
3 5o F ol (gfolins 5 s cups e oJain ol (3o
el Jao IS il 392 i

g e b mgiQ s & Amde (L5 O gt b

Gobline g o 15U ploww Cuond g 4ty ploww Canid (¢ bline
Cupd 95 Q g9 plew Cuod %03 (o 4015 (095 Q Connd
Comd iplow Cuaud inl38l b &S glasoS 4 S o pusd SO0SG L
Q o a8l g o b g ol 0l 2 290000 2k 36 P Q
Ol s K 3 S st ol 8 3 s
ol g LS b g Q Cond Gl corge ploww Cand il
5 515509l ol Cmdg ol dom 3 5 005 (559l sl
@ beS,d el (.l salgs doe 6 plow (NS D))
o3lisol lisen (sl ISl S Aulg8 o 395 plogw Censd i3l okt
b g i aile SLlidl 5 bl & Glyie ales o] 5l &8 S
oaliiwl ‘d)')gl.d;f Q\fym dl)-f Caoud g9§)...o dh&wlﬁm uublf
5 2> Gl dadiyje (el 5 LS 5 5oy sl |
oblsales Sllllas b 5385 03,51 oxe 5l sl (2133l 65150



VY ltl o 13k 58 JUsb (555988 S 1 o )15 3 plas Ceond B oS00 9 1,0

Ploaw Cuound g B 1,15 835L (wlwl p 2uled pimmw (o gl -1 Joas
Table 6- Results of the estimation of the system of functions based on asset returns and stock prices

B 1,15 0550 tdtunly puiio
Dependent variable return on assets

Ao Cuoud diunly o
Dependent variable: Stock price

Py 83,9152 o g t ool Py 83,9152 o g t o.L]
. . ) . . )
Variable Estimated L Variable Estimated .
. T-statistic . T-statistic
coefficient coefficient
1o jl Loys 1.16 0.21 lie 5l oose 1.92 0.37
Intercept Intercept
o 0.03 6.61 3.43 6.73
plaes Cancd la syl o33k
Stock price
&Sy 03l 0.37 2.56 &8y ol 1.79 2.76
Company size Company size
R 0.01 2.33 e 0.08 2.88
Liquidity Liquidity
2 s 2510 0.008 2.99 o s 2500 0.07 2.90
Divided benefit Divided benefit
SN ogy 53,5 0.01 0.68 SN ogy 45,5 0.10 0.57
Cash flow Cash flow
oy 5 -0.09 -1.05 o £ -3.25 -0.73

Interest rate

R-squared: 80.72
19.23F oLl
F-statistic

Dilr FG9S l)lre
Goodness of fit
criteria

0.01 F (5 blire aws
Statistical significance

Interest rate

R-squared: 82.16
13.55F oLl
F-statistic

Dilr S5 slylre
Goodness of fit
criteria

0.01 F (¢ slse grhaus
Statistical significance

Resource: Research findings
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Table 7- Results of the system estimation of the functions based on asset turnover and stock price

L alyld (53 )5 1danly puiio
Dependent variable: Asset turnover

Alow Chound iy gurio
Dependent variable: Stock price

presa 8339151 g

prey 8359132

i ; t e)loi ] ; t a)bi
Variable Estimated L Variable Estimated .
. T-statistic _ T-statistic
coefficient coefficient
e 5l Lope 7.23 1.73 lse 5l Lope 2.55 2.46
Intercept Intercept
plos Cuad 0.01 2.35 Lo s (53,8 s 0.02 3.33
Stock price Asset turnover ratio
&Sy 03l 1.74 3.91 &8y 03l 0.67 2.27
Company size Company size
R 0.10 2.39 e 0.14 2.51
Liquidity Liquidity
0.08 1.22 00D ol Sgun 0.06 0.68
8 el 23 Divided benefit
Divided benefit
B gy 53,5 0.17 2.20 B og>g 53,5 0.07 2.39
Cash flow Cash flow
ope -1.11 -1.52 ope -3.19 -1.43

Interest rate

R-squared: 68.96
14.56:F oLl
F-statistic
0.01 F (¢l o
Statistical significance

Doilr 95 sl lre
Goodness of fit
criteria

Goodness of fit

Interest rate

R-squared: 67.29
10.23:F oLl
F-statistic
0.01 F (¢,sline xlanw
Statistical significance

ilp S5 sloylas

criteria

Resource: Research findings
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Table 8- Results of the estimation of the system of functions based on the debt-to-equity ratio and stock price

