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Abstract

This study examines the relationship between fertilizer use and agricultural value added, with a
specific focus on input access constraints in Azerbaijan’s agriculture. Using cross-country data for 161
countries in 2023, a simple linear regression model estimates the association between fertilizer
application per hectare and agricultural value added. The results show a positive and statistically
significant relationship (B = 700.8, p < 0.001), indicating that higher fertilizer intensity tends to
correspond with higher agricultural output. However, the model explains only about 11% of cross-
country variation, confirming that agricultural performance depends on multiple structural and
institutional factors. Azerbaijan’s fertilizer use (38.8 kg/ha) remains substantially below that of
developed economies and many emerging agricultural producers. This low input intensity likely
reflects broader constraints, including limited farmer financing, import dependence, and weak
distribution systems. The findings suggest that improving access to fertilizers could contribute to
productivity growth, though policy interventions must address underlying structural barriers.
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Introduction

Agriculture continues to play an important role in the economy of Azerbaijan, particularly in
terms of rural employment, food production, and regional development. Although the sector accounts
for a modest share of gross domestic product, it remains a major source of income for rural households
and contributes to national food security. Improving agricultural productivity, therefore, remains an
important policy objective for the country.

Access to production inputs are main determinants of agricultural productivity and
competitiveness. Among these inputs, fertilizer occupies a central position because of its direct effect
on soil fertility, crop yields, and production efficiency. In modern agricultural systems, adequate and
timely fertilizer applications are closely associated with higher productivity levels and stronger
agricultural output. At the same time, insufficient use of fertilizer often reflects broader structural
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problems such as limited farmer financing, weak input distribution systems, high import dependence,
and rising production costs.

Compared with many other countries, fertilizer use per hectare in Azerbaijan remains relatively
low. This is particularly important because low fertilizer intensity may indicate that farmers face
constraints in accessing essential agricultural inputs. Such constraints can limit productivity growth,
reduce competitiveness, and slow the modernization of the agricultural sector. Although fertilizer use
alone does not determine agricultural performance, it serves as an important indicator of the broader
level of input utilization within agriculture.

Literature review

The relationship between fertilizer use and agricultural productivity has been widely examined
in the agricultural economics and development literature. Existing studies generally conclude that
fertilizer application plays an important role in increasing crop yields, improving land productivity,
and strengthening agricultural output, particularly in developing countries where nutrient depletion
and low-input farming remain widespread problems.

A large body of literature emphasizes that insufficient access to fertilizer constrains agricultural
productivity in many developing economies. According to Donkor et al. (2016), limited farmer access
to chemical fertilizers significantly reduces productivity potential, while improved agricultural
extension services can increase fertilizer adoption and rice yields in developing countries. Their study
on Ghana demonstrates that fertilizer adoption is closely associated with higher agricultural
productivity and rural development outcomes.

Similarly, Martey et al. (2019) found that mineral fertilizer use significantly improves land
productivity and agricultural income in Ghana. The authors argue that timely and affordable access to
fertilizer remains essential for improving agricultural performance and reducing rural poverty. Their
findings also underline the importance of state support mechanisms and efficient distribution systems
in promoting fertilizer adoption among farmers.

The broader international literature also supports the existence of a positive relationship between
fertilizer use and agricultural output. Research published in Global Food Security highlights that
improved nutrient management contributes not only to higher yields but also to greater production
efficiency and profitability for smallholder farmers. Xu et al. (2021) demonstrate that site-specific
nutrient management practices can increase crop yields while improving fertilizer-use efficiency,
particularly in rice, wheat, and maize production systems across developing countries.

Several studies also focus on the structural causes of low fertilizer use in developing countries.
The literature emphasizes that many smallholder farmers face financial, institutional, and
infrastructural barriers that limit access to agricultural inputs. Combary (2022), for example, shows
that financial constraints lead to the underutilization of fertilizer and reduce potential agricultural
productivity among maize farmers in Burkina Faso. The study estimates that expenditure constraints
can result in productivity losses of approximately 25 percent.