Aloyus &y (B Copud 1dsly oo
Dependent variable: debt to equity ratio

Ao Cuoud diunly o
Dependent variable: Stock price

o $3591 3 o t o.b] o 83,9132 o g t ol
. . ) . . )
Variable Estimated L Variable Estimated .
. T-statistic - T-statistic
coefficient coefficient
lae 5l oye 0.044 13.39 lise 5 oye 0.046 14.32
Intercept Intercept
i -0.108 -1.84 Wloyu 4y (DY Cos -0.101 -1.65
e M Debt-to-capital ratio
Stock price
EX P ISR 0.051 251 EXH ISR 0.054 2.42
Company size Company size
R 0.010 5.28 e 0.002 13.21
Liquidity Liquidity
0 el g 0.002 3.64 0 oS Sgus 0.054 2.44

Divided benefit

(§48 0939 u.:J)f 0.052 2.49
Cash flow
o &y -0.004 -2.40

Interest rate

R-squared: 55.91
17.02F oLl
F-statistic

Dilr FG9S l)lre
Goodness of fit
criteria

0.01 F (¢)blire aws
Statistical significance

Goodness of fit

Divided benefit

(848 0939 u».h)f 0.004 2.54
Cash flow
oy Ey -0.042 -5.15

Interest rate

R-squared: 52.36
16.71:F o,Ll
F-statistic

Dilr S5 slylre
criteria

0.01 F (¢ skise prdaes
Statistical significance

Resource: Research findings
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Introduction

The diverse applications of these plants and the emergence of a healthy lifestyle trend have led to an increase
in their demand in recent years. Consequently, the global trade of these products (within specific tariff codes) has
seen a significant increase, growing from approximately $10 billion to $39 billion between 2005 and 2024. In this
regard, some countries (including China, India, and Turkey) have sought to capitalize on the growing market
opportunities and, through appropriate planning, have managed to increase the export value of these products by
an average of 8% annually during the aforementioned period.

In Iran, the presence of diverse climatic regions and vast natural areas provides favorable conditions for the
growth and development of various medicinal plant species. According to conducted surveys, there are over 2300
species of medicinal plants in Iran, of which 1728 are endemic and grow in 85 million hectares of natural areas.
Additionally, a number of high-demand and commercial species are cultivated in over 250,000 hectares of the
country's land. Despite this, Iran's share of the global medicinal plant trade value is meager, and the export value
of these plants has not been stable in recent years. A review of empirical studies suggests that Iran's failure to
leverage the growing opportunities in the global medicinal plant market, despite its high domestic potential, may
stem from problems related to cultivation and production, processing and packaging, domestic and international
marketing, management and supervision, and environmental threats.

Materials and Methods

The present research aims to formulate a strategy for the development of Iran's medicinal plant exports to
benefit from the considerable production capacities of these products and their significant economic and
environmental advantages for the country. In this context, the study drew on the perspectives of private sector
experts considered the primary drivers of the strategy to guide the analysis. The SWOT (Strengths, Weaknesses,
Opportunities, and Threats) framework was used to formulate strategic options, the Quantitative Strategic Planning
Matrix (QSPM) was applied to prioritize plans and policies, and the Analytic Hierarchy Process (AHP) was
employed to rank medicinal plant species.

Results and Discussion
The research findings indicate: 1. Considering the total weighted scores of internal factors (2.4) and external
factors (2.5), the development strategy should be formulated in a conservative manner from the perspective of
producers and experts. However, from the perspective of exporters, whose weighted average of internal factors is
2.4 and external factors is 2.2, the export development strategy should be defensive. 2. Given the importance
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coefficients of the proposed plans, establishing a marketing information system (0.0912), increasing market
stability (0.0832), upgrading the technology of processing and conversion industries (0.0825), promoting the
cultivation model in the country (0.0789), removing trade barriers and providing export incentives (0.0732), and
supporting agricultural mechanization (0.0675) are of higher importance in planning for the advancement of the
country's medicinal plant value chain. 3. Considering six criteria (profitability, export advantage, added value,
climatic adaptability, water and soil conservation, and marketability), medicinal plants with extracts and gums
(with an importance coefficient of 0.338), aromatic and essential oil medicinal plants (with an importance
coefficient of 0.253), and medicinal plants with seeds (with an importance coefficient of 0.164) hold higher value.

Conclusion

The research results indicate that the export development strategies for the country's medicinal plants should
be formulated to eliminate the undesirable gap between the country's production capacities and the export value
of these products. In this regard, based on the findings of the SWOT analysis, the strategies are identified: The
first strategy is market penetration (i.e., selling current products in current markets) through improving product
quality, which necessitates enhancing knowledge and technology in the production, processing, and packaging of
medicinal plants. The second strategy is market development (i.e., selling current products in new markets) by
strengthening the foreign marketing of Iran's medicinal plants from an external perspective.

Improving knowledge and technology increases the added value and export value of medicinal plants. In the
agricultural sector, implementing educational and extension programs to enhance farmers' knowledge and
awareness of good agricultural practices and supporting agricultural mechanization are of greater importance. In
the industrial sector, supporting knowledge-based companies and providing financial support to active industrial
units for process modernization are prioritized.In the marketing and sales sector, developing an efficient, up-to-
date marketing information system capable of meeting the needs of traders and merchants can significantly
enhance the knowledge and awareness of the country’s exporters.

The marketing sector, as the final link in the value chain, plays a primary role in signaling and directing other
sectors in this chain. In other words, marketing, with an outward-looking approach, can organize the medicinal
plant value chain according to the preferences, needs, and standards of target markets, leading to the optimal
allocation of the country's resources and facilities in this area. Therefore, it can be said that strengthening
marketing, especially in the foreign sector, plays a primary role in developing the production and export of Iran's
medicinal plants. In this regard, based on expert opinions, the establishment of a marketing information system
and commercial support were introduced as priority programs for strengthening international marketing.

Appropriate financial and commercial support can increase the competitive advantage of domestic producers
in global markets and enhance their ability for market penetration and market development. One of the obstacles
to the competitiveness of the country's medicinal plants is the use of traditional methods in their production and
processing, which leads to reduced productivity, increased production costs, and a decline in product quality,
ultimately diminishing their competitive power against foreign rivals. The government, by implementing targeted
financial support policies and subsidies, can facilitate agricultural mechanization and the modernization of
processing and conversion industries. Furthermore, in line with advancing the strategies, it can develop exports by
granting export incentives and removing trade barriers, and replace imports by imposing trade restrictions.

Finally, to ensure the effectiveness of program implementation, considering the expert valuations and export
values, it is proposed that licorice, asafoetida, Damask rose, green cumin, coriander, and henna be considered as
drivers for export development in this field. It is also proposed that by establishing necessary regulations and
standards and implementing specialized controls to prevent bulk sales and smuggling, the grounds for enhancing
the added value and export value of these products in the country be provided.

Keywords: Developing the export of medicinal plants, Priority groups and species, Programs and policies,
Strategies
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Table 1- Cultivated area and production of commercial medicinal plant species in Iran in 2023
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Species Cultivated Product Species Cultivated Product Species Cultivated Product
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e °)j)‘" 34510 18961 e 2565 16446 S 185 3357
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d Mint Chamomile
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Licorice Sour tea Rosemary
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Fennel Sage
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Source: National Medicinal Plants Project, 2023 (Cultivated area is in hectares and product production is in tons.)
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Table 2- Value of international trade and export of Iranian medicinal plants based on tariff codes

Tariff code Plant species and products
trade export
0904-0908 5 B S ol ol oJab 9200 2
Pepper, vanilla, cinnamon, cloves, cardamom, etc.
0909 0308 g ol g o S “‘fl.’.)") 09 ole._>le gl ol 1700 26
Seeds of anise, fennel, coriander, cumin, caraway, etc.
0910 °)ﬁ'& 9 L‘“‘.’.ﬁs‘ )il"" 9 d)lf g Lf)f ‘uMﬁ] ag>d)) ‘Olfé'c} ‘J‘""U) 3800 255
Ginger, saffron, turmeric, thyme, bay leaves, curry, etc.
1212-1211 25 g P S lana (S gl g gaezee J5 7600 8
Rose and other aromatic plants, ginseng, carob, etc.
1302-1301 0y 9 ‘\7‘)1’ “’).9’.".l ¢ ‘Ol'.‘rf Oy aile u‘mL‘s sloo)las 9 La:e«o 9600 33
Gums and plant extracts such as licorice, Ferula, etc.
3301 0yuE 9 OMS (glini 5 (oo J5 Luilwl ale st LBy g o il 6300 4