Research examining agricultural systems in sub-Saharan Africa further highlights the
consequences of insufficient fertilizer application. Johnson et al. (2023) found that higher fertilizer
application rates are associated with smaller rice yield gaps across 24 African countries. The authors
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also note that low fertilizer use often contributes to soil nutrient depletion and limits agricultural
intensification.

The literature additionally suggests that fertilizer use can serve as a broader indicator of
agricultural modernization and input accessibility. A review by Chianu et al. (2020) argues that
fertilizer use in many developing countries remains below optimal levels because farmers frequently
lack financial resources, market access, and institutional support. The authors emphasize that
inadequate fertilizer application is often associated with low-productivity agricultural systems and
persistent rural poverty.

At the same time, the literature recognizes that fertilizer use alone cannot fully explain
agricultural performance. Agricultural productivity depends on multiple factors, including irrigation
infrastructure, climate conditions, mechanization, land quality, technology adoption, and government
policies. Therefore, empirical studies commonly report moderate or relatively low explanatory power
when fertilizer use is analyzed independently. Nevertheless, most studies still identify a statistically
significant positive association between fertilizer application and agricultural output.

In the context of Azerbaijan, relatively limited research has focused specifically on fertilizer
intensity and farmer access to agricultural inputs. However, international literature provides an
important analytical framework for understanding how comparatively low fertilizer use may reflect
broader structural constraints within the agricultural sector. The present study contributes to this
discussion by examining cross-country evidence on fertilizer use and agricultural value added while
placing particular emphasis on Azerbaijan’s comparatively low level of fertilizer application per
hectare.

Background information

Compared with many countries in the dataset, Azerbaijan demonstrates a relatively low level of
fertilizer use per hectare. Azerbaijan’s fertilizer application rate stands at approximately 38.8
kilograms per hectare, placing the country well below both advanced agricultural economies and many
emerging market countries. This suggests that farmers in Azerbaijan operate with comparatively
limited access to one of the most important agricultural production inputs.

The contrast is particularly visible when Azerbaijan is compared with developed economies
characterized by intensive agricultural production. Countries such as the Netherlands (126.5 kg/ha),
Belgium (186.6 kg/ha), Japan (170.3 kg/ha), the Republic of Korea (252.6 kg/ha), and Israel (180.8
kg/ha) apply several times more fertilizer per hectare than Azerbaijan. These countries also
demonstrate substantially higher levels of agricultural value added, reflecting more intensive and
technologically advanced farming systems. Even large developed agricultural producers such as the
United States of America (107.7 kg/ha), Germany (103.7 kg/ha), and France (111.4 kg/ha) record
fertilizer use rates that are nearly three times higher than Azerbaijan’s level.
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Graph 1. Fertilizer use per area of cropland, 2023
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A similar pattern can be observed among emerging economies. China applies around 334.9
kilograms of fertilizer per hectare, while Viet Nam records 242.6 kg/ha, Thailand 210.9 kg/ha, and
Malaysia 246.2 kg/ha. These countries have pursued more input-intensive agricultural development
strategies, which contributed to higher agricultural output and export competitiveness. Even middle-
income countries with structural challenges, such as Morocco (40.2 kg/ha) and Tunisia (28.6 kg/ha),
remain close to Azerbaijan’s level despite differences in agricultural structure and resource
endowments.

The comparison with neighboring and regional countries is also important. Among post-Soviet
and nearby economies, Azerbaijan performs below several countries with more intensive agricultural
sectors. Georgia records fertilizer use of approximately 119.8 kg/ha, more than three times the
Azerbaijani level. Tiirkiye applies around 118.1 kg/ha, while Belarus reaches nearly 196 kg/ha.
Ukraine, despite wartime disruptions, still records fertilizer use of around 41.5 kg/ha, slightly above
that of Azerbaijan. At the same time, some neighboring countries, such as Armenia (35.3 kg/ha) and
Iran (60.9 kg/ha), remain closer to Azerbaijan’s position, although Iran still demonstrates noticeably
higher input intensity.