Essential oils, such as jasmine, mint, rose, etc.
Source: ITC, 2024 (in millions of dollars)
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Table 3- Trade balance and cultivated area of Iranian medicinal plants
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Cultivated area
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Source: Iranian Customs and agricultural statistics
(Exports and imports are in millions of dollars and cultivated area is in thousands of hectares.)
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1- Good Agricultural and Collection Practices
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3- Analytical Hierarchy process(AHP)
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1- Strength, Weakness, Opportunity, Threat(SWOT)
2- Quantitative Strategic Planning Matrix (QSPM)
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Table 4- Different strategies

in the SWOT matrix

SWOT Grs bl 25 gl bla
0 Weaknesses ' Strengths 4
lossgs 0 iy 3l sapp g cand blas ials 1 28105 6551 il i csgd 3l ool g ayags jl sup 1 By (5551 !
. Defensive strategy: reducing weaknesses and : Competitive strategy: avoiding threats and
Threats S ! -
avoiding threats i using strengths
25 _A_._._._,_,_._._._._.__._._._._._A_._._._,_,_._._._._.__.:_ __________________________________________________
lbcus,b bcars 28y glp bcuoyd jl (650, il S aladloe 5551wl I| oo b g lacugd (680 0t 0l (g3 aan!
Opportunities Conservative strategy: exploiting opportunities to [ Offensive strategy: exploiting strengths and
4 address weaknesses. ! opportunities.
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Table 5- SWOT table based on a survey of experts, producers and exporters

S5 Jalge

Internal factors

ol HBasuly  oBass e
EXxperts Producers EXxporters

}(Strengths) wed bl

Pl e LS (gl ol ol
The possibility of domesticating medicinal plants
il o) bl albds cuis el

The possibility of greenhouse cultivation of medicinal plants

s ye jl cubly g as)ie ) CuiS Oygods YU Ay colld
High production rates in farms and natural areas
Y guase Glydlo culld o BusSals oly oolaidl 48 po

Economical for producers and the possibility of exporting products

9 LS 6yl 5 155 (YL 3933l (3

High added value in the production and processing of medicinal plants

wliwg)y bl > ol ksl 4 ‘_dl)'.\J)s bl

Ability to generate income and employment in rural areas

Ol el ol (gjlesy ol
The branding potential of Iranian medicinal plants
0jg> cpl )0 03,18 el Cldiss deg
Scientific research on Iranian medicinal plants
2955 b Slodio e 53 ()1 L 5 ol SadisS 392

Endemic and valuable species in the natural areas of Iran

2945 b bl b ()5l 5 29 (lalS (5 S
Dehydration and adaptation of medicinal plants
1955 53 a9l LS Gilise cbasss cuiS SYob aile

0.178 0.133 0.128
0.076 0.090 0.112
0.115 0.116 0.175
0.173 0.182 0.180
0.173 0.186 0.180
0.158 0.126 0.180
0.168 0.126 0.155
0.115 0.123 0.093
0.183 0.182 0.191
0.183 0.173 0.124
0.126 0.148 0.112

Cultivation of various species of medicinal plants since ancient times

oy g e (i)l Sloyd (mdlig )3 o9yl lalS ggite slady)lS 0107 0133 0.101
Various uses of medicinal plants in the fields of treatment, health, food, etc.