The data, therefore, place Azerbaijan in an intermediate but relatively low-input category.
Fertilizer use in the country remains significantly below the levels observed in most developed
economies and many successful emerging agricultural producers. This pattern may indicate structural
constraints related to farmer access to inputs, including affordability issues, financing limitations,
dependence on imported fertilizers, and weaknesses in agricultural supply and distribution systems.
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Although fertilizer use alone does not determine agricultural performance, Azerbaijan’s comparatively
low fertilizer intensity suggests that the country has not yet reached the level of input utilization
commonly associated with highly productive agricultural systems.

Methodology

This study examines the relationship between fertilizer use and agricultural performance using
cross-country data for 161 countries in 2023. The analysis is based on a simple linear regression model
in which agricultural value added is treated as the dependent variable, while fertilizer use per hectare
serves as the explanatory variable. The objective is to determine whether countries with higher
fertilizer application rates also tend to demonstrate higher levels of agricultural value added.

The study uses fertilizer consumption measured in kilograms per hectare of arable land as an
indicator of agricultural input intensity. Agricultural value added is used as a proxy for agricultural
performance and productivity. The dataset combines information from international statistical sources
and includes countries with different levels of economic development and agricultural structures.

To estimate the relationship between the variables, the following ordinary least squares (OLS)
regression model is employed:

AV A; = By + B, Fertilizer; + ¢;

where:
AVA - represents agricultural value added for country i,
Fertilizer - denotes fertilizer use per hectare,
po - is the intercept term,
p1 - measures the effect of fertilizer use on agricultural value added,
¢ - 1s the error term.

The regression analysis is conducted using Stata statistical software. Descriptive statistics and
scatterplot analysis are also used to examine the data distribution and the overall relationship between
fertilizer use and agricultural value added across countries.

The analysis focuses primarily on identifying statistical associations rather than establishing
direct causality. Many additional factors, including climate conditions, irrigation systems, land quality,
mechanization, technological development, institutional capacity, and government support policies,
influence agricultural performance. Consequently, fertilizer use alone is not expected to explain the
majority of variation in agricultural value added across countries. Nevertheless, fertilizer intensity
remains an important indicator of farmers’ access to production inputs and the overall level of
agricultural modernization.

The statistical significance of the estimated coefficient is evaluated using conventional
significance levels. In addition, the adjusted R? statistic is used to assess the explanatory power of the
model. Although the model is intentionally simple, it provides useful comparative evidence regarding
the relationship between input use and agricultural performance across countries and offers a
framework for discussing agricultural input access constraints in Azerbaijan.
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Results

The empirical analysis examines the relationship between per-hectare fertilizer use (kg) and
agricultural value added across a cross-section of 161 countries. The estimated ordinary least squares
(OLS) regression indicates a positive and statistically significant association between fertilizer use and
agricultural value added.

Graph 2. Results of the regression analysis
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The coefficient on fertilizer use is positive and precisely estimated (B = 700,815; SE = 158,986),
and is statistically significant at the 1% level (t =4.41; p <0.001). The corresponding 95% confidence
interval (386,817 to 1,014,812) suggests a robust positive effect, indicating that higher fertilizer
application per hectare is associated with higher agricultural value added across countries.

The model explains a modest proportion of the variation in agricultural value added, with an R-
squared of 0.1089 (adjusted R-squared = 0.1033), implying that approximately 11% of the cross-
country variation is accounted for by fertilizer use alone. The overall model is statistically significant
(F(1,159) = 19.43; p <0.001), confirming that fertilizer use contributes explanatory power beyond the
intercept-only specification.

Overall, the findings indicate a statistically significant and economically meaningful positive
relationship between fertilizer intensity and agricultural value added in a cross-country setting, though
the relatively low R-squared highlights that agricultural performance is also driven by a wide range of
other structural, technological, and institutional factors not captured in this bivariate specification.

Conclusions

The descriptive evidence places Azerbaijan in a distinct position. With approximately 38.8
kilograms of fertilizer per hectare, the country applies significantly less than most developed
economies (e.g., the Netherlands, Germany, Japan) and many successful emerging agricultural
producers (e.g., China, Viet Nam, Thailand). Even among regional comparators, Georgia and Tiirkiye
record fertilizer use rates roughly three times higher than Azerbaijan’s level. This pattern suggests that
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Azerbaijani farmers face structural constraints in accessing one of the most important agricultural
production inputs.

What might these constraints be? The literature and background evidence point to several
interrelated factors. First, affordability remains a central issue. Fertilizer prices have risen substantially
in recent years, and without adequate subsidy mechanisms or concessional credit, many smallholder
farmers in Azerbaijan may find fertilizers financially out of reach. Second, limited farmer financing,
including restricted access to agricultural loans, weak rural banking infrastructure, and high collateral
requirements, prevents farmers from purchasing inputs at the optimal time and quantity. Third,
Azerbaijan remains somewhat dependent on imported fertilizers, exposing domestic farmers to global
price volatility and supply chain disruptions. Fourth, weaknesses in agricultural input distribution
systems, particularly in remote rural areas, further constrain timely access. Taken together, these
factors create an environment in which fertilizer application remains suboptimal relative to the
country’s agronomic potential.

The policy implications are straightforward but challenging to implement. Improving fertilizer
access in Azerbaijan requires a coordinated approach rather than a single intervention. Expanding
subsidized credit or targeted fertilizer voucher programs could address affordability constraints,
particularly for smallholder farmers. Strengthening domestic fertilizer storage and distribution
networks, especially in regions with poor market access, would reduce logistical barriers. Over the
longer term, reducing import dependence through domestic production or strategic reserve
mechanisms could stabilize supply and prices. Importantly, these supply-side measures should be
accompanied by complementary investments in agricultural extension services, soil testing, and
nutrient management training to ensure that additional fertilizer use translates efficiently into higher
yields rather than environmental degradation.

Several limitations of this study should be acknowledged. The cross-country regression analysis
identifies association, not causation. Unobserved heterogeneity across countries, including differences
in soil quality, crop composition, farming systems, and policy environments, may bias the estimated
coefficient. Moreover, aggregate fertilizer use per hectare does not capture variation in application
timing, fertilizer type, or application methods, all of which affect productivity outcomes. Future
research using farm-level panel data from Azerbaijan would provide more precise evidence on the
causal effects of fertilizer access on productivity and the specific mechanisms through which
constraints operate.

In conclusion, Azerbaijan’s low fertilizer intensity is not merely a technical statistic but rather a
symptom of deeper structural constraints affecting farmers’ access to essential production inputs.
While fertilizer use alone explains only a modest share of cross-country variation in agricultural value
added, the statistically significant positive relationship suggests that improving input access could
contribute to productivity growth. However, raising fertilizer application rates without addressing
underlying financing, distribution, and affordability constraints is unlikely to succeed. For Azerbaijan
to modernize its agricultural sector, improve rural incomes, and strengthen food security, policymakers
must treat input access as a systemic challenge requiring coordinated interventions across credit
markets, input supply chains, and extension services. Fertilizer matters, but it matters most as part of
a broader agricultural transformation strategy.
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Azarbaycanda kand tasorriifati istehsal amillorina ¢ixisda mahdudiyyatlar: giibra
istifadasi niimunasinda