:(Weaknesses) bixs
3l (cm3sS g 01h Mol 2L 5 5y SgaS

0.050 0.044 0.080

Lack of improved seeds, seedlings, and standard fertilizers

G918 9 M5 > (pte Sl g (59l dgeS

0.041 0.043 0.043

Lack of modern technology and equipment in production and processing
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. . . : . 0.084 0.043 0.080
Lack of financial resources for investment and working capital
s ool gl 5 g slasisja oo W 0.076 0.042 0.082
High costs of producing and processing medicinal plants
Lack of a stable market for medicinal plants in Iran
pyow 9 (tloord Gl3sS 5l Sloxe d I ey 03lizl 0.038 0.066 0.048
Use of unauthorized fertilizers and pesticides
ikl g il adls waiS Gl Jalye p3 sl BT Ll 0.043 0,078 0.046
Insufficient knowledge of farmers in the stages of cultivation, harvesting, storage
G gl lil el sl b o sT pis g ()l (bl cinss 0.047 0.086 0.048
Weak international marketing and insufficient awareness of regulations
Gl b D98 9 D98 Pl Cygo 4 )b lals alple 0.087 0.088 0.049
Export of raw and bulk products
T A 0.084 0.084 0.077
Inefficient distribution system in wholesale and retail
a2 Ol ceodb 5 ChsS JES i 2925 pie 0.045 0.084 0.036
Lack of quality control system for medicinal plants
(S S 5 53910 A oSS 5 5 plao 290eS 0.047 0.044 0.041
Lack of processing and supplementary industries.
Egoe 2.438 2.457 2.443
summation
)& Jelas ol GBuisuady oBas sle
External factors Experts Producers Exporters
:(Opportunities) kcus 48
OinkiS sl SWle oo g ailly ¢ Jlo lacylos 3529 0.178 0.130 0.117
Financial support, subsidies and tax incentives for producers
SighiS N gaz (ol cdle alilys Bl gy 0.178 0.121 0.114
Promoting health certification for products
Climatic diversity for the growth of various medicinal plant species
)A>| dLth“’ ) d)'”Li‘S ‘:’Y?“:’“’ «5"‘3)])5 slacus 519) 0.188 0.165 0.110
The rise of contract farming in recent years
$iglis 40) PoaxlIE ]l g JB s 392 0.134 0.121 0.102
Increasing the number of university graduates in the field of agriculture
L ol e b _ 0.102 0.121 0.098
Iranian traditional medicine with a rich and long history
2955 2 g lS Slain b oslag b slacoye 392 0.114 0.157 0.162
Vast natural areas with diverse vegetation in Iran
e g 2 o) ol SN pazme 012l (25 0.178 0.178 0.177
Growing demand for medicinal plant products in the world
phos Iy b (Kb S 5 2l slacls 0.167 0127 0.162
Geographical and cultural affinities with major importers
d)')BL“AS JW Um » L“’O*’.‘;' 9 L“"‘iab‘;‘ ‘LR’U;BL’J 299 0.172 0.152 0.110
Cooperatives, unions and associations in the agricultural sector
Sl by (55,5 N gazen el 5 0.114 0170 0.110
Guaranteed purchase of agricultural products by the government
@L)l)l" [X3134 ‘L)“)?"‘ R C)‘ )I o3l 9 d)l’“ wlas dxwgd 0.125 0.127 0.125
Using social networks in education, outreach and marketing
(Threats) Luayags
EsliS SV ganms die) ) (e u‘“u 9 csbe 4ol S92 pus 0.044 0.080 0.083
Lack of national planning and land use planning in the agricultural sector
S ek el s Sl Sl 0.039 0.042 0.049
Instability of policies and economic variables, especially the exchange rate
)9‘:5 )l L"(’I le‘“”)?‘)é 9 U»’-?)b uL"’Lf dbb 0.042 0.046 0.039

Smuggling of medicinal plants and their products
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Weakness of foreign policy and international marketing

7l sl Jlufis g oudll s 0.043 0.041 0.045
Climate change and drought in recent years
The risk of extinction of valuable species due to overharvesting
315 55 0 g Y guazo by aylice il lg 0.039 0.042 0073
Importing goods that are similar to domestic products
ol Slle sl oy dpme 0081 0.086 0.047
Lack of diversity in Iran's export markets

Cumbersome rules and regulations in the field of exports

o lS syl (sl 4l &l S s (glalutil 0.078 0.082 0.047

Strict EU standards for importing medicinal plants
Challenges and obstacles in the business environment
dngi (ool )3 (5))gliS e 4 S dagi (A ST oS
Insufficient support for the agricultural sector in development programs

0.076 0.042 0.093

&y 2526 2.504 2.281
Summation

Source: Research findings
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Table 6- Prioritization of policies to promote the medicinal plants value chain