Xiilaso

Bu tadqgiqat Azarbaycanda kand tasarriifati istehsal amillorina ¢ixisda mahdudiyyatlara digqat
vetirarak giibradan istifada ilo kond tasarriifati alava dayari arasindaki alagoni tahlil edir. Magalada
161 olka tizra malumatlardan istifada edilarak xatti reqressiya modeli vasitasila hektar basina giibra
tatbiqi ilo kand tasarriifati alava dayori arasindakt alaga qiymatlondirilmisdir. Naticalor miisbat va
statistik cahatdon ahamiyyatli bir alaga gostorir (f = 700.8, p < 0.001), bu da daha yiiksak giibra
intensivliyinin daha yiiksak kond tasarriifatt mahsulu ilo miisayiat oldugunu géstorir. Lakin model
olkalararast dayisikliyin yalniz taxminan 11%-ni izah edir va kand tasarriifatt mahsuldarliginin bir ¢ox
struktur va institusional amillardon asili oldugunu tasdigloyir. Azarbaycamin giibra istifadasi (38.8
kq/ha) inkisaf etmis iqtisadiyyatlar va bir ¢ox inkisaf etmakda olan kand tasarriifati istehsalgilarindan
xeyli asagi olaraq qalir. Bu asagi resurs intensivliyi, ehtimal ki, mahdud fermer maliyyalasdirmasi,
idxaldan asililig va zaif paylama sistemlori daxil olmaqla daha genis mahdudiyyatlori aks etdirir.
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Belalikla, naticalor gostarir ki, giibralora ¢ixisin yaxsilasdiriimast mahsuldarligin artmasina téhfa vera
bilor.
Acar sozlar: kond tasarriifati giriglori, giibra, alava dayar, reqressiya tohlili

A.D. AzsumoB
AzepOarimxanckord AreHTcTBo [Tumesoit bezomacnoctu

OrpannyeHns 10CTyNa K pecypcaM B ceJIbCKOM X03silicTBe A3epOaiixaHa: npumep
HCMO0JIb30BAHMS Y100peHMid.

Pestome

B oOannom wuccnedosanuu usyuaemcs 63aumocenzb mexncoy UCHOIb308aAHUEM YOOOpeHull U
000aBNIeHHOU CMOUMOCIbIO 8 CeNbCKOM Xo3saucmee A3zepbauioxcana, ¢ 0COObIM AKYEHMOM Hd
oecpanudenusix oocmyna K pecypcam. Hcnonv3ys oannvle no 161 cmpawme, npocmas auHelHas
pe2pecCcuoHHas MoOelb OYEeHUBAEN C8513b MelCOy NPUMeHeHUeM YO0OpeHuUll Ha 2eKmap 1 000aBIeHHO
CMOUMOCMbIO 8  CeNbCKOM — Xo3aucmee. Pe3ynemamvl  nOKa3vbleaom  NOLONCUMETbHYIO U
cmamucmuyecku sHauumyro ezaumocesaszo (f = 700,815; p < 0,001), ykasvieas na mo, umo 6o.ee
8bICOKASI UHMEHCUBHOCTb UCNOIb308AHUS YOOOPeHUll, KAK Npaguilo, coomeemcmayem 0ojiee 8blCOKOU
cenvckoxosalcmeennon npooykyuu. OOHaxko mooens obvacusaem auub okono 11% mesxccmpanosoii
sapuayuu, NOOMEePAHcOas, Umo CelbCKOX03AUCMBEHHA IPPHeKMUBHOCMb 3a8UCUM OM MHOJCECMBA
CMPYKMYPHBIX U UHCTUMYYUOHATbHBIX hakmopos. Hcnonv3zosanue yooopenull 8 Asepbaiiodcane
(38,8 ke/ea) ocmaemcs cywecmeenno Hudice, Yem 8 pazBUmMbIX CMPAHAX U MHO2UX PA3BUBAIOUWUXCS
CeNbCKOXO03AUCMBEHHbIX NPEONnPUAMUAX. Oma HU3KAA UHMEHCUBHOCMb UCHONIb308AHUS PECYPCO8,
8eposimHo, ompadcaem 00/1ee WUPOKUEe O02PAHUYEHUs, BKIIOYAs O02PAHUYEHHOe (DUHAHCUPOBAHUE
gepmepos, 3asucumocmv om umnopma u cuabvie cucmemuvl pacnpeoenenus. Pezyromamol
NOKA3bI8AIOM, YMO YIyduleHue O00Cmyna K YOOOPEeHUsM MOxdcem Ccnocoocmeosams pocmy
npoU3800UMENLHOCTU.

Knioueswvle cnosa: cenvbckoxossiicmeeHubie pecypcul, Y0oopeHnus, Azepbaiiddxcat, 006asnenHas
CMOUMOCMb, PecPecCUOHHbIU AHATU3
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