o3yl 0y Lwwluw ¢ Lol » Caod] Cu o
Value chain Programs and policies Coefficients
M3k ls Gl cas 29)h oS dnwgi cladsly g (63 paly diw liwly ;> gyl Culow 0.0832
] - Stability in policies and planning to reduce production and investment risk
g- @ "g— 099 Seol g Bl b )85k 5 (g p0lnS 4 a g b g)h HlS cuiS e o il 0.0789
332 e Land use planning or cultivation pattern of medicinal plants considering water
222 scarcity, adaptation to climate and endemicity
SN 3 € i U8 ph bl g Gl o oBg,3pl daass gy o cadloy J (5Sol sl 5 58 o) 0.0545
g' § =) % Improving the control and monitoring system: preventing excessive harvesting from
= g L fields, raw sales, smuggling, and establishing a quality control system.
g 3 i’ adpslos] 5l ol g 0500 ol ollsd 59,8 ranlinliss 5 cud 525l jl @jg piam (oilobus 0.0465
a Organizing the distribution system through registering and certifying activists and
supporting unions.
o 3kl (lndgS g by ) osliul pined g 03lSe cutS e slahl 5 Jlo slacoles 0.0675
= ? :::7 Subsidies for mechanized cultivation and the use of standard seeds and fertilizers
388 c 30l Jpuarmo 395 Caar (6) S5 g bl culs (S g (slasbay gy 5 Lbigel 0.0634
= 5 W Educating and promoting good agricultural practices
; 8_-5 ‘tt,‘ Lg;] L5|ddl>':l§ L;L:bc,gi;f 9 Lg)‘l.wgl.ml 4L;la.ab L;me):_ 2 uﬁ)‘)ll{ =Y Lgl.md.}}f LEST IS el 0.0434
© 3 3 g« Development of endemic species, domestication and greenhouse cultivation
% s3a = oy g Olios Wyi ol Mol die j3 Sl slegS 5 5l cules b adgs by (65l ¢ ol ol 0.0605
5 \g Promoting knowledge and technology by supporting innovative companies in the
> ‘ fields of seed breeding, equipment manufacturing, etc.
o 05055 3 aloyu 5 Sliaan 50 ()8 Al p g 0y000S slaply sllesl b (Jbo slacolos 0.0660
o & 0 Providing low-interest loans for investment in equipment and working capital
> @ . -
_ 29 g S 9 5918 ) (B )l 5 S g Lawgio § So o8 ool | cules 5 (auilole 0.0509
§ § 3 t}; Organizing small and medium-sized enterprises in processing and packaging
Z g % s 3 090 5l anass g slaen 5 SWle slackiss 5 <55l sladal 3 il glases 0.0482
32 3 :E Energy subsidies, tax and insurance discounts, and foreign exchange allocations
CR: DB 5 ol 29y9 it 5 ol G (S  Jl les b (9l (aLS (6918 (5395 <L) 0.0825
3 - Improving technology for processing medicinal plants by supporting knowledge-based
companies and foreign direct investment
% B3 55l (ol o 2b)lil slajls 4 ngi b sl g 590 (b5l SleMbl pias S 0.0912
) g »V_ Creating a marketing information system according to international marketing needs
3 ; a e o929 Seedil ag)b QLS (gilwdin g lnl 8 e b @yl Bk )l il Sind 0.0502
9‘; 83 C\;: Promoting traditional Iranian medicine for branding endemic medicinal plants
289 o b ol8tsles > &8 ) lte el iz b 93 lidlys b Mol oy (sla lojlor o )low b eoMelss ol 0.0475
<« 9o 3 t; Promoting international interactions through agreements, participation in exhibitions.
D »n - .
= &5 Sl g pplo glse g, 5 Slslo lo Gode sllasl By | 6)b5 sla coles 0.0732

Supportive trade policies such as export incentives and removal of export barriers
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Source: Research findings
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Figure 1- Medicinal plants value chain
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Fiaure 2- Prioritization of Iranian medicinal plants
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Table 7- Pairwise comparisons between prioritization criteria

Sl Slple Cuze &S s9l9w 039381 (435! S5l Syl chls S5k
Marketability Export advantage Profitability Added value  Adaptability Dehydrated Marketability
Shle cuje 1 1.147 0.559 1.147 0.872 4.992
Export advantage
& y9ogm 0.872 1 1.907 0.930 0.760 4,993
Profitability
039381 35| 1.789 0.524 1 0.472 0.293 2.761
Added value
w8l b 6,550 0.872 1.076 2.118 1 0.872 5.102
Adaptability
S g ol cblis 1.147 1.316 3.409 1.147 1 5.215
Dehydrated
i )ljb 0.200 0.200 0.362 0.196 0.192 1
Marketability
Catl oy 0.180 0.188 0.133 0.203 0.256 0.040
0.04 &b e (clbadly 1sie

Source: Research findings
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Table 8- Prioritization of medicinal plant groups based on selected criteria

aaigS /o) lxe 29, sl L plals shae plals @9 & LS gyl (S, L pllS e glals plw
Criteria/ Species Medicinal seed plants Aromatic plants Gummy plants Medicinal dye plants Other species
Sl coje 0.255 0.169 0.405 0.072 0.099
Export advantage
Sl 0.177 0277 0.392 0.055 0.099
Profitability
039381 455! 0.160 0.302 0.242 0.082 0.214
Added value
o8l L d;}f_jhv 0.096 0.408 0.305 0.067 0.124
Adaptability
Sy ol cbles 0.123 0.148 0.348 0.237 0.135
Dehydrated
) 0.260 0.234 0.217 0.072 0.217

Marketability

Source: Research findings
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